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This edilion of NFPA 99, SLanrirtrrl/or Health Care Facililies, was prepared by the Technical 
COlllmittees on Administration, Electrical Equipment, Electrical Systems, Gas Delivery Equip
ment, Health Care Emergency Management, Hyperbaric and Hypobaric Facilities, Laborato
ries, and Piping Systems, released by the Technical Correlating Committee on Health Care 
Facilities, and acted on by NFPA at its November Association Technical Meeting held Novem
ber 1!)-17, 2004, in Miami Beach, FL. It was issued by the Standards Council on January 14, 
200!1, wilh an effective date of February 7,2005, and supersedes all previous editions. 

A Len La Lin: inLerim amendment (TIA) Lo subsection !1.1.!1.16 was issued on Jan nary J 4, 
20()!1. For further information on tentative interim amendments sec Section !1 of the 
NFPA Regulations Governing Committee Projects available at <http://www.nfpa.org/ 
Codes/ N FPAD i recto ry. as p# Regs&P rocedu res>. 

This edition of NFPA 99 was approved as an American National Standard on February 7,2005. 

Origin and Development of NFPA 99 

The idea for this document grew as the number of documents under the original NFPA 
COlllmittee on Hospit<tls grew. By the end of 1980, there existed 12 documents on a variety of 
subjects, II directly addressing fire-related problems in and abollt health care facilities. These 
docllillents covered health care emergency preparedness, inhalation anesthetics, respiratory 
therapy, laboratories in health-related institutions, hyperbaric faciliLies, hypobaric facilities, 
illhalatjon ,mcsthet.ics in amhulatOlY care facilities, home use of respiratory therapy, medical
surgical vacuum systems in hospitals, essential electrical systems f~)r health care facilities, safe 
lise of elect.ricity in patient care areas of health care filcilities, and safe use of high-frequency 
electricity in health care f~lcilities. 

A history nn t.he documents that covered these topics can be found in the "Origin and 
Development of NFPA 99" in the 1984 edition of NFPA 99. 

What was then the Health Care Facililies Correlating Committee reviewed the matter 
beginning in late 1979 and concluded that comhining all the documents under its jurisdic
tion would be beneficial to those who usedlhose documents, for the following reasons: 

(I) The ref'erenced documents were being revised independently of each other. Combining 
all the individual docurnents into one document would place all of them on the same 
revisioll cycle. 

(2) It would place in one unit many documents that referenced each other. 
(!)) It would be an easier and more complete reference for the various users of the document: 

(e.g., hospital engineers, medical personnel, designers and architects, and the various 
types or enf()I'cing authorities). 

To learn if t.his proposal was desired or desirable to users of the individual documents, the 
COlllllliUee issued a request for public comments in the spring of 1981, asking whether pllr
chelsers of' the individual documents ut.ilizeclmore than one document in the course of their 
activities and whether combining these indiviclual documents would be beneficial. Seventy
rive percent of responses supported such a proposal, with 90 percent of health care facilities 
and orgelniz<ltiolls supportive of it. Based on this support, the Correlating Committee pro
ceeded with plans to combine all the documents under itsjurisdiction into one document. 

In[anllary, I 9H2, a compilation of the latest edition of each of the 12 individual documents 
under t.he jurisdiction of the Correlatjng Committee was published. It was designated 
NFPA 99, Hmlth Care /'ru:ilities Cor/e. The Correlating Committee also entered the ciocllment 
into the revision cycle reporting to the 19S!) Fall Meeting for the purpose oHormally adopting 
the document.. 

For t.he 1984 edit.ion of NFPA 99, in addition to t.echnical changes, administrative and 
organizational changes were made. 
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99-2 HEALTH CAKE FACILITIES 

For the 1987 edition of NFPA 99, the third and final step in the process of combining the previous individual 
documellts took place - that of integrating the content of these individual documents into a cohesive document. In 
addition, there were again technical changes made. The 1987 edition also saw the incorporation ofNFPA56F, Standa-rd 
lin Nonjlmnr/lalile !V/eriical Pi/Hid Gas Systems, into NFPA 99. 

For the 1990 edition of NFPA 99, some structural changes were made and some modifiers were added to make it 
easier to determine where requirements are applicable. Technical changes made included the following: correlation 
with NFPA IOI@, Lip Saply Corie@; changes for compressed medical air systems on the use of gas-powered medical 
devices operating at a gauge pressure of200 psi, and piped gas systems in general; changes in leakage current limits for 
patient care electrical appliances; clarification that patient care areas and wet locations are mutually exclusive; and 
further guidance on the elTects of a disaster on staff. 

For the 19(5) edition of NFPA 99 there were further efforts to make the document more user-friendly (e.g., placing 
all "recommended" guidance either in notes or in the appendix). Significant technical changes included the follow
ing: adding requirelnents and recommendations to further prevent or minimize fires in operating rooms; making 
major changes to requirements in Chapter 4 for installing, testing, inspecting, verifying, and maintaining nonflam
mable medical piped gas systems; adding new sections on dental compressed air and dental vacuum requirements in 
Chapter 4; changing leakage current limits of patient care-related electrical appliances to correlate more closely with 
an intemational document on the subject; revising laboratory requirement~ to correlate more closely with NFPA 45, 
Stmulardjirr La/lOmtorie.1 Using Chemicals; changing essential electrical system requiremems in ambulatory health care 
clinics anc! medical/dental oflices; and extensively revising hyperbaric chamber requirements (Chapter 19). 

For the I 99ti eclition of NFPA 99, further changes to make the document more user-friendly were made. These 
included restructuring Chapters :\ and 4 so that all requirements for a Type 1,2, or :\ essential electrical system, or a 
Level I, 2, 3, or 4 piped gas or vacuum system, were contained in one section. 

Other technical changes included the following: 

(I) Moving requirements on i1ammable anesthetizing locations and the use of flammable inhalation anesthetics to a 
new Appendix 2 

(2) Upgrading the subject of emergency preparedness from guidance to a new chapter containing requirements 
(5)) Adding a new chapter (Chapter 18) on home health care 
(4) Revising' Section 1-1 to reflect the intent that NFPA 99 applies only to facilities treating human beings 
(5) In Ch:lpter 3, revising load testing requirements for emergency generators to reference NFPA lIO, Standardji)r 

l\uU!rgenr:y and Standby Power S),stems, and revising emergency lighting criteria for operating rooms 
(b) [n Chapter 4, revising requirements for medical compressed air systems, dental compressed air systems, waste 

anesthetic gas disposal systems, and dental piped gas/vacuum systems; adding a new section on "headwall units" 
("manuLlctured assemblies"); and clarifying and moving requirements for transfilling containers ofliquid oxygen 
to Chapter 8 

(7) [n Chapter 8, adding requirements for storage rooms containing cylinders and containers totaling less than 3000 ft:' 
(8) In Chapters 12 to 17, revising criteria for gas and vacuum systems 
(9) In Chapter 19, in addition to many technical changes, adding criteria for mobile hyperbaric f~lcilities 

For the 1999 edition, significant technical and structural changes included the following: 

(I) Chapters I :~, 14, and 15 (on ambulatory health care centers, clinics, and medical/dental oflices, respectively) 
were replaced completely by new Chapter 1:\ covering health care hlcilities other than hospitals, nursing homes, 
,md limited care f~lcilities as defined in Chapter 2. 

(2) Requirements f,)r Level 2 gas and vacuum systems were developed (Section 4.4 in Chapter 4). 
('I) Subsections 12.3.4, 163.4, and 7.3.4 were revised to correlate with the two significant changes in (1) and (2). 
(4) In Chapter :\, load testing requirements for emergency power supplies of the essential electrical system were 

changed through reference, and the testing interval ("monthly") was reworded to be more responsive to needs of 
health care I~lcilit.ies. 

(5) Clarification of transfer switches and branches of the emergency system was made. 
«()) Clarification on the use of emergency power supplies other than for emergency power was made in 3.4.1.1.5. 
(7) Pardgraph 4.3.1.2, Distribution Requirements for Levell Gas Systems, was completely revised and restructured. 
(8) Chapter 4 was made more user-friendly by reducing the number of internal cross-references between Sec-

tions 4.:1 and 4.5. 
(9) The ordel' of installation and testing requil'ement~ for piped gas and vacuum systems Wi\$ revised. 

(10) Emphasis on emergency preparedness was made in Chapter 11 and its appendix material. 
(II) Chapter 19, "Hyperbaric Facilities," was extensively revised in the areas of electrical wiring, air quality, ventilation 

lighting', equipment, communication, and safety management. 
(12) A nell' chapter (Chapter 20) on freestanding birthing centers was added. 
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ORIGIN AND DEVELOPMENT 

The 2002 edit jon included f{)rmat and technical revisions. The Mrlnu(ll o/Stylefilr NJqJA n'rhniwl CO/ll,'tnilttl! /)OCII
m.ents,April 2000 edition, was applied to this document, resulting in changes to its structure and fUl'Illat. Introc!llctol'y 
material in Chapter 1 was j()J'matted for consistency among all NFPAdocuments. Referenced publications tll;lt apply to 
the document were relocated from the last chapter to Chapter 2, resulting in the renumbering of ch;lI)ters. Inf()J'IIl<l
tional references remained in the last annex. Appendices were designated as annexes. Definitions in Chapter 3 were 
reviewed for consistency with definitions in other NFPAdocuments, were systematically aligned, and were individu;dly 
numbered. Paragraph structuring was revised with the intent of' one mandatory requirement per section, subsectiun, 
or paragraph. Information that often accompanied many of the requirements was moved to Annex A, Explanatory 
Material. Exceptions were deleted or rephrased in mandatory text, unless the exception represented an alloW;lnce or 
required alternate procedure to a general rule when limited specified conditions exisL. The refurmatted ;Ippearance 
and structure provided continuity among NFPA documents, clarity of mandatory text, and greater ease in locatjllg 
specific mandatory text.. 

The document scope and individual chapter scopes defining the intent of each chapter and docllment as a whole 
were located in Chapter l. 

The occupancy Chapters 13-21 stated what is required, while Chapters 4-12 prescribed how those requiremellts 
are achieved. Each chapter began with a section explaining applicability. Information concerning the nat lire or 
hazards was moved to Annex B. Annexes A and C retained explanatory information, ane! Annexes I and 2 became 
Annexes [) and E. Informational references were in Annex F. 

The changes in Chapter 4, Electrical Systems, addressed electrical wiring, transkr switches, inspect jon, ami applicatjon. 

Chapter 5 on Piping Systems was "ealigned so that Level I "equiremenls we,'c found in Section ;).1, and concur
rently Level 2 in Section 5.2 and Level 3 in Section 5.3. Level 4 associated with laboratories was deleted, with require
ments realigned in Chapter lion laboratories. Definitions were developed for vacullm systems and Levels 1,2, and :) 
gas systems in Chapter 3. Revisions were made to compressed gas cylinder identification and restraint; valve venting; 
ventil'ltion of storage rooms; alarms; connection of the electrical supply for central supply systems with the esselltjal 
electrical system; allowance of a three-way full port ball valve to isolate one branch or component; provisions for a 
monitored and alldible low-content alarm on the surge gas while brazing; the allowance of medical air systems fill' 
application with human respiration; and deletion of 20-year-old appendix information. 

Gas Delivery, Chapter 8, included a new section on the storage of compressed gas cylinders in patient care areas. 

Chapler ] I, Laboratories, clarified the structural protection of exits, and intent of portable fire extjngllishers. 
Revisions were made concerning ilammable and combustible liquids handling requirements. 

All increased focus on the total proce5S of maintaining services during a disaster, mitigating damage from a diS<lster, 
and recovery from a disaster was rellected in Chapter 12, Emergency Management. Annexed security program infor
mation was expanded. 

Chapter 20, Hyperbaric Facilities, contained revised emergency depressurization requirements, safety director 
responsibilities, and emergency procedure performance. 

The changes made to the 2005 edition are rnainly for clarity, and arc editorial in nature. In Chapter 5\, the defini
tions tilr medical gas, patient medical gas, and medical support gas IMve heen modified to differentiate between the 
different types of gases. 

In Chapter 4, the requirements for switches and receptacles in anesthetizing locations have been Inovccl to Chapter 
13, Hospital Requirements. The extracted material from NFPA 11 0, Stmularrlj(Jr hmngeru.y anri Stanri!Jy IJ()wfI',\}'slelll..l, has 
been updated. 

In Chapter .'i, the requirements for construction materials lor 1iIters, (lI-yers, regulators, I'acuum pumps, ;ll1d after 
coolers have been changed to allow the manuf~lcturers to choose the materials. 

A centralized computer is now allowed to be llsed in lieu of one of the master alarms. Cylinders are allowed to be 
titted with a means 1.0 slow the initial opening pressure. The requirement to individually secure the cylinders has been 
changed to no longer require the cylinders to be secured individually. Two new methods for making.ioints have beell 
added to the requirements. Stainless steel tubing has been added as all approved material for vacuulll systems. The 
requirement to braze ajoint within I hOl1r after cleaning has been changed to 8 hours. Vaclllllnjoints must he leak 
tested, and operational pressure testing can now be conducted with the source gas. 

Chapters 6, 7,8,9, 10, and II have undergone minor changes for clarity or for editori~t1 reasollS. 

Chapter 12 has been revised to update the techniques llsed ill emergency management in healt.h care Elcilities. 

In Chapters 1'3, 14, 15, 16, 17, 18, and 19 editorial corrections have been made. 

Chapter 20 has been revised to heating and ventilation changes in the chamber. Additional restriniolls to the types 
of materials that are allowed ill the chamber have been added. 
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99-4 HEALTH CARE FACILITIES 

Technical Correlating Committee on Health Care Facilities (HEA-AAC) 

Douglas S. Erickson, ChaiT 
American Society for Healthcare Engineering, VI [U] 

Rep. American Society for Healthcare Engir~eering 

Constance Bobik, B&E Fire Sakty Equipnlentlnc., 
FL I[M] 
Wayne L. Brannan, Medical Unisersity of South 
Carolina, SC IU] 

Rep. American Society or Safety Engineers 
MichaelA. Crowley, The RJA Group, Inc .. TX [U] 

Rep. NFPA Health Care Section 
Richard E. Cutts, U.S. Air Force, TX [E] 
Joshua W. Elvove, U.S. Deparllnent orVeteransAIElirs, 
CO [U] 

Rep. U.S. Department orVeteransAtrairs 
MarvinJ. Fischer, Monroe Township, NJ [U] 

Eugene Phillips, Risk Management Resources, AZ [SE] 
(Alt. to W. L. Hrannan ) 

W. Thomas Schipper, Kaiser Foundation Health Plan, 
CA lUI 

(All. tn n. S. Erickson) 

Richard P. Bielen, NFI'A Staff Liaison 

Alternates 

Thomas W. Gardner, Schirmer Engineering Corporation, 
GA[I] 
James R. Grimm, CDi Engineers, WA [SE] 
William E. Koffel, Koftel Associates, Inc., MD [S[~] 

George F. Stevens, U.S. Department or Health and 
Human Services, AZ [E] 

Rep. U.S. Department. or Health and Human 
Services/ II-IS 

Mayer D. Zimmennan, U.S. DeparLment or Health and 
Human Services, MD [E] 

Rep. U.S. Department or Health & Human 
Services/I-ICE". 

Sharon Stone Gilyeat, KofTelAssociates. [nc., MD [SE] 
(All. to W. [~. Kolle!) 

This tislrel""scl7ls Ihe IIwYfI.bliYshijJ al Ihe lime Ihe Cmf/mittee was balloled on Ihe{in(1ilexl 0FI},;s "ditio'll. Shu:e Ihal Ii'll'"", 

r!w.I/W:s in tlw "lnelllbashijJ"I"I/.ay have (lccnm:d. A key 10 dassijicalimlS isfi1unri al Ihe back 0/ Ihe rior:u"IIte'nl. 

NOTE: Melllbership on a comminee shallllot ill and ofiLSelr constitute an endorsement of the AssociatiOIl or 
any document developed by the committee on which the member serves. 

Committee Scope: This Committee shall ha\'c primary responsibility for documents that contain criteria fix 
"rteg'uarcling patients and health care personnel in the ctelivery of health care services within health care 
Lrcilities, as f()llows: 

(I) From fire, explosion, electrical, and related hazards resulting either from the lise or anesthetic agents, 
llIedical g'as equipment, electrical apparat.m, and high Ij'equency electricity, or rrom internal 01' extelc 

nal incidents t.hat disrupt normal patient care 
en Frolll lire and explosion hazards associated with laboratory practices 
U\) [n connection with the use of hyperbaric and hypobaric facilities (NFPA 9913) fc)r medical purposes 
(4) Through per\(mnance, maintenance, and testing criteria for electrical systems, bot.h normal and essent.ial 
('1) Throllgh purornlance, maintenance and testing, and installation criteria, as f(Jllows: 

(:1) For vacllum systems for medical or surgical purposes 
(b) For medical gas systems 
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COMMITTEE PERSONNEL 

Technical Committee on Administration (HEA-ADM) 
(Chapters 1, 2, 3, and 7, and related paragraphs in Chapters 4-14 and 17-21) 

Michael A. Crowley, Chair 
The RJA Group. Inc., TX [SE] 

James S. Davidson, Jr., Davidson A"ociates, DE lSI] 
August F. DiManno,Jr., Fireman's Fund Insurance 
Company, NY [I] 

William M. Dorfler, The RJA Group, Inc., IL [SE] 
(All. to M. A. Crowley) 

Richard P. Bielen, NFPA Srafr Liaison 

Alternate 

William C. McPeck, State ofMainc Employee Hc:i1th and 
Safety, ME [E] 
MarkA. Trudzinski, U.S. Anny Medical Command, TX lUI 

This list TI'jm,sen.ts the mernbershijJ at lIw time the Cornrniltee was ballotn/ on the final /'{,x/. of this edition . .'ii·II.cr: thalti-me, 
dUl.nges in the m.embershifl 'may have occurred. A hey to classifications is fou.nd at the /Jm.·" 11/ the doclI./Iwnl. 

NOTE: Membership on a committee shall not in and ofitsdfconstitute an endorsement of the Association or 
any document developed by the committee on which the member serves. 

Committee Scope: This Commillee shall have primary responsibility for documents or portions of docu
ments on the scope, application, and intended use ofdocurnents under the Health Care F<lcilities Project, as 
well as defInitions not assigned to other committees in the I-Tealt.h Care Facilities Project. 

Technical Committee on Electrical Equipment (HEA-ELE) 
(Chapters 8,10, and related paragraphs in Chapters 13, 14, 17, 18, 19,21, and Annex D) 

Lawrence S. Sandler, Chair 
VA. Medical Center, CA rU] 

Saul Aronow, Waban, MA ISE] 
Yadin David, Texas Childrens Hospital, TX [U] 
Albert G. Garlatti, (ntertek Testing Services NA Inc., MN 
[RT] 
Alan lipschultz, Christiana Care-Health Services, DE rSE] 

Rep. Association j(lr the Advancement of Medical 
Instrumentation 

James A. Meyer, Pettis Memorial VA Hospital, CA [C] 
Rep. American Society of Anesthesiologists 

Joseph P. Murnane, Underwriters Laboratories [nc.. 
NY[RT] 

Ralph E. Patterson, SETA-AC Testing, NC [[M] 
(AIL to M. Velvikis) 

Richard P. Bielen, NFPA Staff Liaison 

Alternates 

Lawrence S. Sandler, U.S. Department ofVeler"ns AILlirs, 
CA[U] 
George E Stevens, U.S. Department nfHealth alld 
Human Services, AZ [EI 
Michael Velvikis, High Voltage Maintenance 
Corporation, WI [1M] 

Rep. InterNational Electrical Testing Associalion Inc. 
Robert E Willey, III, Siemens Medical Systems, Inc., N.J IMI 

Rep. Health Industry Manubctllrers Associatioll 

Dale Woodin, American Society f(ll Healthcarc 
Engineering, IL [U] 

(All. to ASHE Rep.) 

This list rp-jm!sents the 'mernbenhi/) at the time the Cmfl"rllittee was /J(dloted on tlw/i"nill text rif thi.1 edition. Sirup that ti."w, 
dl({nges in the Jllfmlbenhi/) rnay h{{ve oCC"l1rred. A key to classifications is /rn.m rl at the back 0/ the r/OCUlnfll t. 

NOTE: Membership on a commillee shall not in and of itself constitute an endorsement oft.he Association or 
any doclllllcnt. developed by t.he cornnlittee on which t.he mClnbcr serves, 

Committee Scope: This Commillee shall have primary responsibility for docLllllents or portions of docu
ments covering the maintenance, performance, ancltesting of equipment for the purpose of safeguarding 
patient.s and staff ,vithin pat.ient care areas of health care facilities fronl the haz(-lnis of fire, explosioll, 

electriciLy, nonionizing radiation, heat, and electrical interference. 
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99-6 HEALTH CARE FACILITIES 

Technical Committee on Electrical Systems (HEA-ELS) 
(Chapter 4 and related paragraphs in Chapters 13, 14, 17, 18, and 21) 

Hugh O. Nash,Jr., Chair 
Nash Lipsey I~nrch, LLC, TN [SE] 

Scott C. Brockman, Post Gluver LireLink. KY 1M] 
Dan Chisholm, Healthcare Engineering Network, FL [1M] 
James H. Costley, Jr., Newcomb & Boyd. GA [SE] 

Rep. NFI';\ He,dth Care Sectioll 
Richard E. Cutts, U.S. Air Force. TX lEI 
Herbert Daugherty, Electric (;enerating Systems 
Assuci"tion, N.I IUl 

Rep. Electrical Gcnerating Systems Associatioll 
James R. Iverson, Ollan Corporation, MN [M] 
Larry Lau, U.S. Departlllcnt of Veter"ns Alhlirs, DC lUI 

Rep. U.S. Departmcnt ofVetcransAILlirs 

Lawrence A. Bey, Cumlllins West Hawaii Division, HI [M] 
(All. to./- R. IVCJ'son) 

Douglas S. Erickson, Americall Societ.y for J-!calthcare 
Engineering, VI lUI 

(All. 10 R. M. SlI1idt) 
Donald R. Morelli, TLC Engineering f"l Architecture, 
F[.jSE] 

(All. to E. A. I.obllitz) 

Richard P. Bielen, NFPi\ Stall Liaison 

Alternates 

Edward A. Lobnitz, TLC Engineering 1i)J' Architecture, 
FL [SE] 
James E. Meade, U.S. Army Corps of Engineers, MD [U] 
Joseph P. Murnane, Underwriters Laboratories Inc., 
NY [RT] 
Ronald M. Smidt, Carolinas HealthCare System, NC [U] 

Rep. American Society for Healthcare f:ngineering 
Michael Velvikis, High 'i<Jltage Maintcn,mce' 
Corporation, WI [1M] 

Rep. [nterNational Electrical Testing·Associat.ion Inc. 
Walter N. Vernon, IV, Mazzetti & Associat.es [nc., CA [SE] 

Jeffrey L. Steplowski, U.S. Department of Veterans 
Affairs, DC [E] 

(All. to L. Lau) 
Howard Stickley, U.S. Army Corps of Engincoers, DC [U] 

(All. toJ. E. Meade) 
Herbert V. Whittall, Electrical Generating Systems 
A,>sociation, FL [U] 

(All. to H. Daugherty) 

This lisl I1jJl1!senls Ih" 1I1I'11I./!(!nhijJ al Ih" liJllI! Ihe COlnlllitlel! lIIas bllilol(i(/ on tlwJlnr/.l text (if this edition. Sinre that ti'lll.!!, 
(hl/II.W!.I in the 'lIwlrI./mshijJ 'Ioay havl! or:r.'III'r(!(i. A key 10 ciassiji:mtions isjiJ'lwr/ allh" bru;" o/llw r/O(u·flwili. 

NOTE: IVkmbcrship on a cOll1miuee shall not in and of it.selfconst.itute an endorsement ofthe Associat.ion or 
allY docul1lellt developed by the cOlllmittee on which the member serves. 

Committee Scope: This COllllllittee shall have primary responsibility for documents or portions of doctl
mcnts covering peri(mnance, maintenance, and testing ofclcctrical systems for the purpose ofsafcguarciing 
p<lticnts, sull', and visitors withill hcoalth care I~lcilities. 

Technical Committee on Gas Delivery Equipment (HEA-GAS) 
(Chapter 9 and related paragraphs in Chapters 6,13,14,17,18,19,21, and Annex E) 

Yadin David, ChaiT 
Texas Childrens Hospital, TX [Uj 

Jay Crowley, U.S. Dep<lrtrncnt of ncoalth and HUlllan 
Services, MI) IE] 
Richard E. Hoffman, Hollman & Associates, [nc., KS [M'I 

Rep. Allied Hc"lthcare Products, Inc. 
Alan Lipschultz, Christiana Care-Health Services, DE [SF] 

Rep. Association «)I' the Advancemcnt or Medical 
Instntlrtentatioll 

George Mills, M\1 EC, !.tel., IL [U] 
Rep. American Socicoly for Healthcare Engineering 

Richard P. Bielen. NFPA Staff l.iaison 

Dwight R. (DAK) Quarles, Institute of Exercise and 
Environmental Medicine, TX [U] 
Jay R. Sommers, Kimberly-Clark Corporation, GA [M] 
Robert M. Sutter, BOC Gases, N[ [MI 

Rep. Compressed Gas Association 
Gerald L. Wolf, SUNY /l-lSCB, Hrooklyn, NY [C] 

Rep. American Society of Anesthesiologists 

·I'h.islisl m/m'sr:nts Ihe 'I1U!lIIi'1eJ:l-lli/J a.t the time the Committee wa.s balloter! on thejina.L text a/this edition. Sinre that tim.e, 
dw:np,cs in the J/lpm!Jf;nhijJ lfUl)! luroe (J((,"urreci. A IU)I to class{ficali(nlS is jrnrnrl at Ihe bach (~/ the rlocnuumL 

NOTE: Membership Oil a committee shalloot in and ofitsclfconstitllte an endorsement oftheAssociatioll or 
'm)' document dcveloped by the committee on which the member serves. 

Committee Scope: This Committee shall have primary responsibility for documents or pori ions of docu
IIICll1s on the peri(»')nance and maintenance criteria for safeguarding patienLs and health carc personnel 
rrolll fire, explosion, electrical, and related hazards in anesthetizing locations involving the acintillistratioll of 
both flammable and nonJlammable anesthetics, including equipment and facilities ancillary thereto; and the 
pcrl(»')nance, maintenance, and testing of patient-related gas equipment f"r the purpose of safeguarding 
patients and stalTwithiIJ health care facilitjes. 
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COMMITTEE PERSONNEL 

Technical Committee on Health Care Emergency Management (HEA-HCE) 
(Chapter 12 and related paragraphs in Chapters 13, 14, 17, and 18) 

Russell Phillips, Chair 
Russell Phillips & AssocialCS, Inc., NY [SE] 

Pete Brewster, U.S. Dcplarl.lllcnt ofVeteraIlSAff~lirs, IN [U) 
Rep. U.S. Dcpartment ofVclerans Amlirs 

Steve Ennis, The Reciprocal CrollP, VA [T] 
Curt Fogel, North Dakota Department of Health, ND [I] 
James C. Kendig, Jr., Health First, FL [U] 
David]. Kitchin, Milearc, AZ [MI 
William C. McPeck, State of Maine Employee Health anei 
SafC:ty, ME [E] 
Thomas A. Salamone, Hcah.h Care & LifC: Safety 
Concepts, NY [SE] 

Monte Engel, North Dakota Department of Health, 
ND [E] 

(All. to C. Fogel) 
A. Richard Fasano, Russell Phillips & Associates, Inc., 
CA [SE] 

(All. to R. Phillips) 
David M. Hope, TctraTek Inc. Fire Safety Technologies, 
TN [SE] 

(All. to R. W. Woodlin) 

Richard P. Bielen, NFPA StalT Liaison 
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IMPORTANT NOTE: This NFPA domment is made available for 
use su~iect to important notices and legal disclaimers. These notices 
and disclaimers appear in all publications containing this domment 
and may be found under the heading "Important Notices and Dis
claimers Concerning NFPA DO(71ments. " They can also be obtained 
on request from NFPA or viewed at www.nfpa.orgldisclaimers. 

NOTICE: An asterisk (*) following the number or letter 
designating a paragraph indicates that explanatory material 
on the paragraph can be found in AnnexA. 

Changes other than editorial are indicated by a vertical rule 
beside the paragraph, table, or figure in which the change oc
curred. These rules are included as an aid to the user in identify
ing cklnges fi'om the previolls edit jon. Where one or more com
plete paragraphs have been deleted, the deletion is indicated bv 
a bullet (0) between the paragraphs that remain. 

A reference in brackets r: :I following a section or paragraph 
indicates material thaL has been extracted from another NFPA 
document.. As an aid to the user, the complete title and edition 
of the suurce documents for mandatory extracts are given in 
Chapter 2 and those for nonmandatOlY extracts are given in 
Annex G. Editorial changes to extracted material consist of 
revising references to an appropriate division in this docll
ment or the inclusion of the document number with the divi
sic)]] number when the reference is to the original document. 
Requests for interpretations or revisions of extracted text shall 
be sent to the technical committee responsible for the source 
document. 

Informat.ion on relerenced publications can be found ill 
Chapter 2 and Annex G. 

Further explanatory inf()rmatioll on Chapters I through 20 
can be found in Annex C. 

Chapter 1 Administration 

1.1 Scope. 

1.1.1 The scope of this docllment is to establish criteria to 
minimize the hazards of fire, explosion, and electricity in 
health care bcilities providing services to human beings. 

1.1.2 Annex D covers principles of design and use of electri
cal and electronic appliances generating high-frequency cur
rents i"or medical treatment in hospitals, clinics, ambulatory 
care f~lcilitics, and dental oflices, whether fixed or mobile. 

1.1.2.1 Areas Not Addressed. The following areas are not ad
dressed: 

(I) Comlllunication equipment, resllscitation equipment 
(e.g., defibrillators), or physiological stimulators (e.g., 
used for anesthesia, acupuncture) 

(2) Experimental or research apparatus built to order, or under 
development, provided such apparatus is used under quali
fied supervision and provided the builder demonstrates to 
the authority having jurisdiction that the apparatlls has a 
degree ufsafi:::ty equivalent to that described in Annex D 
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1.1.3 Annex E retains the established requirements that would 
be necessary for the safe use of flammable inhalation anesthetics 
should the use of this type of anesthetic be reinstituted. 

1.1.4 Chapter 4, Electrical Systems, covers the performance, 
maintenance, and testing of electrical systems (both normal 
and essential) used within health care facilities. 

1.1.4.1 Areas Not Addressed in Chapter 4. The following ar
eas are not addressed in NFPA 99, but are addressed in other 
NFPA documents: 

(1) Specific requirements for wiring and installation on equip
ment are covered in NFPA 70, Nalional Eler:lriwl Corle. 

(2) Requirements for illumination and identification of 
means of egress in health care facilities are covered in 
NFPA !OJ, Life Safi1ly Coile. 

(3) Requirements for fire protection signaling systems. 
(4) Requirements for fire pumps are covered in NFPA 20, 

Standard for lhe Jnslalialion o/Stationmy PnmjJs/or Fire Protec
lion, except that the alternate source of power shall be 
permitted to be the essential electrical system. 

(5) Requirements for the installation of stationary engines and 
gas turbines are coverecl in NFPA 37, StanrirrrdjiJr the Installa
tion and U\'i? of Stationary Combuslion Engines and Gas l'urbines. 

1.1.5 Chapter 5, Gas and Vacuum Systems, covers the perfor
mance, maintenance, installation, and testing of the following: 

(1) Nonflalllmable medical gas systems with operating pres-
sures below a gauge pressure of 2068 kPa (300 psi) 

(2) Vacuum systems used within health care facilities 
(3) Waste anesthetic gas disposal (WACD) systems, also re

ferrecl to as scavenging 
(4) Manufactured assemblies that are intended for connec

tion to the medical gas, vacuum, or WAGD systems (also 
referred to as scavenging) 

1.1.5.1 Areas Not Addressed in Chapter 5. Requirements for 
portable compressed gas systems are covered in Chapter 9, Gas 
Equipment. 

1.1.6 Chapter 6, Environmental Systems, covers the perfor
mance, maintenance, and testing of the environmental sys
tems llsed within health care facilities. 

1.1.7 Chapter 7, Materials, covers the hazards associated with 
the use of flammable and combust.ible materials used within 
health care facili ti es. 

1.1.8 Chapter 8, Electrical Equipment, covers the perfor
mance, maintenance, and testing of electrical equipment used 
within health care facilities. 

1.1.9 Chapter 9, Gas Equipment, covers the performance, 
maintenance, and testing of gas equipment used within health 
care facilities. 

1.1.10 Chapter 10, Manufacturer Requirements, covers the 
performance, maintenance, and testing, with regard to safety, 
required of manufacturers of equipment used within health 
care facilities. 

1.1.11 Chapter 1], Laboratories, establishes criteria to mini
mize the hazards of fire and explosions in laboratories, as de
fined in Chapter 3. 

1.1.11.1 Areas Not Addressed in Chapter 11. Subsection 
1.1.11 is not intended to cover hazarcls resulting from any of 
the following: 
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(I) Chemicals 
(2) Radioactive materials 
(3) *Biological materials that will not result in fires or explosions 

1.1.12* Chapter 12, Health Care Emergency Managemem, es
tablishes minimum criteria for he,t1th care facility emergency 
management in the development of a program for effective 
disaster preparedness, response, mitigation, and recovery. 

1.1.13 Chapter 13, Hospital Requirements, addresses safety 
requirements of hospitals. 

1.1.14 Chapter 14, Other Health Care Facilities, addresses 
safety requirements for facilities, or portions thereof, that pro
vide diagnostic and treatment services to patients in health 
care f~lcilities. Requirernents for specific health care facilities 
are addressed in the following chapters: 

(I) Hospitals - Chapter 13 
(2) Nursing homes - Chapter 17 
(3) Limited care facilities - Chapter 18 

1.1.15 Reserved. 

1.1.16 Reserved. 

1.1.17 Chapter 17, Nursing Home Requirements, addresses 
safety requirements of nursing homes. 

1.1.18 Chapter ]8, Limited Care Facility Requirements, cov
ers saFety requirements of limited care facilities. 

1.1.19 Chapter 19, Electrical and Gas Equipment for Home 
Care, addresses the requirements for the safe use of electrical 
and gas equipment used for home care medical treatment. 

1.1.20* Chapter 20, Hyperbaric Facilities, covers the recognition 
of and protection against hazards of an electrical, explosive, or 
implosive nature, as well as fire hazards associated with hypel~ 
baric chambers and associated f~1Cilities that are used, or in
tended to be used, fl)t' medical applications and experimental 
procedures at gauge pressures from 0 to 690 kPa (0 to 100 psi). 
Chapter 20 applies to both single-and multiple-occupancy hype)~ 
baric chambers; to animal chambers, the size of which precludes 
human occupancy; and to those in "'hich the chamber atmo
sphere contains an oxygen partial pressure greater than an abso
lute pressure of21.3 kl'a (3.09 psi) (0.21 atmospheres). 

1.1.21 Chapter 21, Freestanding Birthing Centers, addresses 
the requirements for the safe use of electrical and gas equip
ment, and filr electrical, gas, and vacuum svstems used for the 
delivtTV and care of inLu;ts in freestanding' birthing' centers. , < < 

1.2 Purpose. 

1.2.1 The purpose of' this standard is to provide minimum re
quiremenLs Ji)r the performance, maintenance, testing, and safe 
practices for hlcilities, material, equipment, and appliances, in
cluding other hazards associated with the primary hazards. 

1.3 Application. 

1.3.1 This dOCllment shall apply to all health care facilities. 

1.3.2 Construction and equipment requirements shall be ap
plied only to new construction and new equipment, except as 
modified in individual chapters. Only the altered, renovated, 
or modernized portion of an existing system or individual 
component shall be required to meet the installation and 
equipment requirements stated in this standard. If the alter
ation, renovation, or modernization adversely impacts exist
ing performance requirements of a system or component, ad
ditional upgrading shall be required. 

1.3.3 Chapters 13 through j CJ specify the conditjons under 
which the requirements of Chapters 4 through 12 shall apply 
in Chapters 13 through 19. 

1.3.4 This document is intended h)r use by those persons in
volved in the design, construct jon, inspection, and operation of 
health care LKilities and in the design, manuE\CLlIre, and testing 
of appliances and equipment used in patient care areas ofhealth 
care facilities. Nonflammable piped medical gases covered by 
this document include, but are not limited to, oxygen, nitrogen, 
nitrous oxide, medical air, carbon dioxide, and helium. 

1.4 Equivalency. 

1.4.1 The authority having jurisdiction il)r the enforcement 
of this document shall be permitted to grant exceptjons to its 
requirements. 

1.4.2 Nothing in this standard is intended to prevent the use 
of systems, methods, or devices of eq uivaien t OJ' superior q ual
ity, strength, tIre resistance, effectiveness, durability, and s"rety 
to those prescribed by this standard. Technic,,1 documenta
tion shall be submitted to the authority havingjuriscliction to 
demonstrate equivalency. The system, method, or device shall 
be approved for the intended purpose by the authority h"ving 
jurisdiction. 

1.5 Units and Formulas. 

1.5.1 * PrimalT units will be trade units, secondalT will be the 
conversion. Although it is common practice for medical appli
ances to have metric units on their dials, gauges, and controls, 
many components of systems within the scope of this docu
ment, which are manufactured and used in the United States, 
employ nonmetric dimensions. Since these dimensions (such 
as nominal pipe sizes) are not established by the Natjonal Fire 
Protection Association, the Technical Correlating C01ll11liuee 
on Health Care Facilities Cdllnot independently change them. 
Accordingly, this document uses dimensions that are presently 
in common use by the building trades in the United States. 

1.6 Standard Adoption Requirements. 

1.6.1 The effective date of application of any provision of this 
document is not determined by the National Fire Protection 
Association. All questions related to applicability shall be di
rected to the authority having-jurisdiction. 

1.6.2 Enforcement. This standard shall be administered and 
enforced by the authority having jurisdiction designated by 
the governing authority. (See Annex F/ir/" Il srl'm/rll! wlmlingjirr 
mabling le{,rislalion.) 

Chapter 2 Referenced Publications 

2.1 General. The documents or portions thereof listed in this 
chapter are referenced within this standard and shall be con
sidered part of the requirements of this document. 

2.2 NFPA Publications. National Fire Pmtection Association, 
1 Batterymarch Park, Quincy, MA 02 169-7471. 

NFPA 1 0, Slllndmdfi)T PIJrlable Fife !,:'>:tinf!"d.lhal, 2002 ed i ti 0 n . 
NFPA 13, Stanrirml/irr lhe InslaLlalion o/SjJrinkla Systems, 2002 

edition. 
NFPA 30, Flrunmable and Cmnlmslible Liquids Code, 2003 edi

tion. 
NFPA 37, Stanrirmlji)T the Inslallatilm and (fIe 0/ Slalionmy 

Combuslion J,'ngines lind Gas Turbines, 2002 edition. 
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NFPA 45, Standard on Fill! Protertion pn' IJdHrmtmies Using 
C/wrniwls, ;!()04 edition. 

N FPA 5 I, Stanr/ru(/ .firr the I )!'sign and Instaliation 0/ Oxygen-Fuel 

Gos S}ltflllsji)r Wddin,~; C/[Uin,~; aneillihal Prores,IRs, 2002 edit jon. 
NFPA :;4, Natimwl Fwd Gas Code, 200;! edition. 
NFI'A 5:\ Starularrljirr the Stomg!!, VIP, and Handling 0/ COI1l

jJn,sserl Grt.w,s mul (;ryowm.ir I7'1lids in IJortable (lnd Stationmy Con
tainen, Cylin.ders, and Tanks, 20()5 edition. 

NFPA 58, tir/'uejieri j>etm/eurn Gas Corie, 2004 edition. 
NFPA 70, Nrrtionrd Fier:tTiwl Cor/e@, 2005 edition. 
NFI'!I 72'9, National Fire Alann Code@, ;!002 edition. 
NFPA 99B, StaTidarrljirr j-lyjioiJarir Fru:ilities, 2005 editiun. 
NFPA j U!"', Ufi: SI/ji:ty Corie@, 2003 edition. 
NFPA 110, Standrlrlljirr l~'1J/.(!lgenr)' ({nil Standby POlUer Systems, 

;!OO:; editioll. 
N FPA III, SlmulaTri on Stored I';/ec!riral Ene1;L,'Y Emerp;eru:y and 

Standby P01uerSy.l/nlls, 2005 edition. 
NFPA ;!20, Staur/aul on IY!ifs o/lJuildin,~' COYl.ltrurtioYl, 1999 

cdition. 
NFPA 25:\ Siandard Method o/,fi,st o/SurFu;!' Burning Clwmc

terislir:,1 o//)uilding I'vlaterials, 2000 edition. 
NFPA 32(5, .'itmulllrdjirr tlU! S'aJi;gurlTlling o/Tani<s and Contain

clxjirr I';nlr)', (:INlTI,inp:, or Hejiail; 2000 edi tion. 
NFPA 70 I, Stmu!arrl Mtlhor/s ojFire 'fi;stsjirr filmn!! Pmlmgatiof/ 

oj'fi:xtiies aTu! Film,s, 2004 edition. 
NFPA 704, Sianr/aul SvsteTlijirl' the lr/entijZwtio'/7 oj'the I-[awnls 

o/lV1alrria/sjirr I~'I/I.i!/~~(!nr:)' He"jlli'nsf!, 2001 edition. 
NFPA I ()()O, Strll1.dard on f)is((sler!I~'lI/ergeluJ Managrment and 

Husi/II!SS Continuity Fmgrrllns, 2004 edit.ion. 

2.3 Other Publications. 

2.3.1 ANSI Publication. American National Standards Insti
tute, Inc., 22 ,,,>Iest 43rd SU'eet, 4th floor, New York, NY 10036. 

ANSI CR4.1, I,;lt:drir Pmoer Systems anri I,'quijmumt 

Hatings, 19%. 
Voltage 

ANSI Ztit-i.I, ,\jm:ijimtimLljiJI' Paints a.nd Coatings Accessible 10 

Chilrln:n to Minim,ize f)ry Film 'f()xir:ity, 1964. 

ANSI/NEMAvV]) 6, Wiring Devices - lJilnensional Rf!quin
IlIenl.l, 2002. 

2.3.2 ASME Publications. American Society of Mechanical 
Engineers, Three Park Avenue, New York, NY lOOJ6-5990. 

ANSI/ASME PVHO-I-19CJO, Safety Stand({rdjirr Pm.ISUTe \Ir!S

se/sjirl' HU!lwn Or:CU/I(l/UY. 

ASME Hoi/nand Frt.IYUli' '0;,.1'1,1 Corle, Sections VIII and IX, 200 I. 

ASME B 1.20.1, ['i!JI! Thmuls, Ctnf!ml PUT/JOSf!, 200 I. 

ANSI/ ASME B I C).50, Wmu,I!;ht COjJjJ(Cf anri COj)/H!rlllloy Hra,ze-
joint hnsure Fittings, ~OO I . 

ASME Bo) 1.3, P/(!ss{{'re Pma!ss Pi/)in.g, ;!OO;!. 

ASME B40.1 00, I'mssum (;auges and C({:ugeil!Iru:hrnen.ts, 1998. 

ASME BI6.;!2, Wmught COjJj)U and COjJjiCr Alloy Soldel:/oint 
Press II:II! Fillirlgl, ;!OO I . 

2.3.3 ASSE Publications. American Society of' Sanitary Engi
neering, 28901 Clemcns Road, Suite 100, Westlake, OH 44140. 

ASSE fiO I 0, jJmJi,.I,lional Qualifications Standard p)r Mediwl 

Gas .~)'stell/.s Instalins, 200 J. 
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ASSE t5030, lJroji1.lsio'l/al O:uali/imtions Standard PH Meriilal 
Gas Systems Verifiers, 200 I. 

2.3.4 ASTM Publications. American Society for Testing and 
Materials, 100 Barr Harbor Drive, West Conshohocken, PA 
I 9428-;!l).,)9. 

ASTM A 53, Strtnrirl)'d St}(!(,ifiwtio17 prr PitH;, Stfel, Black and 
Hot-f)ijiped, Zinr:-Coflted, Welded mul Semn/ess, 1994. 

ASTM 13 32, Standard ,\jJei:ijiwtion prr Solder Metal, 1996. 

ASTM 13 88, Standard Sjm;ijiwtion jin Semnlfss CotJt)a Water 
Tube, 2002. 

ASTM 13 280, Standard ,)j}(x:ijicrttionj(1T Seamless COj)l)er 'f'niJing 
for Il iT Cmulitionin.g anri He/iig;eration Field SenJice, 2002. 

ASTM B 819, Standard St}(xi/ication jir)' Seamless Cot)!)!!r Tube 
jiJT MediuLl Gas "'f,flnns, 2000. 

ASTM B 828, Stmularri Prru;ticejirl' Nlaking Caj)illaY'y]oints by 
Soldering OJCOjJfH'I' and CoN)uAlloy Tube mu! Fillings, 2002. 

ASTM D 5, Staruirml Ti,s! Met/wrijil'l' Plmdmtion o/Bilu:minous 
Materials, 1997. 

ASTM D 285.~, Stanrimd Prru:tiu! jilr lV/aliing Solvent-Cemented 
Joints with. Po{)'(Vinyl Chloride) (PVC) Pit)}, and Filling\, 19% (2002). 

ASTM 0 2863, Siandani 71;st Meth.odjirr Meas'U.Tin,!!: the A1ini
mum Oxygen Concentration to SUj)!!Ort C((ndle-like Cmnlrustion oj 
Plastics (Oxygen Index) (ANSI ])2863), 1997. 

ASTM E 136, Stanr/rlTll 'Ii,st Methodjin Behavir)T o/Materials in 
a \Ir;rtical Tu.be Furnace at 75(;oC, 1998. 

2.3.5 AWS Publications. American Welding Society, 550 N.W. 
LeJeune Road, Miami, FL 33126. 

ANSI! AWS A0.8, ,~jJe(:i/iwtim/jiYr Filler MetalsFrr Brazing and 
Braze Welding, 1992. 

AWS B2.2, Stmuimd ji;r Bmzing Pmu;dun; and PCljinmaru:e 
Qualijiurtion, 1 99l. 

2.3.6 CDA Publication. Copper Development Association 
Inc., 260 Madison Avenue, New York, NY 10016. 

Co!)!){!/' 'f id)e [-j arul/;ook 

2.3.7 CGA Publications, Com pressed Gas Association, 4221 
Walney Road, 5t.h Floor, Chantilly, VA ;!OI.,)I-;!923. 

GCA C-7, Guide to the Prejmration ojPmmu.tionary Labeling and 
Mmkingo/Cmnjm;ssed Gas Containers, 2004. 

CGA G-4, Oxygen, 1996. 

CGA G-4.l, Cleaning l~quij)rnentj(Yr Oxygen Semi!'e, 2004. 

CGA G-6.l, Standardji)T insulated Carbon Dioxide S),sterns at 
Crm.lu:mer Sites, 2002. 

CGA G-6.5, Standard ji)1' Small, StatiO'll.(uY Insu.lated Carbon 
Dioxide SUI)I)ly Systems, 2()0 I . 

CGA G-8.1, Stanrirmi/iH Nitrous Oxide Systems at COT/surner 
Siles, J 990. 

CGA :\1.-1, Guide/irr iHedi!,lll (;as Instal/at ions at COTl.su:mer Sites, 
2003. 

CGA 02-DTR, Direl'lmy 0/ Cleaning: Agents .lin Oxygen Semi!'e, 
Edition 4. 

CGA P-2.5, Trans/Wing 0/ High Fressure Gaseons Oxygen to be 
Usedj(rr Res/Jiration, 2000. 
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CGA P-2.6, TransJZlling of Liquid Oxygen to be Uledfor ResjJim
tion, 1995. 

CGA 1'-2.7, GuiricfiJT the Safe Stomge, Hanriling, and Uw, of 
Portable Liquid Oxygen Systems in [-[ealtheare Facilities, 2000. 

CGA V-], ComjJTfssed Gas Assodation Standard for ComjJrf!sserl Gas 
Cylinder Valve Outlet and Inlet Connections (ANSI B57.I), 2003. 

CGA V-5, {)iameter-[ndex Safety System (Noninterdwngeahle Low 
Pressure Conner;tionsj(JT J'vledical Gas AjJplications), 2000. 

CGA V-6, Standard Cryogenic Liquid Transfier Conner:tion, 2000. 

2.3.8 lEe Publication. Electrotechnical Commission, 3 rue 
de Varembe, P.O. Box 131, CH-1211 Geneva 20, Switzerland. 

IEC 60601-1-2, Medical tJectriwl Equijnnent - Part 1-2: Cen
eral Requirements .for Safety - Collateml Standard: I~'lectromabrnetic 
Comj}(ltibility - Requirements and Tests, 2004. 

2.3.9 ISA Publications. The Instrumentation, Systems, and 
Automation Society (ISA) , 67 Alexander Drive, Research Tri
angle Park, NC 27709, 

Al"lSI/ISA S-7. 0.01, Quailit), Standard/or instrument A iI', 1996. 

RP 12,6, Installation oflnlnnsiatlly SaJi; Systems in Hawnlous 
Localions, 1995. 

2.3.10 MSS Publications. Manufacturer's Standardization 
Society of the Valve and Fittings Industry, Inc., 127 Park Street 
NE, Vienna, VA 22180. 

SP-58, Pipe /-Iang!:rs and SUjJjJOrts - Materials, Desibrn, and 
Manufacture, 2002. 

SP-69, Pijle Hanger, and SnjJPorts - Selection and AjJjlliration, 
2002. 

2.3.11 UL Publication. Underwriters Laboratories Inc., 333 
Pfingsten Road, Northbrook, IL 60062-2096. 

UL 94, 7i,st ./C)r Flammability of Plastic Materials .for Paris in 
Devices and AjJjJlianr:es, 200 I, 

2.3.12 U.S. Government Publications. Document Automa
tion and Production Service (DAPS), Building 40, 700 Robbins 
Avenue, Philadelphia, PA] 9111-5094, www.dodssp.daps.mil. 

MIL-Standard 104C, Limit .for Electrical insulation Color. 

U.S. Government Commercial Standard 223-59, Casters, 
TVheels, and Glidesj(rr HosjJital EquijJment. 

Chapter 3 Definitions 

3.1 General. The definitions contained in this chapter shall 
apply to the terms used in this standard. Where terms are not 
defined in this chapter or within another chapter, they shall 
be defined using their ordinarily accepted meanings within 
the context in which they are used. Mernam-Webster\ Collegiate 
Dictionary, 1 J th edition, shall be the source for the ordinarily 
accepted meaning. 

3.2 NFPA Official Definitions. 

3.2.1 * Approved. Acceptable to the authority havingjurisdic
tion. 

3.2.2* Authority Having Jurisdiction (AHJ). An organization, 
office, or individual responsible for enforcing the require
ments of a code or standard, or for approving equipment, 
materials, an installation, or a procedure. 

3.2.3* Code. Astandarcl that is an extensive compilation of pro
visions covering broad subject matter or that is suitable fix adop
tion into law independently of other codes and s~lI1dards. 

3.2.4 Guide. A document that is advisol), or informat.ive in 
nature and that contains only nonmandat.ory provisions. A 
guide may contain mandatmy statements stich as when a 
guide can be used, but the document as a whole is not suitable 
for adoption into law. 

3.2.5 Labeled. Equipment or materials to which has been at
tached a label, symbol, or other identifying mark of an organiza
tion that is acceptable to the authority having jurisdiction and 
concerned with product evaluation, that. maintains periodic in
spection of production of labeled equipment or materials, and 
by whose labeling the manufacturer indicates compliance with 
appropriate standards or perfi)rmance in a specified manner. 

3.2.6* Listed. Equipment, materials, or services included in a 
list published by an organization that is acceptable to the author
ity havingjurisdiction and concerned with evaluation ofproducb 
or services, that maintains periodic inspection of production of 
listed equiplnent or materials or periodic evaluation of selvices, 
and whose listing states that either the equipment, material, or 
sClvice meets appropriate designated standards or has been 
tested and found suitable for a specified purpose. 

3.2.7 Shall. Indicates a mandaLOry requirement. 

3.2.8 Should. Indicates a recommendation or that which IS 

advised but not required. 

3.2.9 Standard. A document, the main text of which contains 
only mandatory provisions llsing the word "shall" to indicate 
requirements and which is in a form generally suitable for 
mandatory reference by another standard or code or for adop
tion into law. Nonmanc!atory provisions shall be located in an 
appendix or annex, footnote, or fine-print note and are not to 
be considered a part of the requirements of a standard. 

3.3 General Definitions. 

3.3.1 ACFM. Actual cubic feet per minute. (PIP) 

3.3.2 Adiabatic Heating. The heating of a gas caused by its 
compression. (HYP) 

3.3.3 Aerosol. An intimate mixture ofa liquid or a solid in a 
gas; the liquid or solid, called the dispersed phase, is uni
formly distributed in a finely divided state throughout the gas, 
which is the continuous phase or dispersing medium. (CAS) 

3.3.4 Alann Systems. 

3.3.4.1 Area Alarm System. A warning system within an 
area of use that provides continuous visible and audible 
surveillance of Level l and Level 2 medical gas and V,lcuum 
systems. (PIP) 

3.3.4.2 Level 3 Alarm System. A warning system within an 
area of use that provides continuOlls visible and audible 
surveillance of Level 3 medica I gas systems. (PIP) 

3.3.4.3 LocalAlarm System, A warning system that provides 
continuous visible and audible surveillance of medical gas 
and vacuum system source equipment at the equipment 
site. (PIP) 

3.3.4.4 Master Alarm System. A warning system that moni
tors the operation and condition of the source of supply, 
the reserve source (if any), and the pressure in the main 
lines of each medical gas and vacuum piping system. (PIP) 
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3.3.5 Alternate Power Source. One or more generator sets, 01 

bauery systems where permitted, intended to provide power 
during the interruption of the normal electrical service; or the 
public utility electrical service intended to provide power dur
ing interruption of service normally provided by the generat
ing bcilities on the premises. (ELS) 

3.3.6 Atnbulatory Health Care Center. A building or portion 
thereof used to provide services or treatment simultaneously 
to four or more patients that (I) provides, on an outpatient 
basis, treatment for patients that renders the patients inca
pable of taking action fur selt~preservation under emergency 
conditions without the assistance of others; or (2) provides, on 
an outpatient basis, anesthesia that renders the patients inca
pable of taking action for sel!~preservation under emergency 
conditions without the assistance of others. (ADM) 

3.3.7 Ampacity. The current, in amperes, that a conductor 
can cany continuously under the conditions of use without 
exceeding its temperature rating. (ELS) 

3.3.8 Anesthetic. As used in this standard, applies to any in
halation agent used to produce relative analgesia or general 
anesthesia. (GAS) 

3.3.9* Anesthetizing Location. Any area of a facility that has 
been designated to be used for the administration ofnonf1am
mabie inhalation anesthetic agents in the course of examina
tion or treatment, including the use of such agents for relative 
analgesia. (See alslI 3.3./58, Relative Ana~e;esia.) (GAS) 

3.3.10 Anoxia. A state of markedly inadequate oxygenation 
of the tissues and blood, of more marked degree than hy
poxia. (HYP) 

3.3.11 Appliance. Utilization equipment, generally other 
than industrial, normally built in standardized sizes or types, 
that is installed or connected as a unit to perform one or more 
functions. (ELE) 

3.3.12* Applicator. A means of applying high-frequency en
ergy to a patient other than by an electrically conductive con
nection. (ELE) 

3.3.13 Area of Administration. Any point within a room within 
4.3 m (15 ft) of'oxygen equipment or an enclosure containing or 
intended to contain an oxygen-enriched atmosphere. (GAS) 

3.3.14* Atmosphere. The pressure exerted by, and gaseous 
composition of', an environment. (J-IYP) 

3.3.14.1 Ambient Atmosphere. The pressure and composi
tion of the environmenL surrounding a chamber. (HYP) 

3.3.14.2 Atmosphere Absolute (ATA). The pressure of the 
earth's atmosphere, 760.0 rnl1lHg, 101.325 kPa, or 14.7 psia. 
l\vo KfA = two atmospheres. (S(!e rIlI'O 3.].14, Al'mo.ljJ/tem.) 
(HYP) 

3.3.14.3* Atmosphere of Increased Burning Rate. Anyatmo
sphere containing a percentage of oxygen or oxygen and 
nitrous oxide greater than the quotient of 23.45 divided by 
the square root oCthe total pressure in atmospheres. (I-IYP) 

3.3.14.4 Chamber Atmo~phere. The environment inside a 
chamber. (HYP) 

3.3.15 Automatic. Providing a function without the necessity 
of human intervention. (ELS) 

3.3.16* Bends. Decompression sickness; caisson worker's dis
ease. (HYP) 
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3.3.17 Branch Circuit. The circuit conductors between the fi
nal overcurrent device protecting the circuit and the outlet(s). 
[70,2005] (ELS) 

3.3.18 Branch Line. See 3.3.145, Piping. 

3.3.19 Bulk System. An assembly or equipment, such as storage 
containers, pressure regulators, pressure relief devices, vaporiz
ers, manifolds, and interconnecting piping, that terminates at 
the source valve of oxygen or 1452 kg (3200 Ib) of nitrous oxide 
including unconnected reserves on the site. (PIP) 

3.3.19.1 Bulk Nitrous Oxide System. An assembly of equip
ment as described in the definition of' bulk oxygen system 
that has a storage capacity of more than :1200 lb (1452 kg) 
[approximately 28,000 fI'" (793 m:1) (at normal tempera
ture and pressure)] of'nitrous oxide. (PIP) 

3.3.19.2* Bulk Oxygen System. An assembly of equipment 
such as oxygen storage cont~liners, pressure regulators, pres
sure relief devices, vaporizers, rnanifolds, and interconnect
ing piping that has a slOrage capacity of more than 5bfi m" 
(20,000 ft:l) of oxygen (at normal temperature and pressure) 
including unconnected reserves on hand at the site. (PIP) 

3.3.20 Cold Room. A ref'rigerated area large enough for per
sonnel to enter. (LAB) 

3.3.21 Combustible. Capable of undergoing combustion. 
(GAS) 

3.3.22* Combustible Liquid. A liquid having a flash point at 
or above 37.8°C (IOOOF). Combustible liquids shall be sub
divided as follows: (a) Class II liquids shall include those 
having flash points at or above :l7.SOC (IOOOF) and below 
bOaC (1400F); (b) Class lilA liquids shall include those hav
ing f1ash points at or above bOOC (I 40'F) and below 93°C 
(200°F); (c) Class IIIB liquids shall include those having 
flash points at or above 9:1°C (200°F). (LAB) 

3.3.23* Combustion. A chemical process (such as oxidation) 
accompanied by the rapid evolution of heat and light. (GAS) 

3.3.24 Combustion Products. The gases, volatilized liquids 
and solids, particulate maUer, and ash generated by combus
tion. (GAS) 

3.3.25 Container. A low-pressure, vacuum-insulated vessel con
taining gases in liquid form. (GAS) 

3.3.26 Critical Branch. A subsystem of' the emergency system 
consisting of feeders and branch circuits supplying energy to task 
illumination, special power circuits, and selected receptacles 
serving areas and functions related to patient care and that are 
connected to alternate power sources by one or more transfer 
switches during interruption of normal power source. (ELS) 

3.3.27 Critical Care Area. See 3.3.138, Patient Care Area. 

3.3.28 Critical Equipment. That equipment essential to the 
safety of the occupants of' the facility. (I-IYP) 

3.3.29 Critical System. A system ofleeders and branch circuits 
in nursing homes and custodial care facilities arranged for con
nection to the alternate power source to restore service to certain 
critical receptacles, task illumination, and equipment. (ELS) 

3.3.30 Cylinder. A supply tank containing high-pressure 
gases or gas mixtures at pressures that can be in excess of 
2000 psi gauge (13.8 kPagauge). (GAS) 
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3.3.31 Decompression Sickness. A syndrome due to evolved 
gas in the tissues resulting from a reduction in ambient pressure. 
(HVP) 

3.3.32 Detonation. An exothermic reaction wherein the reac
tion propagates th rough the un reacted material at a rate exceed
ing the velocity of sound, hence the explosive noise. (GAS) 

3.3.33* Direct Electrical Pathway to the Heart. An externalized 
conductive pathway, insulated except at its ends, one end of 
which is in direct contact with heart muscle while the other is 
outside the body and is accessible for inadvertent or inten
tional contact with grounded objects or energized, ground
referenced sources. (ELE) 

3.3.34* Disaster. Within the context of this document, a disas
ter is defined as any unusual occurrence or unforeseen situa
tion that seriollsly overtaxes or th rea tens to seriously overtax 
the routine capabililies of a health care facility. (HCE) 

3.3.35 D.I.S.S. Connector. A system of noninterchangeable 
medical gas and vacuum connectors complying with eGA V-5, 
Diameterc/nrir:x Sf!,;;!ty System (Noninterr;hrm.gpabie fJJW Pmssum Con

nrxtionsjiJT /\llerliml Cas AjJj)limtions). (PIP) 

3.3.36* Double-Insulated Appliances. Appliances where the 
primary means of protection against electrical shock is not 
grounding. The primary means is by the use of combinations 
of insulation and separation spacings in accordance with an 
approved standard. (ELE) 

3.3.37 Electrical Life Support Equipment. Electrically pow
ered equipment whose continuous operation is necessary to 
maintain a patient's life. (ELS) 

3.3.38 Electrode. An electrically conductive connection to a 
patient. (ELE) 

3.3.38.1 Active Electrode. An electrode intended to gener
ate a surgical or physiological effect at its POilll of applica
tion to the patient. (ELE) 

3.3.38.2 Bipolar Electrode. An electrode consisting of adja
cen t con tacts (e.g., the two legs of a forceps) sllch that the 
current passes between the pair of contacts generating the 
intended effect. (ELE) 

3.3.38.3* Dispersive Electrode. An electrode, intended to 
complete the electrical path between patient and appli
ance and at which no surgical effect is intended. (ELE) 

3.3.39 Emergency Management. The act of developing proce
dures and plans to create effective preparedness, mitigation, 
response, and rccovery during a disaster affecting a health 
care facility. (HCE) 

3.3.40 Emergency Oxygen Supply Connection. An assembly of 
equipment which permits a gas supplier to make a temporary 
connect jon to supply oxygen to a building which has had its 
normal source or oxygen disconnected. (PIP) 

3.3.41 Emergency System. A system of circuits and equipment 
intended to supply alternate power to a limited number of pre
scribed functions vital to the protection of life and safety. (ELS) 

3.3.42 Equipment Grounding Bus. A grounding terminal bus 
in the feeder circuit of the branch circuit distribution panel 
that serves a particular area. (ELE) 

3.3.43 Equipment System. A system of feeders and branch 
circuits arranged f()r delayed, automatic, or manual connec-

tion the alternate power source and that selves primarily 
3-phase power equipment. (ELS) 

3.3.44 Essential Electrical System. A system com prised of alter
nate sources of power and all connected distribution systems and 
ancill<uy equipment, designed to ensure continuity of electrical 
power to designated areas and functions of a health care f~lcility 
during disruption of normal power sources, and also to minimize 
disruption within the internal wiring system. (ELS) 

3.3.45 Evacuation - Waste Gas. Sce 3.3.184, Waste Anes
tlletic Gas Disposal. 

3.3.46 Exposed Conductive Surfaces. Those surLlces that are 
capable of carrying electric current and that are unprotected, 
uninsulated, unenclosed, or unguarded, permitting personal 
contact. (ELE) 

3.3.47* Failure. An incident that increases the hazard to per
sonnel or patients or that aflects the safe functioning of elec
tric appliances or devices. (ELE) 

3.3.48 Fault Current. A current in an accidental connection 
between an energized and a grounded or orhel' concillct.ive 
element resulting from a failure of in sui at jon, spacing, or con
tainment of conductors. (ELS) 

3.3.49 Feeder. All circuit conductors between the service 
equipment, the source of a separately derived system, or other 
power supply source and the final branch-circuit overcurrent 
device. (ELS) 

3.3.50* Flame Resistant. The property of a material that 
passes the small-scale test in NFPA 70 I, Stwuiaul Methods oj"Fire 
7i!stsjiJT Flam.e ProjJagation a/Textiles muL Films. (I-IV]» 

3.3.51 * Flammable. A combustible that is capable of easily 
being ignited and rapidly consumed by fire. (LAB) 

3.3.52 Flammable Gas. Any substance that exists in the gas
eOltS state at normal atmospheric temperature and pressure 
and is capable of being ignited and burned when mixed with 
proper proportion or air, oxygen, or other oxidizers. (HYP) 

3.3.53 Flammable Liquid. A liquid that has a closed-cup flash 
point that is below 37.SOC (lOooF) and a maximum vapor pres
sure 0[2068 mm Hg (40 psi absolute) at 37.SOC (lOooF). (LAB) 

3.3.54* Flash Point. The minimum temperature at which a 
liquid gives otl vapor in sulTicient concentration to form an 
ignitable mixture with air ncar the surface of the liquid within 
the vessel, as specified by appropriate test procedures and ap
paratus. (LAB) 

3.3.55 Flow-Control Valve. A valve, usually a needle valve, that 
precisely controls flow of gas. (GAS) 

3.3.56 FloWllleter. A device for measuring volumetric flow 
rates of gases anclliquids. (GAS) 

3.3.56.1 Pressure Compensated Flowmeter. A flowmeter indi
cating accurate flow of gas whether the gas is discharged into 
ambient pressure or into a system at Ilonamhient pressure. 
(GAS) 

3.3.57 Freestanding Birthing Center. A 1~lciliLy in which low-risk 
births are expected following normal, uncomplicated pregnan
cies, and in which professional midwifi':ly care is provided to 
women during pregnancy, birth, and postpartum. (ADM) 

3.3.58* Frequency. The number of' oscillatjons, per unit time, 
of a particular current or voltage W<lve/()rm. The unit of fre
quency is the hertz. (ELE) 

2005 Edition 



99-18 HEALTH CARE FACILITIES 

3.3.59* Fume Hood. An enclosure designed to draw air in
ward by means of mechanical ventilation. (LAB) 

3.3.60 Gas-Powered System. A Level 3 gas diSlribution system 
comprised of component part~ including but not limited to cyl
inders, manifolds, air compressor, motor, receivers, controls, fil
ters, dryers, valves, and piping that delivers compressed air or 
nit.rogen at. pressures less than 1100 kPa (less than 160 psi) gauge 
to power devices (e.g., hand pieces, syringes, cleaning devices) as 
a power source. (PIP) 

3.3.61 General Care Area. See 3.3.138, Patient Care Area. 

3.3.62 Governing Body. The person or persons who have the 
overall legal responsibility for the operation of a health care 
facility. (ADM) 

3.3.63 Ground-Fault Circuit Interrupter (GFCI). A device in
tended for the protection of personnel that functions to de
energize a circuit or portion thereof within an established pe
riod of time when a current to ground exceeds some 
predetermined value that is less than that required to operate 
the overcurrent protective device of the supply circuit. (ELS) 

3.3.64 Grounding. See 3.3.65, Grounding System. 

3.3.65* Grounding System. A system of conductors that pro
vides a low-impedance return path for leakage and timlt cur
rents. (ELS) 

3.3.66 Hazard Current. For a given set of connections in an 
isolated power syst.em, the total current that would flow 
through a low impedance ifit were connected between either 
isolated conductor and ground. (ELS) 

3.3.66.1 Fault Hazard Current. The hazard current of a 
given isolated power system with all devices connected ex
cept the line isolation monitor. (ELS) 

3.3.66.2 Monitor Hazard Current. The hazard current of 
the line isolation monitor alone. (ELS) 

3.3.66.3 Total Hazard Current. The hazard current of a 
given isolated system with all devices, including the line 
isolation monitor, connected. (ELS) 

3.3.67* Hazardous Chemical. A chemical with one or more of 
the following hazard ratings as defined in NFPA 704, Standard 
Systlrmfur thl! fdlmtijicatirm ofthe Hazards of Materialsfor Emergency 
Re.ljJon.IP: Health - 2, 3, or 4; Flammability - 2, 3, or 4; Reac
tivity - 2,3, or 4. (LAB) 

3.3.68* Health Care Facilities. Buildings or portions of build
ings in which medical, dental, psychiatric, nursing, obstetrical, 
or surgical care is provided. (ADM) 

3.3.69 Home Care. Medical services (equipment) provided 
in residential occupancies. (ADM) 

3.3.70 Hospital. A building or portion thereof used on a 
24-hour basis for the medical, psychiatric, obstetrical, or 
surgical care of four or more inpatients. [101,2003] (ADM) 

3.3.71 Hospital-Based. In the interpretation and application 
of this document, physically connected to a hospital. (GAS) 

3.3.72 Humidifier. A device used for adding water vapor to 
inspired gas. (GAS) 

3.3.73 Hyperbaric. Facility, building, or structure used to 
house chambers and all auxiliary service equipment for medi
cal applications and procedures at pressures above normal at
mospheric pressures. (T-JYP) 
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3.3.74 H}perbaric Oxygenation. The application of pure oxy
gen or an oxygen-enriched gaseous mixture to a subject at 
elevated pressure. (HYP) 

3.3.75 Hypobaric. Facility, building, or structure used to 
house chambers and all auxiliary service equipment for medi
cal applications and procedures at pressures below atmo
spheric pressures. (HYP) 

3.3.76 Hypoxia. A state of inadequate oxygenation of the 
blood and tissue sufficient to cause impairment of function. 
[99B,2005] (HYP) 

3.3.77 Immediate Restoration of Service. Automatic restora
tion of operation with an interruption of not more than 
10 seconds. (ELS) 

3.3.78* Impedance. Impedance is the ratio of the voltage drop 
across a circuit element to the current flov.~ng through the same 
circuit element. The unit of impedance is the ohm. (ELE) 

3.3.79 Incident Command System (ICS). The combination of 
facilities, equipment, personnel, procedures, and communi
cations operating within a common organizational structure 
that has responsibility for the management of assigned re
sources to effectively accomplish stated objectives pertaining 
to an incident or training exercise. [1670,2004] (HCE) 

3.3.80 Instrument Air. For the purposes of this standard, in
strument air is air intended for the powering of medical de
vices unrelated to human respiration (e.g., surgical tools, ceil
ing arms). Medical air and instrument air are distinct systems 
for mutually exclusive applications. Instrument air is a medi
cal support gas that falls under the general requirements for 
medical gases. (PIP) 

3.3.81 Intermittent Positive-Pressure Breathlng (IPPB). Venti
lation of the lungs by application of intermittent positive pres
sure to the airway. (GAS) 

3.3.82* Intrinsically Safe. As applied to equipment and wiring, 
equipment and wiring that are incapable of releasing sufficient 
electrical energy under normal or abnormal conditions to cause 
ignition of a specific hazardous atmospheric mixture. (HYP) 

3.3.83 Invasive Procedure. Any procedure that penetrates 
the protective surfaces of a patient's body (i.e., skin, mucous 
membrane, cornea) and that is performed with an aseptic 
field (procedural site). [Not included in this category are 
placement of peripheral intravenous needles or catheters 
used to administer fluids and/ or medications, gastrointestinal 
endoscopies (i.e., sigmoidoscopies), insertion of urethral 
catheters, and other similar procedures.] (ELS) 

3.3.84 Isolated Patient Lead. A patient lead whose impedance 
to ground or to a power line is sufficiently high that connecting 
the lead to ground, or to either conductor of the power line, 
results in current flow below a hazardous limit in the lead. (ELE) 

3.3.85* Isolated Power System. A system comprising an isolat
ing transformer or its equivalent, a line isolation monitor, and 
its ungrounded circuit conductors. (ELS) 

3.3.86 Isolation Transformer. A transformer of the multiple
winding type, with the primary and secondary windings physi
cally separated, that inductively couples its ungrounded sec
ondary winding to the grounded feeder system that energizes 
its primary winding. (ELS) 

3.3.87* Laboratory. A building, space, room, or group of 
rooms intended to serve activities involving procedures for 
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investigation, diagnosis, or treatment in which flammable, 
combustible, or oxidizing materials are to be used. (LAB) 

3.3.88* Laboratory Work Area. A room or space for testing, 
analysis, research, instruction, or similar activities that involve 
the lise of chemicals. This work area mayor may not be en
closed. (LAB) 

3.3.89 Leakage Current. Any current, including capacitive!y 
coupled current, not intended to be applied to a patient, that 
is conveyed from exposed conductive parts of an appliance to 
ground or to other accessible parts of an appliance. (ELE) 

3.3.90 Level 1 Medical Piped Gas and VaculUll Systems. Sys
tems serving occupancies where interruption of thc piped 
medical gas and vacuum system would place patients in immi
nent danger of morbidity or mortality. (PIP) 

3.3.91 Levell VaculUll System. Asystem consisting of central
vacuum-producing equipment with pressure and operating 
controls, shutofTvalvcs, alarm warning systems, gauges, and a 
network of piping extending to and terminating with suitable 
station inlets at locations where patient suction could be re
quired. (PIP) 

3.3.92 Level 2 Medical Piped Gas and VaculUll Systems. Sys
tems serving occupancies where interruption of the piped 
medical gas and vacuum system would place patients at man
ageable risk of morbidity or mortality. (PIP) 

3.3.93* Level 3 Compressed Air System. A system of compo
nent parts, including, but not limited to, air compressor, mo
tor, receiver, controls, lilters, dryers, valves, and piping, that 
delivers compressed air <1100 kPa «160 psi gauge) to power 
devices (hand pieces, syringe, cleaning devices, etc.) as a 
power source. (PIP) 

3.3.94 Level 3 Piped Gas Systems. Systems serving occupan
cies where interruption of the piped medical gas would terrni
nate procedures but would not place patients al risk of mor
bidity or mortality. (PIP) 

3.3.95* Level 3 Piped Vacuum System. A Level :3 vacuum dis
tribution svstem that can be either a wet svstem designed to 
remove liq'uids, air-gas, or solids from the'treated ar~a; or a 
dl)' system designed to trap liquid and solids before the sel"Vice 
inlet and to accommodate air-gas only through the service 
inlet. (PIP) 

3.3.96 Life Safety Branch. A subsystem of the emergency sys
tem consisting of leeders and branch circuits, meeting the 
requirements of Article 700 ofNFPA 70, Nfltional Eledriwl Code, 
and intended to provide adequate power needs to ensure 
safety to patients and personnel, and that is automatically con
nected to alternate power sources during interruption of the 
normal power source. (ELS) 

3.3.97 Limited Care Facility. A building or portion of a build
ing used on a 24-hour basis for the housing of four or more 
persons who are incapable of seU~preser"Vation because of age; 
physical limitations due to accident or illness; or limitations 
such as mental retardation/developmental disability, mental 
illness, or chemical dependency. (ADM) 

3.3.98* Limited-Combustible Material. A material (as defined 
in NFPA 220, Stftnr/ard on 'f"ytJl!S 0/ Huilding ConstTl((:tion) not 
complying with the definition of noncombustible material 
that, in the form in which it is used, has a potential heat value 
not exceeding 8141 kJ/kg (:1500 Btu/lb) and complies with 
one 0(" the following: (a) materials having a structural base of 

noncombustible material, with a surblCing not exceeding a 
thickness of :3.2 mm ('/., in.) and having ,l flame-spread rating 
not greater than 50 or (b) materials, in the form and thickness 
used, other than as described in (a). haying neither a Ibmc
spread rating greater than 2:") nor evidence of continued pro
gressive combustion and of slich composition that sur/;lces 
that would be exposed by clItting through the material on any 
plane would have neither a name-spread rating greater than 
25 nor evidence of continued progressive combustion. (PIP) 

3.3.99 Line Isolation Monitor. A test instrument designed to 
continually check the balanced and unbalanced impedance 
from each line of an isolated circuit to grollnd and equipped 
with a built-in test circuit to exercise the abrm withoul adding 
to the leakage current hazard. (ELS) 

3.3.100* Liquid. Any material tllat 11,lS a tluidity greater than 
that of :100 penetration asphalt when tested in accordance 
with ASTM D 5, Standard '1i!.lt Met/wri/iJl" Peru:lmtioll oj !Jitu'IIIi
nons iV/alerials. [30,2003] (LAB) 

3.3.101* Local Signal. A visible indication of the operating 
status of equipment. (PIP) 

3.3.102 mAo Milliampere. 

3.3.103 Manifold. Aclevice (ir connecting the outlcls ofonc 
or more gas cylinders to the central piping system for that 
specific gas. (PIP) 

3.3.104* Manufactured Assembly. A l;lctory-assel1lbled prod
uct designed for aesthetics or convenience that contains medi
cal gas or vacuum outlets, piping, or other devices related to 
medical gases. (PIP) 

3.3.105 Mask. A device that fits over the 1110uth and nuse 
(oronasal) or nose (nasal), L1sed to administer gases to a P,I
tient. (GAS) 

3.3.106* Medical Air. For purposes 0[· this standard, medical 
air is air supplied from cylinders, bulk containers, medical air 
compressors, or has been reconstituted frorn oxygen USP and 
oil-free, dl)' nitrogen NF. 

3.3.107 Medical Air Compressor. A compressor that is de
signed to exclude oil from the air stream and compression 
chamber and that does not under normal operating condi
tions or any single fault add any toxic or flammable contami
nants to the compressed air. (PIP) 

3.3.108* Medical/Dental Office. A building or part thereofin 
which the following occur: (I) Examinations and minor 
treatments/procedures are performed uncle!" the continuous 
supcl"Vision of a medical/dental professional; (2) Only seda
tion or local anesthesia is involved and treatment or proce
dures do not render the patient incapable of sell~preservation 
under emergency conditions; (:I) Overnight stays (ir patients 
or 24-hour operation are not provided. (ADM) 

3.3.109 Medical Gas. A paLient medical gas or medical sup
port gas. (See also 3.3.143, Patient IV/ediwl Cas flIuI3.).!!!, Mr:di
wl SU/JI){)rt Cas.) (P IP) 

3.3.110 Medical Gas System. An assembly of equipment ,lnd 
piping fi)r the distribLLlion of nonflammable medical gases 
such as oxygen, nitrous oxide, compressed air, carbon diox
ide, and helium. (PIP) 

3.3.111 Medical Support Gas. Piped gases such as nilrogen 
and instrument air that are used to sllpport medical proce
dUl·es by operating mediGd-surgical tools, equipment booms, 
pendants, and similar medical support applications. 
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3.3.112 Medical-Surgical Vacumn. A method used to provide 
a source of drainage, aspiratioll, and suction in order to re
move body fluids Ii-om patients. (P[P) 

3.3.113 Medical-Surgical Vacuum System. An assembly of cen
tral vacuum producing equipment and a network of piping for 
patient suction in medical, medical-surgical, and waste anes
thetic gas disposal (WAGD) applications. (1'[1') 

3.3.] 14 Multiple Treatment Facility. A diagnostic or treatment 
complex under a single management comprising a number of 
single treatment LlCilities, which can be accessed one from the 
other without exiting the Llcility (i.e., does not involve widely 
separated locations or separate distinct practices). (ADM) 

3.3.115 mV. Millivolt.. 

3.3.116 Nasal Cannula. Device consisting of two short tubes 
to be inserted into the nostrils to administer oxygen or other 
ther,lpeutic gases. (GAS) 

3.3.117 Nasal Catheter. A flexible tube for insertion through 
the nose into the nasopharynx to administer oxygen or other 
therapeutic gases. (GAS) 

3.3.118 Nebulizer. A device used for producing an aerosol of 
water and/or medication within inspired gas supply. (GAS) 

3.3.119 Negative Pressure. Pressure less than atmospheric. 
(GAS) 

3.3.120 Nitrogen. An element that, at atmospheric tempera
l.ttres and pressures, exists as a clear, colorless, and tasteless 
gas; it comprises approximately four-fifLhs of the earth's a11110-
sphere. (CAS) 

3.3.120.1 NitrogenNF (Oil-Free, Dry). Nitrogen complying 
,IS ,I minimllm with oil-free, dry nitrogen NF. (PIP) 

3.3.121* Nitrogen Narcosis. Acondition resembling alcoholic 
inehriat.ion, which resllits from breathing nitrogen in the air 
under significant pressllre. (HYP) 

3.3.122 Nitrous Oxide. An inorganic compound, one of the 
oxides of nitrogen. It exists as a ga,~ at atmospheric pressure 
and temperature, possesses a sweetish smell, and is used for 
inducing anesthesia when inhaled. The oxygen in the com
pound will be released under conditions of combustion, creat
ing an oxygen-enriched atmosphere. (GAS) 

3.3.123 Noncombustible (Hyperbaric). An adjective describ
ing a substance that will not burn in 95 ± 5 percent oxygen at 
pressures up to 3ATA (44.1 psia). (HYP) 

3.3.124 Noncombustible (Hypobaric). An adjective describing 
a substance that will not burn in 95 percent, plus or minus 5 pel~ 
cent oxygen at pressures of 101.325 kPa (760 mm Hg). (I-IYP) 

3.3.125* Noncombustible Material. A material (as defined in 
NFPA 220, StrmdrlT(1 on 'i)'pes 0/ Building ConstrueLion) that, in 
the form in which it is used and under the conditions antici
pated, will not ignite, burn, support combustion, or release 
flammable vapors when subjected to fire or heat. (PIP) 

3.3.126 Nonflammable. An adjective describing a substance 
that will not burn under the conditions set forth in the defini
tion of flame resistan t. (HYP) 

3.3.127* Nonflammable Anesthetic Agent. Refers to those in
halation agents that, because of their vapor pressure at 37°C 
(98.6°F) and at atmospheric pressure, cannot attain flam
mable concentrations when mixed with air, oxygen, or mix
tures of oxygen and nitrous oxide. (GAS) 
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3.3.128* Nonflammable Medical Gas System. See 3.3.1 10, 
Medical Gas System. 

3.3.129 Nursing Home. A building or portion of a building 
used on a 24-hour basis f()r the housing and nursing care of 
fom or more persons who, because of mental or physical inca
pacity, might be unable to provide for their own needs and 
safety without the assistance of another person. (ADM) 

3.3.130* Oxidizing Gas. A gas that support~ combustion. (I-IYP) 

3.3.131 * Oxygen. An element that, at atmospheric tempera
tures and pressures, exists as a colorless, odorless, tasteless gas. 
(GAS) 

3.3.131.1 Gaseous Oxygen. A colorless. odorless, and taste
less gas; also, the physical state of the elemen t at atmo
spheric temperature and pressure. (GAS) 

3.3.131.2* Liquid Oxygen. Exists at cryogenic temperature, 
approximately -184.4 °C (-300'F) at atmospheric pressure. 
[t retains all of the properties of gaseous oxygen, hut, in 
addition, when allowed to warm to room tem~perature at 
atmospheric pressure, it will evaporate and expand to fill a 
volume 860 tjmes its liquid volume. (GAS) 

3.3.132* Oxygen Delivery Equipment. Any device used to trans
port and deliver an oxygen-enriched atmosphere t.o a patient. 
(GAS) 

3.3.133 Oxygen-Enriched Atmosphere. For t.he purpose of this 
standard, and only fi)!' the purpose of this standard, an atmo
sphere in which the concentration of oxygen exceeds 235 per
cent by volume. (HYP) 

3.3.134 Oxygen Hood. A device encapsulating a patient.'s 
head and used for a purpose similar to that of a mask. (Ser: also 
3.3.105, Mask.) (I-lYP) 

3.3.135 Oxygen Index. The minimurn concentration of oxy
gen, expressed as percent by volume, in a mixture of oxygen 
and nitrogen that will just support combustion of a material 
under conditions of AST\1 D 2863, Stanriani 'Ii'.lt Methorljilr 
Meas'U'ring the Minimum Oxygen Concentration to SujJjJOrt Cmulle
Like Combustion ojPlastics (Oxyp;en Index). (HYP) 

3.3.136* Oxygen Toxicity (Hyperbaric). Physical impairment 
resulting from breathing gaseous mixtures containing oxygen
enriched atmospheres at elevated partial pressures for ex
tended periods of time. (HYP) 

3.3.137 Patient Bed Location. The location ofa patientslcep
ing bed, or the bed or procedure table of a critical care area. 
(ELS) 

3.3.138* Patient Care Area. Any portion ora health care facility 
wherein patients are intended to be examined or treated. (ELE) 

3.3.138.1 * Critical Care Areas. Those special care units, in
tensive care units, coronary care units, angiography laborato
ries, cardiac catheterization laboratories, delivery rooms, op
erating rooms, postanesthesia recovery rooms, emergency 
departments, and similar areas in which patients are intended 
to be subjected to invasive procedures and connected to line
operated, patient-care-related electrical appliances. 

3.3.138.2* General Care Areas. Patient bedrooms, examin
ing rooms, treatment rooms, clinics, and similar areas in 
which it is intended that the patient will come in contact 
with ordinary appliances such as a nurse-call system, elec
tric beds, examining lamps, telephones, and entertain
ment devices. (ELE) 
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3.3.139 Patient-Care-Related Electrical Appliance. An electri
cal appliance that is intended to be used for diagnostic, therapeu
tic, or monitoring purposes in a patient care vicinity. (ELE) 

3.3.140 Patient Care Vicinity. A space, within a location in
tended for the examination and treatment of patients, extending 
1.8 m (6 ft) beyond the normal location of the bed, chair, table, 
treadmill, or other device that supports the patient during exami
nation and treatment and extending vertically to 2.3 m (7 ft 6 in.) 
above the floor. (ELE) 

3.3.141 Patient Equipment Grounding Point. Ajack or termi
nal that serves as the collection point for redundant ground
ing of electric appliances serving a patient care vicinity or for 
grounding other items in order to eliminate electromagnetic 
interference problems. (ELE) 

3.3.142* Patient Lead. Any deliberate electrical connection 
that can cany current between an appliance and a patient. (ELE) 

3.3.143 Patient Medical Gas. Piped gases such as oxygen, ni
trous oxide, helium, carbon dioxide, and medical air that are 
used in the application of human respiration and the calibra
tion of medical devices llsed for human respiration. (PIP) 

3.3.144 Piped Distribution System. A pipeline network assem
bly of equipment that starts at and includes the source valve, 
warning systems (master, area, local alarms), bulk gas system 
signal actuating switch wiring, interconnecting piping, and all 
other components up to and including the station outlets/ 
inlets. (PIP) 

3.3.145 Piping. The tubing or conduit of the system. The 
three general classes of piping are main lines, risers. and 
branch (lateral) lines. (PIP) 

3.3.145.1 Branch (Lateral) Lines. Those sections or por
tions of the piping system that serve a room or group of 
rooms on the same story of the facility. (PIP) 

3.3.145.2 Main Lines. The piping that connects the 
source (pumps, receivers, etc.) to the risers or branches, or 
both. (PIP) 

3.3.145.3 Risers. The vertical pipes connecting the system 
main line(s) with the branch lines on the various levels of 
the facility. (PIP) 

3.3.146 Plug (Attachment Plug, Cap). A device that, by inser
tion in a receptacle, establishes connection between the con
ductors of the attached flexible cord and the conductors con
nected permanently to the receptacle. (ELE) 

3.3.147 Positive-Negative Pressure Breathing. Ventilation of 
the lungs by the application of intermittent positive-negative 
pressure to the airway. (GAS) 

3.3.148 Pressure. 

3.3.148.1 Absolute Pressure. The total pressure in a system 
with reference to zero pressure. (HYP) 

3.3.148.2 Ambient Pressure. Refers to total pressure of the 
environment referenced. (HYP) 

3.3.148.3 Gauge Pressure. Refers to total pressure above 
(or below) atmospheric. (HVP) 

3.3.148.4 High Pressure. A pressure exceeding 200 psig 
(1.38 kPa gauge) (215 psia). (GAS) 

3.3.148.5* Partial Pressure. The pressure, in absolute 
units, exerted by a particular gas in a gas mixture. (HYP) 

3.3.148.6 Positive Pressure. Pressure greater than ambient 
atmospheric. (GAS) 

3.3.148.7* Working Pressure. A pressure not exceeding 
11.6 kg/cm~ (200 psig). (GAS) 

3.3.149* Pressure-Reducing Regulator. A device that a utomati
cally reduces gas under high pressure 1.0 a usable lower work
ing pressure. (GAS) 

3.3.150 Procedure Room. Where the proceduralist is using in
strumentation that requires constant obselvation and control. 

3.3.151 psia. Pounds per square inch clbsolute, a unit of pres
sure measurement with zero pressure as the base or reference 
pressure. (HYP) 

3.3.152* psig. Pounds per square inch gauge, a unit of pres
sure measurement with atmospheric pressure as the base or 
reference pressure. (HVP) 

3.3.153 Quiet Ground. A system of grounding conductors, 
insulated from portions of the conventional grounding of the 
power system, that interconnects the grounds of electric appli
ances for the purpose of improving immunity to electromag
netic noise. (ELS) 

3.3.154 Reactance. The component of impedance contrib
uted by inductance or capacitance. The unit of reactance is 
the ohm. (ELE) 

3.3.155* Reactive Material. A material that, by itself, is readily 
capable of detonation, explosive decomposition, or explosive 
reaction at normal or elevated temperatures and pressures. 
[45,2004J (LAB) 

3.3.156 Reference Grounding Point. The ground bus of the 
panelboard or isolated power system panel supplying the pa
tient care area. (ELE) 

3.3.157* Refrigerating Equipment. Any mechanically oper
ated equipment used [or storing, below normal ambient tem
perature, hazardous materials having fbmmability ratings of 3 
or 4. (LAB) 

3.3.158 Relative Analgesia. A state of sedation and partial 
block of pain perception produced in a patient by the inhala
tion of concentrations of nitrous oxide insufficient to produce 
loss of consciousness (conscious sedation). (GAS) 

3.3.159* Remote. A Level 3 source of supply that is accessed 
by exiting the single or multiple treatment facility. (PIP) 

3.3.160 Reserve Supply. Where existing, that portion of the 
supply equipment that automatically supplies the system in 
the even t offailure of tbe operating sllpply. The reserve supply 
only functions in an emergency and not as a norrnal operating 
procedure. (PIP) 

3.3.161 Safety Can. An approved container, of not more than 
18.9 L (5 gal) capacity, having a spring-closing lid and spout 
cover and so designed that it will safely relieve internal pres
sure when subjected to fire exposure. (LAB) 

3.3.162 Scavenging. An alternate term for WAGD often ap
plied in Level 3. (PIP) 

3.3.163 SCFM. Standard cubic feet. per minute. (PIP) 

3.3.164 Selected Receptacles. A minimal number of recep
tacles selected by the governing body of a facility as necessalY 
to provide essential patient care and !;lcility services during 
loss of normal power. (ELS) 
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3.3.165 Self-Extinguishing. A characteristic or a material such 
that, once the source or ignition is removed, the flame is quickly 
cxtinguished without the fuel or oxidizer being exhausted. 
(HYP) 

3.3.166 Semipermanent Connection. A noninterchangeablc 
connectiun, usually a D.I.S.S. connector, which is the termina
tion of the pipclin'e ;lIld that is intended to be detached onl) 
for service. It. is lIot the point at which the user makes connec
tions or disu)(IlIeniolls. (PIP) 

3.3.167 Serviee Inlet. The pncumatic terminus of a Level 3 
piped V;ICUUIll system. (PIP) 

3.3.168 Service Outlet. The pneumatic terminus of a piped 
gas system f()r ot.her t.han critical, continuous dut.y, nonflam
mable medical lire support type gases such as oxygen, nitrous 
oxide, or medical air. (PIP) 

3.3.169* Single Treatment Facility. A diagnoslic or treatment 
complex under a single management comprising a number of 
lise points, but. confined to a single contiguolls group of use 
poillLs (i.e., docs not. involve widely separated locations or 
separate distinct. pract.ices). (PIP) 

3.3.170* Site of Intentional Expulsion. All points within 0.3 m 
(I ft.) of a puint at which an oxygen-enriched atmosphere is 
int.entionally vent.ed to t.he atillosphere. (GAS) 

3.3.17l Station [nlet. An inlet point in a piped medical/ 
surgical V,ICUIIIll dist ribution systern at which the user makes 
connections and disconnect.ions. (PIP) 

3.3.172 Station Outlet. An outlet point in a piped medical gas 
distril.Hltion system at which the user makes connections and 
disconneuions. (PIP) 

3.3.173 Supply Source. 

3.3.173.1 Operating Supply. The portion of the supply sys
tem that nnnmllly supplies t.he piping systems. The operat
ing supply consists of a primary supply or a primary and 
secondary supply. (PIP) 

3.3.173.2 Primary Supply. That portion of the source 
equipment that. aClilally supplies the system. (PIP) 

3.3.173.:1 Reserve Supply. Where provided, that portion of 
the source equipment that automatically supplies the sys
tem in the event of Llilure of the primary and secondary 
operating supply. (PIP) 

3.3.173.4 Secondary Supply. Where provided, that portion 
of the source equipment that automatically supplies the 
system whell the primaly supply becomes exhausted. (PIP) 

3.3.174 Support Gas. Nilrogen or instrument air that is used 
to support medical procedures by operating medical-surgical 
tools, equipmt:nt bool11s, pendants, and similar devices, and 
are not respired ,IS part. of any treatment. (PIP) 

3.3.175* Surface-MOtmted Medical Gas Rail Systems. A surface
III 01 III I.ed g;ls delivery system intended to provide ready access for 
t\\'o or more g;lses t.hrough a common delivery system to provide 
Illultiple gas stalioll outJ~:t locations within a single patient room 
or critical care area. (PIP) 

3.3.176 Task llIumination. Provisions for the minimum light
ing required to cal'll' out necessary tasks in the areas described 
in Chapter 4, including safe access to supplies and equipment 
and access to exits. (ELS) 
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3.3.177 Terminal. The end of a flexible hose or tubing used 
in a manufactured assembly where the user is intended to 
make connection and disconnection. (PIP) 

3.3.178 Tube. 

3.3.178.1 * Endotracheal Tube. A tube for insertion through 
the mouth or nose into the upper portion of the trachea 
(windpipe). (GAS) 

3.3.178.2* Tracheotomy Tube. A curved tube for insertion 
into the trachea (windpipe) below the lalynx (voice box) 
during the performance of an appropriat.e operative proce
dure (tracheotomy). (GAS) 

3.3.179* Unattended Laboratory Operation. A laboratory pro
cedure or operation at which there is no person present who is 
knowledgeable regarding the operation and emergency shut
down procedures. [45, 2004J (LAB) 

3.3.180 Use Point. A location with anI' number of station out
lets and inlets arranged for access by a practitioner during 
t.reatment of a patient. (PIP) 

3.3.181 * Utility Center (J box). A type of terminal enclosure 
for utilities (e.g., gas power, vacuum, water, electrical power) 
used in office-based occupancies. (PIP) 

3.3.182 Vaporizer. A heat exchange unit designed to convert 
cryogenic liquid into the gaseous state. (PIP) 

3.3.183* WAGD Interface. A device provided on the anesthe
sia gas machine t.hat connects the WAGD network to the pa
tient breathing circuit. (PIP) 

3.3.184 Waste Anesthetic Gas Disposal (WAGD). The process 
of capt.uring and carrying away gases vented from the patient 
hreathing circuit during the normal operation of gas anesthe
sia or analgesia equipment. (PIP) 

3.3.185* Wet Locations. The area in a patient care area where 
a procedure is performed that is normally sul~ject to wet con
ditions while patients are present including standing fluids on 
the floor or drenching of the work area, either of which con
dition is intimate to the patient or stair (ADM) 

Chapter 4 Electrical Systems 

4.1 * Applicability. This chapter applies to health care facilities 
as referenced in other chapters. 

4.2 Nature of Hazards. See Section B.l. 

4.2.1* Fire and Explosions. 

4.2.2 Shock. 

4.2.2.1 General. 

4.2.2.2 Control. See 8.1.2.2.2. 

4.2.3 Thennal. (Reserved) 

4.2.4 Interruption of Power. See B.l.4.I. 

4.3 Electrical System Requirements. 

4.3.1 Sources. Each appliance of a hospital requiring electri
cal line power for operation shall be supported by power 
sources and distribution systems tbat provide power adequate 
for each sen'ice. 

4.3.1.1 Power/Utility Company. (Reserved) 



ELECTRICAL SYSTEMS 99-2::1 

4.3.1.2 On-Site Generator Set. (Reserved) 

4.3.2 Distribution. 

4.3.2.1 Electrical Installation. Installation shall be in accOl~ 
dance wi th NFPA 70, Nalionril J~ler:lric({,l Cor/e. 

4.3.2.2* All Patient Care Areas. 

4.3.2.2.1* Regular voltage wiring shall comply with the re
quircments in 4.3.2.2.1.1 through 4.::1.2.2.1.3. 

4.3.2.2.1.1 * Circuits. Branch circuits sClving a given patient 
bed location shall be jed from not more than one normal 
branch circuit distribution panel. '''''hen required, branch cir
cuits serving a given patient bed location shall be permitted to 
be fed from more than one emergency branch circuit distribu
tion panel. 

4.3.2.2.1.2 Critical Care Areas. These areas shall be served by 
circuits from critical branch panel(s) selved from a single au
tomatic transkr switch and a minimum of one circuit served 
by the normal power distribution system or by a system origi
nat.ing from a second critical branch transfer switch. 

4.3.2.2.1.3 Special Purpose Outlets. Branch circuit<; serving 
only special-purpose outlets or receptacles (e.g., portable X-ray 
receptacles) shall not be required to conform to the require
l1lellLS of 4.:'1.2.2.1.2. 

4.3.2.2.2 Crounding requirements shall comply with the re
quirements in 4.::1.2.2.2.1 through 4.3.2.2.2.4. 

4.3.2.2.2.1 Grounding Circuitry Integrity. Crounding circuits 
and conductors in patient care areas shall be installed in such 
a way that the continuity of other parts of those circuits cannot 
be interrupted nor the resistance raised above an acceptable 
level by the install;ltion, removal, and replacement of any in
stalled equi pmen t, includi ng power receptacles. 

4.3.2.2.2.2* Reliability of Grounding. Where used, the reliahil
ity of installed grounding circuits to a power' receptacle in all 
patient care areas shall be at least equivalent to that provided 
by an electrically continuous copper conductor of appropriate 
ampacity run from the receptacle to a grounding bus in the 
distribution panel. The grounding conductor shall conform 
to NFPA 70, National L'leclriwl Corie. 

4.3.2.2.2.3 Separate Grounding Conductor. When existing 
construction does not use a separate grounding conductor, 
the continued use of the system shall be permitted to be used, 
provided it meets the performance requirements in 4.::1.::1.1, 
Grounding System in Patient Care Areas. 

4.3.2.2.2.4 Metal Receptacle Boxes. ""Ihere metal receptacle 
boxes are used, the performance of the connection between 
the receptacle grounding terminal and the metal box shall be 
equivalent to the performance provided by copper wire no 
smaller than 12 AWe. 

4.3.2.2.3* Grounding Interconnects. In patient care areas sup
plied by the normal distribution system and any hranch ofthe 
essential electrical system, the grounding system oflhe normal 
distribution system and that of the essential electrical system 
shall be interconnected. 

4.3.2.2.4 Circuit Protection. 

4.3.2.2.4.1 * The main and downstream ground-f~lult protec
tive c!e~i;es (where required) shall be coordinated as required 
III 4.3.2.;]. 

4.3.2.2.4.2* If used, ground-EUllt circuit interrupters (GFeIs) 
shall be listed and approved for the purpose. 

4.3.2.2.5 Low-voltage wiring shall comply with either of the 
following: 

(1) Fixed systems of ::10 V (dc or ac rlns) or less shall be un
grounded, provided the insulation between each un
grounded conductor and the prim;lIy circuit, which is sup
plied hom a cOllventiomdly grounded distribution system, is 
the same protect jon as required for the primilly voltclge. 

(2) A grounded low-voltage system shall be permitted pro
vided that load currents are not carried in the grounding 
conductors. 

4.3.2.2.5.1 Wiring for low-voltlge control systems and non
emergency communications and signaling systems shall not be 
required to be installed in metal raceways in anesthetizing 
locations. 

4.3.2.2.6* Receptacles. 

4.3.2.2.6.1 * Types of Receptacles. Each power receptacle shall 
provide at least one separate, highly dependable grounding 
pole capable of maintaining low-cont,lct resistance with its 
mating plug despite electrical and mechanical abuse. Speci,t1 
receptacles such as the [()llowing shall be permitted: 

(1) Four-pole units providing an extra pole I()r redundant 
grounding or ground contjnuity monitoring 

(2) Locking-type receptacles 
(::I) Where required for reduction of electrical noise on the 

grounding circuit, receptacles in which the grounding tel~ 
minals are purposely insulated from the receptacle yoke 

4.3.2.2.6.2 Minimmll Number of Receptacles. The n urn bel' of 
receptacles shall be determined by the int.ended lise of the 
patient care areas in accordance with 4.3.2.2.6.2(A) through 
4.::1.2.2.6.2 (D). 

(A) Receptacles for Patient Bed Locations in General Care 
Areas. Each patient bed location shall be provided with a mini
mum of four receptacles (or two duplex receptacles). 

(B) Receptacles for Patient Bed Locations in Critical Care 
Areas. Each patient bed location shall be provided with a mini
mum of six receptacles (or three duplex receptacles). 

(C) Receptacles for Bathrooms or Toilets. Receptacles shall 
not he required in bathrooms or toilet rooms. 

(D) Receptacles for Special Areas. Receptacles shall not be 
required in areas where medical requirements mandate othel~ 
wise (e.g., certain psychiatric, pediatric, or hydrotherapy areas). 

4.3.2.2.6.3 Polarity of Receptacles. Each receptacle shall be 
wired in accordance with NFPA 70, National Fleetriml Code, to 
ensure correct polarity. 

.. 4.3.2.2.6.4 Receptacles and Amperage. Receptacles for use 
with 250 V, .50 A, and 60 A ac service shall he designed for use in 
anesthetizing locations and sh;t11 be so designed that. t.he (j() A 
receptacle will accept either the !i0 A or the 60 A plug. Firty
ampere receptacles shall be designed so as not to accept the 
60 A attachment plug. These receptacles shall be of the two
pole, three-wire design with the third contact connecting to 
the grounding wire (green or green with yellow stripe) of the 
electrical system. 
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4.3.2.2.6.5 Other Services Receptacles. Receptacles provided 
for other selvices having different voltages, frequencies, or 
types on the same premises shall be of such design that attach
ment plugs and caps used in sllch receptacles cannot be con
nected to circuits ofa difkrent voltage, h'equency, or type, but 
shall be interchangeable within each classification and rating 
required for two-wire, 125 y, single-phase ac service. 

4.3.2.2.7 Special Grounding. 

4.3.2.2.7.1* Use of Quiet Grounds. A quiet ground, if used, 
shall not defeat the purposes of the safety features of the 
grounding systems detailed herein. 

4.3.2.2.7.2 Patient Equipment Grounding Point. A patient 
equipment groullding point comprising one or more ground
ing terminals orjacks shall be permitted in an accessible loca
tion in the patient care vicinity. 

4.3.2.2.7.3* Special Grounding in Patient Care Areas. In addi
tjon to the grounding required to meet the performance re
quirements of 4.3.3.1, additjonal grounding shall be permit
ted where special circumstances so dictate. 

4.3.2.2.8 Wet Locations. 

4.3.2.2.8.1* Wet location patient care areas shall be provided 
with special protection against electric shock. This special pro
tection shall be provided as follows: 

(I) A power distribution system that inherently limits the pos
sible ground-l~lult current due to a first fault to a low 
value, without interrupting the power supply 

(2) A power distribution system in which t.he power supply is 
intelTupted ir the ground-Lllllt current does, in i~lct, ex
ceed a value of6 mA 

4.3.2.2.8.2 Patient beds, toilets, bidets, and wash basins shall 
not be required to be considered wet locations. 

4.3.2.2.8.3 In existjng construction, the requirements of 
4.3.2.2.8.1 are not required when written inspection proce
dure, acceptable to the authority having jurisdiction, is con
tinuously enforced by a designated individual at the hospital, 
to indicate that equipment-grounding conductors for 120 Y, 
single-phase, I!) A and 20 A receptacles, equipment connected 
by cord and pillg, ,md fixed electrical eq uipment are installed 
and maintained in accordance with NFPA 70, National Electrical 
Code, and applicable performance requirements of this chapter. 

(A) The procedure shall include electrical continuity tests of 
all required equipment, grounding conductors, and their con
nections. 

(B) Fixed receptacles, equipment connected by cord and 
plug, and lixed electrical equipment shall be tested as follows: 

(l) When iirst installed 
(2) Where there is evidence of damage 
(3) After any repairs 
(4) At intel'vals not exceeding () months 

4.3.2.2.8.4 The use of an isolated power system (IPS) shall be 
permitted as a protective means capable of limiting ground fault 
current withollt power interruption. When installed, such a 
power syst.erII shall conform to the requirements of 4.3.2.6. 

4.3.2.2.8.5 Where power interrupt.ion under first fault condi
tion (line-tn-ground l~ndt) is tolerable, the use of a ground
fault cir·cuit. internlpter (GFCl) shall be permitted as the pro
tective means that: monitors the actual ground-fault current 
and interrupts the power when that current exceeds 6 mAo 
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4.3.2.2.9 Isolated Power. An isolated power system shall not 
be required to be installed in any patient care area except as 
speciiied in 4.3.2.2.8. The system shall be permitted to be in
stalled where it conforms to the performance requirements 
specified in 4.3.2.6. 

4.3.2.3 Laboratories. Outlets with two to four receptacles, or an 
equivalent power strip, shall be installed every 0.5 m to 1.0 m 
(1.6 ft to 3.3 ft) in instrument usage areas, and either installation 
is to be at least 8 cm (3. I 5 in.) above the coun tertop. 

4.3.2.4 Other NonpatientAreas. (Reserved) 

4.3.2.5 Ground-Fault Protection. 

4.3.2.5.1 Applicability. The requirements of 4.3.2.5.2 shall ap
ply to hospitals and other buildings housing critical care areas 
or utilizing life support equipmen t, and buildings t.hat provide 
essential utilities or services for the operation of critical care 
areas or electrical life support equipment. 

4.3.2.5.2 When ground-fault protection is provided for op
eration of the service or feeder disconnecting means, an addi
tional step of ground-f~1U1t protection shall be provided in the 
next level of feeder downstream toward the load. Ground
fault protection for operation of the service and feeder discon
necting means shall be fully selective such that the dowll
stream device and not the upstream device shall open for 
dowllstream ground faults. 

4.3.2.6* Isolated Power Systems. 

4.3.2.6.1 Isolation Transformer. 

4.3.2.6.1.1 The isolation transformer shall be listed and ap
proved for the purpose. 

4.3.2.6.1.2 The primary winding shall be connected to a power 
source so that it is not energized with more than 600 V (nomi
nal). The neutral of the primary winding shall be grounded in an 
approved manner. If an electrostatic shield is present, it shall be 
connected to the reference grounding point. 

4.3.2.6.1.3 Wiring of isolated power systems shall be in accor
dance with Section 517.62 of NFPA 70, National Eler:trical Code. 

4.3.2.6.2 Impedance of Isolated Wiring. 

4.3.2.6.2.1 * The impedance (capacitive and resistive) to 
ground of either conductor of an isolated system shall exceed 
200,000 ohms when installed. The installation at this point 
shall include receptacles but is not required to include light
ing fixtures or components of fixtures. This value shall be de
tennined by energizing the system and connecting a low
impedance ac milliammeter (0 mA to I mA scale) between the 
reference grounding point and either conductor in sequence. 
This test shall be permitted to be performed with the line 
isolation monitor (see 4.3.2.6.3) connected, provided the con
nection between the line isolation monitor and the reference 
grounding point is open at the time of the test. After the test is 
made, the milliammet.er shall be removed and the grounding 
connection of the line isolation monitor shall be restored. 
When the installation is completed, including permanently 
connected fixtures, the reading of the meter on the line isola
tion monitor, which corresponds to the unloaded line condi
tion, shall be made. This meter reading shall be recorded as a 
reference for subsequent line-impedance evaluation. This test 
shall be conducted with no phase conductors grounded. 

4.3.2.6.2.2 An approved capacitance suppressor shall be per
mitted to be used to improve the impedance of the perma-
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nently installed isolated system; however, the resistive imped
ance to ground of each isolated conductor of the system shall 
be at least 1 megohm prior to the connection of the suppres
sion equipment. Capacitance suppressors shall be installed so 
as to prevent inadvertent disconnection during normal use. 

4.3.2.6.3 Line Isolation Monitor. 

4.3.2.6.3.1 * In addition to the usual control and protective 
devices, each isolated power system shall be provided with an 
approved continually operating line isolation monitor that in
dicates possible leakage or f~llllt currents from either isolated 
conductor to ground. 

4.3.2.6.3.2 The monitor shall be designed such that a green 
signal lamp, conspicuously visible in the area where the line iso
lation monitor is utilized, remains lighted when the system is ad
equately isolated from ground; and an adjacent red signal lamp 
and an audible warning signal (remote if desired) shall be ener
gized when tlle total hazard current (consisting of possible resis
tive and capacitive leakage currents) fJ'om either isolated con
ductor to ground reaches a threshold value of 5.0 mA under 
normal line voltage conditions. The line isolation monitor shall 
not alarm for a fault hazard current of less tllan 3.7 rnA. 

4.3.2.6.3.3* The line isolation monitor shall comply with either 
of lie following: 

(1) It shall have sufficient internal impedance such that, 
when properly connected to the isolated system, the maxi
mum internal current that will flow through the line iso
lation monitor, when any point of the isolated system is 
grounded, shall be I mA. 

(2) It shall be permitted to be of the low-impedance type such 
that the current through the line isolation monitor, when 
any point of the isolated system is grounded, will not exceed 
twice the alarm threshold value for a period not exceeding 
5 msec. 

4.3.2.6.3.4* An ammeter connected to indicate the total haz
ard current of the system (contribution of the fault hazard 
current plus monitor hazard current) shall be mounted in a 
plainly visible place on the line isolation monitor with the 
"alarm on" zone (total hazard current = 5.0 mA) at approxi
mately the center of the scale. It is desirable to locate the am
meter such that it is conspicuously visible to persons in the 
anesthetizing location. 

4.3.2.6.3.5 Means shall be provided for shutting off the audible 
alarm while leaving the red warning lamp activated. When the 
fault is corrected and the green signal lamp is reactivated, the 
audible alarm silencing circuit shall reset automatically, or an au
dible or distinctive visual signal shall indicate that the audible 
alarm is silenced. 

4.3.2.6.3.6 A reliable test switch shall be mounted on the line 
isolation monitor to test its capability to operate (i.e., cause 
the alarms to operate and lie meter to indicate in the "alarm 
on" zone). This switch shall transfer the grounding connec
tion of the line isolation monitor from the reference ground
ing point to a test impedance arrangement connected across 
the isolated line; the test impedance(s) shall be of the appro
priate magnitude to produce a meter reading corresponding 
to the rated total hazard current at the nominal line voltage, 
or to a lesser alarm hazard current if the line isolation monitor 
is so rated. The operation of this switch shall break the 
grounding connection of the line isolation monitor to the ref
erence grounding point before transferring this grounding 
connector to the test impedance(s), so that making this test 

will not add to the hazard of a s)'stem in actual lise, nor will the 
test include the effect of the line to ground stray impedance of 
the system. The test switch shall he of a selhestoring type. 

4.3.2.6.3.7 The line isolation monitor shall not generate energy 
of sufficient amplitude or 11'equcncy, as measured by a physiologi
cal monitor with a gain of at least I (r' with a source impedance of 
lOOO ohms connected to the balanced dillerential input of the 
monitor, to create interJerence or artifact on human physiologi
cal signals. The output voltage from the ampliller shall not ex
ceed 30 mV when lie gain is ](r'. The lOOO ohms impedance 
shall be connected to the ends of typical unshielded electrode 
leads that are a normal part of the cable assembly furnished with 
physiological monitors. A 50 Hz notch filter shall be used to re
duce ambient intetierence as is typiGtl in physiological monitor 
design. 

4.3.2.6.4 Identification of Conductors for Isolated (Un
grounded) Systems. The isolated conductors shall be identi
fied in accordance with Section !117.150(a)(!1) of NFPA 70, 
National Elrxtrir:al Corle. 

4.3.3 Perfonnance Criteria and Testing. 

4.3.3.1 Grounding System in Patient Care Areas. 

4.3.3.1.1 * Grounding System Testing. The effectiveness of the 
grounding system shall be determined by voltage measure
ments and impedance measurements. 

4.3.3.1.1.1 For new construction, (he effect.iveness of the 
grounding system shall be evaluated before acceptance. 

4.3.3.1.1.2 Small, wall-mounted conductive surl~lces, not likely 
to become energized, stich as stld~lce-J11ounted towel and soap 
dispensers, mirrors, and so forth, shall not be required to be in
tentionally grounded or tested. 

4.3.3.1.1.3 Large, metal conductive surfaces not likely to be
come energized, such as windows, door frames, and drains, 
shall not be required to be intentionally grounded or periodi
cally tested. 

4.3.3.1.1.4* vVhenever the electrical system has been al tered 
or replaced, that portion of the system shall be tested. 

4.3.3.1.2 Reference Point. The voltage and impedance mea
surements shall be taken with respect to a reference point. 
The reference point shall be one of the following: 

(1) A reference grounding point (see Owl)ter 3, Definitions) 
(2) A grounding point, in or near the morn under test, that is 

electrically remote from receptacles, for example, an all
metal cold-water pipe 

(3) The grounding contdct ofa recept<Kle that is powered from 
a different branch circuit from the receptaclc under test 

4.3.3.1.3* Voltage Measurements. The voltage measurements 
shall be made under no-bult conditions between it reference 
point and exposed fixed electrical equipmcllt with conductive 
sUli~lces in a patient care vicinity. The voltage measurements shall 
be made with an accuracy of±20 percent. Voltage measurements 
for faceplates of wiring devices shall not be required. 

4.3.3.1.4* Impedance Measurements. The impedance mea
surement shall be made with an accuracy of ±20 percent. For new 
construction, the impedance measurement shall be made be
tween the reference point and the grounding contact of I () per
cent of all recept.acles in each patient care vicinity. The imped
ance measurement shall be the ratio of voltage developed (either 
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60 Hz or dc) between the point under test and the reference 
point to the current applied between these two points. 

4.3.3.1.5 Test Equipment. Electrical safety test instruments 
shall be tested periodically, but not less than annually, for ac
ceptable performance. 

4.3.3.1.5.1 Voltage measurements specified in 4.3.:\.1.3 shall 
be made with an instrument having an input resistance of 
loon ohms ±I n percent at frequencies of 1000 Hz or less. 

4.3.3.1.5.2 The voltage across the terminals (or between any 
termin;d and ground) or resistance-measuring instruments 
used in occupicd patient carc areas shall not exceed 500 mV 
rITIS or 1.4 dc or peak to peak. 

4.3.3.1.6 Criteria for Acceptability for New Construction. 

4.3.3.1.6.1 Voltage limit shall be 20 mY. 

4.3.3.1.6.2 Impedance limit shall be 0.2 ohms for quiet ground 
systems, and 0.1 ohms li)[' all others. 

4.3.3.2 Receptacle Testing in Patient Care Areas. 

4.3.3.2.1 The physical integrity of each receptacle shall be 
confirmed by visual inspection. 

4.3.3.2.2 The continuity of the grounding circuit in each 
electrical receptacle shall be verified. 

4.3.3.2.3 Conect poLu-ity or the hot and neutral connections 
in each electrical recept;lcle shall be confirmed. 

4.3.3.2.4 The reten tjon force of the groundi ng blade of each 
elect.rical receptacle (except locking-type receptacles) shall be 
nOlless than 115 g (4 oz). -

4.3.3.3 Isolated Power Systems. 

4.3.3.3.1 Patient Care Areas. II' installed, the isolated power 
system shall be t.ested in accordance with 4.3.3.3.2. 

4.3.3.3.2 Line Isolation Monitor Tests. 

4.3.3.3.2.1 The Line Isolation Monitor (LIM) circuit shall be 
tested after installation, and prior to being placed in service, 
by successively grounding each line of the energized distribu
tion system through a resistor of 200 x V ohms, where V equals 
measured line voltage. The visual and audible alarms (sw 
4.3.2.6.3.2)sh<l11 be activated. 

4.3.3.4 Ground-Fault Protection Testing. When equipment 
ground-j~ndt protection is first installed, each level shall be 
per!())']nance-tested to ensure compliance with 4.3.2.5. 

4.3.4* Administration of Electrical System. 

4.3.4.1 Maintenance and Testing of Electrical System. 

4.3.4.1.1 Testing for hospital grade receptacles required at 
patiem bed locations ;lI1d in anesthetizing locations sh;t11 be 
performed after initial installation, replacement, or servicing 
of the device. 

4.3.4.1.2 Additional testjng of receptacles in patjent care ar
eas shall be peri()rmed at intCivals defined by documented 
perforlllance data. 

4.3.4.1.3 Receptacles at. patient bed locations and in anesthe
tizing locations not listed as hospital-grade shall be tested at 
intervals not. exceeding J 2 months. 

4.3.4.1.4 The LIM circuit shall be tested at intervals of not 
morc t.han I month by actuating the LIM test switch (see 
4.3.2.6.3.6). For a LIM circuit with automated selHest and self 
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calibration capabilities, this testshall be peri(mllecI at intervals 
of not more than 12 months. Actuation of the test switch shall 
activate both visual and audible alarm indicators. 

4.3.4.1.5 AfLer any repair or renovation to an electrical distri
bution system, the LIM circuit shall be tested in accordance 
with 4.3.3.:1.2.1. 

4.3.4.2 Recordkeeping. 

4.3.4.2.1* General. A record shall be maintained of the tests 
required by this chapter and associated repairs or modiftcation. 
At a minimum, this record shall contain the date, the rooms or 
areas tested, and an indication o{,,,,hich items have met or have 
Ltilecl to meet the periclrlnance requirements of this chapter. 

4.3.4.2.2 Isolated Power System (Where Installed). A perrna
nen t record shall be kept of the results of each of the tests. 

4.4 Essential Electrical System Requirements - Type 1. 

4.4.1 Sources (Type 1 EES). 

4.4.1.1 On-Site Generator Set. 

4.4.1.1.1* Design Considerations. Dual sources of normal 
power shall be considered but shall not constitute an alternate 
source of power as described in this chapter. 

4.4.1.1.1.1 Distri bution system arrangemen Ls shall be de
signed t.o minimize interntptions to the electrical systems clue 
to internal failures by the use of adequately rated equipment. 

4.4.1.1.1.2 The following factors shall be considered in the 
design of the distribution system: 

(1) Abnormal voltages such as single phasing of three-phase 
utilization equipment, switching and/ or lightning surges, 
voltage reductiom, and so forth 

(2) Capability of achieving the fastest possible restoration of 
any given circuit(s) af'ter clearing a hult 

(3) Ellens of future changes, such as increased loading and/or 
supply capacity 

(4) Stability and power capability of the prime mover during 
and after abnormal conditions 

(5) "Sequence reconnection of loads to avoid large current 
inrushes that trip overcurrent devices or overload the 
generator(s) 

(6) Bypass arrangements La permit testing and maintenance 
of system components that could not otherwise be main
tained without disruption of important hospital functions 

(7) Effects of any harmonic currents on neutral conductors 
and equipment 

4.4.1.1.2 Current-sensing devices, phase and ground, shall be 
selected to minimize the extent of intelTuption to the eleco-i
cal system due to abnormal current caused by overload 
and/ or short circuits. 

4.4.1.1.3 Generator load-shed circuits designed f~)r the pUl~ 
pose of load reduction or for load priority systems shall not 
shed life safet.v branch loads, critical branch loads serving criti
cal care are~s, medical air compressors, medical-sl~rgical 
vacuulll pumps, pressure maintenance (jockey) pump(s) for 
water-based tire protection systems, generator fuel pumps, or 
other generator accessories. 

4.4.1.1.4 Essential electrical systcms shall have a minimum of 
two independent sources of power: a normal source generally 
supplying the entire electrical system and one or more alter
nate sources for use when the normal source is interrupted. 
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4.4.1.1.5 Where the normal source consists of generating 
units on the premises, the alternate source shall be either an
other generating set or an external utility service. 

4.4.1.1.6 General. Generator sets installed as an alternate 
source of power ti)r essential electrical systems shall be de
signed to meet the reguirements of such service. 

4.4.1.1.6.1 Type I and Type 2 essential electrical system 
power sources shall be classified as Type 10, Class X, Levell 
generator sets per NFPA 110, Stmularri jin' bnclgnu:y and 
Standby POWN Systems. 

4.4.1.1.6.2 Type 3 essential electrical system power sources 
shall be classified as Type 10, Class X, Level 2 generator sets 
per NFPA 110, StrmrLardjin'/:'lIlelgenr:y and Standby Power Systr!flls. 

4.4.1.1.7 Uses for Essential Electrical System. 

4.4.1.1.7.1 The generating eguipment used shall be either 
reserved exclusively for sllch service or normally used for 
other purposes of peak dernand control, internal voltage con
trol, load relief for the external utility, or cogeneration. If nor
mally used for the other purposes listed above, two or more 
sets shall be installed, such that the maximum actual demand 
likely to be produced by the connected load of the emergency 
system as well as medical air compressors, medical-surgical 
vacuum pumps, electrically operated fire pumps, jockey 
pumps, fuel pumps, and generator accessories shall be met 
with the largest single generator set out-of~service, The alter
nate source of emergency power for illumination and identiIi
cation of means of egress shall be the essential electrical sys
tem, The alternate power source for fire protection signaling 
systems shall he the essen tial electrical systems, 

4.4.1.1.7.2 A single generator set thelt operates the essential 
electrical system shall be permitted to be part of the system 
supplying the other purposes as listed in 4.4.1.1,7.1, provided 
any such use will not decrease the mean period between ser
vice overhauls to less than three years. 

4.4.1.1.7.3* Optional loads shall be permitted to be setved by 
the essential electrical system generating eguipmenL Optional 
loads shall be served by their own transfer means, such that these 
loads shall not be transferred onto the generating eguipment if 
the transf(~r will overload the generating equipment and shall be 
shed upon a generating equipment overload, Use of the generat
ing eguipme11t to serve optional loads shall not constitute "other 
purposes" as described in 4,4, I, I ,7.1 and therefore shall not re
quire multiple generator seLs. 

4.4.1.1. 7.4 Where optional loads include cotltiguous or same
site facilities not covered in Chapters 12 thr()llgh 20, provisiolls 
shall be made to meet the reguiremenl'; ofNFPA 101, fJjr! Sapty 
Cor/e, Article 700 of NFPA 70, National/~Ii!(:tTir:rtl Corle, and other 
applicable NFPA requirements for emergency egress under load
shed conditions, 

4.4.1.1.8 Work Space or Room. 

4.4.1.1.8.1 The EPS shall be installed in a separate room for 
Levell installations. EPSS equipment shall be permitted to be 
installed in this room. [110:7.2.1] 

(A) The room shall have a minimum 2-hour fire rating or be 
located in an adequate enclosure located ollL~ide the building 
capable of resisting the ent.rance of snow or rain at a maximum 
wind velocity required by local building codes, [110:7.2.1,1] 

4.4.1.1.8.2 The rooms, shelters, or separate buildings hous
ing Level I or Level 2 EPSS equipment shall be designed and 

located to minimize the damage from floodittg, ittcluding th:lt 
caused by the fi)llowing: . 

(I) Flooding resulting frum fire lighting 
(2) Sewer water backup 
(3) Similar disasters or occurrences [110:7.2.:\J 

4.4.1.1.8.3 The EPS equipment shall be installed in ,I IOCI

tion that permits ready accessibility attd a minimum of 76 CIlI 

(30 in,) from the skid rails' outermost point in the direction of 
access for inspection, repair, maintenance, cleaning, or re
placement. This requirement shall not apply to units in out
door housings, [110:7,25J 

4.4.1.1.9* Capacity and Rating. The generator set(s) shall 
have sufficient capacity and proper rating to meet the maxi
mum actual demand likely to he produced by the connected 
load of the essential electrical system(s) at anyone time. 

4.4.1.1.10 Load Pickup. The energy converters shall have the 
required capacity and response to pick lip :mel carry the load 
within the time specilied in Table 4.1 (b) ulNFPA 110, .\/rlllriauljil{ 
HrruCI;I!,,;nI)' and Standby PUlIIrI'SYS/{!IIIS, after I, )Ss ()f I )ri III a ry P' )wcr. 

4.4.1.1.11 Maintenance of Temperature. The EPS shall he 
heated as necessary to maintain the w:lterjacket temperatttre 
determined by the EPS manuLlcturer for cold start and load 
acceptance for the type of EPSS. [110:[,.3, II 

4.4.1.1.12 Heating, Cooling, and Ventilating. 

4.4.1.1.12.1* With the EPS running at rateelload, ventilation 
airflow shall be provided to limit the tllaximutll air tCIllIWLI
ture in the EPS room to the maximum :unbient air telllpcr:l
ture reguired by the EPS manuLlcturer. [110:7,7, I] 

(A) Consideration shall be given to :tli the heat rejected to 
the EPS equipment room by thc energy cotl\'crLer, IIninSIl
lated or insulated exhaust pipes, and other heat-prodllcing 
equipment. [110:7.7, I.l] 

4.4.1.1.12.2 Air shall be supplied to the EPS eqllipmcnt f,lt' 
combustion, [110:7.7.2] 

(A) For EPS supplying Levell EPSS, ventilatioll air shall be 
supplied directly [i'om a source outside of the bllilciing by an 
exterior wall opening or from a source outside the bllilding by 
a 2-hour fire-rated air transfer system. [llO:7,7,2.1] 

(B) For EI'S supplying Level I EPSS, discharge air shall be 
directed outside of the huilding by ,m exterior wall opening or 
to an exterior opening by a 2-hour lire-rated air translCr sys
tem, [110:7.7.2,2] 

(C) Fire dampers, shlltters, or other self~cl()sing devices shall 
not be permitted in ventilation openings or ductwork fi)r sup
ply or return/discharge air to EPS equipment It)r Level I 
EPSS, [110:7, 7.25[ 

4.4.1.1.12.3 Ventilation air supply sh:t11 be from outdoors or 
from a source outside of the building by an exterior wall open
ing or from a source outside the building bv a 2-hollr firc-rated 
ail~ transfer system. [110:7,7,3] " 

4.4.1.1.12.4 Ventilation air shall be provided to sltpply ,md 
discharge cooling air for racliator cooling of the EPS when 
running at rated load, [110:7,7.4J 

(A) Ventilation air supply anc! discharge 1,)1' radiator cooled 
EPS shall have a maximllm static restriction of 120 Pa (0,;') in.) 
of water column in the discharge dllct at the raciiator outlet. 
[110:7.7.4.IJ 
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(B) Radiator air discharge shall be ducted outdoors or to an 
exterior opening by a 2-hour lire-rated air transfer switch. 
[110:7.7.4.2] 

4.4.1.1.12.5 Motor operated dampers, when used, shall be 
spring-operated to open and motor-closed. Fire dampers, shut
ters, or other selfdosing devices shall not be permitted in venti
lation openings or ductwork for supply or return/discharge air 
to EPS equipment for Levell EPSS, [110:7.7.5] 

4.4.1.1.12.6 The ambient air temperature in the EPS equip
ment room or outdoor housing containing Level 1 rotating 
equipment shall be not less than 4.5"C (40°F). [110:7.7.6] 

4.4.1.1.12.7 Units housed Olltdoors shall be heated as speci
fied in 5.3.3 of NFPA 110, StandaTdjiJr ErneJgency and Standby 
Power Systems. [110:7.7.7J 

4.4.1.1.12.8 Design of the heating, cooling, and ventilation 
system for the EPS equipment room shall include provision 
for ClCtors including, but not limited to, the following: 

(I) Heat 
(2) Cold 
(3) Dust 
(4) Humidity 
(5) Snow and ice accumulatjons around housings 
(b) Louvers 
(7) Remote l'adiator Ems 
(8) Prevailing winds blowing against radiator fan discharge 

air [110:7.7.8] 

4.4.1.1.13 Cranking Batteries. Internal combustion engine 
cranking batteries shall be in accordance with the battery re
quirements of NFPA 110, ,,,'tmulardjilT Hrnergeru) and Standby 
Pow!''!' System.s. 

4.4.1.1.14 Compressed Air Starting Devices. Other types of 
stored energy starting systems (except pyrotechnic) shall be 
permitted to be useel where recommended by the manufac
turer of the prime mover and subject to approval of the au
thority having.iurisdiction, ullder the following conditions: 

(I) Where two complete periods of cranking cycles are com
pleted without replacement of the srored energy 

(2) Where a means for automatic restoration from the emer
gency SOlll'ce of the stored energy is provided 

(3) Where the stored eners,), system has the cranking capacity 
specified in 5.6.4.2.] of NFPA 110, Standard .for Emergent) 
and Standby Power Systems 

(4) Where the stored energy system has a "black start" capability 
in addition to normal discharge capability [110:5.6.4.1.2] 

4.4.1.1.15 Fuel Supply. The fuel supply for the generator set 
shall comply with Sections .').5 and 7.9 of NFPA 110, Standard 
.lin !,'mer:e:eruJ' and Standby Power Systems. 

4.4.1.1.16 Requirements for Safety Devices. 

4.4.1.1.16.1 Internal Combustion Engines. Internal combus
tion engines serving generator sets shall be equipped with the 
following: 

(I) A sensor device plus visual warning device to indicate a 
water,:jacket temperature below those required in 4.4.1.1.11 

(2) Sensor devices plus visual prealarm warning device to in
dicate the following: 

(a) High engine temperature (above manufacturer's rec
ommended safe operating temperature range) 
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(b) Low lubricating oil pressure (below manufacturer's 
recommended safe operating range) 

(c) Low water coolan t level 

(3) An automatic engine shutdown device plus visual device to 
indicate that a shutdown took place due to the following: 

(a) Overcrank (failed to start) 
(b) Overspeed 
(c) Low lubricating oil pressure 
(d) Excessive engine temperature 

(4) A common audible alarm device to warn that anyone or 
more of the prealarm or alarm conditions exist 

4.4.1.1.16.2 Safety indications and shutdowns shall be in ac
cordance with Table 4.4.1.1.16.2. 

4.4.1.1.17 Alarm Annunciator. A remote annunciat.or, storage 
battery-powered, shall be provided to operate outside of the 
generating room in a location readily observed by operating 
personnel at a regular work station (see Section 700. ] 2 of 
NFPA 70, National E/ec/'rical Code). The annunciator shall be 
hard-wired to indicate alarm conditions of the emergency or 
auxiliary power source as follows: 

(1) Individual visual signals shall indicate the following: 

(a) When the emergency or auxiliary power source is op
erating to supply power to load 

(b) When the battery charger is malfunctioning 

(2) Individual visual signals plus a common audible signal to 

warn of an engine-generator alarm condition shall indi
cate the following: 

(a) Low lubricating oil pressure 
(b) Low water temperature (below those required in 

4.4.1.1.11) 
(c) Excessive water temperature 
(el) Low fuel- when the main fuel storage tank contains 

less than a 4-hour operating supply 
(e) Overcrank (failed to start) 
(f) Overspeed 

4.4.1.1.17.1 * A remote, common audible alarm shall be pro
vided as specified in 4.4.J .1.17.4 that is powered by the storage 
battery and located outside of the EPS service room at a work 
site obser-vable by personnel. [110:5.6.6) 

4.4.1.1.17.2 An alarm-silencing means shall be provided, and 
the panel shall include repetitive alarm circuitry so that, after 
the audible alarm has been silenced, it reactivates after the 
fault condition has been cleared anci has to be restored to its 
normal position to be silenced again. [110:5.6.6.1] 

4.4.1.1.17.3 In lieu of the requirement of5.6.6.1 ofNFPA 1 10, a 
manual alarm-silencing means shall be permitted that silences 
the audible alarm aher the occurrence of the alarm condition, 
provided slich means do not inhibit any subsequent alarms from 
sounding the audible alarm again withoutfi.lrther manual action. 
[110:5.6.6.2] 

4.4.1.1.17.4 Individual alarm indication to annunciate any of 
the conditions listed in Table 4.4.1.1.16.2 shall have the follow
ing characteristics: 

( I) Battery-powered 
(2) Visually indicated 
(3) Have additional contacts or circuits for a common au

dible alarm that signals locally and remotely when any of 
the itemized conditions occurs 

(4) Have a lamp test switch(es) to test the operation of all 
alarm lamps 
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I Table 4.4.1.1.16.2 Safety Indications and Shutdowns 

Indicator Function (at Battery Voltage) 

(a) Overcrank 
(b) Low water temperature 
(c) High engine temperature prealann 
(d) High engine temperature 
(e) Low lube oil pressure prealarrn 
(f) Low lube oil pressure 
(g) Overs peed 
(h) Low fuel main tank 
(i) Low coolant level 
U) EPS supplying load 
(k) Control switch not in automatic position 
(I) High battery voltage 
(m) Low cranking voltage 
(n) Low voltage in battery 
(0) Battery charger <lC l~lilLlre 
(p) Lamp test 
(q) Contacts fr)]' local and relllote comlllon alarm 
(r) Audible alarm silencing switch 
(s) Low starting air pressure 
(t) Low starting hydraulic pressure 
(u) Air shutdown damper when used 
(v) Remote emergency stop 

C.V. 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

Levell 

S. 

X 

X 

X 
X 

0 

X 
X 

R.A. 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 

X 
X 

X 

CV: Control panel-mounted visual. S.: Shutdown of EPS indication. R.A.: Remote audible. X: Re'luired. 
0: Optional. 
Notes: 
I. Item (p) shall be provided, hut <l separate remote audible signal shall not be required when the regular 
work site in :1.(;.6 of NFPA 110 is staffed 24 hours d day. 
2. Item (b) is not required for combustion turbines. 
'>. Item (r) or (s) sh'lll apply only where used as a starting method. 
4. Itern (j): EPS ac ammder shall bt; permitted fi)!' t.his function. 
S. All required c.v. fUllctions shall be visually annunciated by a remote, common visual indicator. 
6. All required functions indicated in the R.A. column shall be annunciated by a rcmote, common audible 
alarm as required in S.I1.5.2( 4) of NFPA II n. 
7. Item (i) on gaseous systerns shall require a low gas pressure alarm. 
8. item (b) shall be set. at II "C (200F) below t.he reg'ulatcc!tcrnperature determined by the EPS manuLlcturer 
as required in 5.'>.1 of NFPA [10. 

4.4.1.2 Battery. Battery systems shall meet all requirements of 
Article 700 of NFPA 70. National L'/f!fbiml Corle. 

4.4.2* Distribution (Type 1 EES). 

4.4.2.1 General Requirements. 

4.4.2.1.1 Electrical characteristics of the t.ransfer switches 
shall be suitable for the operation of all hmct.ions and equip
rnent they are int.ended to supply. 

4.4.2.1.2 Switch Rating. The rating of the transfer switches 
shall be adequate for switching all classes onoads to be served 
and for withst.anding t.he effects of available fattlt currents 
without. contact welding. 

4.4.2.1.3 Automatic Transfer Switch. Transfer of all loads 
shall be accomplished using automat.ic transfer switch (es). 
Each automatic transfer switch 600 volts or below shall be 
listed for the purpose and approved for emergency elect.rical 
service (see lvFPA 70, Nationall:'lectrical Corie, Artir:le 700.3) as a 
complete assembly. 

• 
4.4.2.1.4 Automatic Transfer Switch Features. 

4.4.2.1.4.1 Source Monitoring. 

(A)* Undervoltage-sensing devices shall be provided to rnonitor 
all ungrounded lines of the prirnalY source of power as 1()llows: 

(I) When the voltage on any phase 1~t1ls below the minimulYl 
operating voltage of any load to be served, the transfer 
swit.ch shall automatically initiate engine st.art and the 
process of transfer to the emergency power supply (El'S). 

(2) *When the voltage on all phases of t.he primary source re
turns to within specified limit.s lor a designated period of 
time, the process of transfer back to primary power shall 
be initiated. [110:6.2.2.1) 

(B) Both volt.age-sensing and frequency-sensing equipment 
shall be provided to monitor one ungrounded line of the EI'S 
power. [110:6.2.2.2] 

(C) Transfer to the EPS shall be inhibited until the voltage 
and frequency are within a specified range to handle loads to 
be served. [110:6.2.2.3] 
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(D) Sensing eqllipmcllt shall not be required in the transfer 
switch, provided it is included with the engine cOl1trol panel. 
[110:fi.'2.'2.3(A)J 

(E) Freqllellcy-sensing eqlliprnent shall not bc required for 
Illonitoring the public utility source where used as an IPS, as 
permilled by ~'.I.4 of NFPA 110, StmuiaTd .fiJI" /,'mergeuIY and 
.'ifill/lfl)' t>rIl(ln.~).\{(:IIiS. [1l0:(i.'2.2.?>(B)] 

4.4.2.1.4.2 Interlocking. Mechanical interlocking or an ap
proved ,t1temate method shall prevent the inadvertent inter
connection of the primary power supply and the E1'S, or any 
two sep,ILlte sources of power. [110:6.2.3] 

4.4.2.1.4.3* Manual Operation. 

(A) Instruction and equipment shall be provided for safe 
manual nonelectric transfer in the event the transfer switch 
malfunctions. [llO:G.'2.4.I] 

(B) All ,lutOII1Cltic transfer switch shall visually annunciate 
when "not-ill-automatic." [110:(i.'2.4.'2] 

4.4.2.1.4.4* Time Delay on Starting of EPS. A time-delay de
vice shall be provided to delay starting of the EPS. The timel' 
sh,t11 prevent nuisance st,lrting of the EPS and possible subse
quen t load tr,ll1sfcr in the event or harmless momentary power 
dips and interruptions or the primary source. [110:(j.'2.5] 

4.4.2.1.4.5 Time Delay at Engine Control Panel. Time delays 
shall be permitted to be located at the engine control panel in 
lieu or in the transrcr switches. [110:(i.2.6] 

4.4.2.1.4.6 Time Delay on Transfer to EPS. An adjustable time
delay device sll,11I be provided to delay transfer and sequence 
load transfer to the EPS to avoid excessive voltage drop when the 
transrcr switch is installed l()r Level I usc. [110:6.2.7.1 

(A) Time Delay Commencement. The time delay shall COIll

mence when proper EI'S vollilge and Frequency are achieved. 
[110:6.'2.7.1.1 

(B) Time Delay at Engine Control Panel. Time delays shall be 
permitted to be IOGltccl at the enginc control panel in lieu of 
ill the tr'lnsli.T switches. [UO:6.2.7.2J 

4.4.2.1.4.7* Time Delay on Retransfer to Primary Source. An 
adjustable timc-deby device with automatic bypass shall be 
provided to del'l)' rdranskr from the EPS to the primary 
source of powcr, and allow the primary source to stabilize be
Fore retranskr of the load. 1110:6.'2.8] 

4.4.2.1.4.8 Time Delay Bypass If EPS Fails. The time delay 
shall be autolllatictlly bypassed if the EPS bils. [110:6.2.9] 

(A) The trallsfer switch shall be permitted to be programmed 
I(lr ,l 11I,1l1udlly illitiated rctransl'er to the primary source to 
provide I(lr a planned nloment,u-y interruption of the load. 
[11 0:6.2.9.1.1 

(B) II used, the arrangement in 6.2.9.1 orNFPA 110, Standlmi 
.fiJI' /,'/lIn;i!,'I'Tuy and S/alldhy Power Systems, shall be provided with a 
byp,lSs ['c:;llure to allow automatic retransler in the event that 
the EI'S 1~lils and the primary source is available. [110:6.2.9.2] 

4.4.2.1.4.9 Time Delay on Engine Shutdown. A minimum 
Lime deby or Ij minutes shall be provided for unloaded run
ning or t.he EPS prior to slllltdown to allow for engine 
coolclown. [1l0:b.'2.IO.l 

(A) The l1linill1l1111 5-lllinute delay shall not be required on 
slllall (15 k '''' or less) ,lir-cooled prime movers. [1l0:(:i.2.1 0.1] 
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(B) A time-delay device shall not be required, provided it is 
included ,yith the engine contl'Ol panel, or if a utility I,,:eder is 
used as an EPS. [110:(:i.2.10.2] 

4.4.2.1.4.10 Engine Generator Exercising Timer. A program 
timing' device shall be provided to exercise the EPS as de
scribecl in Chapter 8 of NFPA 110, Stanr/lrrri PH l;IIli!~i!:(!ncy and 
Stlrnrluy Power Systems. [llO:(i.'2.II] 

(A) Transfer switches for Levelland Level '2 shall transkr the 
connected load to the EPS and immediatel), return to primary 
power automatically in case or the EPS failure. [11 0:6.2.11.1] 

(B) Exercising timers shall be permitted to be located at the 
engine control panel in lieu of in the transfer switches. 
[110:(:i.'2.11.2] 

(C) A program timing device shall not be required in health 
care facilities that provide scheduled testing in accordance 
with NF1'A 99, S/anriard[or /-fealth Cam /<fuTilities. [110:6.2.11.')] 

4.4.2.1.4.11 Test Switch. A test means shall be provided on 
each automatic transfer switch (ATS) that simulates f~lilure of 
the primary power source and then transfers the load to the 
EPS. [110:6.2.12] 

4.4.2.1.4.12* Indication of Switch Position. C[\vo pilot lights 
with identification nameplates or other approved position in
dicators shall be provided to indicate the transfer switch posi
tion. [1l0:b.2.13] 

4.4.2.1.4.13 Motor Load Transfer. Provisions shall be included 
to reduce currents resulting II'om Illotor load transter if such 
currents could damage EPSS equipment or cause nuisance trip
ping of EPSS overcurrent protective devices. [110:6.'2.14] 

4.4.2.1.4.14* Isolation of Neutral Conductors. Provisions shall 
be included f()f ensuring continuity, transfer, anc! isolation of the 
primary and the EPS neutral conductors wherever they are sepa
rately grounded to achieve ground-fault sensing. [110:6.'2.15] 

4.4.2.1.4.15* Nonautomatic Transfer Switch Features. Switch
ing devices shall be mechanicallv held and shall be operated bv 
di;'ect manual or electrical remo'te manual control. [110:6,2.16]' 

(A) Interlocking. Reliable mechanical interlocking, or an ap
proved alternate method, shall prevent the inadvertent intercon
nection of the primary power source and the EPS. [110:6.2.16.1] 

(B) Indication of Switch Position. Two pilot lights with identi
liGltion nameplates, or other approved position indicators, shall 
be provided to indicate the switch posit jon. [110:6.2.16.2] 

4.4.2.1.5 Nonautomatic Transfer Device Classification. Non
automatic transfer devices 600 volts or below shall be listed for 
the purpose and approved. 

4.4.2.1.6 Nonautomatic Transfer Device Features. 

4.4.2.1.6.1 General. Switching devices shall be mechanically 
helel and shall be operated by direct manual or electrical re
mote manllal control. [110:6.2. Hi] 

4.4.2.1.6.2 Interlocking. Reliable mechanical interlocking, or 
an approved alternate method, shall prevent the inadvertent 
interconnection of the primary power source and the E1'S. 
[1l0:6.2.1b.l] 

4.4.2.1.6.3 Indication of Switch Position. Two pilot lights with 
identification nameplates, or other approved position indicators, 
shall be provided to indicate the switch position. [110:6.2.16.2] 
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4.4.2.1.7 Bypass-Isolation Switches. Bypass-isolation switches 
shall be permitted for bypassing and isolating the transfer 
switch and installed in accordance with 4.4.2.1.7.1 through 
4.4.2.1.7.4. [110:6.4.1] 

4.4.2.1. 7.1 Bypass-Isolation Switch Rating. The bypass-isolation 
switch shall have a continuous current rating and a current 
rating compatible with that of the associated transfer switch. 
[11 0:6.4.2] 

4.4.2.1. 7.2 Bypass-Isolation Switch Classification. Each bypass
isolation switch shall be listed for emergency electrical service 
as a completely factory-assembled and factory-tested appara
tus. [110:6.4.3] 

4.4.2.1.7.3* Operation. With the transfer switch isolated or 
disconnected, the bypass-isolation switch shall be designed so 
it can function as an independent nonautomatic transfer 
switch and allow the load to be connected to either power 
source. [110:6.4.4] 

4.4.2.1.7.4 Reconnection of Transfer Switch. Reconnection 
of the transfer switch shall be possible without a load interrup
tion greater than the maximum time, in seconds, specified by 
the type of system. [110:6.4.5] 

4.4.2.2 Specific Requirements. 

4.4.2.2.1 * General. 

4.4.2.2.1.1 The emergency system shall be limited to circuits 
essential to life safety and critical patient care and al-e desig
nated the life safety branch and the critical branch. 

4.4.2.2.1.2 The equipment system shall supply major electrical 
equipment necessary for patient care and basic Type I operation. 

4.4.2.2.1.3 Both systems shall be arranged for connection, 
within time limits specified in this chapter, to an alternate 
source of power following a loss of the normal source. 

4.4.2.2.1.4 The number of transfer switches to be used shall be 
based upon reliability, design, and load considerations. Each 
branch of the emergency system and each equipment system 
shall have one or more tl-ansfer switches. One transfer switch 
shall be permitted to serve one or more branches or systems in a 
facility with a continuous load on the switch ofl50 kVA (120 kW) 
or less. 

4.4.2.2.2 Emergency System. 

4.4.2.2.2.1 General. Those functions of patient care depend
ing on lighting or appliances that shall be permitted to be 
connected to the emergency system are divided into two man
datory branches, described in 4.4.2.2.2.2 and 4.4.2.2.2.3. 

4.4.2.2.2.2 Life Safety Branch. The life safety branch of the 
emergency system shall supply power for the following light
ing, receptacles, and equipment: 

(1) Illumination of means of egress as required in NFPA J01, 
Life Safety Corle 

(2) Exit signs and exit direction signs required in NFPA J01, 
Life Safety Code 

(3) Alarm and alerting systems including the following: 
(a) Fire alarms 
(b) Alarms required for systems used for the piping of non

flammable medical gases as specified in Chapter 5, Gas 
and Vacuum Systems 

(4)*Hospital communication systems, where used for issuing 
instruction during emergency conditions 

(5) Generator set location: Task illumination, battery charger 
for emergency battery-powered lighting unit.(s), and se
lected receptacles at the generator set location and essen
tial electrical system transfer switch locations 

(6) Elevator cab lighting, control, communication, and signal 
systems 

(7) Automatically operated doors used for building egress 
(8) The auxiliary functions of fIre alarm combination systems 

complying wi th NFPA 72, National Fire Alarm Code 

No function other than those listed in items 4.4.2.2.2.2(1) 
through 4.4.2.2.2.2(8) shall be connected to the life safety 
branch. 

4.4.2.2.2.3* Critical Branch. The critical branch shall be per
mitted to be subdivided into two or more branches. The criti
cal branch of the emergency system shall supply power lor task 
illumination, fixed equipment, selected receptacles, and se
lected power circuits serving the following areas and functions 
related to patient care: 

(1) Critical care areas that utilize anesthetizing gases, task il
lumination, selected receptacles, and fixed equipment 

(2) The isolated power systems in special environments 
(3) Task illumination and selected receptacles in the following: 

(a) Patient care areas, including inf~lIlt nurseries, selected 
acute nursing areas, psychiatric bed areas (omit recep
tacles), and ward treatment rooms 

(b) Medication preparation areas 
(c) Pharmacy dispensing areas 
(d) Nurses' stations (unless adequately lighted by corri

dor luminaires) 

(4) Additional specialized patient care task illumination and 
receptacles, where needed 

(5) Nurse call systems 
(6) Blood, bone, and tissue banks 
(7) *Telephone equipment rooms and closets 
(8) Task illumination, selected receptacles, and selected 

power circuits for the following areas: 
(a) General care beels with at least one duplex receptacle 

per patient bedroom, and task illumination as required 
by the governing body of the health care facility 

(b) Angiographic labs 
(c) Cardiac catheterization labs 
(d) Coronary care units 
(e) Hemodialysis rooms or areas 
(f) Emergency room treatment areas (selected) 
(g) Human physiology labs 
(h) Intensive care units 
(i) Postoperative recovery rooms (selected) 

(9) Additional task illumination, receptacles, and selected 
power circuits needed for effective f~lcility operation. 
Single-phase fractional horsepower motors shall be per
mitted to be connected to the critical branch. 

4.4.2.2.3 Equipment System. 

4.4.2.2.3.1 General. The equipment system shall be connected 
to equipment described in 4.4.2.2.3.3 through 4.4.2.2.3.5. 

4.4.2.2.3.2 Connection to Altemate Power Source. The equip
ment system shall be installed and connected to the alternate 
power source, such that equipment described in 4.4.2.2.3.4 is 
automatically restored to operation at appropriate time-lag in
tervals following the energizing of the emergency system. Its 
arrangement shall also provide for the subsequent connection 
of equipment described in 4.4.2.2.3.5. 
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4.4.2.2.3.3 AC Equipment for Nondelayed Automatic Con
nection. Generator accessories, including, but not limited to, 
the transfer fuel purnp, electrically operated louvers, and 
other generator accessories essential for generator operation, 
shall be arranged for automatic connection to the alternate 
power source. 

4.4.2.2.3.4* Equipment for Delayed-Automatic Connection. 
The following equipment. shall be permitted to be arranged for 
delayed-automatic connection to the alternate power source: 

(I) Central suctjon systems serving medical and surgical func
tions, including controls. It. shall be permitted to place 
such suction systems on the critical branch. 

(2) Sump pumps and otber equipment required to operate 
for the safety of major apparatus, including assoeiated 
control systems and alarms. 

(3) Compressed air systems serving medical and surgical 
functions, including controls. It shall be permitted to 
place such air systems on the critical branch. 

(4) Smoke control and stair pressurization systems. 
(5) Kitchen hood supply and/ or exhaust systems, if required 

to operate during a fire in or under the hood. 
(6) Supply, return, and exhaust vent.ilating systems for air

borne infectious/isolation rooms, protective environ
ment rooms, exhaust fans for laboratory fume hoods, 
nuclear medicine areas where radioactive material is 
used, ethylene oxide evacuation, and anesthetic evaCLla
tiun. \!\There delayed automatic connection is not appro
priate, such ventilation systems shall be permitted to be 
placed on the critical branch. 

4.4.2.2.3.5* Equipment for Delayed-Automatic or Manual 
Connection. The following equipment shall be permitted to 
be arranged fOl' either delayed-automatic or manual connec
tjon to the alternate power source (also see A. 4.4. 2. 2.3.4): 

(I) Heat.ing equipment to provide heating for operating, de
livery, labor, recovery, intensive care, coronary care, nurs
eries, inf:ection/isolat.ion rooms, emergency treatment 
spaces, and general patient rooms; and pressure mainte
nance (jockey or make-up) pump(s) for water-based fire 
protection systems. 

(2)*Heating of general patient. rooms during disruption of 
the normal source shall not be requiredllnder any of the 
f()llowing conditions: 

(a) The olll~ide desigll temperature is higher than -6.7°C 
(+200F). 

(b) The out.side design temperature is lower than -6.7°C 
(+20°F) and a selected room(s) is provided for the 
needs of all confined patients [then only such 
room(s) need be heated]. 

(c) The facility is served by a dual source of normal power 
as described in 4.3.2.l. 

(3) Elevator(s) selected to provide service to patient, sUl'gicaJ. 
obstetrical, and ground 11ool"s during interruption of nor
mal power. 

(4) Supply, return, and exhaust ventilating systems for surgi
cal and obstet.rical delivery suites, int.ensive care, coronary 
care, nurseries, and emergency treatment spaces. 

(5) Hyperbaric facilities. 
(6) Hypobaric bcilities. 
(7) Autoclaving equipment shall be permitted to be arranged 

for either automatic or manLlal connection to the alter
nate source. 
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(8) Controls for equipment listed in 4.4.2.2.3. 
(9)*Otber selected equipment shall be permiLLedto be served 

by tbe equipment system. 

4.4.2.2.4 Wiring Requirements. 

4.4.2.2.4.1 * Separation from Other Circuits. The life safet.y 
branch and critical branch of the emergency svstcm shall be 
kept entirely independent of all other wiring' a~d equipment. 

4.4.2.2.4.2 Receptacles. The requirements for receptacles 
shall comply with 4.4.2.2.4.2 (A) and4.4.2.2.4.2(B). 

(A) The number of receptacles on a single branch circuit for 
areas described in 4.4.2.2.2.3(8) shall be nlinimized to limit the 
effects of a branch circuit out."lge. Branch circuit overeurrent de
vices shall be readily accessible to authorized personnel. 

(B)* The electrical receptacles or the cover plates for the electri
cal receptacles supplied from the emergency systcm shall have a 
distinctive color or marking so as to be readily identifiable. 

4.4.2.2.4.3 Switches. Switches installed in the lighting circuits 
connected to the essential elect.rical system shall comply with 
Article 700, Section V, of \!FPA 70, National Elee/rical Corie. 

4.4.2.2.4.4 Mechanical Protection of the Emergency System. 
The wiring of t.he emergency system shall be mechanically pro
tected by raceways, as defined in NFPA 70, NationaU';/J!(;trir:a1 Code. 

4.4.2.2.4.5 Flexible power cords of appliances 01- ot.her utili
zation equipment connected to the emergency system shall 
not be required to be enclosed in raceways. 

4.4.2.2.4.6 Secondar,), circuits of' transformer-powered com
munication or signaling systems shall not be required to be 
enclosed in raceways unless otherwise specified by Chapters 7 
or 8 of NFPA 70, National Electrical Corle. 

4.4.3 Performance Criteria and Testing (Type 1 EES). 

4.4.3.1 Source. The branches of the emergency system shall 
be installed and connected to the alternate power source 
specified in 4.4..1 .1.4 and 4.4.1.15 so that all functions speci
fied herein for the emergency system shall be aut.omatically 
restored to operation within 10 seconds after interruption of 
the normal source. 

4.4.3.2 Transfer Switches. 

4.4.3.2.1 All ac-powered support and accessOl')' equipment 
necessalY to the operation of the EPS shall be supplied Ii'om 
the load side of the automatic transfer switch(es), or the out
put terminals of the EPS, ahead of the main EPS overcurrent 
protection, as necessar,)" to ensure continuity of the EPSS op
eration and performance. [110:7.125] 

4.4.3.2.2 The essential electrical system shall be served by t.he 
normal power source except when the normal power source is 
interrupted or drops below a predetermined voltage level. Set
tings of the sensors shall be determined by careful study of the 
voltage requirements of the load. 

4.4.3.2.3 Failure of the normal source shall automatically start 
the alternate source generator after a short delay as described in 
4.4.2.1.4.4. \Nhen the alternate power source has attained a volt
age and frequency that satisfies minimurn operating require
ments of t.he essential electrical system, the load shall be con
nected automatically to the alternate power source. 

4.4.3.2.4 Upon connection of the alternate power source, 
the loads comprising the emergency system shall be auto
matically re-energized. The load comprising the equipment 
system shall be connected either automatically after a time 
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delay as described in 4.4.2.1 .4.6 or nonautomaticaJly and in 
such a sequcntial manncr as not. to overload the generator. 

4.4.3.2.5 When the normal power source is restored, and af~ 
tel' a time delay as described in 4.4.2.1.4.7, the automatic trans
fer switches shall disconnect the alternate sonrce of power and 
connect the loads to the normal power source. The alternate 
power source generator set shall continue to run unloaded for 
a preset time delay as described in 4.4.2.1.4.9. 

4.4.3.2.6 If the emergency power source fails and the normal 
power source has been restored, retransfer to the normal 
source of power shall be immediate, bypassing the retransfer 
delay timer. 

4.4.3.2.7 If the emergency power source hils during a test, 
provisions shall be made to immediately retransfer to the nor
mal source. 

4.4.3.2.8 Nonautomatic transfer switching devices shall be 
restored to the normal power source as soon as possible after 
the return of the norrnal source or at the discretjon of the 
operator. 

4.4.4 Administration (Type 1 EES). 

4.4.4.1 Maintenance and Testing of Essential Electrical System. 

4.4.4.1.1 Maintenance and Testing of Alternate Power Source 
and Transfer Switches. 

4.4.4.1.1.1 Maintenance of Alternate Power Source. The gen
erator set or other al ternate power source and associated 
equipment, including all appurtenant parts, shall be so main
tained as to be capable of supplying service within the shortest 
time practicable and within the lO-second intel-val specified in 
4.4.1.1.10 and 4.4.3.1. Maintenance shall be performed in ac
cordance with NFPA 110, Standard Fir l~'mr;rgertl)' and Standby 
Power Systems, Chapter 8. 

4.4.4.1.1.2 Inspection and Testing. Criteria, conditions, and per~ 
sonnel requirement'i shall be in accordance with 4.4.4.1.1.2(A) 
through 4.4.4.l.1.2(C). 

(A) * Test Criteria. Generator set, shall be tested 12 times a year 
with testing intelvals between not less than 20 days or exceeding 
40 days. Generator sets serving emergency and equipment sys
tems shall be tested in accordance with NFPA 110, Starulardfirr 
Emergrmr,), and Standby Power Systems, Chapter 8. 

(B) Test Conditions. The scheduled test under load condi
tions shall include a complete simulated cold start and appro
priate automatic and manual transfer oLdl essential electrical 
system loads. 

(C) Test Personnel. The scheduled tests shall be conducted by 
competent personnel. The tests are needed to keep the ma
chines ready to function and, in additjon, serve to detect causes 
of malfunction and to train personnel in operating procedures. 

4.4.4.1.2 Maintenance and Testing of Circuitry. 

4.4.4.1.2.1 * Circuit Breakers. Mai n and feeder circuit breakers 
shall be inspected annually and a program for periodically 
exercising the components shall be established according to 
manufacturer's recommendations. 

4.4.4.1.2.2 Insulation Resistance. The resistance readings of 
main feeder insulation shall be taken prior to acceptance and 
whenever damage is suspected. 

4.4.4.1.3 Maintenance of Batteries. Batteries for on-site gen
erators shall be maintained in accordance with NFPA 110, 
Standard/i)T Emetgeney and Standby Power Systems. 

4.4.4.2 Recordkeeping. A written record of inspection, per
j()rmance, exercising period, and rep,lirs shall be regularly 
maintained and available for inspection by the authority hav
ingjurisdiction. 

4.5 Essential Electrical System Requirements - Type 2. 

4.5.1 Sources (Type 2 EES). The requirements for sources for 
Type 2 essential electrical systems sh,dl conform to those listed 
in 4.4.1. 

4.5.2 Distribution (Type 2 EES). 

4.5.2.1 General. The distribution requiremenL'; j()I' lype 2 es
sential electrical systems shall conf(mn (0 those listed in 4.4.2.1. 

4.5.2.2 Specific Requirements. 

4.5.2.2.1 * General. The nllmber or transfer switches to be used 
shall be based upon reliability, design. anc! load considerations. 
Each branch 01' the emergency system and each critical system 
shall have one or more transkr switches. One transfer switch 
shall be permitted to serve one or more branches or systems in a 
facility with a continuous load on the switch on 50 kVA (120 kW) 
or less. 

4.5.2.2.2 Emergency System. The emergency system shall sup
ply power lor lighting, receptacles, and equipment as 1()lIows: 

(I) Illumination of means of egress in accordance with 
N FPA 10 I, Li/e Saji'ty Code 

(2) Exit signs and exit directional signs in accurdance with 
NFPA ]0], J4e Sajl!t)' Code 

(3) Alarm and alerting systems, including the f()lIowing: 

(a) Fire alarms 
(b) Alarms required 1(11' systems usecl fi)!' the piping of non

flammable medical gases as specified in Chapter 5, Gas 
and Vacuum Systems 

(4) *Com munication systems, where used for issuing instruc
tions cluring emergency conditions 

(5) Sufficient lighting in dining and recreation areas to pro
vide illumination to exit ways ora minimum 01'5 f't.-candles 

(I:i) Task illumination and selected receptacles at the genera
tor set location 

(7) Elevator cab lighting, control, commllnication, and signal 
systems 

No fimction other than those listed in 4.5.2.2.2( I) through 
4.5.2.2.2(7) shall be connected to the emergency system. 

4.5.2.2.3 Critical System. 

4.5.2.2.3.1 General. The critical svstem shall be so installed 
and connected to the alternate po~ver sOllrce that eqllipment 
listed in 4.5.2.2.3.2 shall be autom,ltically restored to opera
tion at appropriate time-lag intel-vals f()llowing the restoration 
of the emergency system to operation. Its arrangernent shall 
also provide for the additional connection of equipment listed 
in 4.5.2.2.3.3. 

4.5.2.2.3.2 AC Equipment for NondeIayed Automatic Con
nection. Generator accessories, including but not limited to, 
the transfer fuel pump, electrically operated louvers, and 
other generator accessories essential for generator operation, 
shall be arranged tiJr autolllat.ic connection to the aIt.ernative 
power source. 
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4.5.2.2.3.3 Delayed-Automatic Connections to Critical System. 
The Collowing equipment shall be permitted to be connected 
to the critjcal system and be arranged for delayed-automatic 
connection to the alternate power source: 

( I) -n1.,k illumination and selected receptacles in the following: 

(a) P<lticnt care areas 
(b) Medication preparation areas 
(c) Pharmacy dispensing areas 
(d) Nurses' stations (unless adequately lighted by corri

dor luminaires) 

(2) Supply, return, and exhaust ventilating systems for air
borne inICctjous isolation rooms 

(C'I) Sump pumps <Inc! other equipment required to operate 
fi)r the safety of major apparatus and associated control 
systems and alarms 

(4) Smoke control and stair pressurization systems 
(Fi) Kitchen hnod supply and/or exhaust systems, if required 

to operat.e during a fire in or under the hood 

4.5.2.2.3.4* Delayed-Automatic or Manual Connections to Criti
cal System. The equipment in 4S2,2,3.4(A) and 45.2.2.3.4(8) 
shall be permiu,ed to be connected to the critical system and 
be arranged f~)r either delayed-automatic or manual connec
tjon to the alternate power source. 

(A) Heating Equipment to Provide Heating for General Pa
tient Rooms. Heating of general patient rooms during disrup
tion of the normal source shall not be required under any of 
the following conditions: 

(I )*The outside design temperature is higher than -6.rC 
(+200F). 

(2) The outside design temperature is lower than -6.rC 
(+::1ooF) and, where a selected room (s) is provided for the 
needs of all confined patients, then only such room(s) 
need be heated. 

(3) The [lcility is snved by a dual source of normal power as 
described in A.4.4.I.l.l. 

(B)* Elevator Service. In inst.ances where interruptions of 
power would result in elevators stopping between floors, 
throw-over f~lcilities shall be provided to allow the temporary 
operation of any elevator fc)r the release of passengers. 

(C) Optional Connections to the Critical System. Additional 
illurnination, receptacles, and equipment shall be permitted 
to be connected only to the critical system. 

(D) Multiple Systems. Whne one switch serves multiple sys
tems as pnmitted under 4.Fi.2.2, transfer for all loads shall be 
nondclayed automatic. 

4.5.2.2.4 Wiring Requirements. 

4.5.2.2.4.1 * Separation from Other Circuits. The emergency 
system shall be kept entirely independent of all other wiring 
and equiprnenl. 

4.5.2.2.4.2* Receptacles. The electrical receptacles or the 
cover plates lill' the electrical receptacles supplied from the 
emergencv svstem shall have a distinctive color or marking so 
as to be r~ar(ily identifiable. L 

4.5.3 Performance Criteria and Testing (Type 2 EES). 

4.5.3.1 Source. The emergency system shall be installed and 
connected to the alternate source of power specified in 4.4.1.1.4 
and 4.4.1.1."i so that all lilllctjons specified herein for the emer-
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gency system will be automatically restored to operation within 
10 seconds after interruption of the normal source. 

4.5.3.2 Transfer Switches. 

4.5.3.2.1 The essential electrical system shall be served by the 
normal power source until the norlTlal power source is inter
rupted or drops below a predetermined voltage level. Settings 
of the sensors shall be determined by careful study of the volt
age requirements of the load. 

4.5.3.2.2 Failure of the normal source shall automatically start 
the alternate source generator, after a shon delay as described in 
4.4.2.1.4.4. When the alternate power source has attained a volt
age and frequency that satisfies minimum operating require
ments of the essential electrical system, the load shall be con
nected automatically to the alternc;te power source. 

4.5.3.2.2.1 All ac-powered support anel accessory equipment 
necessary to the operation of the EPS shall be supplied hom the 
load side of the automatic transfer switch (es), or the output ter
minals of the EPS, ahead of' tbe main EPS overcurrent protection 
to ensure continuity of the EPSS operatjon and performance. 

4.5.3.2.3 Upon connection oft.he alternate power source, the 
loads comprising the emergency system shall he automatically 
reenergized. The loads comprising the critical system shall be 
connected either automatically after a time delay as described 
ill 4.4.2.1.4.6 or nonautomatically and in such a sequential 
manner as not to overload the generator. 

4.5.3.2.4 When the normal power source is restored, and af~ 
ter a time delay as described in 4.4.2.1.4.7, the automatic trans
fer switches shall disconnect the alternate source of power and 
connect the loads to the normal power source. The alternate 
power source generator set shall continue to run unloaded for 
a preset time delay as described in 4.4.2.1.4.9. 

4.5.3.2.5 If the emergency power source fails and the normal 
power source has been restored, retransfer to the normal 
source of power shall be immediate, bypassing the retransfer 
delay timer. 

4.5.3.2.6 If the emergency power source fails during a test, 
provisions shall be made to immediately retransfer to the nor
mal source. 

4.5.3.2.7 Nonautomatic transfer swit.ching devices shall be re
stored to the normal power source as soon as possible after the 
return of the normal source or at the discretion of the operator. 

4.5.4 Administration (Type 2 EES). 

4.5.4.1 Maintenance and Testing of Essential Electrical System. 

4.5.4.1.1 Maintenance and Testing of Alternate Power Source 
and Transfer Switches. 

4.5.4.1.1.1 Maintenance of Alternate Power Source. The gen
erator set or other alternate power source and associated 
equipment, including all appurtenant parts, shall be so main
tained as to be capable of supplying service within the shortest 
time practicable and within the I O-second interval specified in 
4.4.1.1.7 and 4.4.3.1. 

4.5.4.1.1.2 Inspection and Testing. Generator sets shall be in
spected and tested in accordance with 4.4.4.1.1.2. 

4.5.4.1.2 Maintenance and Testing of Circuitry. Circuitry shall 
be maintained and tested in accordance with 4.4.4.1.2. 

4.5.4.1.3 Maintenance of Batteries. Batteries shall be main
tained in accordance with 4.4.4.1.3. 
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4.5.4.2 Recordkeeping. A written record of' inspection, per
formance, exercising period, and repairs shall be regularly 
maintained and available for inspection by the authority hav
ingjurisdiction. 

4.6 Essential Electrical System Requirements - Type 3. 

4.6.1 Sources (Type 3 EES). The alternate source ofpower for 
the system shall be specifically designed for this purpose and 
shall be either a generator, battery system, or self-contained 
battery integral with the equipment. 

4.6.1.1 Generators shall conform to 4.4.1.1 and 4.4.1.1.6.2. 

4.6.1.2 Batter), systems shall conform to 4.4.1.2. 

4.6.2 Distribution (Type 3 EES). 

4.6.2.1 General. The distribution requirements for Type 3 es
sential electrical systems shall conform to t.hose listed in 4.4.2.1. 

4.6.2.2 Specific Requirements. 

4.6.2.2.1 * General. 

4.6.2.2.2 Connection to the Essential Electrical System. The 
syst.em shall supply power for task illumination that is related 
to the safety of life and that is necessary for the safe cessation 
of procedures in progress. 

4.6.2.2.3 Wiring Requirements. 

4.6.2.2.3.1 General. The design, arrangement, and installa
tion of the syst.em shall be in accordance with NFPA 70, Na
tiO'l/flll','lectrical Code. 

4.6.2.2.3.2* Receptacles. The cover plates for the electrical 
receptacles or t.he electrical receptacles themselves supplied 
from the emergency system shall have a distinctive color or 
marking so as to be readily identifiable. 

4.6.3 Performance Criteria and Testing (Type 3 EES). 

4.6.3.1 Source. 

4.6.3.1.1 The emergency system shall have an alternate 
source of power separate and independent from the normal 
source that will be efTective for a minimum of I y~ hours after 
loss of the normal sonrce. 

4.6.3.1.2 The emergency system shall be so arranged that, in 
the event of failure of normal power source, the alternate 
source of power shall be automatically connected to the load 
within 10 seconds. 

4.6.3.2 Transfer Switches with Engine Generator Sets. 

4.6.3.2.1 The operation of the equipment shall be clrranged 
such that the load will be served by the normal source until the 
normal source is interrupted, or when the voltage drops below 
the setting of the voltage-sensing device. The settings of the 
voltage-sensing relays shall be determined by careful study of 
the voltage requirements of the load. 

4.6.3.2.2 When the normal source is restored, and afLn a 
time delay as described in 4.4.2.1.4.7, the automatic transfer 
switch shall disconnect the alternate source of power and con
nect the loads to the normal power source. 

4.6.3.2.3 If the alternate power source hils and the normal 
power source has been restored, retransfer to the normal 
source of power shall be immediate. 

4.6.3.3 Transfer Switches with Battery System. 

4.6.3.3.1 Failure of the normal SOllrce sh,tll automatically 
transfer the load to the batter), system. 

4.6.3.3.2 Retransfer to the normal source Sh'lli be automatic 
upon restoration of the normal source. 

4.6.4 Administration (Type 3 EES). 

4.6.4.1 Maintenance and Testing. 

4.6.4.1.1 Maintenance and Testing of Alternate Power Source 
and Transfer Switches. 

4.6.4.1.1.1 Maintenance of Alternate Power Source. The gen
erator set or other alternate power source and associ'lted 
equipment, including all appurtenant parts, shall be so main
tained as to be capable of supplying service within the shortest 
time practicable and within the IO-second intclval specified in 
4.4.1.1.10 and 4.6.3.1.2. 

4.6.4.1.1.2 Inspection and Testing. Generator sets shall be in
spected and tested in accordance with 4.4.4.1.1.2. 

4.6.4.1.1.3 Stored Energy Power Source. Maintenance and 
testing of stored emergency power supply systems shall be in 
accordance with NFPA Ill, Standard on Stomd j,·iectricall';nm;!.!,y 
1~'mr:lgen()' and Siandby l'own Systems, SeCLion 6.1 through 6.4.5. 

4.6.4.1.2 Maintenance and Testing Circuitry. Circuitry shall be 
maintained and tested in accordance with 4.4.4.1.2. 

4.6.4.1.3 Maintenance of Batteries. Batteries shall be main
tained in accordance with 4.4.4.1.3. 

4.6.4.2 Recordkeeping. A wriLlen record of inspectioll, per
formance, exercising period, and repairs shall he regularly 
maintained and available for inspection by the authorit.y hav
ingjurisdiction. 

Chapter 5 Gas and Vacuum Systems 

5.1 Levell Piped Gas and Vacuum Systems. 

5.1.1 * Applicability. 

5.1.1.1 These requirements shall apply t.o health care Llcili
ties that. require Level I systems as referenced in Chapters I') 
through 21. 

5.1.1.2* vVherever the terms TI1.erL-iwl gas or liflC1.i1./.m. occu r, t.he 
provisions shall apply to all piped systerns fi)r oxygen, nitrolls 
oxide, medical air, carbon dioxide, helium, medical-surgical 
vacuum, waste anesthetic gas disposal, and mixtures thereof'. 
Wherever the name of a specific gas or vacuulll service occurs, 
the provision shall apply only to that gas. 

5.1.1.3 Wherever the term lIlerliml-S'wgiud l)(l!."U.WJ/. occurs, 
the provisions shall apply to systems for piped rnedical
surgical vacuum and piped wast.e 'lllcsthet.ic gas disposal 
(WAGD). "Vherever the name ora specific vaCllum service oc
curs, t.he provision shall apply only to that vaCl III 1lI service. 

5.1.1.4 An existing system that is not ill strict compliance with 
the provisions of this stancl<lrcl shall be permitted to be continued 
in use as long as the authority having.iurisdiction has deterillined 
that such us(~ does not constit.uI.e a distinct hazard t.o lill:. 

5.1.2 Nature of Hazards of Gas and Vacuum Systems. Poten
tial fire and explosion hazards associated with positive pres
sure gas central piping systems and medical-surgical vacuum 
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systems shall be considered in the design, installation, testing, 
operation, and maintenance of these systems. 

5.1.3* Levell Sources. 

5.1.3.1 Central Supply System Identification and Labeling. 

5.1.3.1.1* Only cylinders and cOlltainers constructed, tested, 
and maintained in accordance with U.S. Department of Trans
portation specifications and regulations shall be permitted to 
be used. 

5.1.3.1.2 Cvlinder contents shall be identified by attached 
labels or ste,~cils naming the contents in accordanc~ with CGA 
C-7, Guide to the /jrejJ(I:mtion o/Pn;cautionmy Labeling and lVJ.rLrh
iTig 0/ Com.jm:ssed Gas COTiiainen. 

5.1.3.1.3 Liquid containers shall have additional product 
identification visible from all directions with a minimum of 
.') I mm (2 in.) high \ellers such as a .360 degree wraparound 
tape for medical liqllid containers. 

5.1.3.1.4 Clyogenic liquid containers shall be provided with 
gas-specific outlet connections in accordance with CGA V-5, 
IJillUl,elelchuiex Saji,ly System. (Noninlen"iwngeabie Low Pressure Con
net:lio1l.sjiJT Mediad GIIS A jJjJiiwtions), or CGA V-I, ComjJ'ressed Gw 
Associalion Standard jiJr Cmnjm:.lserL Gas Cylinder Valve Inlet and 
Outlet Conne(:lions. 

5.1.3.1.5 Cylinder and cryogenic liquid container outlet con
nections shall be anixed in such a manner as to be integral to 
the valve(s), unremovable with ordinary tools or so designed 
as to render the attachment point. unusable when removed. 

5.1.3.1.6 Contents of cylinders and cryogenic liquid contain
ers shall be verified prior to lise. 

5.1.3.1.7 Labels shall not be deLlced, altered, or removed. 
and connecting fitt.ings shall not be modified. 

5.1.3.1.8 Locations containing positive pressure gases other 
than oxygen and medical air shall have their door(s) labeled 
substantially as follows: 

CAUTION 

Positive Pressure Gases 

NO Smoking or Open Flame 

Room May Have Insufficient Oxygen 

Open Door and Allow Room to Ventilate Before Entering 

5.1.3.1.9 Locations containing central supply systems or cyl
inders containing only oxygen or medical air shall have their 
c\oor(s) labeled ;\s follows: 

CAUTION 

Medical Gases 

NO Smoking or Open Flame 

5.1.3.2 Central Supply System Operations. 

5.1.3.2.1 The use of adapters or conversion Jittings to adapt. 
one gas-specific Jitting to another shall be prohibited. 

5.1.3.2.2 Cylinders and containers shall be handled in strict 
accordance with 5.1.13. 

5.1.3.2.3 Only gas cylinders, reusable shipping containers, 
and their accessories shall be permitted to be stored in rooms 
containing central supply systems or gas cylinders. 
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5.1.3.2.4 No tlammable materials, cylinders containing tlam
mable gases, or containers containing Jlammable liquids shall 
be stored in rooms with gas cylinders-. 

5.1.3.2.5 Wooden racks for cylinder storage shall be permitted. 

5.1.3.2.6 If cylinders are wrapped when received, the wrap
pers shall be removed prior to storage. 

5.1.3.2.7 Cylinders not in use shall have their valve protection 
caps secured tightly in place. 

5.1.3.2.8 Cylinders without: correct markings or whose mark
ings and gas-specific fittings do not match shall not be used. 

5.1.3.2.9 Cryogenic liquid storage units intended to supply 
gas to the facility shall not be used to [ranstill other liquid 
storage vessels. 

5.1.3.2.10 Care shall be exercised when handling cylinders 
that have been exposed to fj'eezing temperatures or contain
ers that contain cryogenic liquids to prevent injuly to the skin. 

5.1.3.2.11 Cylinders containing compressed gases and con
tainers for volatile liquids shall be kept away from radiators, 
steam piping, and like sources of heat. 

5.1.3.2.12 When cylinder valve protection caps are supplied, 
they shall be secured tightly in place unless the cylinder is 
connected for use. 

5.1.3.2.13 Containers shall not be stored in a tightly closed 
space. 

5.1.3.3* Central Supply System Locations. 

5.1.3.3.1 Central supply systems shall be located to meet the 
criteria in 5.1.3.3.1.1 through 5.1.3.3.1.12. 

5.1.3.3.1.1 Any of the following systems shall be permitted to 
be located together in the same outdoor enclosure: 

(I) Manifolds for gas cylinders without reserve supply (See 
5.1.3.4.10.) . 

(2) Manifolds for gas cylinders with reserve supply 
(3) Manifolds J()r cryogenic liquid containers (See 5.1.3.4.72.) 
(4) Bulk cryogenic liquid systems (See 5.1.3.4. /3.) 

5.1.3.3.1.2 Any of the following systems shall be permitted to 
be locat.ed together in the same indour enclosure: 

(I) Manifolds for gas cylinders without reserve supply (See 
5.1.3.4.70.) 

(2) Manifolds for gas cylinders with reserve supply 
(3) Manifolds for cryogenic liquid containers (.'iee 5./.3.4.12.) 
(4) In-building emergency reserves (See 5.1.3.4.15.) 
(5) Instrument air standby headers (See 5.1.3.8.5.) 

5.1.3.3.1.3 Any of t.he following systems shall be permitted to 
be located together in the same room: 

(I) Medical air compressor supply sources (See 5.1.3.5.3.) 
(2) Medical-surgical vacuum sources (See 5.7.3.6.) 
(3) Waste anesthetic gas disposal (WACD) sources (See 5.1.3.7.) 
(4) Instrument air compressor sources (See 5.1.3.8.) 
(5) Any other compressor, vacuum pump, or electrically pow-

eredmachinery 

5.1.3.3.1.4 Any system listed under 5.1.3.3.1.3 shall not be lo
cated in the same room with any system listed under 5.1.3.3.1.1 or 
5.1.3.3.1.2, except instrument air reserve heaclers complying with 
5.1.3.3.1.7 and 5.1.3.8.5 shall be allowed to be in the same room 
as an instrument air compressor. 
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5.1.3.3.1.5 Locations shall be chosen to permit access by de
livery vehicles and management of cylinders (e.g., proximity 
to loading docks, access to elevators, passage of cylinders 
through public areas). 

5.1.3.3.1.6 Indoor locations for oxygen, nitrous oxide, and mix
tures of these gases shall not communicate with the following: 

(1) Areas involved in critical patient care 
(2) Anesthetizing locations 
(3) Locations storing flammables 
(4) Rooms containing open electrical contacts or transformers 
(5) Storage tanks for flammable or combustible liquids 
(6) Engines 
(7) Kitchens 
(S) Areas with open flames 

5.1.3.3.1.7 Cylinders in use and in storage shall be prevented 
from reaching temperatures in excess of 54°C (130°F). 

5.1.3.3.1.S Central supply systems for nitrous oxide and carbon 
dioxide using cylinders or portable containers shall be prevented 
from reaching temperatures lower than the recommendations of 
the central supply system's manufacturer, but shall never be 
lower than -7°C (20°F) or greater than 54°C (1300F). 

5.1.3.3.1.9 Central supply systems for oxygen with a total capac
ity connected and in storage of 566,335 L (20,000 ft:O) or more at 
standard temperature and pressure (STP) shall comply with 
NFPA 50, Stanriardjur Bulk Oxygen Systems at Consumer Sites. 

5.1.3.3.1.10 Central supply systems for nitrous oxide with a 
total capacity connected and in storage of 1451 kg (3200 Ib) or 
more shall comply with CGA G-S.1, StrmdaTdJoT Nitrous Oxide 
Systems at ConsumeT Sites. 

5.1.3.3.1.11 Central supply systems for carbon dioxide using 
permanently installed containers with product capacities 
greater than 454 kg (1000 Ib) shall comply with CGA G-6.1, 
SLanrlaTrljoT Insulated CaT/){)1/, Dioxide Systems at ConsurneT Sites. 

5.1.3.3.1.12 Central supply systems fix carbon dioxide using 
permanently installed containers with product capacities of 
454 kg (1000 Ib) or less shall comply with CGA G-6.5, StandaTrl 
JOT Small, Stationa'ry, Insulated CaTiJon Dioxide S'UjJply Systems. 

5.1.3.3.2* Design and Construction. Locations for central sup
ply systems and the storage of positive pressure gases shall 
meet the following requirements: 

(l) Be constructed with access to move cylinders, equipment, 
and so forth, in and out of the location on hand trucks 
complying with 9,5.3,1.1 

(2) Be secured with lockable doors or gates or otherwise secured 
(3) If outdoors, be provided with an enclosure (wall or fenc

ing) constructed of noncombustible materials 
(4) If indoors, be constructed and use interior finishes of 

noncombustible or limited-combustible materials such 
that all walls, floors, ceilings and doors are of a minimum 
I-hour fire resistance rating 

(5) Be compliant with NFPA 70, National Electrical Code, lor 
ordinary locations, with electrical devices located at or 
above 1520 mm (5 ft) above finished floor to avoid physi
cal damage 

(6) Be heated by indirect means (e,g., steam, hot water), if 
heat is required 

(7) Be provided with racks, chains, or other fastenings to se
cure all cylinders, whether connected, unconnected, full, 
or empty, from falling 

(8) Be supplied with electrical power compli;lI1t with the re
quirements for essential electrical systems as described in 
Chapter 4 of this document 

(9) Have racks, shelves, and supports, where providecl, con
structed of noncombust.ible materials or limited
combustible materials 

5.1.3.3.3 Ventilation. 

5.1.3.3.3.1 Ventilation of Locations for Manifolds. Locations 
containing central supply systems or used for storing medical gas 
containers shall be ventilated to prevent the accumulation of 
medical gases from leaks and operation of cylinder or manifold 
overpressure safety devices in accordance with 5.1.3,3.3, I (A) 
through 5, 1,3,3.3.1 (G). 

(A) Indoor supply systems shall have all relief valves vented 
per 5.1.3.4,6.1 (4) through 5.l.3.4.6.1 (9). 

(B) Where the total volume of medical gases connected and 
in storage is greater than 84,950 L (3000 ft: l

) at STP, indoor 
supply locations shall be provicled with dedicated mechanical 
ventilation systems that draw air from within 300 111m (I rt) of' 
the floor and operate continuously, A means of rnakeup air 
shall be provided, 

(C) The power supply for mechanical ventilation f~lIls shall 
conform to the requirements of an essential electrical system 
as described in Chapter 4 of this document.. 

(D) Where the total volume of medical gases connected and 
in storage is less than 84,950 L UIOOO ft") at STP or the only 
compressed gas in the room is medical air, natural ventilation 
shall be permitted to be employed, 

(E) Where natural ventilation is permitted, it shall consist 0/ two 
louvered openings, each having a minimum free area of 
46,500 mm~ (72 in.~), with one located within 300 mm (I ft) of 
the floor and one located within 300 mm (I ft) 01' the ceiling. 

(F) Louvered natural ventilation openings shall not be lo
cated in an exit access corridoL 

(G) Mechanical ventilation shall be pl'Ovidecl if the require
ments of 5.1.3.3,3.1 (F) cannot he mel. 

5.1.3.3.3.2 Ventilation for Motor Driven Equipment. The f()l
lowing source locations shall be adequately ventilated LO pre
vent accumulation of heat: 

(1) Medical air sources (See 5,1,35) 
(2) Medical-surgical vacuum sources (See 5, /, 3.6,) 
(3) Waste anesthetic gas disposal (WAGD) sources (See 

5,1.3.7.1.) 
(4) Instrument air sources (See 5, 1.3,8,) 

5.1.3.3.3.3 Ventilation for Outdoor Locations. Outdoor loca
tions surrounded by impermeable walls shall have protected 
ventilation opellings located at the base of each wall to allow 
free circulation of air within the enclosure. Walls that are 
shared with other enclosures or with buildings shall be permit
ted to not have openings, 

5.1.3.3.4 Storage. 

5.1.3.3.4.1 Full or empty medical gas cylinders, when not COII

nected, shall be stored in locations complying with 5.1,3,3,2 
through 5, 1,3,3,3 and shall be permitted to be in the same rooms 
or enclosures as their respective central supply systems, 

5.1.3.3.4.2 Cylinders, whether full or empty, shall not be 
stored in enclosures containing medical air compressor 

2005 Edition 



99-38 HEALTH CARE FACILITIES 

sources, medical vacuulll supply syst.ems, or WAGD supply sys
tems. Only cylinders int.ended f()!' instrurnent air reserve headers 
complying wit.h 0.1.3.85 shall be permitted to be stored in enclo
sures containing instrurnent air compressors. 

5.1.3.4* Central Supply Systems. Central supply systems shall 
be permitted to consist of the f'ollowing: 

(1) Cylinder manifolds for gas cylinders per 5.1.3.4.10 
(:!) Manif()lds fi)r cryogenic liflllid containers per 5.1.3.4.12 
(3) Bulk cryogenic lifjuid systems per 0.1.3.4.13 
(4) Medical air compressor systems per 5.1.35 
(0) Medical-surgical vacuum producers per 5.1.3.6 
(6) WAGD producers per 5.1.3.7 
(7) I nstrtllllent air compressor systems per 5.1.3.8 

5.1.3.4.1 Central supply systems shall be obtained from a sup
plier or manuLlcLurer Llmiliar with their proper construction 
and lise and irl.stalled in accordance with the manufacturer's 
i nstrllcLions. 

5.1.3.4.2* Central supply systems for oxygen, medical air, ni
trous oxide, carbon dioxide, and all other patient medical 
gases sh,dl not be piped to, or used for, any purpose except 
patient care ;Ipplicatiun. Medical air shall be llsed only ill the 
application of human respiration, and calibration of medical 
devices for respiratory application. 

5.1.3.4.3 Cel\tral supply systems fi)r support gases shall not be 
piped to, or used for, any purpose except medical support 
applicatiol\. 

5.1.3.4.4* Materi,t!s used in central supply systems shall meet 
the li)lIowing requirements: 

(I) In those portions of systems intended to handle oxygen at 
gallge pressures grealer than :!070 kPa (300 psi), inter
connecting hose shall contain no polymeric materials. 

(2) Inlhosc pOl'lions ofsyslellls intended to handle oxygen or 
nitn.>lls oxide at gauge pressures of less than 2070 kPa 
(')()() psi), rn(ltcri,t! construction shall be compatible with 
oxygen under lhe temperatures and pressures to which 
the components can be exposed in the containment and 
usc of' oxygen, nitrous oxide, mixtures of these gases, or 
mixtures containing more than 23.5 percent oxygen. 

(3) If potenti;dly exposed to cryogenic temperatures, rnateri
,ds sh,dl he designed for low temperature service. 

(4) If intended f'or outdoor installation, materials shall be in
st;dled per the manuLlcturer's requirements. 

5.1.3.4.5 Final Line Pressure Regulators. 

5.1.3.4.5.1 All positive pressure centr(ll supply systems shall 
be provided with duplex final line pressure regulators, in
stalled in p(lrallel with isolation valves before each regulator, 
and an isolation or check v;t!ve after each regulator permitting 
service to either regulator without interruption of supply. 

5.1.3.4.5.2 The line pressure regulators required LInder 
0.1.:1.4.5.1 whel\ used for bulk cryogenic liquid systems shall 
be of a baLtnced design. 

5.1.3.4.5.3 A pressure indicator(s) shall be located down
st.rearn (pat.ient or lise side) of each regulator or immediately 
downstream of' t.he isolating valves f()]' the regulat.or's. 

5.1.3.4.6 Relief Valves. 

5.1.3.4.6.1 All pressure relief valves shall meet the following 
req lIi rcme 11 \.s: 
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(1) Be of' brass, bronze, or stain less steel cOllstruction 
(:!) Be designed for the specific gas service 
(3) Have a relief pressure setting not higher than the rnaxi

mum allowable working pressure (MAWr) of the compo
nent with lowest working pressure rating in the portion of' 
the system being protected 

(4) Be vented to the outside of the building, except that relief 
valves fi)r compressed air systems having less than 84,950 L 
(3000 ft") at STP shall be permitted to be dilTused locally by 
means that will not restrict the !low 

(5) I-lave a ven t discharge line that is not smaller t.han the size 
of the relief valve outlct 

(6) Where two or more relief valves discharge int.o a common 
vent line, its internal cross-sectional arca shall be not less 
than the aggregat.e cross-sectional area of all relief valve 
vent discharge lines served 

(7) Shall not discharge into locations creating potential hazards 
(8) Have the discharge terminal turned clown ancl screened 

to prevent the entry of rain, snow, or vermin 
(9) Shall be designed in accordance with ASME B31.3, Pres

s'Ure Process Pijling 

5.1.3.4.6.2 When vented to outdoors, materials ,mel cOllStruc
tion for relief valve discharge lines shall be the sarne as re
quired f()]' positive pressure gas distribution (see 5.1. 10.1). 

5.1.3.4.6.3 Central supply systems for positive pressure gases 
shall inc! ude one or more relief valves, all meeting the fi)llow
ing requirements: 

(1) Be located between each tinal line regulator and the 
source valve 

(2) Have a relief setting that is :)0 percent above the normal 
system operating pressure, as indicated in Table 5.1.11 

5.1.3.4.6.4 When vented outside, relief valve vent lines shall 
be labeled in accordance with 5.1.11.1, in any manner that will 
distinguish them from the medical gas pipeline. 

5.1.3.4.7 Multiple Pressures. Where a single central supply 
system supplies separate piped distribution networks operat
ing at different pressures, each piped distribution network 
shall comply with the following: 

(1) Medical air compressor systems: 5.1.3.5.9 (pressure regu-
lators) and 5. I .9.2.4(7) (master alarm) -

(2) All central supply systems: 5.1.3.4.5 (pressure regulators), 
5.1.3.4.6 (relief valves) , .').1.4.4 (source valve), 5.1.9.:!.4(7) 
(master alarm) 

5.1.3.4.8 Local Siguals. 

5.1.3.4.8.1 The following systems shall have local signals lo
cated at the source cflllipment: 

(I) Manifolds for gas cylinders without reserve supply (See 
5.1.3.4.10.) 

(2) Manifolds for gas cylinders with resCl've supply 
(3) Manitc)lds f(x cryogenic liquid containers (See 5.1.].4.12.) 
(4) Bulk cryogenic liquid systems (See 5.1. 3. 4.13.) 
(0) In-building emergency reserves (See 5. /.].4./5.) 
(6) Instrument air headers (See 5.1.].4.9.) 

5.1.3.4.8.2 The local signals shall meet the following require
ments: 

(I) Provide visual indication only 
(2) Be labeled for the service and condition being monitored 
(3) If intended f()r outdoor installation, be installed pcr 

manufacturer's requirements 
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5.1.3.4.9* Headers. In central supply systems using cylinders 
containing either gas or liquid, each header shall include the 
following: 

(I )*Cylinder connections in the number required for the 
header's application 

(2) A cylinder lead fi)r each cylinder constructed of materi
als complying with 5.1.3.4.4 and provided with end fit
tings permanently auached to the cylinder lead comply
ing with CGA VI, Stanrimd ji!'r ComjJTessed Gas Cylinder 
Valve Outlet and Inlet C(!rInertions (ANSI 857.1) 

(3) A filter of a material complying with 5.1.3.4.4 to prevent 
the intrusion of debris into the manifold controls 

(4) A header shutoJT valve downstream of the nearest cylin
der connection, but upstream of the point at which the 
header connects to the central supply system 

(,"i) A pressure indicator indicating the pressnre of header 
contents 

(6) Acheck valve to prevent backflow into the header and to 
permit service to the header 

(7) (fintended for gas cylinder service, a check valve at each 
connection fi}r the cylinder lead in 5.1.3.4.9(2) to pre
vent loss of gas in the event of damage to the cylinder 
lead or operation of an individual cylinder relief valve 

(8) If intended for gas cylinder service, a pressure regulator 
to reduce the cylinder pressure to an intermediate pres
sure to permit the proper operation of the primary and 
secondcuy headers 

(9) If intended for sCTvice with cryogenic liquid containers, 
a pressure relief valve 

(10) Vent valves, if fitted on a header, shall be vented outside 
of the building per 5.1.3.4.6.1 (5) through 5.1.3.4.6.1 (9) 
and 5.1.3.4.6.2. 

5.1.3.4.10* Manifolds for Gas Cylinders without Reserve Supply. 

5.1.3.4.10.1 The rnanifolds in this category shall be located in 
accordance with 5.1.3.3.1 and the following: 

(l) fflocated outdoors, be installed in an enclosure used only 
for this purpose and sited to comply with minimum dis
tance requirements in Figure !).1.3.4.1O.1 

(2) If located indoors, be installed within a room llsed only 
fix this purpose 

5.1.3.4.10.2 The manifold locations in this category shall be 
constructed in accordance with ,r'i.I.3.3.2. 

5.1.3.4.10.3 The maniJi)ld locations in this category shall be 
ventilated in accordance wit.h 5.1.3.3.3. 

5.1.3.4.10.4 The maniri)lds in t.his category shall consist of 
the following: 

(I) Two equal headers in accordance with 5.1.3.4.9, each with 
a sufficient number of gas cylinder connections for an 
average day's supply, but not fewer than two connections, 
and with the headers connected to the final line pressure 
regulator assem bly in snch a manner that either header 
Illay supply the system 

(2) Vent valves, ifJitted on a header, vented ollLside of the build
ing per 5.1.3.4.6.1 (5) through 5.1.3.4.6.1 (9) and 5.1.3.4.6.2 

(3) An intermediate reliefvalve(s), piped to the outside in 
accordance with 5.1.3.4.6.1(5) through 5.1.3.4.6.1(9), 
that protects the piping between the header pressure 
regulator and the line pressure regulator assembly, and 
protects the line pressure regulators from overpressure in 
the event of a header regulator failure 

5.1.3.4.10.5 The manifolds in this Gltegory shall include all 
automatic means of alternating t.he two headers to accomplish 
the following in normal operation: 

(1) One header is the primal)' and the other is the secondary, 
with either being capable of either role. 

(2) When the primary header is supplying the system, the sec
ondary header is prevented from supplying t.he systern. 

(3) When the primary header is depleted, the secondary 
header automatically begins to supply the system. 

5.1.3.4.10.6 The manifolds in this categoty shall actuate a loct! 
signal and shall activate an indicator at all master alarm panels 
when or at a predetermined set point befillT the secolldalY 
header begins to supply the systelll, indicating changeover has 
occurred or is about to occur. 

5.1.3.4.10.7 If manifolds are located Ollt. of doors, they shall 
be installed per the manuf~lcturer's requirements. . 

5.1.3.4.11 Manifolds for Gas Cylinders with Reserve Supply. 
See Figure 5.1.3.4.10.1. 

5.1.3.4.11.1 The manifolds in this categOl), shall be located in 
accordance with ;'i.1.3.3.1 and the following: 

(I) Iflocated outdoors, be installed in an enclosure used only 
for this purpose and sited to comply with mininlllill dis
tance requirements in Figure 5.1.3.4.1 n.1 

(2) If located indoors, be installed within a 1"00rn useci only 
for this purpose 

5.1.3.4.11.2 The manifolds in this categOlY shall have their 
primar)' and secondary headers located in the S,\llle enclosllre. 

5.1.3.4.11.3 The reserve header shall be pcrllliued to be lo
cated in the sallle enclosure as the primarv and secolldarv 
headers or in another enclosure compliant '~ith 5.1.3.4.11.1.' 

5.1.3.4.11.4 The manifold locations in this category shall be 
constructed in accordance with 5.1.:).3.2. 

5.1.3.4.11.5 The manifold locations in this categol'y shall be 
ventilated in accordance with 5.1.:1.3.3. 

5.1.3.4.11.6 The manifolds in this categOlY shall consist or the 
following: 

(1) Two equal headers per 5.1.3.4.9 each having suJlicient Illlll]

ber of gas cylinder connections for ,\11 average clay's supply, 
but not fewer than two connections, and with the headers 
connected to the final line pressure regulator assembly in 
such a manner that either header may supply the system 

(2) A reserve header per 5.1.3.4.9 having suJIicien t n umber of 
gas cylinder conllections Jill' an average day's supply, but 
not fewer than three connections, and connected down
stream of the primal),/secondary headers and upstream 
of the final line pressure regulators 

(3) An intermediate relief" valve(s), piped to the outside in 
accordance with 5.1.3.4.ti.1 (5) through !1.1.'lA.6.1 (9), 
that protects the line pressure regulators from overpres
sure in the event ora header regulator Llilure 

5.1.3.4.11.7 The manifolds in this category shall inclllde an 
automatic means of controlling the three headers to accom
plish the J()llowing during normal operat.ion: 

(I) One gas cylinder header is the primary and the other is 
the secondary, with either capable of either role. 

(2) When the primary header is supplying t.he system, the sec
ondary header is prevented from supplying the system. 

(3) vVhen the primalY header is depleted, the sccond,IIY header 
automatically begins to serve the system. 
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Place of 
public 

assembly 

.------\ 50 It 5}ft f '- '- '-
(15 m) (15 m) '-

35 ft '-
'\ (11 m) 

'--___ ---1~ 1 0 ~\ '\ 
(3.0 m) 

Clearance for ventilation 
(in courtyards and confined areas) 

5ft I ~ Oxygen 75ft 
(1.5m) I() bulk ~---(23m)----~)" 

,--___ --., 10ft 
Public 

sidewalk 
-- (3.0 mf-»L--.,---'.... 50 ft 

'1ft (15m) 
I Q) (0.3 m) 

I ~ Ir=======l 
1>-

lai 
1:5-
IcL 

Nearest opening in wall 
or other structure 

Nearest 
I nonambulatory 
I patient 
l _____ _ 

Solid 
rapid-burning material -

paper, excelsior, etc. 

All classes of flammable 
and combustible 

Liquids 

-0Z"~III~~'®-

\ 
/ ~ aboveground 

[

1-1000 gal (4-3800 L): } Can be reduced to ] 50 ft 

1

15

\ 

25 ft (7.6 m) 15 ft (4.6 m) for 
over 1000 gal (3800 L): 50 ft (15 m) Class IIIB combustible liquids 

r -...... 

75 ft 
Liquefied -- (23 m)-! 

/ 1-1000 gal (4-3800 L) liquefied gas 
or 25,000 ft3 non liquefied gas 

"-.. ./ 

hydrogen 
storage 

Oxygen 
1--- 25 ft (7.6 m) 

25 ft 
(7.6 m 

unit 
Over these quantities 

I 
) 

50ft (15 m) 

\2~ 
Solid (7.6 m) 15 It 

slow-burning material _ \ (4.6 m) 
coal, lumber, etc. ~ 

Other 
) flammable 

£as stora~ 
Ilt?I\\\'~ 

-0Z"~IIIf&~&' ~F1 ~ 
Vent.or fill """,~<"7.~:+. -+~"".~"';JT.ITTI)/;7CI'~n'~""'.0:,,~,,:»;,,;/,;7//77ITII'-12"'."'. ~"".~"";". ----
opening ...•• ~ '(.c"L>.'.;i - - - - - -0· .. · . a~~ ~~~~~~t~bl~ammable 

- - - - - \ _ _ _ _ _ _ liquids belowground 

FIGURE 5.1.3.4.10.1 Distance Between Bulk Oxygen Systems and Exposures. 

5.1.3.4.11.8 The manifolds in this category shall include a 
manual or automatic means to place either header into the role 
as primary header and the other in the role of secondary header, 

5.1.3.4.11.9 The manifolds in this category shall include a 
Illeans to automatically activate the reserve header if for any 
reason the primary and secondary headers cannot supply the 
system. 

5.1.3.4.11.10 The manifolds in this category shall actuate a 
local signal and shall activate an indicator at all master alarms 
under the following conditions: 

(1) When or at a predetermined set point before the secondary 
header begins to supply the system, indicating changeover 

(2) When or at a predetermined set point before the reserve 
header begins to supply the system, indicating reserve is 
in use 
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(3) When or at a predeterrninecl set point before the reserve 
header contents hdl to one day's supply, indicating re
serve low 

5.1.3.4.11.11 If manifolds in this categOlyare located outdoors, 
they shall be installed per lI1anllt~1ClLlrer's requirements. 

5.1.3.4.12* Manifolds for Cryogenic Liquid Containers. 

5.1.3.4.12.1 The manifoJds in this category shall be located in 
accordance with .1).1.3,;U and the following: 

(1) Iflocated outdoors, be installed in an enclosure used only 
for this purpose and sited to comply with minimum dis
tance requirements in Figure 5.1.3.4.10.1 

(2) If located indoors, be installed within a room used only 
for this purpose 
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5.1.3.4.12.2 The manifolds in this categOIY shall have their 
primary and secondary headers located in the same enclosure. 

5.1.3.4.12.3 The reserve header shall be permitted to be lo
cated in the same enclosure as the primaly and second,\Iy 
headers or in another enclosure compliant with 5.1.~.4.12.1. 

5.1.3.4.12.4 The manifolds in this category shall consist of 
the following: 

(l) Two equal headers, per 5.1.3.4.9, each having suflicient 
number of liquid container connections for an average 
day's supply, and with the headers connected to the final 
line pressure regulator assembly in such a manner that 
either header may supply the system 

(2) A reserve header, per .5.1.3.4.9, having sufficient number 
of gas cylinder connections for an average day's supply, 
but not fewer than three connections, and connected 
downstream of the primilly/secondary headers and up
stream of the final line pressure regulators 

(3) A pressure relief installed downstream of the connection 
of the reserve header and upstream of the final line pres
sure regulating assembly and set at 50 percent above the 
nominal inlet pressure 

5.1.3.4.12.5 The manifolds in this categOlY shall include an 
automatic means of controlling the three headers to accom
plish the following during normal operation: 

(l) If provided with two liquid container headers, one uyo
genic liquid header is the prim,uy and the other is the 
secondary, with either being capable of either role. 

(2) If provided with one liquid container header and one gas 
cylinder header (a hybrid arrangement), the liquid header 
is the primary and the gas cylinder header is the secondary. 

(3) When the primary header is supplying the system, the sec
ondary header is prevented from supplying the system. 

(4) When the primaly header is depleted, the secondary header 
automatically begins to supply the system. 

5.1.3.4.12.6 The manifolds in this category shall be equipped 
with a means to conselV'e the gas produced by evaporation of 
the cryogenic liquid in the second~lIy header (when so pro
vided). This mechanism shall discharge the conserved gas into 
the system upstream of the final line regulator assembly. 

5.1.3.4.12.7 The mill1if(llds in this categolY shall include a 
manual or automatic means to place either header into the role 
as primary header and the other in the role of secondary header, 
except where a liquid/ gas hybrid maniiClld is employed. 

5.1.3.4.12.8 The manifolds in this category shall include a 
means to automatically activate the reserve header if for any 
reason the primaly and secondary headers cannot supply the 
system. 

5.1.3.4.12.9 The manifolds in this category shall actuate a 
local signal and shall activate an indicator at all master alarms 
under the following conditions: 

(1) When or at a predetermined set point before the secondary 
header begins to supply the system, indicating changeover 

(2) Where a hybrid alTangement is employed, when or at a 
predetermined set point before the secondary (cylinder) 
header contents fall to one day's average supply, indicat
ing secondalY low 

(3) When or at a predetermined set point before the reserve 
header begins to supply the system, indicating reselV'e is 
III use 

(4) When or at a predetermined set point before the reselve 
header contents f~llI to one day's average supply, indicat
ing reserve low 

5.1.3.4.12.10 A variant on the cryogenic liquid container mani
fold shall be permitted having three headers of cylinders. Such a 
variant shall comply with all requirements of 5.1.~.4.12, except: 

(1) The minimum number of cylinder connections required 
for each header under 5.1.3.4.12.4( I) shall be two. 

(2) Paragraph 5.1.3.4.12.6 shall not apply. 

5.1.3.4.13* Bulk Cryogenic Liquid Systems. 

5.1.3.4.13.1 Bulk Clyogenic liquid systems shall have the fol
lowing protections: 

(1) Oxygen systems compliant with NFPA !'i0, Standardjill" Bulk 
Oxygen Syslpms at Consumer Sites; NFPA 55, Standard jilr the 
Storage, UII', and Handling 0/ Com/messed Gases and Cryog:enil.' 
Fluids in Portable and Stationary Containers, C;ylinrlen·, Ilnd 
Tanks; or Chapter 9, Bulk Oxygen Systems, of NFPA :')0, 
1996 edition. 

(2) Location in an enclosure constructed per !'i.1.~.~.2(1) 

through 5.1.3.3.2(3) and 5.1.3.~.2(!'i), .'j.1.~.~.2(8), and 
5.1.~.3.2 (9) 

(~) Location in an enclosure ventilated per !'i.I.g.:).:l.~ 
(4) Location in compliance wi th eGA M-I, Gu.ir/ejirr Ivlediad 

Gas installations at Conswlll?/" Sites 
(5) Design such that the items noted in 5.1.~.4.1 :1.2 and items 

located in trailer unloading area are readily visible to de
livery personal during filling operat.ions 

(6) Protection against overpressurizatioll of the pressure ves
sel during filling operations 

(7) Installation per 5.1.10.1 through 5.1.1 0.5.7 
(8) Installation by personnel qualified to meet eGA M-I, 

Guide /OT Medicrtl Gas instaliations a/ Clm.sumrr Sites 
(9) Installation in compliance with Food and Drug Adminis

tration (FDA) Current Good Manufacturing Practices as 
found in 21 CFR 210 and 21 CFR 211 

5.1.3.4.13.2 The following components or the bulk system 
shall be readily accessible to delively personnel: 

( I) Fill connection 
(2) Top and bottom fill valves 
(~) Hose purge valve 
(4) Vent valve 
(5) Full try/cock 
(6) Liquid level gauge 
(7) Tank pressure gauge 

5.1.3.4.13.3 Bulk cryogenic liquid syst.em sit.es shall include 
the following: 

(1) A poured concrete pad, designed for the weight, dynamic 
loads, wind loads, and surface loading, and complying 
with local seismic requirements 

(2) Permanent anchors holding the components to the pad 
in accordance with the design requirements 

(:1) A complete enclosure as per 5.1.3.:\.2(:\) 
(4) Concrete or crushed stone completely filling the enclosed 

space. 
(5) A vehicle pad tor the delivelY vehicle that is compliant with 

NFPA 50, Standard ji)T iJulk Oxygrm Systems (1./ Corr.s'Umer Sites, 
and readily accessible for refilling supply as stated in eGA 
M-I, Guide/oT Medir:al Gas [nstaUations Ilt Consu.mp{ Sill's 

2005 Edition 



99-42 HEALTH CARE FACILITIES 

(6) Allowance for at least I rn (3 ft) of clearance around stor
<lge container, vaporizer(s), and pressure-regulating 
manifold /C)!' system maintenance and operation 

5.1.3.4.13.4 The eqllipment pad and vehicle pad shall: 

(I) Be sloped to provide that all drainage run away from any 
building, parked vchicles, or combustible materials. 

(2) I-lave no drain located within the pad or closer than 
2450 mm (8 1'1.) ['rom the edgc of the pad. 

5.1.3.4.13.5 Bulk clyogenic liquid sources shall consist of the 
rollowing: 

( I) One or more main supply vessel (s), whose capacity shall 
be determined after consideration of thc customer usage 
requirements, delivelY schedules, proximity of the facility 
to alternate supplies, and the emergency plan 

(2) A contents gauge on each orthe main vessel(s) 
(el) A resen'e supply sized for greater than an average day's 

supply, with the appropriate size of vessel or number of 
cylinders being determined after consideration of deliv
el;' schedules, proximity of the facility to alternate sup
plies, and the f~lcility's emergency plan 

(4) At least tlVO main vessel relief valves and rupture discs 
installed downstream OLI three-way (three-port) valve 

(Fl) A check valve located in the primary supply piping llP
stream of the intersection with a secondary supply or re
serve supply 

5.1.3.4.13.6 Bulk <Tyogenic liquid sources shall include a re
serve supply, as follows: 

(I) A second cryogenic liquid vessel or a cylinder header per 
!'l.1.:l.4.9 having sufficient gas cylinder connections for an 
average day's supply, hut not fewer than three 

(2) An acLu'lt.ing switch/sensor monitoring internal pressure 
of t.he reserve cryogenic liquid vessel (if provided) 

(:~) A cont.ents gauge monitoring liquid level in the resel'Ve 
clyogcnic liquid vessel (if provided) 

(4) A check valve to prevent backJlow into the resel'Ve system 
(5) A pressure switch monitoring the pressure in the cylinder 

header (if provided) 

5.1.3.4.13.7 Bulk cryogenic liquid sources shall include a Jill 
circuit consisting of the following components: 

(I) A Ilonremovable product-specific fill connection in com
pliance with eCA V-G, Slaruinrri Cryogenic Liqu.id 'I'ransfi1T 
C;onnerlilm. 

(2) A means to cap and secure the fill connection inlet 
(3) A minimum 100 mesh strainer of Monel® or brass con-

struction 
(4) A check valve to prevent product backflow from the fill inlet 
(!'l) A fill hose purge valve 
(G) Supports that hold tlte fill piping ofl' the ground 
(7) A secure connection hetween the bulk tank and the fill 

piping 
(8) Supports as necessary to hold the fill line in position dur-

ing all operations associated with the filling procedure 

5.1.3.4.13.8 Bulk cryogenic liquid sources shall include auto
matic means to provide the following functions: 

(I) When tlte main supply is supplying the system, the reserve 
supply shall be prevented from supplying the system until 
the main slIpply is reduced to a level at or below the re
serve act.ivation pressure. 

(2) When the m'lin supply cannot supply the system, the reserve 
supply shall automatically begin to supply the system. 
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(3) Where there is more than one main supply vessel, the 
system shall operate as described in !'l.1.3.4.12 for primary, 
secondary, and reserve operation. 

(4) Where there arc two or more cryogenic vessels, they shall 
be permitted to alternate (e.g., on a timed basis) in the 
roles of primary, secondary, and reserve, providing an op
erating cascade (primary-secondary-resel'Ve) as required 
in 5.1.3.4.] 2.4 is maintained at all times. 

(.5) V\There a cryogenic vessel is used as the resel'Ve, the reserve 
vessel shall include a means to consel'Ve the gas produced 
by evaporation of the cryogenic liquid in the resel'Ve ves
sel and to discharge the gas into the line upstream of the 
final line regulator assembly as required by !'l.1.3.4.12.G. 

5.1.3.4.13.9 The bulk systems shall actuate a local signal and an 
indicator at all master alarms under the following conditions: 

(I) When or at a predetermined set. point before the main sup-
ply reaches an average day's supply, indicating low contents 

(2) When or at a predetermined set point before the reserve 
supply begins to supply the system, indicating resel'Ve is in 
use 

(3) When or at a predetermined set point before the reserve 
supply contents fall to one day's average supply, indicat
ing reserve low 

(4) If the reserve is a cryogenic vessel, when or at a predeter
mined set point before the resel'Ve internal pressure falls 
too low far the reserve to operate properly, indicating re
serve failure 

(.5) \,\There there is more than one main supply vessel, when 
or at a predetermined set point befClre the secondary ves
sel begins to supply the system, indicating changeover 

5.1.3.4.13.10 Where vaporizers are required to COllvert cryo
genic liquid to the gaseous state, the vaporizer units shall con
form to the following: 

(1) Be permitted to operate by either ambient heat transfer 
or external thermal source (e.g. electric heater, hot water, 
steam) 

(2) Be designed to provide adequate capacity for the custom
er's peak and average flowrates uncler local conditions, 
seasonal conditions for weather and humidity, and struc
tures that obstruct air circulation ilow and sunlight 

(3) Have piping and manual/automatic valving conJigured in 
such a manner that operating vaporizer(s) or sections of 
the vaporizer can be switched to nonoperating vaporizer 
or section of the vaporizer to dc-icc through a valving 
configuration that assures continuous flow to the facility 
through either or both vaporizers and/ or sections of the 
vaporizer ifvalving switchover partially hangs up or fails 

5.1.3.4.13.11 Where a vaporizer requires an external thermal 
source, the flow from the source of supply shall be unaffected 
by the loss of the external thermal source through either of 
the following: 

(1) Reserve am bient heat transfCr vaporizers of suHicien t capac
ity for at least one day's average supply and piped so as to be 
unaffected by flow stoppage through the main vaporizer 

(2) A reserve noncryogenic source capable of providing at 
least one day's average supply 

5.1.3.4.14* Emergency Oxygen Supply Connection (EOSC). 
EOSes shall be installed to permit connection of a temporary 
auxiliary source of supply for emergency or maintenance situ
ations under the following concliLions: 
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(1) Where the bulk C1yogenic liquid central supply system is 
outside of and remote from the building that the oxygen 
supply serves 

(2) Where there is not in the huilding a connected oxygen re
selve sufficient {;:>r an average day's supply (See 5.1.3.4.15/0) 
requiremrn.lsfir) s'U(:h rfsemes.) 

(3) Where multiple freestanding buildings are served from a 
single oxvgen source sllch that damage to the intercon
ne~ting o~ygen line could result in on~ or more buildings 
losing oxygen supply. In this situation, each building shall 
be provided with a separate emergency connection. 

5.1.3.4.14.1 EOSCs shall be located as follows: 

(]) On the exterior of the building being served in a location 
accessible by emergency supply vehicles at all times in all 
weather conditions 

(2) Connected to the main supply line immediately down
stream or the main shutoff valve 

5.1.3.4.14.2 EOSCs shall consist ofthe following: 

(J) Physical protection to prevent unauthol'ized tampering 
(2) A female DN (NPS) inlet for connection of the emer

gency oxygen source that is sized 1'01' 100 percent of the 
system demand at the emergency source gas pressure 

(3) A rnanual shutoffvalve to isolate the EOSC when not in use 
(4) Two check valves, one downstream of the EOSC and one 

downstream of the main line shutoff valve, with both up
stream fl'om the tee connection for the two pipelines 

(5) A relief valve sized to protect the downstream piping sys
tem and related equipment from exposure to pressures in 
excess of 50 percent higher than llormalline pressure 

(6) Any valves necessary to allow con nection of an emergency 
supply ofoxygcl1 and isolation of the piping to the normal 
source or supply 

5.1.3.4.15 In-Building Emergency Reserves. 

5.1.3.4.15.1 In-building emergency reserves shall not be used 
as substitutes kJl' the bulk gas resel'vc:s that are required in 
5.1.3.4. J 3.4. 

5.1.3.4.15.2 If a reserve is provided inside the building as a 
substitute for the EOSC, it shall be located ill accordance with 
5.1.3.3 as follows: 

(I) In a room or enclosure constructed per 5.1.3.3.2 
(2) In a room or enclosure ventilated per 5.1.3.3.3 

5.1.3.4.15.3 In-building emergency reserves shall consist of 
either of the following: 

(I) A gas cylinder header per :1.1.3.4.9 with sufficient cylinder 
connections to provide for at !east an average day's supply 

(2) A manifold Cor gas cylinders complying with 5.l.3.4. I 0 

5.1.3.4.15.4 In-building emergency reselves shall include a 
check valve in the main line placed on the distribution system 
side of the ordimu-y source's main line valve to prevent flow of 
gas from the emergency reserve to the ordinary source. 

5.1.3.4.15.5 In-building emergency reserves shall actuate a 
loud signal and an alarm at all master alarms when or just 
before it begins to serve the system. 

5.1.3.5* Levell Medical Air Supply Systems. 

5.1.3.5.1* Quality of Medical Air. Medical air shall be required 
to have the following characteristics: 

(I) Be supplied from cylinders, bulk containers, medical air 
compressor sources, or he reconstituted from oxygen 
USP and oil-free, dry Nitrogen NF 

(2) Meet the requirements of medical air US!' 
(3) Have no detectable liquid hydrocadx)l1s 
(4) Have less than 2:J ppm gaseous lr)'c1rocarbons 
(5) Have equal to or less than!i mg/m:\ ofperlllancnt partiClI

lates sized I micron or larger in the air :11 normal atmo
spheric pressllre 

5.1.3.5.2* Medical air sources shall be connected to the medi
cal air distribution systcm only and shall he usee! only for :Iir in 
the application of human respiration, and calihrat.ion ofmedi
cal devices for respiratory application. 

5.1.3.5.3* Medical Air Compressor Sources. 

5.1.3.5.3.1 Medical air compressor systems shall be located 
per 5.1.3.3 as follows: 

(I) Indoors in it dedicated mechanical equipment area, acl
equately ventilated and with any required utilities (e.g., 
electricity, drains, lighting. etc.) 

(2) In a room constructed per :1.1.3.3.2 
(3) In a room ventilated per ;'.1.3.3.3.2 
(4) For air-cooled equipment. in :1 roolll designed to main

tain the ambient temperature range as recommended by 
the manufacturer 

5.1.3.5.3.2 Medical air corn pressor systems shall consist or the 
following: 

(1) Components complying with !i. 135.4 through 5.1.3.5.10, 
arranged per 5.1.:::;5.11 

(2) An automatic means to prevent backflow from :dl on-cycle 
compressors through all off~cyclc corn pressors 

(3) A manual shutofTvalve to isolate each cornprcssor from the 
centrally piped system and Ji'om other compressors f()r 
maintenance or repair without loss of pressure in the systcm 

(4) Intake filter-mufller(s) of the dry lype 
(5) Pressure relief valve(s) set at 50 percent above line prcssure 
(6) Piping and components between the compressor and the 

source shutojTvalve, that do not contribute to contamin:lllt 
levels 

(7) Except as defined in ;'.1.3.5.3.2 (I) through 5.1.3.Ei.3.2(6), 
materials and devices used between the medical air intake 
anrl the medical air source valve shall be permiued to be 
of any design or construction appropriate f()r the service 
as determined by the manuLtcturer. 

5.1.3.5.3.3 Medical air compressor systcms shall preclude t.he 
condensation of water vapor in the piping distribution system 
by the selection of the air drying equipillent. 

5.1.3.5.4 Compressors for Medical Air. 

5.1.3.5.4.1* Compressors for medical air shall be designed to 
prevent the introduction of contaminants or liquid into the 
pipeline by any of the f()lIowing methods: 

(1) Elimination of oil anywhere in the compressor (e.g., liq
uid ring and permanently sealed bearing compressors) 

(2) Reciprocating compressors provided with a sep<lralioll or 
the oil-containing section from the compression ch:ll11ber 
by at least two seals creating an area open to atnlosphere 
that allows the (ollowing: 

(a) Direct and unobstructed visual inspection or the in
terconnecting shaft through vent and inspection 
openings no smaller than 1.5 shaft diameters in size 
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(b) The I.:CKility operators to confirm proper seal operation 
by direct visual inspection through the above-shaft 
opening, without disassembly of the compressor (e.g., 
extended head compressors with an atmospheric vent 
between the compression chamber and the crankcase) 

(:I) Rotating element compressors provided with a compres
sion chambel' free of oil that provides the following: 

(a) Separation of each oil-containing section from the com
pression chamber by at least one seal having atmo
spheric vents on each side with the vent closest to the 
oil-containing section supplied with a gravity drain to 
atmosphere 

(b) Unobstructed visualization of the atmospheric 
vent(s), closest to e,lch oil-containing section, that is 
accessible for inspection without disassembling the 
corn pressor 

(c) Ently of the rotating shaft into each compression cham
ber at a point that is above atmospheric pressure 

(d) The Llciiity operators to confirm proper seal operation 
by direct visual inspection of the atmospheric vents 

5.1.3.5.4.2 For liquid ring compressors, selvice water and seal 
water of a quality recommended by the compressor manufac
turer shall be used. 

5.1.3.5.4.3 Compressors shall be constructed of materials 
deemed sllitable by the manuf~lcturer. 

5.1.3.5.4.4 Anti-vibration mountings shall be installed for com
pressors as required by equipment dynamics or location and in 
accordance with the manuf~lcturer's recommendations. 

5.1.3.5.4.5 Flexible connectors shall connect the air compres
sors with their intake ane! outlet piping. 

5.1.3.5.5 Aftercoolers. Aftercoolers, where required, shall be 
provided with individual condensate traps. The receiver shall 
not be used as an aftercooler or aftercooler trap. 

5.1.3.5.5.1 AI'tercoolers shall be constructed of materials 
deemed suitable by the manulacturer. 

5.1.3.5.5.2 Anti-vibration mountings shall be installed for af~ 
tercooJcrs as required by equipment dynamics or location and 
ill accordance with the manuLlcturer's recommendations. 

5.1.3.5.6 Medical Air Receivers. Receivers for medical air 
shall meet the following requirements: 

(I) Be made of corrosion-resistant materials or otherwise be 
made corrosion-resistant 

(2) Comply with Section VIlI, Unfired Pressure Vessels, of the 
AS ME 80iler and Pressure Vessel Corle 

(:I) Be equipped with a pressure relief valve, automatic drain, 
manual drain, sight glass, and pressure indicator 

(4) Be of a Glpacity sufficient to prevent the compressors 
from short-cycling 

5.1.3.5.7 Medical Air Dryers. Medical air dryers shall meet the 
following requirements: 

(I) Be designed to provide air at a maximum dew point that is 
below the frost point [O°C (:12°F) 1 at any level of demand 

(2) Be sized for 100 percent of the system peak calculated 
demand at design conditions 

(3) Be constructed of materials deemed suitable by the manu
bcturer 

(4) Be provided with anti-vibration mountings installed as re
quired by equipment dynclmics or location and in accor
dance with the manufacturer's recommendations 
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5.1.3.5.8 Medical Air Filters. Medical air filters shall meet the 
following requirements: 

(1) Be appropriate for the intake air conditions 
(2) Be located upstream (source side) of the final line regulators 
(:I) Be sized for 100 percent of the system peak calculated 

demand at design conditions and be rated for a minimum 
of 98 percent efficiency at 1 micron or greater 

(4) Be equipped with a continuous visual indicator showing 
the status of the filter element life 

(5) Be constructed of materials deemed suitable by the 
manufacturer 

5.1.3.5.8.1 Compressors complying with 5.1.3.5.4.1 (2) and 
5.1.:1.5.4.1 (3) shall be provided with the following: 

(I) Coalescing filters with element change indicators 
(2) Charcoal absorbers with colorimetric hydrocarbon 

indicators 

5.1.3.5.9 Medical Air Regulators. Medical air regulators shall 
meet the following requirements: 

(I) Be sized for 100 percent of the system peak calculated 
demand at design condition 

(2) Be constructed of materials deemed suitable by the manu
facturer 

(:I) Be equipped with a pressure indicator indicating delivery 
pressure 

5.1.3.5.10* Medical Air Local Alarm. A local alarm complying 
with 5.1.9.5 shall be provided for the medical air compressor 
source. 

5.1.3.5.11 Piping Arrangement and Redundancies. 

5.1.3.5.11.1 Component arrangement shall be as follows: 

(1) Components shall be arranged to permit service and a 
continuous supply of medical air in the event of a single 
fault blilure. 

(2) Component arrangement shall be permitted to vary as 
required by the technology(ies) employed, provided an 
equal level of operating redundancy and medical air qual
ity is maintained. 

5.1.3.5.11.2 Medical air compressors shall be sufficient to 
serve the peak calculated demand with the largest single 
compressor out of service. In no case shall there be fewer 
than 2 (two) compressors. 

5.1.3.5.11.3 When aftercoolers are provided, they shall be 
either one of the following: 

(1) Arranged as a duplex or multiplex set, sized to serve the 
peak calculated demand with the largest single after
cooler out of service and provided with valves adequate to 
isolate any single aftercooler from the system without 
shutting down supply of medical air 

(2) Arranged one per compressor, sized to handle the output 
of that compressor, and valved as appropriate to permit 
repair or replacement with that compressor out of service 
but without shutting down supply of medical air 

5.1.3.5.11.4* Medical air receiver(s) shall be provided with 
proper valves to allow the flow of compressed air to enter and 
exit out of separate receiver ports during normal operation 
and allow the receiver to be bypassed during service without 
shutting down the supply of medical air. 
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5.1.3.5.11.5 Dlyers, filters, and regulators sball be at least du
plexed with each component sized to serve the peak calculated 
demand with the largest of each component out of service. 

5.1.3.5.11.6* Dryers, filters, and regulators shall be provided 
with manual valves upstream and manual valves or check 
valves downstream to allow service to the components witbout 
shutting down tbe system in either one of the following ways: 

(I) Be installed for each componcnt, upstream and down-
stream of each component, allowing each to be individu
ally isolated 

(2) Be installed upstream (source side) and downstream of 
componcnts in series so as to create redundant parallel 
branches of components 

5.1.3.5.11.7 A three-way valve (three-port), indexed to flow, full 
port shall be permitted to be used to isolate one branch or com
ponent for the pllrposes of 5.1 .3.5.11.3,5.1.3.5.1 1.4,5.1.3.5.115, 
and 5.1.3.5.11.6. 

5.1.3.5.11.8 Uncler normal operation, only one af"tercooler 
shall be open to airflow with the other aftercooler valved off. 

5.1.3.5.11.9 Under normal operation, only one dryer-filter(s)
regulator sequence shall be open to airflow with the other se
quence valved off. 

5.1.3.5.11.10 If the reliefvalve required in 5.1.3.5.3.2(5) and 
5.1.3.5.6(3) can be isolated from the system by the valve ar
rangement used to comply with .').1.3.5.11.6, then redundant 
reliefvalve(s) shall be installed in the parallel sequence. 

5.1.3.5.11.11 A DN8 (NPS \/,) valved sample port shall be pro
vided downstream of the iimtlline pressure regulators, dew point 
monitor, and carbon monoxide monitor and upstream of the 
source shutoflvalve to allow fix sampling of the medical air. 

5.1.3.5.11.12 Medical air source systems shall be provided 
with a source valve per 5.1.4.4. 

5.1.3.5.11.13 VV11ere medical air piping systems at different op
erating pressures are required, the piping shall separate after the 
Elters, but shall be provicled with separate line regulators, dew 
point monitors, relief valves, and source shutolfvalves. 

5.1.3.5.12 Electrical Power and Control. 

5.1.3.5.12.1 Additional compressor(s) shall automatically ac
tivate when the compressor(s) in operation is incapable of 
maintaining the required pressure. 

5.1.3.5.12.2 Automatic or manual alternation of compressors 
shall allow division of operating time. If automatic alternation 
of compressors is not provided, the f~tcility staff shall arrange a 
scheclule for manual alternatjon. 

5.1.3.5.12.3 Each compressor motor shall be provided with 
electrical components including, but not limited to, the fol
lowing: 

(I) A dedicated disconnect switch installed in the electrical 

(2) 
(3) 
(4) 

(5) 

I (6) 

circuit abead of each motor staller 
Motor starting device 
Overload protection 
vVhere compressor systems having two or more compressors 
employ a control transformer or other voltage control 
power device, at least two such devices shall be installed 
Control circuits arranged in such a manner that the shut
down of one compressor does not interrupt the operation 
of another com pressor 
Automatic restart function such that compressor(s) will re
start after power interruption without manual intervention 

5.1.3.5.12.4 Electrical installation and wiring shall conform 
to the requirements ofNFPA 70, Nati()n{/ll~ler:lriml Code. 

5.1.3.5.12.5 Emergency electrical service fill' the compressors 
shall conform to the requirements of the essential electrical 
system as described in Chapter 4 of this docllrnenL 

5.1.3.5.13 Compressor Intake. 

5.1.3.5.13.1 The medical air compressors shall draw their air 
from a source of clean air located where no contamination is 
anticipated from engine exhausts, fuel storage vents, medical
surgical vacuum system discharges, particulate matter, or odor 
of any type. 

5.1.3.5.13.2 The compressor air intake shall be located out
doors above roof level, at. a minimum distance of 3.W; 11l 

(lOft) from any door, window, exhaust, other int.ake, or open
ing in the building and a minimulll distance of (:i. I m (20 Vt) 
above the ground. 

5.1.3.5.13.3 fran air source equal to or better than outside air 
(e.g., air already filtered for use in oper<lting rOOlll ventilating 
systellls) is available, it shall be permit.ted to be used ["or the 
medical air compressors with the following provisions: 

(I) This alternate source of supply air shall be available on it 

continuous 24-hour-per-day, 7-day-per-week basis. 
(2) Ventilating systems having fans with motors or drive belts 

located in the air stream shall not be used ,tS a source of 
medical air intake. 

5.1.3.5.13.4 Compressor intake piping shall be hard-drawn 
seamless copper, and one of the f(lllowing: 

(1) ASTM B 819, Standard Slm:ijication Fir Seallliess CO/llwr 'f'uhe 
for Mediml Gas Systems, medical gas tube 

(2) ASTM B 88, Standard S/Jerijication for Seamless C>>jJf)(;r Water 

Tlthe, water tube (Type K or L) 
( 3) ASTM B 280, Standard ,)f)eeijimtion ./in· Serrm{PI.I Col)/)er '/1'/'hing 

FnAil' Conditioning and Refrigemtion Field Semite, 280 ACR tu be 

5.1.3.5.13.5 Air intakes filr separate compressors shall be per
mitted to bejoined together 10 one common intake where the 
following conditions arc met: 

(1) The common intake is sized to minimize back pressure in 
accordance with the manufacturer's recomlllendations. 

(2) Each compressor can be isolated by manllal or check valve, 
blind nange, or tube cap to prevent open inlet piping when 
compressor(s) are removed for service ancl consequent 
backflow of room air into the other cornpressor(s). 

5.1.3.5.13.6 The end of the intake shall be turned down and 
screened or othenvise be protected against the entry of ver
min, debris, or precipitation by screening, Ltbricated or com
posed of a noncorroding material. 

5.1.3.5.14 Operating Alarms and Local Signals. Medical air 
systems shall be lllonitored for conditions that may aflect air 
quality during use or in the event ofLlilure, hased on the type 
of compressor(s) llsed in the system. 

5.1.3.5.14.1 Where liqllid ring air compressors, compressors 
having water-cooled heads, or water-cooled afterc()olers are 
used, air receivers shall be equipped with a high water level 
sensor that shuts down the compressor system and activates a 
local alarm indicator. [See 5.1. 9.5.4(7).} 
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5.1.3.5.14.2 Where liquid ring compressors are used, each 
compressor shall have a liquid level sensor in each air-water 
separatur, which, when the liquid level is above the design 
level, sllllts down its compressor and activates a local alarm 
indicator. ISee 5, 1,9,5,4(8),1 

5.1.3.5.14.3 Where non liquid ring compressors compliant 
with 5, I ,;)5.4, I (I) ,liT usecl, the air temperature at the imme
diate outlet of e,(ch compressor cylinder shall be monitored by 
a high-Lemper'lture sensor that shuts clown that compressor 
and activates a local alarm indicator, (See 5J954(9),j The 
LCmpeI'aturc seLting shall be as recommended by the compres
sor m<lnuE(cturer. 

5.1.3.5.14.4 Where compressors compliant with :),1.3.5.4, 1(2) 
anel 5, I ,35.4, I (3) are useel, the following requirements shall 
apply: 

(I) The air temperalUrc at the immediate olltlet of each com
pressor chamber shall be monitored by a high-temperature 
sensor that shUl'i down that compressor and activates a local 
alarm indicator, ISee 5, I. 954(9),/ The temperature setLing 
shall be as recollllllended by the compressor manllJ~lcLurer. 

(2) Cmtiescing filters with clement change indicator shall be 
provided, 

(3) Charcoal filters with colorimetric hydrocarbon indicator 
shall be provided, 

(4) Liquid hydrocarbons shall be monitored on a continuous 
hasis by pigment indicator or other type of instrument 
permanently installed downstream of each compressor 
and sh~(11 be inspected and documented daily. 

(!"») GaseOlls hydrocarbolls shall be monitored on a quarterly 
basis, 

5.1.3.5.14.5 vVhen the backup or lag compressor is running, 
,1 local ,(brill shall actjvate, ISfe), 1,954( I).} This signal shall 
be manually reset:. 

5.1.3.5.15 Medical Air Quality Monitoring. Medical air quality 
shall be monitored downst.ream of the medical air regulators 
and upstream or the piping system as follows: 

(I) 

(2) 

Dew point shall be monitored and shall activate a local 
alarm and all master alarms when the dew point at system 
pressure exceed,s +4°(: (+30°F), 
Carbon monoxide shall be monitored and shall activate a 
local alarm when the CO level exceeds 10 ppm, (See 
5J9,5.4(2),1 
Dew point and carbon monoxide monitors shall activate 
the individual monitor's signal at. all master alarm panels 
if the monitor loses power. 

5.1.3.6* Medical-Surgical Vacuum Supply Systems. 

5.1.3.6.1 Medical-Surgical Vacuum Sources. 

5.1.3.6.1.1 Medical-surgical vacuum sources shall be located 
per !"), I ,:;,;\ as follows: 

(1) I ndoors ill a deciicated mechanical equipment area, ad-
equately ventilated and with allY required utilities 

(2) In a mom constructed per:), 1,3,3,2 
(3) In a room vemilatcd per 5, I ,3,3,3,2 
(4) For ,(ir-cooled equipment, in a room designed to main

tain the ambient. temperature range as recommended by 
the equipmcntmanubcturcr 

5.1.3.6.1.2 Medical-surgical vacuum sources shall consist of 
the following: 
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(I) Two or more vacuum pumps sufIicient to serve the peak 
calculated demand with the largest single vacuum pump 
out of service 

(2) An automatic means to prevent backtlow from any on-cycle 
vacuum pumps through any ofl:cycle vacuum pumps 

(3) Ash utoff valve or other isolation means to isolate each 
vacuum pump from the centrally piped system and 
other vacuum pumps for maintenance or repair with
out loss of vacuum in the system 

(4) A vacuum receiver 
(5) Piping hetween the vacuum pump(s), discharge(s), re

ceiver(s), and the vacuum source shutoff valve shall be in 
accordance with :),1.10,2 except that stainless, galvanized, 
or black steel pipe shall be permitted to be used, 

(6) Except as defined in 5,1.3,(:),1.2 ( I) through 5,1.3,(:),1.2 (5), 
materials and devices used between the medical vacuum 
exhaust and the medical vacuum source shall be permit
ted to be of any design or construction appropriate f()r 
the service as determined by the manufacturer. 

5.1.3.6.2 Vacuum Pumps. 

5.1.3.6.2.1 Vacuum pumps shall be constructed of materials 
deemecl suitable by the manuf;lclurer. 

5.1.3.6.2.2 Anti-vibration mountings shall be installed for 
vacuum pumps as required by equipment dynamics or location 
alld in accordance with the manuf~(cturer's recommendations, 

5.1.3.6.2.3 Flexible connectors shall connect the vacuum 
pumps with their intake and outlet piping, 

5.1.3.6.2.4 For liquid ring vacuum pumps, seal water shall be of 
a quality recommended by the vacuum pump manufacturer. 

5.1.3.6.3 Vacuum Receivers. Receivers for vacuum shall meet 
the following requirements: 

(I) Be made of ferrous and/or nonferrous materials 
(2) Comply with Section VIII, Unfired Pressure Vessels, of the 

ASME Boiler and Pressure Yl?ssi:l Corle 
(3) Be capable of withstanding a gauge pressure of 4 J 5 kPa 

(60 psi) and 760 mm (29,9 in,) gauge HgV 
(4) Be equipped with a manual drain 
(:)) Be of a capacity based on the technology of the pumps 

5.1.3.6.4 Vacuum Local Alann. A local alarm complying with 
5.1 ,95 shall he provided for the vacuum source, 

5.1.3.6.5 Piping Arrangement and Redundancies. 

5.1.3.6.5.1 Piping arrangement shall be as follows: 

(I) Piping shall be arranged to permit service and a continu
ous supply of medical-surgical vacuum in the event of a 
single fault bilure, 

(2) Piping arrangement shall be permitted to vary based on 
the technology(ies) employed, provided an equal level of 
operating redundancy is maintained, 

(3) ,,,There only one set of vacuum pumps is available for a com
bined medical-surgical vacuulll system and an analysis, re
search, or teaching laboratory vacuum system, sllch labora
tories shall be connected separate from the medical-surgical 
system directly to the receiver tank through its own isolation 
valve and fluid trap located at the receiver. Between the iso
lation valve and fluid trap, a scrubber shall be permitted to 
be installed, 

5.1.3.6.5.2 The medical-surgical vacuum receiver(s) shall be 
serviceable without shutting down the medical-surgical vacuum 
system by any of the follm\~ng methods: 
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(1) By providing an isolation valve where the receiver is tee'd 
into the main line 

(2) By piping the receiver at the end ora valved isolatjon line 
(3) By providing a three-valve bypass 

5.1.3.6.5.3 Medical-surgical vacuum source systems shall be 
provided with a source shutoffvalve per 5.1.4.4. 

5.1.3.6.6 Electrical Power and Control. 

5.1.3.6.6.1 Additional pumps shall automatically activate when 
the pump(s) in operation is incapable of adequately maintaining 
the required vacuum. 

5.1.3.6.6.2 Automatic or manual alternation of pumps shall 
allow division of operating time. If automatic alternation of 
pumps is not provided, the facility staff shall arrange a sched
ule for manual alternation. 

5.1.3.6.6.3 Each pump motor shall be provided with electri
cal components including, but not limited to, the following: 

(I) A dedicated disconnect switch installed in the electrical 
circuit ahead of each motor starter 

(2) Motor starting device 
(3) Overload protect jon 
(4) \'\There pump systems having two or more pumps employ a 

control transformer or other voltage control power de
vice, at least two such devices are required 

(5) Control circuits arranged in such a manner that the shut
down of one pump docs not interrupt the operation of 
another pump 

(6) Automatic restart function such that pump(s) will restart 
after power interruption without manual intervention 

5.1.3.6.6.4 Electrical installatjon and wiring shall conform to 
the requiremen ts of NFPA 70, National neetrical Corle. 

5.1.3.6.6.5 Emergency electrical service for the pumps shall 
conform to the requirements of the essential electrical system 
as described in Chapter 4 oft.his document. 

5.1.3.6.7 Medical-Surgical Vacuum Source Exhaust. 

5.1.3.6.7.1 The medical-surgical vacuum pumps shall ex
haust in a manner and location that will minimize the hazards 
of noise and cont.amination t.o the facility and it.s environment. 

5.1.3.6.7.2 The exhaust shall be located as follows: 

(I) Out.doors 
(2) At. least 3.05 rn (10 ft) from any door, window, air intake, 

or other openings in buildings 
(3) At a level different from air intakes 
(4) Where prevailing winds, acljacent buildings, topography, 

or ot.her int1uences that would not divert the exhaust into 
occupied areas or preven t dispersion of the exhaust 

5.1.3.6.7.3 The end of the exhaust shall be turned down and 
screened or otherwise be protected against the entl-y of ver
min, debris, or precipitation by screening Llhricated or com
posed of a noncorroding material. 

5.1.3.6.7.4 The exhaust shall be piped of materials approved 
for medical-surgical vacuum piping under 5.1 .10.2. 

5.1.3.6.7.5 The exhaust shall be free of dips and loops that 
might trap condensate or oil. \'\There such low points are un
avoidable, a drip leg and valved drain shall be installed. 

5.1.3.6.7.6 Vacuum exhausts from multiple pumps shall be 
permitted to be joined together to one common exhaust 
where the following conditions are met: 

(I) The common exhaust is sizcdto minimizc back pressure 
in accordance with the pump manuf~lcturer's recommen
dations. 

(2) Each pump can be isolated by manual or check valve, 
blind flange, or tube cap to prevent open exhaust piping 
when pump(s) is removed for service ,md consequent 
flow of exhaust air into the room. 

5.1.3.6.8 OperatingAIanns. Medical-surgical vaCUllln syst.cms 
shall activate a local alarm when the backup or lag pUlllp is 
running per 5.1.9.5. This signal shall he manually reset. 

5.1.3.7* Waste Anesthetic Gas Disposal (WAGD). 

5.1.3.7.1 * Sources. WACO sources shall be chosen in consulta
tion with the medical staff having knowledge of the require
ments to determine t.he type of system, Illirnber and place
ment of t.erminals, and other required sakty and operating 
devices. 

5.1.3.7.1.1 WACO shall be permitted to be produced by a 
dedicated producer, through the medical-surgical vacuum 
source or by ven turi. 

5.1.3.7.1.2 If WACO is produced by the medical-surgical 
vacuum source, the following shall apply: 

(I) The medical-surgical vacuum source shall comply wit.h 
5.1.3.6. 

(2) Flammable anesthetics or other flammable vapors shall 
be dilut.ed below the lower flammable limit prior to dis
posal into the medical-surgical vacllum system or t.he 
vacuum pumps shall com ply wit.h 5.1.3.7.2.1 (2). 

(3) The medical-surgical vacuum source shall be sized to ac
commoclate the additional volume. 

5.1.3.7.1.3 If\\J\CO is produced by a dedicated WACO pru
ducer with a total power greater than I horsepower in total 
(both producers), the following shall apply: 

(I) The WACD source shall be located in accordance with 
5.1.3.3. 

(2) The WACD source shall be indoors in a dedicated me
chanical equipment area wit.h any required utjlities. 

(3) The WACO source shall be in a room constructed per 
5.1.3.3.2. 

(4) The WACD source shall be ventilated per 5.1.3.3.3.2. 
(5) For air-cooled equipment, the WACO source shall be 10-

catedto maintain the ambient. temperat.ure range as rec
ommended by the manubuurer. 

(6) The WACO producers shall comply with :).1.3.7.2. 

5.1.3.7.1.4 If WACO is produced by a dedicated WACO pro
ducerwith a total power less than I horsepower in total (both 
producers), the following shall be permitted to apply: 

(I) The WACD source shall be perrniltecl to he located ncar 
the inlet(s) served. 

(2) For ail~cooled equipment, the WACO source shall be lo
cated to maintain the ambient temperat.ure range as rec
ommended by the manufacturer. 

5.1.3.7.1.5 For liquid ring pumps in WA.GO service, seal water 
shall be ofa quality as recommended by t.he pump marnd~lct.urer. 

5.1.3.7.1.6 The v\'r\CO source shall consist. of the f(lllowing: 

(I) Two or more vVACD producers sufficient to serve the peak 
calculated demand with the largest single WACD pro
ducer out of service 

(2) An automatic means to prevent backflow from anyon-cycle 
WACO producers through any ofT~cycle WACO producers 
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U-\) A shutoff valve to isolate each WAGD producer from the 
centrally piped system and other WAGD producers for 
maintenance or repair withollt loss of medical-surgical 
vacuum ill the system 

(4) Piping between t.he WACO producers and the source 
shutoff valve compliant wi th 5.1.10.2, except that stainless 
steel shall be permitted to be used as a piping mat.erial 

(5) Antj-vibration mountings shall be installed for WAGD pro
ducers as required by equipmelll dynamics or location and 
in clccordallce with the manufacturer's recommendations 

(6) Flexible connectors interconnect.ing the producers with 
their intake and outlet piping as required by equipment 
dynamics or location, in accordance with the WAGD pro
ducer manubcturer's recommenciatjons 

5.1.3.7.1.7 IfWAGD is produced by a vent.uri, t.he following 
shall apply: 

(I) The venturi shall not be user-adjustable (i.e., shall require 
the use of special tools). 

(2) The vent.uri .shall be driven using water, inert gas, instru
ment air, or othcr dedicated air source. 

(3) Medical air shall not be llsed to power t.he venturi. 

5.1.3.7.2 WAGD Producers. 

5.1.3.7.2.1 Vacuum pumps used f()r \I\\-\GO service shall be as 
follows: 

(1) Compliant with 5.1.3.6.2 
(2) Designed of mat.erials and llsing lubricants and sealants 

t.hat are inert in the presence of oxygen, nit.rous oxide, 
anrl halogenated anesthetics 

5.1.3. 7.2.2 V~ICU um producers (c.g., fans or blowers) de
signed for operat.ion at vacuums below 130 mm (5 in.) HgV 
shall be as follows: 

(J) Permitted to be made of any materials determined by the 
mantd~lctllrer <IS suitable for the service 

(2) Provided wit.h anti-vibration mountings as required by 
equipment dynamics or location and in accordance with 
the ll1anUf~lcturer's recommendation 

(:I) Connected with their intake and outlet piping through 
flexible connections 

(4) Used only ft)r WAGD service and not employed (or other 
servIces 

(.S) In terconnccted via piping, ductwork, and so on made 01 
materials determined by the manufacturer as suitable to 
the service 

5.1.3.7.3 IrWAGO isjoined to vacuum piping, it shall be con
nected a minimum distance of 1.5 m (5 ft) from any vacuum 
inlet:. 

5.1.3.7.4 WAGD Alarms. When the WAGD system is served by 
a central source(s), a local alarm complying with 5.1.9.5 shall 
be provided fix the WAGD source. 

5.1.3.7.4.1 A WACD source system shall activate a local alarm 
when t.he backup or lag producer is running. 

5.1.3.7.5 Electrical Power and Control. 

5.1.3.7.5.1 Addition,ti producers shall automatically activate 
when the proc\ucer(s) in operation is incapable of maintain
ing the required vacuum. 

5.1.3.7.5.2 AliLolll<ltic or manual alternation of producers 
shall allow division of operating time. ff automatic alternatjon 
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of producers is not. provided, the Llcility staff shall arrange a 
schedule for manllal alternation. 

5.1.3.7.5.3 Each producer motor shall be provided wit.h elec
trical components including, but not limited to, the following: 

(I) A dedicated disconnect switch installed in the electrical 
circuit ahead of each motor starter 

(2) Motor starting device 
(3) Overload protection 
(4) Where v\~GD systems having two or more producers em

ploy a control t.ransformer or ot.her voltage control power 
device, at lea~t. two such devices 

(5) Control circuits arranged in such a manner that: t.he shut.
down of one producer docs not. interrupt the operation 
of another producer 

(6) Automatic restart function such that pump(s) will restart 
after power interruption wit.hout. manual intervention 

5.1.3.7.5.4 Electrical installation and wiring shall conform to 
the requirement.s of NFPA 70, National J<:leci'rilXll Corle. 

5.1.3.7.5.5 Emcrgency electrical service for the producers 
shall conform to the requirements of tbe essential electrical 
system as described in Chapter 4 of this document. 

5.1.3.7.6 WAGD Exhaust. The WAGD pumps shall exhaust in 
compliance with 5.1.3.6.7. 

5.1.3.8* Instrument Air Supply Systems. 

5.1.3.8.1 The quality of instrument air shall be as follows: 

(I) Compliant. with Instrument Ail' section in ANSl/fSA 
S-7 .0.0 I, Quality Starulmrljin Instrum.ent Air 

(2) Filtered to 0.01 micron 
(:3) Free of liquids (e.g., water, hydrocarbons, solvents, etc.) 
(4) Free of hydrocarbon vapors 
(5) Dry t.o adewpointof-400C (-40°F) 

5.1.3.8.2 General. 

5.1.3.8.2.1 Inst.rument air shall be permitted to be used for 
any medical support purpose (e.g., to operate tools, air driven 
booms, pendants, or similar applications) and (if appropriate 
to the procedures) to be used in laboratories. 

5.1.3.8.2.2 Instrument air supply systems shall be located per 
5.1.3.3 as follows: 

(1) Indoors, in a dedicated mechanical equipment area, ad-
equately ventilated and with any required utilities 

(2) In a room constructed per 5.1 .3.3.2 
(3) In a room ventilated per .S.1.3.:3.:I.2 
(4) For air-cooled equipment, in a room designed to main

tain t.he ambient temperature range as recommended by 
the equipment manuf~lCturer 

5.1.3.8.2.3 Instrument air systems shall be prohibited from 
the following: 

(1) Interconnection with medical air systems 
(2) Usage for any purpose where the air will be int.entionally 

respired by patients or staff 

5.1.3.8.3 Instrument Air Source. 

5.1.3.8.3.1 Instrument air sources shall produce air at: not less 
than a gauge pressure of 1380 kPa (200 psi) output pressure. 

5.1.3.8.3.2 Instrurnelll air sources shall provide air meeting 
the defInition of InstrumentAir in Chapler 3. 
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5.1.3.8.3.3 Instrument air sources shall be permitted to include 
at least two compressors or one compressor and a standby header 
complying with 5.1.3.4.8. 

5.1.3.8.3.4 Instrument air sources shall comply with 5.1.3.5.3 
with exceptions as specified in 5.1.3.8. 

5.1.3.8.4 Instrument Air Compressors. Instrument air com
pressors shall be permitted to be of any type capable of not less 
than a gauge pressure of 13RO kPa (200 psi) output pressure 
and of providing air meeting the definition of Instrument Air 
in Chapter 3. 

5.1.3.8.5* Instrument Air Standby Headers. 

5.1.3.8.5.1 Where instrument air systems are provided with a 
standby header, the header shall meet the following require
ments: 

(1) Comply with 5.l.3.4.9, except that the number of at
tached cylinders shall be sufficient for one hour normal 
operation 

(2) Use connectors as for medical air in eGA V-l, SlanriardFJr 

Cmn,jJre.lsN/ Cas Cylinder Va/vI! Outlet (Ind Inlel Connections 
(ANSI 1357.1) 

(3) Enter the system upstream (source side) of the final line 
filters (See Fif.,1'1{,1i:A.5.1.3.8.) 

(4) Automatically serve t.he system in the event ofa failure of 
the compressor 

5.1.3.8.6 Intake Air. Intake air for instrument air compressors 
shall be permitted to be drawn from the equipment location. 

5.1.3.8.7 Instrument Air Filters. 

5.1.3.8.7.1 Instrument. air sources shall be filtered with acti
vatec! carbon filters that meet the following requirements: 

(1) Be located upstream (source side) of the final line filters 
(2) Be sized fiJI' 100 percent of the system peak calculated 

demand at design conditjons 
(3) Be constructed of' m,lterials deemed suitable by the 

manufacturer 

5.1.3.8.7.2 Final line filters shall meet the following require
ments: 

(1) Be located upstream (source side) of the final line regula
tors and downstream of the carbon fil ters 

(2) Be sized for 100 percent of the system peak calculated 
demand at design conditjons 

(3) Be rated for a minimum of 98 percent efficiency at 
0.0 I micron 

(4) Be equipped with a continuous visual indicator showing 
the status of the filt.er element liCe 

(5) Be constructed of materials deemed suitable by the 
manubcLtlrer 

5.1.3.8.7.3 Filters combining the function of 5.1.3.8.7.1 and 
5.1.3.8.7.2 shall be permitted to be used. 

5.1.3.8.8 Instrument Air Accessories. Accessories used fi)r in
strument air sources shall comply with the following subpara
graphs: 

(1) 5.] .3 .. 55 for afterc:oolers 
(2) 5.1.3.5.6 for air receivers 
(3) 5.1.3.5.7 for air dryers 
(4) 5.1.3.5.9 for air regulaLOrs 

5.1.3.8.9 Instrument Air Piping Arrangement and Redundan
cies. Instrument air sources shall comply with 5. UI.5.11 ex
cept for the following: 

(1) Systems employing a standby header shall be permitted to 
have simplex aftercoolers and dlJ'ers. 

(2) Systems employing a standby heacler shall not require a 
three-valve receiver bypass. 

(3) Standby headers, where provided, shall be isolatedfi'om the 
compressor by a check valve 1.0 prevent backflow through 
the compressor. 

5.1.3.8.10 Instrument Air Monitoring and Alarms. 

5.1.3.8.10.1 Instrument air sources shall include t.he follow
ing alarms: 

( I) A local alarm that activates when orjust before the backup 
compressor (if provided) activates, indicating that the lag 
compressor is in operation. This signal shall be manually 
reset. 

(2) A local alarm and alarms at all master alarm panels that 
activate when the dew point at system preSSlll'e exceeds 
-30°C (-22°F), indicating high dew point. 

5.1.3.8.10.2 For sources with standby headers, the following 
additional conditions shall activate a local alarm at. t.he com
pressor site, a local signal at the header location, and alarms at 
all master alarm panels: 

(1) An alarm that activates when orjust bef~)re the reserve 
begins to supply the system, indicating reselve in use 

(2) An alarm that activates when or just bel()I'e the reselve falls 
below an average hour's supply, indicat.ing reselve low 

5.1.3.8.11 Electrical Power and Control. 

5.1.3.8.11.1 When multiple compressors are lIsed, additional 
compressor(s) shall automatically activate when the compres
sor(s) in operation is incapable of maintaining the required 
pressure. 

5.1.3.8.11.2 When multiple compressors are used, automatic 
or manual alternation of compressors shall allow division of 
operating time. If automatic alternation of compressors is not 
provided, the facility staff shall arrange a schedule for manual 
alternation. 

5.1.3.8.11.3 Each compressor motor shall be provided with 
electrical components including, but. not limited to, the fol
lowing: 

(1) A dedicated disconnect switch installed in the electrical 
circuit ahead of each motor starter 

(2) Motor starting device 
(3) Overload protection 
(4) Ylrhere compressor systems having two or more compressors 

employ a control transformer or other voltage control 
power device, at least two such de\~ces shall be inst~llled 

(5) Control circuits arranged in such a manner that. the shut
down of one compressor does not interrupt the operation 
of another compressor 

(6) Automatic restart function such that compressor(s) will re-
start after power interruption without manual intetvention 

5.1.3.8.11.4 Electrical installation and wiring shall conform 
to the requirements of NFPA 70, Natirrnall\lntriad Corle. 

5.1.3.8.11.5 Emergency electrical service for the compressors 
shall conform to the requirements of the essential electrical 
system as described in Chapter 4 of this document. 
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5.1.4* Valves. 

5.1.4.1 Gas and Vacuum Shutoff Valves. Sh utoff valves shall 
be provided to isolate sections or portions of the piped distri
bution system f()r maintenance, repair, or planned future ex
pansion need, and to facilitate periodic testing. 

5.1.4.2 Accessibility. All valves except valves in zone valve box 
assemblies shall be located in secured areas snch as locked piped 
chases, or be locked or latched in their operating position, and 
be labeled as to gas supplied and the area(s) controlled. 

5.1.4.2.1 Shutoff valves accessible to other than authorized 
personnel shall be installed ill valve boxes with frangible or 
removable windows large enough to permit manual operation 
of valves. 

5.1.4.2.2 Shutoff valves for use in certain areas, such as psy
chiatric or pediatric, shall be permitted to be secured with the 
approv<ll of the authority having jurisdiction to prevent inap
propriate access. 

5.1.4.2.3 Valves for nonflammable medical gases shall not be 
installed in the same zone valve box assembly with flammable 
gases. 

5.1.4.3 Valve Types. New or replacement shutoff valves shall 
be as follows: 

(I) Quarter turn, full ported, ball type 
(2) Brass or bronze construction 
(3) Have extensions for brazing 
(4) Have a handle indicating open or closed 
(5) Consist of three-pieces permitting inline serviceability 

5.1.4.3.1 Valves for positive pressure gases shall be cleaned 
for oxygen service by the man ufacturer. 

5.1.4.3.2 Valves for vacuum or WACD service shall be permit
ted to be ball or butterfly type and shall not be required to be 
cleaned if)r oxygen service. 

5.1.4.4 Source Valve. A shutoff valve shall be placed at the 
immediate connection of each source system to the piped dis
tribution system to permit the entire source, including all ac
cessory devices (e.g., air dryers, final line regulators, etc.), to 
he isolated from the facility. 

5.1.4.4.1 The source valve shall be located in the immediate 
vicinity of the source equipment. 

5.1.4.4.2 The source valve shall be labeled in accordance with 
5.1.11.2. 

5.1.4.5* Main Line Valve. A shutoff valve shall be provided in 
the main supply line inside of the building, except where one 
or more of the following conditions exist: 

(I) The source and source valve are located inside the build
ing served. 

(2) The source system is physically mounted to the wall ofthe 
building served and the pipeline enters the building in 
the immediate vicinity of the source valve. 

5.1.4.5.1 The main line valve shall be located to permit access 
by authorized personnel only (i.e., by locating above a ceiling 
or behind a locked access door). 

5.1.4.5.2 The main line valve shall be located on the facility 
side of the source valve and outside of the source room, enclo
sure, or where the main line first enters the building. 
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5.1.4.5.3 The main line valve shall be labeled in accordance 
with 5.1.11.2. 

5.1.4.6 Riser Valve. Each riser supplied from the main line 
shall be provided with a shutoff valve in the riser adjacent to 
t.he main line. 

5.1.4.6.1 Riser valves shall be permitted to be located above 
ceilings, but shall remain accessible and not be obstructed. 

5.1.4.6.2 The riser valve shall be labelecl in accordance with 
5.1.11.2. 

5.1.4.7 Service Valves. Service valves shall be installed to allow 
servicing or modification of lateral branch piping from a main or 
riser without shutting down the entire main, riser, or facility. 

5.1.4.7.1 Only one service valve shall be required for each 
branch off of a riser regardless of how many zone valve hoxes 
are installed on that lateral. 

5.1.4.7.2 Service valves shall be placed in the branch piping 
prior to any zone valve box assembly on that branch. 

5.1.4.7.3 Service valves shall be located according to anyone 
of the following: 

(1) Behind a locked access door 
(2) Locked open above a ceiling 
(3) Locked open in a secure area 

5.1.4.7.4 Service valves shall be labeled in accordance with 
5.1.11.2. 

5.1.4.7.5 Sensors for area alarm panels as required in 5.1.9.3.4 
shall be permitted to be placed in any relationship to service 
valves (if installed). 

5.1.4.8 Zone Valve. All station outlets/inlets shall be supplied 
through a zone valve as follows: 

(1) The zone valve shall be placed such that a wall intervenes 
between the valve and outlets/inlets that. it controls. 

(2) The zone valve shall serve only outlets/inlets located on 
that same story. 

5.1.4.8.1 Zone valves shall be readily operable from a stand
ing position in the corridor on the same noor they serve. 

5.1.4.8.2 Zone valves shall be so arranged that shutting off 
the supply ormedical gas or vacuum to one zone will not affect 
the supply of medical gas or vacuum to another zone or the 
rest of the system. 

5.1.4.8.3 A pressure/vacuum indicator shall be provided on 
the station outlet/inlet side of each zone valve. 

5.1.4.8.4 Zone valve boxes shall be installed where they are 
visible and accessible at all times. 

5.1.4.8.5 Zone valve boxes shall not be installed behind nor
mally open or normally closecl doors, or otherwise hidden 
from plain view. 

5.1.4.8.6 Zone valve boxes shall not be located in closed or 
locked rooms, areas, or closets. 

5.1.4.8.7 A zone valve shall be located immediately outside 
each vital life-support, critical care, and anesthetizing location 
in each medical gas and/or vacuum line, and located so as to 
be readily accessible in an emergency. 

5.1.4.8.7.1 All gas-delivery columns, hose reels, ceiling tracks, 
control panels, pendants, booms, or other special installations 
shall be located downstream of the zone valve. 
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5.1.4.8.7.2 Zone valves shall be so arranged that shutting off 
the supply of gas to anyone operating room or anesthetizing 
location will not affect the others. 

5.1.4.8.8 Zone valves shall be labeled in accordance with 
5.1.11.2. 

5.1.4.9 In-Line Valves. Optional in-line valves shall be permit
ted to be installed to isolate or shut off piping for servicing of 
individual rooms or areas. 

5.1.4.9.1 In-line shutoffvalves intended for use to isolate pip
ing for maintenance or modification shall meet the following 
requirements: 

(}) Be located in a restricted area 
(2) Be locked or latched open 
(3) Be identified in accordance with 5.1.11.2 

5.1.4.9.2 Sensors for area alarm panels as required in 5.1.9.3.4 
shall be permitted to be placed in any relationship to in-line 
valves (ifinstalled). 

5.1.4.10 Valves for Future Connections. Shutoff valves pro
vided for the connection of future piping shall meet the fol
lowing requirements: 

(l) Be located in a restricted area 
(2) Be locked or latched closed 
(3) Be identified in accordance with 5.1. J 1.2 

5.1.4.10.1 Future connection valves shall be labeled as to gas 
content. 

5.1.4.10.2 Downstream piping shall be closed with a brazed 
cap with tubing allowance for cutting and rebrazing. 

5.1.5* Station Outlet/Inlets. 

5.1.5.1 Each station outlet/inlet for medical gases or vacuum 
shall be gas-specific, whether the outlet/inlet is threaded, or is 
a noninterchangeable quick-coupler. 

5.1.5.2 Each station outlet shall consist of a primary and a 
secondary valve (or assembly). 

5.1.5.3 Each station inlet shall consist of a primaq valve (or 
assembly) and shall be permitted to include a secondalY valve 
(or assembly). 

5.1.5.4 The secondary valve (or assembly) shall close auto
matically to stop the How of gas (or vacuum, if provided) when 
the primary valve (or assembly) is removed. 

5.1.5.5 Each outlet/inlet shall be legibly identified in accor
dance with 5.1.11.3. 

5.1.5.6 Threaded outlets/inlets shall be non-interchangeable 
connections complying with CCA V-5, Diameter-Index Safety ,SYltem 
(Noninlerchrtngeable Low Pressure Connectionsjor Medical Gas AjJj)lica
lions). 

5.1.5.7 Each station outlet/inlet, including those mounted in 
columns, hose reels, ceiling tracks, or other special installa
tions, shall be designed so that parts or components that are 
required to be gas-specific for compliance with 5.1.5.1 and 
.'>.1.5.9 cannot be interchanged between station outlet/inlet 
for different gases. 

5.1.5.8 The use of common parts in outlets/inlets, such as 
springs, O-rings, fasteners, seals, and shutoff poppets, shall be 
permitted. 

5.1.5.9 Components of a vacuum station inlet necessary for 
the maintenance of vacuum specificity shall be legibly marked 
to identify them as components or parts of a vacuum or suc
tion system. 

5.1.5.10 Components of inlets not specific to vacuum shall 
not be required to be marked. 

5.1.5.11 FactOly-installed copper inlet tubes on station out
lets extending no further than 205 mm (8 in.) from the body 
of the terminal shall be not less than DN8 (NPS 1/1) (% in. 
O.D.) size, with 8 mm (0.3 in.) minimum inside diameter. 

5.1.5.12 FactOly-installed copper inlet tubes on station inlets 
extending no further than 205 mm (8 in.) from the body of 
the terminal shall be not less than DNlO (NPS 'V") ('h in. O.D.) 
size, with JO 111m (0.4 in.) minimum inside di~lI11eter. 

5.1.5.13 Station outlets/inlets shall be permitted to be re
cessed or otherwise protected from damage. 

5.1.5.14 When multiple wall outlets/inlets are installed, they 
shall be spaced to permit the simultaneolls use of adjacent 
outlets/inlets with any of tl1e valious types of therapy equipment. 

5.1.5.15 Station outlets in systems having non-standard oper
ating pressures shall meet the following additional require
ments: 

( I) Be gas-specific 
(2) Be pressure-specific where a single g,IS is piped at more 

than one operating pressure [e.g., a station outJct f(lr oxy
gen, 550 kPa (80 psi) shall not accept an ~Idapter For oxy
gen, 345 kPa (50 psi)] 

(3) If operated at a pressure in excess of .'>:)0 kPa (80 psi), be 
either D.I.S.S. connectors or comply with 5.1.5.15(4) 

(4) If operated at a gauge pressure between 1380 kPa (200 psi) 
and 2070 kPa (300 psi), the station outJet shall be so de
signed as to prevent the removal of the ad,lpter until the 
pressure has been relieved, to prevent the <Icbpter injuring 
the user or others when removed fiTJm the outlet. 

5.1.5.16 WACD networks shall provide a WACD inlet in all 
locations where nitrous oxide or halogenated anesthetic gas is 
intended to be administered. 

5.1.5.16.1 Station inlets for WAGD set"Vice shall have the fol
lowing additional characteristics: 

(1) They shall not be interchangeable with any other systems, 
including medical-surgical vacuum. 

(2) Components necessary for the maintenance of' WACD 
specificity shall be legibly marked to identify them as com
ponents ofa WAGD inlet. 

(3) They shall be of a type appropriate for the flow anc! vacuum 
level required by the f~lcility's gas anesthetic machines. 

(4) They shall be located to avoid physical damage to the inlet. 

The text of 5.1.5.16 has been revised by a tentative 
interim amendment (TIA). See page I. 

5.1.6* Manufactured Assemblies. 

5.1.6.1 Manuf~lctured assemblies shall be pre-tested by the 
manufacturer prior to arrival at the installation site as f()llows: 

(I) Initial blowdown test per 5. l.l2.2.2 
(2) Initial pressure test per 5.1.12.2.3 
(3) Piping purge test per 5.1.12.2.5 
(4) Standing pressure test per 5.1.12.2.6 or 5.1.12.2.7, except 

as permitted under 5.1.6.2 
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5.1.6.2 The standing pressure test under .5.1.6.1 (4) shall be 
permitted to be performed by any testing method that will 
assure a pressure decay of less than I percent in 24 hours. 

5.1.6.3 The man lIfacturer of the assem bly shall provide dOCLI
mentation certifying the performance and successful comple
tion of the tests required in 5.1.6.1. 

5.1.6.4 Manufactured assemblies employing flexible hose 
shall use hose and flexible connectors with a minimum burst 
gauge pressure of 6895 kPa (1000 psi). 

5.1.6.5 Manufactured assemblies shall have a flame spread 
rating of not greater than 200 when tested in accordance with 
NFPA 255, Standard Method o/Tesl o/Surj(lce Burning Clwmeleris
tics 0/ Building Maielials. 

5.1.6.6 Manllt~lctured assemblies employing flexible hose or 
tubing shall be attached to the pipelines using station outlets 
/inlets. 

5.1.6.7 Manufactured assemblies employing hose or flexible 
connectors, where the station outlet/inlet attached to the piping 
is not fidly and immediately accessible (i.e., cannot be manipu
lated withollt the removal of panels, doors, etc.), shall have sta
tion outlets/inlet.s with the following additional characteristics: 

(1) Be D.I.S.S. connectors 
(2) In pressure gases, be permitted to omit the secondary 

valve (or assembly) required in 5.1.5.2 
(3) In vacuum and WAGO, be permitted to omit both primary 

and secondary valves (or assemblies) for minimum re
striction to flow 

(4) Be provided with a second terminal at which the user con-
nects and disconnects complying with 5.15 

5.1.6.8 Manufactured assemblies connected to the pipeline 
by brazing shall have station outlets/inlets that comply with 
5.15 in all respects. 

5.1.6.9 The installation of manllhctured assemblies shall be 
tested in accordance with 5.1.12. 

5.1.7* Surface-Mounted Medical Gas Rails (MGR). 

5.1.7.1 MGR assemblies shall be permitted to be installed 
where multiple uses of medical gases and vacuum at a single 
patient location are required or anticipated. 

5.1.7.2 MGR assemblies shall be entirely visible in the room, 
not. passing into or t.hrough walls, partitions, and so forth. 

5.1.7.3 MGR assemblies shall be made of materials with a 
melting point at least 51SOC (1 OOOOF). 

5.1.7.4 MGR assemblies shall be cleanecl per 5.1.10.1.1. 

5.1.7.5 Station outlets or inlets shall not be placed on the 
ends of MGR assemblies. 

5.1.7.6 Openings for st.ation outlets/inlets in the MGR shall 
be gas-specific. 

5.1.7.7 Openings in t.he MGR not occupied by station outlet.s/ 
inlets (e.g., for filture use) shall be capped or plugged so that a 
special tool is required for removal (i.e., cannot be removed by a 
wrench, pliers, screwdriver, or other common tools). 

5.1.7.8 MGR assemblies shall connect to the pipeline 
through fittings that are brazed to the pipeline. 

5.1.7.9* Where the pipeline and the MGR assembly are of 
dissimilar metals, the connections shall be plated or othenvise 
protected from interact.ion between the metals. 
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5.1.7.10 The installation oft.he MGRshall be tested in accor
dance with 5.1.12and5.1.13. 

5.1.8 Pressure and Vacuum Indicators. 

5.1.8.1 General. 

5.1.8.1.1 Pressure indicators and manometers for medical 
gas piping systems shall be cleaned for oxygen service. 

5.1.8.1.2 Gauges shall comply with ANSI/ ASME B40.100, 
Pressure Gauges and Gauge AUarhments. 

5.1.8.1.3 The scale range of positive pressure analog indica
tors shall be such that the normal reading Lllls within the 
middle 50 percent of the scale. 

5.1.8.1.4 The scale range of digital indicators shall be not more 
than two times the working pressure of the piping system. 

5.1.8.1.5 The scale range of'vacuum indicators shall be 0 mm 
to 760 mm (0 in. to 29.9 in.) gauge HgY, except that. indicators 
with a normal range display shall indicate normal only above 
300 mm (12 in.) gauge HgV 

5.1.8.1.6 Indicators adjacent to master alarm actuators and 
area alarms shall be labeled to identify the name of or chemi
cal symbol for the particular piping system that they monitor. 

5.1.8.1.7 The rated accuracy of indicators used {'or testing 
shall be ] percent (full scale) or better at the point of reading. 

5.1.8.2 Locations. 

5.1.8.2.1 Pressure and vacuum indicators shall be readable 
from a standing position. 

5.1.8.2.2 Pressure/vacuum indicators shall be provided at 
the following locations, as a minimum: 

(I) Adjacent to the alarm-initiating device tor source main line 
pressure and vacuum alarms in the master alarm system 

(2) At or in area alarm panels to indicate the pressure/vacuum 
at the alarm activating device for each system that is moni
tored by the panel 

(3) On the station outlet/inlet side of zone valves 

5.1.8.2.3 All pressure-sensing devices and mainline pressure 
gauges downstream of the source valves shall be provided with 
a gas-specific demand check fitting to facilitate service testing 
or replacement. 

5.1.8.2.3.1 Gas-specific demand check fittings shall not be 
required on zone valve pressure indicators. 

5.1.8.2.4 Demand check fittings shall be provided for all 
monitors. 

5.1.9* Levell Warning Systems. 

5.1.9.1 General. All master, area, and local alarm systems used 
for medical gas and vacuum systems shall include the folltming: 

(I) Separate visual indicators for each condition monitored, 
except as permitted in 5.1.9.5.2 for local alarms that are 
displayed on master alarm panels 

(2) Visual indicators that remain in alarm until the situation 
that has caused the alarm is resolved 

(1) A cancelable audible indication of each alarm condition 
that produces a sound with a minimllmlevel of80 dBAat 
.92 m (1 ft) 

(4) A means to visually indicate a lamp or LED failure 
(5) Visual and audible indication that the wiring to an alarm 

initiating device is disconnected 
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(6) Labeling of each indicator, indicating the condition 
monitored 

(7) Labeling of each alarm panel for its area of surveillance 
(8) Re-initiation of the audible signal if another alarm con

dition occurs while the audible alarm is silenced 
(9) Power for master and area alarms from the life safety 

branch of the emergency electrical system as described 
in Chapter 4, Electrical Systems 

(10) Power for local alarms, dew point sensors, and carbon 
monoxide sensors permitted to be from the same essen
tial electrical branch as is used to power the air compres
sor system 

(1]) Wiring from switches or sensors that is supervised or pro
tected as required by Section 517.30(C) (3) of NFPA 70, 
National Electrical Corle, for emergency system circuits 

(12) Assurance by the responsible authority of the hlcility that 
the labeling of alarms, where room numbers or designa
tions are used, is accurate and up-to-date 

(13) Provisions for automatic restart after a power loss of 10 sec
onds (e.g., during generator startup) without giving f~llse 
signals or requiring manual reset 

5.1.9.2* Master Alarms. A master alarm system shall be pro
vided to monitor the operation and condition of the source of 
supply, the reserve source (if any), and the pressure in the 
main lines of each medical gas and vacuum piping system. 

5.1.9.2.1 The master alarm system shall consist of two or 
more alarm panels located in at least two separate locations, as 
follows: 

(]) One master alarm panel shall be located in the office or 
work space of the on-site individual responsible for the main
tenance of the medical gas and vacuum piping systems. 

(2) In order to assure continuous surveillance of the medical gas 
and vacuum systems while the facility is in operation, the 
second master alarm panel shall be located in an area of 
continuous observation (e.g., the telephone switchboard, se
curity office, or other continuously staffed location). 

5.1.9.2.2 A centralized computer system shall be permitted to 
be substituted for one of the master alarms required in 
5.1.9.2.1, if the computer system complies with 5.1.9.4. 

5.1.9.2.3 The master alarm panels required in 5.1.9.2.1 shall 
connect directly to the alarm initiating devices that they monitor. 

5.1.9.2.3.1 Master alarm signals shall not be relayed from one 
master alarm panel to another. 

5.1.9.2.3.2 Where multi-pole alarm relays are used to isolate 
the alarm initiating signals to master alarm panels, the control 
power source for the relays shall be independent of any of the 
master alarm panels. 

5.1.9.2.3.3 Multiple master alarms shall be permitted to 
monitor a single initiating device. 

5.1.9.2.4 Master alarm panels for medical gas and vacuum 
systems shall each include the following signals: 

(1) An alarm indication when, or just before, changeover 
occurs in a medical gas system that is supplied by a mani
fold or other alternating-type bulk system that has as a 
part of its normal operation a changeover from one por
tion of the operating supply to another 

(2) An alarm indication for a bulk cryogenic liquid system 
when the main supply reaches an average day's supply, 
indicating low contents 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

I (10) 

(11) 

(12) 

An alarm indication when, orjust before, the changeover 
to the reselve supply occurs in a medical gas system that 
consists of one or more llnits that continuously sllpply the 
piping system while anotJ1er unit remains as the reserve 
supply and operates only in the case of an emergency 
An alarm indication for cylinder reserve pressure low 
when the content ora cylinder reserve header is reduced 
below one average day's supply 
For bulk cryogenic liquid systems, an alarm when or at a 
predetermined set point before the reselve supply con
tents fall to one day's average supply, indicating reselve low 
Where a cryogenic liquid storage unit is used as a reselve 
for a bulk supply system, an alarm indication when the 
gas pressure available in the reselve unit is below that 
required for the meclical gas system to function 
An alarm indication when the pressure in the main line of 
each separate medical gas system increases 20 percent. or 
decreases 20 percent from the normal operating pressure 
An alarm indication when the medical-surgical vacuum 
pressure in the main line of each vacuum system drops 
to or below 300 mm (12 in.) gauge HgV 
An alarm indication(s) from the local alarm panc\(s) as 
described in 5.1.9.5.2 to indicate when one or more of 
the conditions being monitored at a site is in alarm 
A medical air dew point high alarm from each compres
sor site to indicate when the line pressure dew point is 
greater than +2°C (+35°F) 
A WAGD low alarm when the WAGD vacuum level or flow 
is below effective operating limits 
An instrument air dew point high alarm from each com
pressor site to indicate when the line pressure dew point 
is greater than -30°C (-22°F) 

5.1.9.2.5 The alarm indications required in 5.1.9.2.4(7) and 
5.1.9.2.4(8) shall originate from sensors installed in the main 
lines immediately downstream (on the patient or use side) of 
the source valves. Where it is necessary to install a main line 
valve in addition to a source valve (see 5.1. 4.5), the sensors shall 
be located downstream (on the patien t. or use side) of the 
main valve. 

5.1.9.3* Area Alarms. Area alarm panels shall be provided to 
monitor all medical gas, medical-surgical vacuum, and piped 
WAGD systems supplying anesthetizing locations, and other 
vital life support and critical areas (e.g., post anesthesia recov
ery, intensive care units, emergency departments, etc.). 

5.1.9.3.1 Area alarms shall be located at a nurse's station or 
other similar location that will provide for sUlveillance. 

5.1.9.3.2 Area alarm panels for medical gas systems shall indi
cate if the pressure in the lines in the area being monitored in
creases or decreases by 20 percent from the normal line pressure. 

5.1.9.3.3 Area alarm panels for medical-surgical vacuum sys
tems shall indicate if the vacuum in the area drops to or below 
300 mm (12 in.) gauge HgV 

5.1.9.3.4 Sensors for area alarms shall be located as follows: 

(l)*Vitallife support and critical areas shall have the alarm 
sensors installed on the patient or use side of any of the 
individual zone valve box assemblies. 

(2)*Areas for anesthetizing gas delivery shall have the sensors 
installed either on the source side of any of the individual 
room zone valve box assemblies or on the patient or use 
side of each of the individual zone valve assemblies. 
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(:") The pLlcemellt or the sensors shall not be affected by valves 
located in areas accessible to authorized personnel only, 
such as selvice valves (see 5. 1.4.7) or in-line valves (see 5.1.4.9). 

5.1.9.4 Compilier systems used as substitute master alarms as 
rccjllired by ;1.1.9.2. I (2) shall have the mechanical and electri
cal characteristics described in 5.1.9.4.1 and the programming 
characteristics described in 0.1.9.4.2. 

5.1.9.4.1 Computer systems used to substitute for alarms shall 
have the f(llluwing mechanical and electrical characterist.ics: 

(I) The computer system shall be in continuous uninterrupted 
operation and provided with power supplies as needed to 
ensure such reliability. 

(2) The computer system shall be continuously attended by 
responsible individuals or shall provide remote signaling 
of responsible p,lIties (e.g., through pagers, telephone 
;lutodialers, or other sllch means). 

(3) Where computer systems rely on signal interface devices 
(e.g., electronic interfaces, other alarm panels, 4-20 rnA 
cards, etc.), such interbces shall be supervised such that 
Elilure of the device(s) shall initiate (an) alarm(s). 

(4) If the computer system does not power the signaling 
switches/sensors from the same power supply required in 
0.1.9.4.1 (I), the puwer supply for the signaling switches/ 
sensors shall be powered from the life safety branch of the 
elllergency electrical system as described in Chapter 4, 
Electrical Systems. 

(5) Cornputer systems shall be permitted to connect directly 
to the sensors/switches in 5.1.9.2.3 in the same manner as 
an alarm panel if operation of other alarm panel (s) is not 
impclired. 

(ti) Wiring from the computer system to the signaling 
switches or sensors shall comply with 5.1.9.1(11). 

(7) Computer systems shall be provided with an audio alert 
per 5.1.9.1 (:j) except the audio alert shall be permitted to 
be only as loud as needed to alert the system operator. 

(8) The b'cility shall assure compliance with 5.1.9.1 (12) 

5.1.9.4.2 The operating program (s) for computer systems 
used to substitute for alarms shall include the following: 

(I) Medical gas alarms shall be allocated the priority of a life 
safety signal. 

(2) A medical gas alarm signal shall interrupt any other activ
ity ora lesser priorit)' to run the alarm algorithm(s). 

Cl) The alarlll algorithm shall include activation of an au
dible alert. activation of any remote signaling protocol, 
and display of the specifIC condition in alarm. 

(4) The alarm algorithm shall provide for compliance with 
0.1.9.1(1),5.1.9.1(2), F).1.9.1(3), 0.1.9.1(0), 5.1.9.1(6), 
ancl )".1.9.1 (8). 

5.1.9.5* Local A1anns. Local alarms shall be installed to moni
tor the function of the air compressor system(s), medical
surgical vacuum pUlllp system (s), WAGD systems, and instru
men t ai r systems. 

5.1.9.5.1 The signals referenced in 5.1.9.5.4 shall be permit
ted to be located as f()lIows: 

(1) On or in the control panel (s) for the machinery being 
monitored 

(2) Within a monitoring device (e.g., dew point monitor or 
carbon monoxide monitor) 

(3) On a separate alarm panel(s) 

2005 Edition 

5.1.9.5.2 The master alarm shall include at least one signal 
frolll the source equipment to indicate a problem with the 
source equipment at this locatioll. This master alarm signal 
shall activate when any of the required local alarm signals for 
this source equipment activates. 

5.1.9.5.3 1f there is more than one medical air compressor 
system, instrument air compressor system. WAGD system, 
and/ or more than one medical-surgical vaCU111ll pump system 
at different locations in the f~lcility, or if the compressors 
and/or vacuum sources are in different locations in the f~\cil
itl', then it shall be necessary for each location to have separate 
alarms at the master panels. 

5.1.9.5.4 The following functions shall be monitored at each 
local alarm site: 

( 1) 

(2) 

(3) 

(4) 

(7) 

(8) 

(9) 

Backup or lag compressor in operation to indicate when 
the primary or lead air compressor is incapable of satisfy
ing the demand of the requirements of the system, except 
wilen the medical air system consists of three or more 
compressors, then the backup or lag signal shall be per
mitted to energize when the last compressor has been sig
naled to start. 
High carbon monoxide level to indicatc when the carbon 
monoxidc level in the medical air system is 10 ppm or 
higher. 
Medical air dew point high to indicate when the line pres
sure dew point is greater than +4°C (+3CJoF). 
Backup or lag vacuum pump ill oper;ltion to illdicate when 
the primary or lead vacuum pump is incapable of satisfying 
the demand 01" the requiremenLs of the system, except when 
the vacuum pump system consists or three or more pumps, 
then the backup or lag signal shall be permil.ted to energize 
when the last pump has J:leen signaled to start. 
V\Then a central dedicated WAGD producer is provided per 
5.1.3.7.1.3, WAGD lag in use. The signal shall be manually 
reset. 
Instrument air dew point high to indicate when the line 
pressure dew point is greater than -3ooc: (-22°F). 
For compres,or systems using liquid ring compressors or 
compressors with water-cooled components, high water 
ill the receiver tan k to indicate when the water level in the 
receiver lank has reached it level determined to be detri
mental to the operation of the system. 
For compressor systems using liquid ring compressors, 
high water in tbe separators. 
For compressor systems using other than liquid ring com
pressors, high discharge air tcm]JtT;Hure. 

5.1.10 Levell Distribution. 

5.1.10.1 Piping Materials for Field-Installed Positive Pressure 
Medical Gas Systems. 

5.1.10.1.1 Tubes, valves, fittings, station outlets, and other 
piping components in medical gas systems shall have been 
cleaned for oxygen service by the manuf~lcturer prior to instal
lation in accordance with CGA G-4.1, Cleaning Ic'qui/nnenljin' 
Ox)'{!,-rm Servia:, except that finings shall be permiLled to be 
cleaned by a supplier or agency other than the manufactllrer. 

5.1.10.1.2 Each length of tube shall be delivered plugged or 
capped by the manufacturer and kept scaled ulltil prepared 
for installatjon. 

5.1.10.1.3 Fittings, valves, and other components shall be de
livered sealed, labeled, and kept sealed unt.il prepared ()r ill
stallation. 
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5.1.10.1.4* Tubes shall be hard-drawn seamless copper ASTM 
B 819, Standard ,~j)ecifiC(ltion jilT Seamless COjJjJer 1i(befoT Medi
cal Gas Systems, medical gas tube, Type L, except that where 
operating pl-essures are above a gauge pressure of 1275 kPa 
(185 psi) Type K shall be llsed for sizes larger than DN80 
(NPS 3) (3\1." in. O.D.). 

5.1.10.1.5 ASTM B 819, Stmuiard Specification jiJT Seamless CO/J
/Jer 711be/irr i'vledir;al Cas Systerns, medical gas tube shall he identi
fied by the manuj~lcturer's markings "OXY," "MED," "OXY / 
MED," "OXY/ ACR," or "ACR/MED" in blue (Type L) or green 
(Type K). 

5.1.10.1.6 The installer shall furnish documentation certifY
ing that all installed piping materials comply with the require
ments of5.1.10.1.1. 

5.1.10.2 Piping Materials for Field-Installed Medical-Surgical 
Vacuum and WAGD Systems. 

5.1.10.2.1 Piping for vacuum systems shall be constructed of 
any of the following: 

(1) Hard-drawn seamless copper tube: 

(a) ASTM B 88, Stanriard 5jJecification jiJT Seamless COjJjJer 
Water Tube, copper tube (Types K, L, M) 

(b) ASTM B 280, StandaTd Sperijimtion jiJr Seamless CoIJ/Jer 
TubingjirrA ir Conditioning and Re/rigeration Field Service, 
copper ACR tube 

(c) ASTM B 8 19, Standard SjJf(;ijication IVT Seamle.I.1 CO/Jjwr 
711be jiJr Mediad Ca.1 S),stems, copper medical gas tub
ing (Type K or L) 

(2) Stainless steel tube 

5.1.10.2.2 Vacuum Tubing Marking. 

5.1.10.2.2.1 If copper vacuum tubing is installed along with 
any medical gas tubing, the vacuum tubing shall, prior to in
stallation, be prominently labeled or othenvise identified to 
preclude using materials or installation procedures in the 
medical gas system that are not suitable for oxygen service. 

5.1.10.2.2.2 If medical gas tube (ASTM B 819, Standard S/Iec£
.timtion .JilT Seamless COjJ/JeT Tube .IiH Medical Gas Systems) is Hsed 
for vacuum piping, sHch special marking shall not be re
quired, provided that the vacuum piping installation meets all 
other requirements for medical gas piping, including the pro
hibition of /lux on copper-to-copper .ioints and the use of a 
nitrogen purge while brazing. 

5.1.10.2.3 WAGD systems shall be piped as follows: 

(l) Using materials compliant. with .'>.1.10.2.1 or 5.1.1 0.2.2 
(2) Tn systems operated under 130 mm (5 in.) I-IgV maximum 

vacuum only, using any noncorroding tube or ductwork 

5.1.10.3 Fittings. 

5.1.10.3.1 * Turns, ollsets, and other changes in direction in 
welded or brazed medical gas and vacuum piping shall be 
made with wrought copper capillary fittings complying with 
ASME B16.22, Wrou{!;ht CO/JjH!r and Cojl/Jer-Alloy Solrler:/o£nt PTliS
sure Fittings, or braz.ed fittings complying with ASME B 16.50, 
WTOu{!;ht CO/J/JeT and COjJjJrrAllo)' I3mZl!:jo£nt Presswe Fittings. 

5.1.10.3.2 Cast copper alloy fiujngs shall not be permitted. 

5.1.10.3.3 Branch connections in vacuum piping systems shall 
be permitted to be made using mechanically formed, drilled, 
and extruded tee-branch connections that are formed in accOl~ 
dance with the tool manufacturer's instructions, and brazed. 

5.1.10.4 ThreadedJoints. Threadedjoints in medical gas and 
vacuum distribution piping shall meet the following require
ments: 

(l) Be limited to connections to pressure/vacuum indicators, 
alarm devices, check valves, and source equipment 

(2) Be tapered pipe threads complying with ASME B 1.20.1, 
Pi/)(! Threari.I', General P'La/HISI!, Inch 

(3) Be made up with polytetralluoroethylene (such as Teflon™) 
tape or other thread sealant recommencled fix oxygen serc 
vice, with the sealant applied to the male threads only 

5.1.10.5 Brazed Joints. 

5.1.10.5.1 General Requirements. 

5.1.10.5.1.1 Brazedjoints shall be made using a braz.ing alloy 
that exhibits a melting temperature in excess of ;):'I8°C (HlOO°F) 
to retain the integrity of the piping system in the event of fire 
exposure. 

5.1.10.5.1.2 Brazed tubejoints shall be the socket type. 

5.1.10.5.1.3 Filler metals shall bond with and be metallurgi
cally compatible with the base met,t1s beingjoined. 

5.1.10.5.1.4 Filler metals shall comply with ANSI! AWS A5.8, 
Sjleci/icationjin Filler Melalsj(n' Brazing and Braze Welding. 

5.1.10.5.1.5 Coppercto-copper joints shall be brazed Ilsing a 
copper-phosphorus or copper-phosphorus-silver brazing filler 
metal (BCLIP series) without nux. 

5.1.10.5.1.6 Brazing performed between bulk Cl),ogenic liq
uid vessels and theirvaporizers (i.e., subject to Cl),ogenic expo
sure) shall be permitJed to be brazed using BAg brazing alloy 
with nux by a brazer qualified to eGA M-J, Guide Jiir Mrxiical 
Gas installations at Consumer Sites. 

5.1.10.5.1.7 Joints to be brazed in place shall be accessible for 
necessar)' preparation, assembly, heating, filler application, 
cooling, cleaning, and inspection. 

5.1.10.5.1.S Braze .ioints shall be continuously purged with 
Nitrogen NF . 

5.1.10.5.2 Cutting Tube Ends. 

5.1.10.5.2.1 Tube ends shall be cut square using a sharp tub
ing cutter to avoid deforming the tube. 

5.1.10.5.2.2 The cutting wheels on tubing cutters shall be 
free from grease, oil, or other lubricant not suitable for oxy
gen service. 

5.1.10.5.2.3 The cut ends of the tube shall be de burred with a 
sharp, clean deburring tool, taking care to prevent chips from 
entering the tube. 

5.1.10.5.3 Cleaning Joints for Brazing. 

5.1.10.5.3.1 The interior surfaces of tubes, fittings, and other 
components that are cleaned for oxygen service shall be 
stored and handled to avoid cOlltaminatjon prior to assembly 
and brazing. 

5.1.10.5.3.2 The exterior SUI-faces oftube ends shall be cleaned 
prior to brazing to remove any surface oxides. 

5.1.10.5.3.3 When cleaning the exterior surf~lces of tube ends, 
no matter shall be permitted to enter the tube. 

5.1.10.5.3.4 If the interior surfaces of filting sockeL~ become 
contaminated prior to brazing, they shall be recleaned for 
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oxygen in accordance with 5.1.10.5.3.10 and be cleaned for 
brazing with a clean, oil-Ji'ee wire brush. 

5.1.10.5.3.5 Clean, nonshedding, abrasive pads shall be used 
to clean the exterior surLlces of the tube ends. 

5.1.10.5.3.6 The use of steel wool or sand cloth shall be pro
hibit<:d. 

5.1.10.5.3.7 The cleaning process shall not result in grooving 
of the surfaces to be joined. 

5.1.10.5.3.8 After being abraded, the surfaces shall be wiped 
using a clean, lint-free white cloth. 

5.1.10.5.3.9 Tubes, fittings, valves, and other components 
shall be visually examined internally before being joined to 
verify that they have not become contaminated for oxygen 
service and that they are free of obstructions or debris. 

5.1.10.5.3.10 The interior surfaces of tube ends, littings, and 
other components tbat were cleaned for oxygen selvice by the 
manuLlcturer, but became contaminated prior to being in
stalled, shall be permitted to be recleaned on-site by the installer 
by thoroughly scrubbing the interior surfaces with a clean, hot 
water-alkaline solution, sllch as sodium carbonate or trisodium 
phosphate 450 g to II L (lIb to 3 gal) of potable water and 
thoroughly rinsing them with clean, hot, potable water. 

5.1.10.5.3.11 Other aqueous cleaning solutions shall be permit
ted to be used for on-site recleaning permitted in 5.1.10.5.3.10 
provided that they are as recommended in CGA G-4.1, C/mning 
1,,'quijmumljiJI' Oxygen Semil'l!, and are listed in CGA 02-DIR, Uirer:
lmy o/Ui!flningAgentsprr O::'-jgrm Semicf'. 

5.1.10.5.3.12 Material that has hecome contaminated inter
nally and is not clean j()r oxygen service shall not he installed. 

5.1.10.5.3.13 Joints shall be brazed within eight hours after 
the surfaces are cleaned for brazing. 

5.1.10.5.4 Brazing Dissimilar Metals. 

5.1.10.5.4.1 Flux shall only be used when brazing dissimilar 
metals such as copper and bronze or brass, using a silver (BAg 
series) hrazing filler metal. 

5.1.10.5.4.2 Surl~lces shall be cleaned for brazing in accor
dance with ;).1.10.5.3. 

5.1.10.5.4.3 Flux shall be applied sparingly to minimize con
tamination of 1. he inside of the wbe with flux. 

5.1.10.5.4.4 The flux shall be applied and worked over the 
cleaned surJ~lces to be brazed using a stilt bristle brush to en
sure complete coverage and wett.ing of the surf~lces with flux. 

5.1.10.5.4.5 Where possible, short sections of copper tube 
shall be brazed onto the 110ncopper component and the inte
rior of the subassembly shall be cleaned of flux prior to instal
lation in the piping system. 

5.1.10.5.4.6 On joints DN20 (NPS V,) (% in. 0.0.) size and 
smaller, flux-coat.ed brazing rods shall be permitted 1.0 be lIsed 
in lieu of applying !lux to the surfaces beingjoined. 

5.1.10.5.5* Nitrogen Purge. 

5.1.10.5.5.1 When brazing, .ioints shall be continuously 
purged with oil-free, dry Nitrogen NF to prevent the forma
tion of copper oxide on the inside surfaces of the joint. 
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5.1.10.5.5.2 The source of the purge gas shall be monitored 
and the installer shall be audibly alerted when the source con
tent is low. 

5.1.10.5.5.3 The purge gas flow rate shall be controlled by the 
use of a pressure regulator and now meter or combination 
thereof. 

5.1.10.5.5.4 Pressure regulators alone shall not be used to 
control purge gas flow rates. 

5.1.10.5.5.5 In order to assure that all ambient air has been 
removed from the pipeline prior to brazing, an oxygen ana
lyzer shall be used to veriJy the effectiveness of the purge. The 
oxygen analyzer shall read below J percent oxygen concentra
tion before brazing is to begin. 

5.1.10.5.5.6 During and after installation, openings in the 
piping system shall be kept sealed to maintain a nitrogen at
mosphere within the piping to prevent debris or other con
taminants from entering the system. 

5.1.10.5.5.7 While ajoint is being brazed, a discharge open
ing shall be provided on the opposite side of the joint from 
where the purge gas is being introduced. 

5.1.10.5.5.8 The flow of purge gas shall be maintained until 
thejoint is cool to the touch, 

5.1.10.5.5.9 After the joint has cooled, the purge discharge 
opening shall be sealed to prevent contamination ofthe inside 
of the tube and maintain the nitrogen atmosphere within the 
piping system, 

5.1.10.5.5.10 The linal connection of new piping to an exist
ing, in-use pipeline shall be permitted to be made without the 
use of a nitrogen purge. 

5.1.10.5.5.11 After a final connection in a positive pressure 
medical gas pipeline is made without a nitrogen purge, an 
outlet in the immediate downstream zone of the affected por
tion (s) of both the new and existing in-use piping shall be 
tested in accordance with 5.1.12.3,9, Final Tie-In Test. 

5.1.10.5.5.12* When using the autogenous orbital welding 
process, joints shall be continuously purged inside and outside 
with inert gas( es) in accordance with the qualified welding 
procedure. 

5.1.10.5.6 Assembly and HeatingJoints. 

5.1.10.5.6.1 Tube ends shall be inserted fully into the socket 
of the fitting, 

5.1.10.5.6.2 Where flux is permitted, thejoint shall be heated 
slowly until the flux has liquefied. 

5.1.10.5.6.3 After ±lux is liquefied, or where flux is not per
mitted to be used, the joint shall be heated quickly to the 
brazing temperature, taking care not to overheat thejoint. 

5.1.10.5.6.4 Techniques for heating the joint, applying the 
brazing filler metal, and making horizontal, vertical, and 
large-diameterjoints shall be as stated in sections on "Apply
ing Heat and Brazing" and "Horizontal and VerticaIJoints" in 
Chapter VII, "BrazedJoints," in the CDA Coptlf!r Titbe Handbook. 

5.1.10.5.7 Inspection of Brazed Joints. 

5.1.10.5.7.1 After brazing, the outside of all joints shall be 
cleaned by washing with water and a wire brush to remove any 
residue and permit clear visual inspection of the joint. 
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5.1.10.5.7.2 Where flux has been used, the wash water shall 
be hot. 

5.1.10.5.7.3 Each brazedjoint shall be visually inspected after 
cleaning the outside surfaces. 

5.1.10.5.7.4 Joints exhibiting the following conditions shall 
not be permitted: 

(1) Flux or flux residue (when flux or flux-coated BAg series 
rods are used with dissimilar metals) 

(2) Base metal melting or erosion 
(3) Unmelted filler metal 
(4) Failure of the filler metal to be clearly visible all the way 

around thejoint at the interface between the socket and 
the tube 

(5) Cracks in the tube or component 
(6) Cracks in the braze filler metal 
(7) Failure of the joint to hold the test pressure under the 

installer-performed initial pressure test (5.1.12.2.3) and 
standing pressure test (5.1.12.2.6 or 5.1.12.2.7) 

5.1.10.5.7.5 Brazedjoints that are identitied as defective under 
conditions 5.1.10.5.7.4(2) or 5.1 .10.5.7.4(5) shall be replaced. 

5.1.10.5.7.6 Brazedjoints that are identified as defective un
der conditions 5.1.1 0.5.7.4( 1),5.1.10.5.7.4(:1),5.1.10.5. 7.4( 4), 
5.1.10.5.7.4(6), or 5.1.10.5.7.4(7) shall be permitted to be re
paired, except that nojoint shall be reheated more than once 
before being replaced. 

5.1.10.6 Welded Joints. 

5.1.10.6.1 Welded joints fix medical gas and medical-surgical 
vacuum systems shall be permitted to be made using a gas tung
sten arc welding (ClAW) autogenous orbital procedure. 

5.1.10.6.2 The ClAW autogenous orbital procedure and the 
welder qualification procedure shall be qualified in accor
dance with ASME Section IX, Welding and Brazing Qualifica
tions of the ASME Boiler and Pm.I'suire Vessel Code. 

5.1.10.6.3 Welder qualification procedures shall include a 
"bend test" and a "tensile test" per ASME Section IX on each 
tube size diameter. 

5.1.10.6.4 Each welder shall qualify to a welding procedure 
specification (WPS) for each tube diameter. 

5.1.10.6.5* CTAW autogenous orbital welded joints shall he 
purged during welding with a commercially available mixture 
(± 5 percent) of 75 percent helium and 25 percent argon. 

5.1.10.6.6 The shield gas shall be as required in 5.1.10.6.5. 

5.1.10.6.7 Test coupons shall be welded and inspected, as a 
minimum, at start of work and every 4 hours thereafter, or 
when the machine is idle for more than 30 minutes, and at the 
end of the work period. 

5.1.10.6.8 Test coupons shall be inspected on the 1.0. and 0.0. 
by a qualified quality control inspector. 

5.1.10.6.9 Test coupons shall also be welded at change of opera
tor, weld head, welding power supply or gas source. 

5.1.10.6.10 All production welds shall be visually inspected 
on the 0.0. by the operator and any obvious weld failures 
shall be cut out and re-welded. 

5.1.10.7 Special Fittings. The following special fittings shall 
be permitted to be used in lieu of brazed joints: 

.. 

(1) Memory-metal couplings having temperature and pres
sure ratingsjoints not less than that of a brazedjoint 

(2) Listed or approved metallic gas tube fittings that, when 
made up, provide a pennanentjoint having the mechani
cal, thermal, and sealing integrity ofa brazedjoint 

(:1) Dielectric fittings where required by the manubcturer of 
special medical equipment to electrically isolate the 
equipment from the piping distribution system 

(4) Axially swaged, elastic strain preload fIttings providing 
metal to metal seal having pressure and temperature rat
ings not less than that of it brazed joint and when com
plete are permanent and nonseparable 

5.1.10.8 Prohibited Joints. The following joints shall be pro
hibited throughout medical gas and vacuum distribution pipe
line systems: 

(1) Flared and compression-type connections, including con
nections to station outlets and inlets, alarm devices, and 
other components 

(2) Other straight-threaded connections, including unions 
(:1) The use of pipe-crimping tools to permanently stop the flow 

of medical gas and vacuum piping shall be prohibited. 

5.1.10.9 Joints in WAGD networks. 

5.1.10.9.1 WAGD networks designed ie)r operation at vacuum 
in excess of 130 mm (.5 in.) HgV shall be permiued to bejoined 
by any method llsable Jor medical vacuum uncleI' 5.1.1 05. 

5.1.10.9.2 V\J\GD networks designed for operation at vacllum 
below 1:10 mm (5 in.) HgV shall bejoincd by any method usable 
for medical vacuum under !'l.I.I 05 or by any method that will 
result in a leak-free network when tested per 5.1.12.:1.2. 

5.1.10.10 Installation of Piping and Equipment. 

5.1.10.10.1 Pipe Sizing. 

5.1.10.10.1.1 Piping systems shall be designed and sized to 
deliver the required flow rates at the utilization pressures. 

5.1.10.10.1.2 Mains and branches in medical gas piping sys
tems shall be not less than DN15 (NPS !/<2) CI., in. 0.0.) size. 

5.1.10.10.1.3 Mains and branches in rnedical-surgical 
vacuum systems shall be not less than DN20 (NPS :;/,) (\iH in. 
0.0.) size. 

5.1.10.10.1.4 Drops to individual station outlets and inlets 
shall be not less than DNJ.5 (NPS !/<2) (% in. O.D.) size. 

5.1.10.10.1.5 Runouts to alarm panels and connecting t.ub
ing for gauges and alarm devices shall be permitted to be DN8 
(NPS \/,,) (y, in. 0.0.) size. 

5.1.10.10.2 Protection of Piping. Piping shall be protected 
against freezing, corrosion, and physical dalllage. 

5.1.10.10.2.1 Piping exposed in corridors and other areas 
where subject to physical dalllage from the movement of carts, 
stretchers, portable equipment, or vehicles shall be protected. 

5.1.10.10.2.2 Piping underground within buildings or em
bedded in concrete floors or walls shall be installed in a con
tinuous conduit. 

5.1.10.10.3 Location of Piping. 

5.1.10.10.3.1 Piping risers shall be permitted to be installed 
in pipe shafts if protected from physical damage, effects of 
excessive heat, corrosion, or contact with oil. 

2005 Edition 



99-58 HEALTH CARE FACILITIES 

5.1.10.10.3.2 Piping shall not be installed in kitchens, eleva
tor shafts, elevator machine rooms, areas with open flames, 
electrical service equipment over 600 volts, and areas prohib
ited under NFPA 70, National Electrical Coile, except for the 
following locations: 

(I) Room locations for medical air compressor supply sys
tems and medical-surgical vaCllUm pump supply systems 

(2) Room locations for secondary distribution circuit panels 
and breakers having a maximum voltage rating of 600 volts. 

5.1.10.10.3.3 Medical gas piping shall be permitted to be in
stalled in the same service trench or tunnel with fuel gas lines, 
fuel oil lines, electrical lines, stearn lines, and similar utilities 
provided that the space is ventilated (naturally or mechani
cally) and the ambient temperature around the medical gas 
piping is limited to 54'C (1300F) maximum. 

5.1.10.10.304 Medical gas piping shall not be located where 
subject to contact with oil, including a possible flooding area 
in the case of a major oil leak. 

5.1.10.1004 Pipe Support. 

5.1.10.1004.1 Piping shall be supported from the building 
structure in accordance with MSS SP-69, PijJe Hangers and SUjJ-
110rts - Sele!:lion and AjJjJli('ation. 

5.1.10.1004.2 Hangers and supports shall comply with ~SS SP-
58, Pi/J(' Hang"';' and Suj'lmrls - i\1alrm:aL,; Design, and ]V[(l'/1uj(u;lurc. 

5.1.10.1004.3 Hangers for copper tube shall have a copper 
finish and be sized for copper tube. 

5.1.10.100404 [n potentially chlmp locations, copper tube hang
ers or supports that arc in contact WitJl the tube shall be plastic
coated or othelwise be insulated from the tube. 

5.1.10.1004.5 Maximum support spacing shall be in accor
dance with Table 5.1.10.10.4.5. 

Table 5.1.10.1004.5 Maximum Pipe Support Spacing 

Hanger Spacing 

Pipe Size mm ft 

DN8 (NPS !II) (Y~ in. O.D.) 1520 5 
DNIO (NPS %) (I/~ in. O.D.) 1830 6 
DN15 (NPS y~) CYx in. O.D) 1830 6 
DN20 (NPS %) (~in. O.D.) 2130 7 
DN25 (NPS I) (1 y, in. O.D.) 2440 8 
DN~2 (NPS I !II) (1% in. O.D.) 2740 9 
DN40 (NPS I !h) (J% in. O.D.) 3050 10 

and larger 
Vertical risers, all sizes 

EvelY floor hut not to exceed: 4570 15 

5.1.10.1004.6 Where required, medical gas and vacuum pip
ing shall be seismically restrained against earthquakes in ac
cordance with the applicable building code. 

5.1.10.10.5 Underground Piping Outside of Buildings. 

5.1.10.10.5.1 Buried piping outside of buildings shall be in
stalled below the local level of frost penetration. 
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5.1.10.10.5.2 The installation procedure for underground 
piping shall protect tbe piping from physical damage while 
being backfilled. 

5.1.10.10.5.3 [I' underground piping is protected by a con
duit, cover, or other enclosure, the following requirements 
shall be met: 

(I) Access shall be provided at thejoints for visual inspection 
and leak testing. 

(2) The conduit, cover, or enclosure shall be seH~draining and 
not retain groundwater in prolonged contact with the pipe. 

5.1.10.10.504 Buried piping that will be subject to surf~,ce 
loads shall be buried at a depth that will protect the piping or 
its enclosure from excessive stresses. 

5.1.10.10.5.5 The minimum backfilled cover above the top of 
the pipe or its enclosure for buried piping outside of buildings 
shall be 900 mm (36 in.), except that the minimum cover shall 
be permitted to be reduced to 4.")0 mm (18 in.) where physical 
damage is otherwise prevented. 

5.1.10.10.5.6 Trenches shall be excavated so that the pipe or 
its enclosure has finn, substantially continuous bearing on the 
bottom of the trench. 

5.1.10.10.5.7 Backfill shall be clean and compacted so as to 
protect and uniformly support the pipe or its enclosure. 

5.1.10.10.5.8 A continuous tape or marker placed immedi
ately above the pipe or its enclosure shall clearly identity the 
pipeline by specitic name. 

5.1.10.10.5.9 A continuous warning means shall also be pro
vided above the pipeline at approximately one-half the depth 
ofbUlY· 

5.1.10.10.5.10 \~'here underground piping is installed through 
a wall sleeve, the ends of the sleeve shall be scaled to prevent the 
entrance of ground water into the building. 

5.1.10.10.6 Branch Takeoffs. Runout.s Ii-om horizontal piping 
shall be taken ofT above the centerline of the main or branch 
pipe and rise vertically or at an angle of not more than 45 degrees 
from vertical. 

5.1.10.10.7 Hose and Flexible Connectors. 

5.1.10.10.7.1 Hose and flexible connectors, both metallic and 
nonmetallic, shall be no longer than necessalY and shall not pen
eo-ate or be concealed in walls, i1oors, ceilings, or partitions. 

5.1.10.10.7.2 Flexible connectors, rnetallic or nonmetallic, 
shall have a minimum burst pressure, with a gauge pressure of 
6895 kPa (J 000 psi). 

5.1.10.10.8 Prohibited System Interconnections. 

5.1.10.10.8.1 Two or more medical gas or vacuum piping sys
tems shall not be interconnected for installation, testing, or 
any other reason. -

5.1.10.10.8.2 Leak testing shall be accomplished by sepa
rately charging and testing each individual piping system. 

5.1.10.10.9 Manufacturer's Instructions. 

5.1.10.10.9.1 The installation of individual components sball 
be made in accordance with the instructions of the manufac
turer. 

5.1.10.10.9.2 Such instructions shall inclucle directions and 
informatjon deemed by the manufacturer to be adequate fi)r 
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attaining proper operation, testing, and maintenance of the 
medical gas and vacullm systems. 

5.1.10.10.9.3 Copies of manu f~lcturer's instructions shall be 
left wi th Lhe system Owner. 

5.1.10.10.10 Changes in System Usc. 

5.1.10.10.10.1 Where a positive pressure medical gas piping 
distribution system originally used or constructed for the use 
at olle pressure and f()r one gas is cOllverted for oper~ltion at 
another pressure or f()r another gas, all provisions of 5.1.10 
sh,dl apply as if the systern were new. 

5.1.10.10.10.2 A vacuurn system shall not be permitted to be 
converted fi)!" use ,IS ,I gas system. 

5.1.10.10.11 Qualification ofInstallers. 

5.1.10.10.11.1 The installatjon of medical gas and vacuum 
systems shall be made by qualified, competent technicians 
who arc experienced in making sllch installations. 

5.1.10.10.11.2 Installers of medical gas and vacuum systems 
s1l<11I meet the req ui remelHs of ASSE 6010, Pro/i:ssiol1ai (!:urlii/i
("a/ioTl StrtruirrrrijiJI" M"riiml (;as Systems In.ltallns. 

5.1.10.10.11.3 Brazing sll,dl be performed by individuals who 
are qualificclunder the provisions or 5.1.1 0.1 0.12. 

5.1.10.10.11.4 Prior to any inst,dlation work, the installer of 
medical gas and vaCUUlll piping shall provide and maintain 
documentatioll on thejob site fi)r the qualification of brazing 
procedures and individual brazers that is required under 
.:S.I.IO.IO.12. 

5.1.10.10.11.5 Health care organization personnel shall be 
permitted to install pi ping systems if all of the req uirernen Ls of 
5.1.10.10.11 are met during the installation. 

5.1.10.10.12 Qualification of Brazing Procedures and Brazing. 

5.] .10.10.12.1 Brazing procedures and brazer performance 
for the installation of medical gas and vacuum piping shall 
be qualified in accordance with either Section IX, 'Welding 
and Brazing Qualifications, of the ASME Boiler and Pn:.ISI.lIf 

Vr:s.lf:l Code, or A\,vS B2.2, Stmulard .lilY Ihazin{; Procedurf: and 
Performance (}:Ilfllifi(;olior!, both as modified by 5.1.10.10.12.2 
through .5.1.10.10.12.Fi. 

5.1.10.10.12.2 Braz.ers shall be qualified by visual examin<l
tjon of the test coupon i()lIowecl by sectioning. 

5.1.10.10.12.3 The:: brazing procedure specification shall ad
dress cleaning, .ioint. clearance, overlap, internal purge gas, 
purge gas flow rate, and filler metal. 

5.1.10.10.12.4 The brazing procedllre qualification record 
~·Uld the record of brazer performance qualification shall 
document filler metal used, cleaning, joint clearance, over
lap, internal purge gas and flow rate during brazing ofcou
pOll, and the absence of internal oxidation ill the com
pleted coupon. 

5.1.10.10.12.5 Brazing procedures qualified by a technically 
competent group or agency shall be permitted under the fol
lowing conditjons: 

(I) The brazing procedure spccilication anc! the procedure 
qualification record meets the requirements of this stan
(brd. 

(2) The employer obtains a copy of both the Imlzing procedure 
specification and the supporting qualification records from 
the group or agency and signs and dates these records, 
thereby accepting responsibility {(Jr the qualifications that 
were petiormed by the group or agency. 

(3) The employer qualilies at least one brazer f()llowing each 
brazing procedure specification used. 

5.1.10.10.12.6 An employer shall be perllliu.ed to accept. 
brazer qualification records ofa previous employer lmcler the 
following conditions: 

(I) The brazer has been qualified following the same or an 
equivalent procedure that the new employer uses. 

(2) The new employer obtains a copy of the record of brazer 
performance qualification Lests from the previous em
ployer and signs and dates these records, thereby accept
ing responsibility for the qualifications performed by the 
previoLls employer. 

5.1.10.10.12.7 Performance qualifications of brazers shall re
main in ef:lcct indefinitely unless the bl'azel' does not bl'azc wit.h 
the qualified procedure for a period exceeding 6 months, or 
there is a specific reason to question the ability of the bral.er. 

5.1.11 Labeling and Identification. See T,lhle 5.1.11. 

5.1.11.1 Pipe Labeling. 

5.1.11.1.1 Piping shall be labeled by stenciling or adhesive 
markers that identify the patient medical gas, the support gas, 
or vacuum system, and include: 

(1) The name of the: gas/vacuum system or the chemical sym
bol per Table 5.1.ll 

(2) The gas or vacuum system color corle per Table 5.1.11 
(3) Where positive pressure gas piping systems operat.e at 

pressures ot.her than the standard gauge pressllre in 
Table 5.1.11, the pipe labeling shall include the operat
ing pressure in addiLion to the name of the gas 

5.1.11.1.2 Pipe labels shall he located as follows: 

(I) At intel'Vals of not more Lh,lll 6.1 III (20 ft) 
(2) At least once in or above every room 
(3) On both sides of walls or partitions penctr,lted by t.he piping 
(4) At least once in every story height traversed by risers 

5.1.11.1.3 Medical gas pipeline shal! not be painted. 

5.1.11.2 Shutoff Valves. 

5.1.11.2.1 Shutoff valves shall be identified as !(Jl!ows: 

(1) The name or chemical symbol for the specific medical g,lS 
or vacuum system 

(2) The room or areas sel'Ved 
(3) A caution to not close or opcn the valve except in 

emergency 

5.1.11.2.2 Where positive pressure gas piping systellls operate: at 
pressures other than the standard gauge pressure of 345 kPa to 
380 kPa (50 psi to 55 psi) or a gauge pressure of I toO kPa to 
1275 kPa (160 psi to 185 psi) I()r nitrogen or instrulllent air, the 
vdlve identification shal! also include the nonst<ll'ldard operating 
pressure. 

5.1.11.2.3 Source valves shall be labeled in substance as f()lIows: 

SOURCE VALVE 

FOR THE (SOURCE NAME). 
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Table 5.1.11 Standard Designation Colors and Operating Pressures for Gas and Vacuum 
Systems 

Gas Service 

Medical air 
Carbon dioxide 

HeliulIl 
Nitrogen 

Nitrous oxide 

Oxygen 

Oxygen/clI'bon 
dioxide mixtures 

Medical-surgical 
vacuum 

Waste anesthetic 
gas disposal 

Other mixtures 

Nonmedical air 
(Level 3 
gas-powered 
device) 

Abbreviated 
Name 

Med Air 
CO~ 

He 
N~ 

O~ 

o,,/co,, n% 
(n i~ % (icO~) 

Med Vac 

WAGD 

Gas A%/Gas B% 

Colors 
(Background/ 

Text) 

Yellow/black 
Gray/black or 

gray/white 
Brown/white 
Black/white 

Blue/white 

Green/white or 
white/ green 

Green/white 

White/black 

Violet/white 

Colors as above 
Major gas for 
background/ 
minor gas for text 

Yellow and white 
diagonal 
stripe/black 

Standard Gauge 
Pressure 

345-380 kPa (50-55 psi) 
345-380 kPa (50-55 psi) 

345-380 kPa (50-55 psi) 
II 00-1 275 kPa 
(160-185 psi) 

345-380 kPa (50-55 psi) 

34.")-380 kPa (50-55 psi) 

345-380 kPa (50-55 psi) 

380 mm to 760 mm 
(15 in. to 30 in.) HgV 

Varies with system type 

None 

None 

Nonmedical and 
level 3 vacuum 

Laboratory air 

Laboratory vacuum 

White and black 
diagonal 
stripe/black boxed 

Yellow and white 
checkerboard/black 

White and black 
checkerboard/black 
boxed 

None 

None 

None 

InstruJllent air Red/white 

5.1.11.2.4 Main line valves shall be labeled in substance as 
follows: 

MAIN LINE VALVE FOR THE 

(GAS/VACUUM NAME) SERVING THE 

(NAME OF THE BUILDING). 

5.1.11.2.5 Riser valve(s) shall be labeled in substance as follows: 

RISER FOR THE (GAS/VACUUM NAME) 

SERVING (NAME OF THE AREA/BUILDING 

SERVED BY THE PARTICULAR RISER). 

5.1.11.2.6 Service valvc(s) shall be labeled in substance as fol
lows: 

SERVICE VALVE FOR THE 

(GAS/VACUUM NAME) SERVING 

(NAME OF THE AREA/BUILDING 

SERVED BY THE PARTICULAR VALVE). 
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llOO-1275 kPa 
(160-185 psi) 

5.1.11.3 Station Outlets and Inlets. 

5.1.11.3.1 Station outlets and inlets shall be identified as to 
the naJlle or chemical symbol for the specific medical gas or 
vacuum provided. 

5.1.11.3.2 Where medical gas systems operate at pressures 
other than the standard gauge pressure of 345 kPa to 380 kPa 
(50 psi to 55 psi) or a gauge pressure of 1100 kPa to 1275 kPa 
(160 psi to 185 psi) for nitrogen, the station outlet identifica
tion shall include the nonstandard operating pressure in addi
tion to the name of the gas. 

5.1.11.4 Alarm Panels. Labeling of alarm panels shall comply 
with the requirements of 5.1.9.1 (6) and 5.1.9.1 (7). 

5.1.12* Performance Criteria and Testing-Levell (Gases, 
Medical-Surgical Vacuum, and WAGD). 

5.1.12.1 General. 

5.1.12.1.1 Inspection and testing shall be performed on all 
new piped gas systems, additions, renovations, temporary in
stallations, or repaired systems, to assure the facility, by a docu-
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mented procedure, that all applicable provisions of this docu
ment have been adhered to and system integrity has been 
achieved or maintained. 

5.1.12.1.2 Inspection and test.ing shall include all compo
nents of the system or portions thereof, including, but not 
limited to, gas bulk source(s), manifolds, compressed air 
source systems (e.g., com pressors, dryers, filters, regulators), 
source alarms and monitoring safeguards, master alarms, 
pipelines, isolation valves, area alarms, zone valves, and station 
inlets (vacuum) and outlets (pressure gases). 

5.1.12.1.3 All systems that are breached and components that 
are subject to additions, renovations, or replacement (e.g., 
new gas sources: bulk, manifolds, compressors, dryers, alarm-s) 
shaH be inspected and tested. 

5.1.12.1.4 Systems shall be deemed breached at the point of 
pipeline intrusion by physical separation or by system compo
nent removal, replacement, or addition. 

5.1.12.1.5 Breached portions of the systems subject to inspec
tion and testing shall be confined to only the specifiC altered 
zone and components in the immediate zone or area that is 
located upstream for vacuum systems and downstream for 
pressure gases at the point or area of intrusion. 

5.1.12.1.6 The inspection and testing reports shall be submit
ted directly to the party that contracted for the testing, who 
shall submit the report through channels to the responsible 
Llcility authority and any others that are required. 

5.1.12.1.7 Reports shall contain detailed listings of all find
ings and results. 

5.1.12.1.8 The responsible facility authority shall review these 
inspection and testing records prior to the use of all systems to 
assure that all findings and results of the inspection and test
ing have been successfully completed. 

5.1.12.1.9 All documentation pertaining to inspections and 
testing shall be maintained on-site within the facility. 

5.1.12.1.10 Before piping systems are initially put into use, 
the facility authority shall be responsible for ascertaining that 
the gas/vacuum delivered at the outlet/inlet is that shown on 
the outlet/inlet label and that the proper connecting fittings 
are installed for the specific gas/vacllum service. 

5.1.12.1.11 Acceptance of the verifier's report shall be per
mitted to satisfy the requirements in 5.1.12.1.10. 

5.1.12.1.12 The removal of components within a source sys
tem for repair and re-installation, or the replacement of com
ponents like for like shall be treated as new work for the pUl~ 
poses of testing whenever such work involves clltting and/or 
brazing new piping. 

5.1.12.1.12.1 Where no piping is changed, functional testing 
shall be performed as follows: -

(I) To verify the function of the replaced device 
(2) To assure no other equipment in the system has been 

adversely impacted 

5.1.12.1.12.2 Where no piping is changed, in addition to tests 
of general function required by 5.1.12.1.12.1, testing shall be 
performed as follows: 

(1) Pressure gas sources shall be tested for compliance with 
5.1.12.3.14.2 as applicable to the equipment type. 

(2) Medical air and instrument air sources shall be tested to 
5.1.12.3.14.3. 

(3) Vacuum and WAGD systems shall be tested to 5.l.l2.3.14.4. 
(4) Alarm systems shall be tested to 5.1.12.3.5.2 and 5.1. 12.3.5.3. 
(5) All affected components shall be tested as appropriate to 

that specific component (e.g., a replaced dew point moni
tor would be tested to 5.1.3.5.15). 

5.1.12.2 Installer Performed Tests. 

5.1.12.2.1 General. 

5.1.12.2.1.1 The tests required by 5.1.12.2 shall be performed 
and documented by the installer prior to the tests listed in 
5.1.12.3, System Verification. 

5.1.12.2.1.2 The test gas shall be oil-free, dry Nitrogen NF. 

5.1.12.2.1.3 Where manufactured assemblies are to be in
stalled, the tests required by 5.1.12.2 slull be performed as 
follows: 

(1) After completion of the distribution piping but before the 
standing pressure test 

(2) Prior to installation of manuf~lctured assemblies supplied 
through flexible hose or flexible tubing 

(3) At all station outlets/inlets on installed manufactured as-
semblies supplied through copper tubing 

5.1.12.2.2 Initial Blow Down. Piping in medical gas and 
vacuum distribution systems shall be blown clear by means of 
oil-free, dry Nitrogen NF as follows: 

(I) After installation of the distribution piping 
(2) Before installation of station olltlets/inlets and other sys

tem components (e.g., pressure/vacuulll alarm devices, 
pressure/vacuum indicators, pressure relief valves, mani
folds, source equipment) 

5.1.12.2.3 Initial Pressure Test. 

5.1.12.2.3.1 Each section of the pipillg in medical gas and 
vacuum systems shall be pressure tested. 

5.1.12.2.3.2 Initial pressure tests shall be conducted as fol
lows: 

(l) After installation of station outlets/inlets rough-in assem
blies. Test caps shall be permitted to be used. 

(2) Prior to the installation of components of the distribution 
piping system that would be damaged by the test pressure 
(e.g., pressnre/vacuum alarm devices, pressure/vacuum 
indicators, line pressure relief valves, manufactured as
semblies with flexible hose, hose, etc.). 

5.1.12.2.3.3 The source shutollvalve shall remain closed dur
ing these tests. 

5.1.12.2.3.4 The test pressure for pressure gases shall be 1.5 
times the system working pressure but not less than a gauge 
pressure of 1035 kPa (150 psi). 

5.1.12.2.3.5 The test pressure Cor vacuulll shall be not less 
than a gauge pressure of 415 kPa (60 psi). 

5.1.12.2.3.6 The test pressure shall be maintained until each 
joint has been examined for leakage by means of soapy water 
or other equally effective means of leak detection that is safe 
for use with oxygen. 
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5.1.12.2.3.7 Leaks, if any, shall be located, repaired (if per
mitted), replaced (if required), and retested. 

5.1.12.2.4 Cross-Connection Test. It shall be determined that 
no cross-connections exist between the variolls medical gas 
and vacuum piping systems. 

5.1.12.2.4.1 All piping systems shall be reduced to atmo
spheric pressure. 

5.1.12.2.4.2 Sources oftest gas shall be disconnected Ii'om all 
piping systems except for the one system being tested. 

5.1.12.2.4.3 The system under test shall be charged with oil
free, dly Nitrogen NF to a gauge pressure of 345 kPa (50 psi). 

5.1.12.2.4.4 Aher the installation of the individual faceplates 
with appropriate adapters matching outlet/inlet labels, each in
dividual outlet/inlet in each installed medical gas and vacuum 
piping system shall be checked to determine that the test gas is 
being dispensed only from the piping system being tested. 

5.1.12.2.4.5 The cross-connection test referenced in 5.1.12.2.4 
shall be repeated fix each installed medical gas and vacuum pip
ing system. 

5.1.12.2.4.6 The proper labeling and iden tification of system 
outlets/inlets shall be confirmed during these tests. 

5.1.12.2.5 Piping Purge Test. The outlets in each medical gas 
piping system shall be purged to remove any particulate mat
ter from the distribution piping. 

5.1.12.2.5.1 Using appropriate adapters, each outlet shall be 
purged with an intermittent high-volume £]ow of t.est gas ulltil 
t.he purge produces no discoloration in a clean white cloth. 

5.1.12.2.5.2 This purging shall be started at the closest outlet/ 
inlet to the zone valve and continue to the furthest outlet/inlet 
within the zone. 

5.1.12.2.6 Standing Pressure Test for Positive Pressure Medi
cal Gas Piping. After successful completion of the initial pres
sure t.ests uncleI' !'i.1.12.2.3, medical gas distribution piping 
shall be subject to a standing pressure test. 

5.1.12.2.6.1 Tests shall be conducted after the final instal
lation of station outlet valve bodies, face plates, and other 
dist.ribut.ion system components (e.g., pressure alarm de
vices, pressure indicators, line pressure relief valves, manu
factured assemblies, hose, etc.). 

5.1.12.2.6.2 The source valve shall be closed during this test. 

5.1.12.2.6.3 The piping systems shall be subjected to a 24-
hour standing pressure test using oil-free, dry Nitrogen NF. 

5.1.12.2.6.4 Test pressures shall be 20 percent above the nor
Illal system operating line pressure. 

5.1.12.2.6.5 At the conclusion of the tests, there shall be no 
change in the test pressure other than that attributed to changes 
of ambient temperature, as permitted under 5.1.12.2.7.6. 

5.1.12.2.6.6 Leaks, if any, shall be located, repaired (if per
mitted) or replaced (if required), and retested. 

5.1.12.2.7 Standing Vacuum Test for Vacuum System. After 
SlIcccSSJitl cornpleLioll of the initial pressure tests under 
5.1. J 2.2.;), vacuum distribution piping shall be subjected to a 
standing vacuum test. 

5.1.12.2.7.1 Tests shall be conducted after installation of all 
components of the vacuum system. 
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5.1.12.2.7.2 The piping systems shall be subjected to a 24-
hour standing vacuum test. 

5.1.12.2.7.3 Test pressure shall be between 300 nun (12 in.) 
HgV and full vacuum. 

5.1.12.2.7.4 During the test, the source of test vacuum shall 
be disconnected from the piping system. 

5.1.12.2.7.5 At the conclusion of the test, there shall be no 
change in the vacuum other than that attributed to changes of 
ambient temperature, as permitted under 5.1.12.2.7.6. 

5.1.12.2.7.6 Test vacuum changes due to expansion or con
traction shall be permitted to be determined by means of the 
following pressure-temperature relationship: 

(1) The calculated final absolute pressure equals the initial 
absolute pressure times the final absolute temperature, 
divided by the initial absolute temperature. 

(2) Absolute pressure is the gauge pressure reading plus 
101.4 kPa (14.7 psi). 

(3) Absolute temperature is the temperature reading plus 
238°C (4600F). 

(4) The final allowable gauge pressure reading equals the fi
nal allowable absolute pressure minus a gauge pressure of 
10L.4 kPa (14.7 psi). 

5.1.12.2.7.7 Leaks, if any, shall be located, repaired (if per
mitted) or replaced (if required), and rer.ested. 

5.1.12.3 System Verification. 

5.1.12.3.1 General. 

5.1.12.3.1.1 Verification tests shall be perfiJrmed only after all 
tests required in 5.1.12.2, Installer Performed TesL~, have been 
completed. 

5.1.12.3.1.2 The test gas shall be oil-free, dry Nitrogen NF or 
the system gas where permitted. 

5.1.12.3.1.3 Testing shall be conducted by a party technically 
competent and experienced in the field of medical gas and 
vacuum pipeline testing and meeting the requirements of 
ASSE 6030, Professional (2ualifzwtions Standard for Medical Gas 
Systems Vr:rifiers. 

5.1.12.3.1.4 Testing shall be performed by a party other than 
the installing contractor. 

5.1.12.3.1.5 When systems have not been installed by in
house personnel, testing shall be permitted by personnel of 
that organization who meet the requirements of 5.1.12.3.1.3. 

5.1.12.3.1.6 All tests required under 5.1.12.3 shall be per
formed after installation of any manufactured assemblies sup
plied through flexible hose or tubing. 

5.1.12.3.1.7 Where there are multiple possible connection 
points for terminals, each possible position shall be tested in
dependently. 

5.1.12.3.1.8 The gas of system designation shall be permitted 
to be used for all tests, regardless of the size of the system. This 
includes: 

(l) Standing pressure (5.1.12.3.2) 
(2) Cross-connection (5.1.12.3.3) 
(3) Alarms (5.1.12.3 . .'1) 
(4) Piping purge (5.1.12.3.6) 
(5) Piping particulates (5.1 .12.3.7) 
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5.1.12.3.2* Standing Pressure Test. Piping systems shall be 
subjected to a 10-minute standing pressure test at operating 
line pressure using the following procedure: 

(I) After the system is filled with nitrogen or source gas, the 
source valve and all zone valves shall be closed. 

(2) The piping system shall show no decrease in pressure af~ 
ter 10 minutes. 

(3) Any leaks found shall be located, repaired, and retested 
per 5.1.12.2.6. 

5.1.12.3.3 Cross-Connection Test. After closing of walls and 
completion of requirements of 5.l.! 2.2, Installer Performed 
Tests, it shall be determined that no cross-connection of piping 
systems exists by either of the methods detailed in 5.1.12.3.3.1 or 
5.1.12.3.3.2. 

5.1.12.3.3.1 Individual Pressurization. 

(A) All medical gas and vacuum piping systems shall be re
duced to atmospheric pressure. 

(B) All sources of test gas from all of the medical gas and 
vacuum systems, with the exception of the one system to be 
checked, shall be disconnected. 

(C) The system being checked shall be pressurized to a gauge 
pressure of 345 kPa (50 psi). 

(D) With adapters matching outlet labels, each individual sta
tion outlet/inlet of all medical gas and vacuum systems in
stalled shall be checked to determine that test gas is being 
dispensed only [rom the outlets/inlets of the piping system 
being tested. 

(E) The source of test gas shall be disconnected and the sys
tem tested reduced to atmospheric pressure. 

(F) Proceed to test each additional piping system until all 
medical gas and vacuum piping systems are free of cross
connections. 

5.1.12.3.3.2 Pressure Differential. 

(A) The pressure in all medical gas systems shall be reduced 
to atmospheric. 

(B) The test gas pressure in all medical gas piping systems 
shall be increased to the values indicated in Table 5.1.12.3.3.2, 
simultaneously maintaining these nominal pressures through
out the test. 

Table 5.1.12.3.3.2 Alternate Test Pressures 

Medical Gas 

Gas mixtures 
Nitrogen/instmment air 
Nitrous oxide 
Oxygen 
Medical air 
Systems at nonstandard 

pressures 

Vacuum 
WAGD 

Pressure (Gauge) 

140 kPa (20 psi) 
210 kPa (30 psi) 
275 kPa (40 psi) 
345 kPa (50 psi) 
415 kPil (60 psi) 

70 kPa (10 psi) greater or 
less than any other system 

HgV Vacuum 
510 mm (20 in.) HgV 
380 mm (15 in.) J-IgV 

(if so designed) 

(C) Systems with nonstandard operating pressures shall be 
tested at a gauge pressure of at least 70 kPa (10 psi) higher or 
lower than any other system being tested. 

(D) Any vacuum systems shall be in operation so that these 
vacuum systems are tested at the same time the medical gas 
systems are tested. 

(E) Following the adjustment of pressures in accordance with 
5.1.12.3.3.2(8) and 5.1.12.3.3.2(C), each station outlet for 
each medical gas system shall be tested using the gas-specific 
connection fi)r each system with test giluge attached to verify 
that the correct test pressure/vacuum is present at each 
outlet/inlet of each system as listed in Table 5.1.12.3.3.2. 

(F) Each lest gauge used in performing this test shall be cali
brated with the pressure indicator used for the line pressure 
regulator used to provide the source pressure. 

(G) Each station outlet shall be identified by label (and color 
marking, if used), and the pressure indicated on the test 
gauge shall be that listed in Table ;).1.12.3.::l.2 for the system 
being tested. 

5.1.12.3.4 Valve Test. Valves installed in each medical gas and 
vacuum piping system shall be testecl to verify proper opera
t.ion and rooms or areas of control. 

5.1.12.3.4.1 Records shall be made listing the rooms or areas 
controlled by each valve for each gas. 

5.1.12.3.4.2 The information shall be utilized to assist and 
verify the proper labeling of the valves. 

5.1.12.3.5 Alann Test. 

5.1.12.3.5.1 General. 

(A) All warning systems for each medical gas and vacuum 
system (s) shall be tested to ensure that all components func
tion properly prior to placing the system in sel'Vice. 

(B) Permanent records of these tests shall be maintained. 

(C) Warning systems that are part of an addition to an exist
ing piping system shall be tested prior to the connection of the 
new piping to the existing system. 

(D) TesL~ of warning systems for new installations (initial tesL~) 
shall be performed after the cross-connection testing 
(5.1.12.3.3), but before purging the piping (5.1.12.3.6) and pel c 

t(lIming the remaining verification tests (5.1.12.3.7 through 
5.1.12.3.14). 

(E) Initial tests of warning systems that can be included in an 
addition or extension to an existing piping system shall be com
pleted before connection of the addition to the existing system. 

(F) Test gases for the initjal tests shall be oil-h'ee, dry Nitro
gen NF, the gas of system designation, or operat.ing vacllum. 

(G) Where computer systems are used as substitutes lor it re
quired alarm panel as allowed under 5. \.9.2.2, the computer sys
tem shall be included in the alarm tesLs as modified in 5.1.9.4. 

5.1.12.3.5.2 Master Alanns. 

(A) The master alarm system tests shall be performed for 
each of the medical gas and vacuum piping systems. 

(B) Permanent records of these tests shall be maintained 
with those required uncler 5.1.12.1 .7. 
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(C) The audible and noncancelable visual signals of 5.1.9.1 
shall indicate if the pressure in the main line increases or de
creases 20 percent from the normal operating pressure. 

(D) The operation of all master alarm signals referenced in 
5.1.9.2.4 shall be verified. 

5.1.12.3.5.3 Area Alarms. The warning signals for all medical 
gas piping systems supplying anesthetizing locations and other 
vital life-support and critical car'e areas, such as post-anesthesia 
recover)" intensive care units, coronary care units, emergency 
suites, and operating rooms shall be tested to verify an alarm 
condition if the pressure in the piping system increases or 
decreases 20 percent from the normal operating pressure for 
positive-pressure gases, or when the vacuum system(s) drop 
below a gauge pressure of 300 mm (12 in.) HgY. 

5.1.12.3.6 Piping Purge Test. In order to remove any traces of 
particulate matter deposited in the pipelines as a result of con
struction, a heavy, intermittent purging of the pipeline shall 
be done. 

5.1.12.3.6.1 The appropriate adapter shall be obtained from 
t.he facility or manufacturer, and high purge rates of at least 
225 Nl/min (8 SCFM) shall be put on each outlet. 

5.1.12.3.6.2 After the purge is started, it shall be rapidly inter
rupted several times until the purge produces no discoloration in 
a white cloth loosely held over the adapter during the purge. 

5.1.12.3.6.3 In order to avoid possible damage to the outlet 
and its components, this test shall not be conducted using any 
implement. other than the proper adapter. 

5.1.12.3.7 Piping Particulate Test. For each positive-pressure 
gas system, the cleanliness ofthe piping' system shall be verilied. 

5.1.12.3.7.1 A minimum of 1000 L (35 ftOl
) of gas shall be 

filtered through a clean, white 0.45-micron filter at a mini
mUlll flow r,lte of 100 Nl/mill (3.5 SCFM). 

5.1.12.3.7.2 Twenty-five percent of the zones shall be tested at 
the outlet most remote from the source. 

5.1.12.3.7.3 The liltershall accrue nomore than O.OCll g (1 Illg) 
of maller from any outlet tested. 

5.1.12.3.7.4 If any outlet bils this test, the Illoslremote outlet 
in ever), zone shall be tested. 

5.1.12.3.7.5 The test shall be performed with the use of oil
free, dry Nitrogen NF. 

5.1.12.3.8 Piping Purity Test. For each patient medical gas 
system, the purity of the piping system shall he verified. 

5.1.12.3.8.1 These tests shall be performed with oil-free, dr)' 
Nitrogen NF or the gas of system designation. 

5.1.12.3.8.2 The tests shall be for total non methane hydro
carbons (as methane), and halogenated hydrocarbons, and 
com pared with the source gas. 

5.1.12.3.8.3 This test shall be performed at the outlet most 
remote fnm1 the source. 

5.1.12.3.8.4 The difference between the two tests shall in no 
case exceed the following: 

(I) Total hydrocarbons (excluding methane), 5 ppm 
(2) Halogenated hydrocarbons, S ppm 
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5.1.12.3.8.5 A test for dew point shall be conducted at the 
outlet most remote from the source and the dew point shall 
not exceed 500 ppm or -12°C (10°F) at 345 kPa (50 psi g). 

5.1.12.3.9 Final Tie-In Test. 

5.1.12.3.9.1 Prior to the connection of any work or any exten
sion or addition to an existing piping system, the tests in 
.5.1.12.3.1 thr-ough 5.1.12.3.8 shall be successfully performed on 
the new work. 

5.1.12.3.9.2 Eachjoint in the final connection between the 
new work and the existing system shall be leak-tested with the 
gas of system designation at the normal operating pressure by 
means of soapy wat.er or other means sate ie)!' use with oxygen. 
Vacuum joints shall be tested using an ultrasonic leak detector 
or other means that will permit detection of leaks in an active 
vacuum system. 

5.1.12.3.9.3 For pressure gases, immediately after the final con
nection is made and leak-tested, t.he specific altered zone and 
components in the immediate zone or area that i~ downstream 
hom the point or area of intrusion shall be purged per 5.1.J 2.3.6. 

5.1.12.3.9.4 Before the new work is used fiJI patient care, 
positive-pressure gases shall be tested for operational pres
sure, and gas concentrat.ion in accordance with 5.1 .12.3.10 
and5.1.12.3.1l. 

5.1.12.3.9.5 Permanent records of these test.s shall be main
tained in accordance with 9.8.1. 

5.1.12.3.10 Operational Pressure Test. Operational pressure 
tests shall be performed at each station outlet/inlet or termi
nal where the user makes connections and disconnections. 

5.1.12.3.10.1 Tests shall be performed with the gas of system 
designation or the operating vacuum. -

5.1.12.3.10.2 All gas out.lets with a gauge pressure of 345 kPa 
(50 psi), including, but not limited to, oxygen, nitrous oxide, 
medical air, and carbon dioxide, shall deliver J 00 SLPM 
(3.5 SCFM) with a pressure drop of not more than 35 kPa 
(5 psi) and static pressure of 345 kPa to 380 kPa (50 psi to 
55 psi). 

5.1.12.3.10.3 Support gas outlets shall deliver 140 SLPM 
(5.0 SCFM) with a pressure drop of not. more than 35 kPa 
(5 psi) gauge and static pr-essure of U 00 kPa to 1275 kPa 
(160 psi to 185 psi) gauge. 

5.1.12.3.10.4 Medical-surgical vacuum inlets shall draw 85 Nl/ 
min (3 SCFM) without reducing the vacuum pressure below 
300 mm (12 in.) gauge HgVat any adjacent. station inlet.. 

5.1.12.3.10.5 Oxygen and medical air outlet.s serving critical 
care areas shall permit a transient flow rat.e of 170 SLPM 
(6 SCFM) lor 3 seconds. 

5.1.12.3.11 Medical Gas Concentration Test. Aft.er purging 
each system with the gas of system designation, the lollowing 
shall be performed: 

(I) Each pressure gas source and outlet shall be analyzed for 
concentration of gas, by volume. 

(2) Analysis shall be conducted with instruments designed to 
measure the specific gas dispensed. 

(3)*Allowable concentrations shall be as indicated in Table 
.5.1.12.3.11. 

5.1.12.3.12 Medical Air Purity Test (Compressor System). 

5.1.12.3.12.1 The medical air source shall be analyzed for 
concentration of contaminants by volume prior to the source 
valve being opened. 
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Table 5.1.12.3.11 Gas Concentrations 

Medical Gas 

Oxygen 
Nitrous oxide 
Nitrogen 

Medical air 
Other gases 

Concentration 

~CJCJ% oxygen 
~99% nitrous oxide 
::; I % oxygen or 
~99% nitrogen 
19.5-23.5% oxygen 
Concentration as specified by ±l % 

unless otherwise specified. 

5.1.12.3.12.2 Sample(s) shall be taken for the air system test 
at the system sample port. 

5.1.12.3.12.3 The test results shall not exceed the parameters 
in 'Erble 5.1.12.3.12.:1. 

Table 5.1.12.3.12.3 Contaminant Parameters for Medical Air 

Parameter 

Pressure dew point 
Carbon monoxide 
Carbon dioxide 
Gaseous hydrocarbons 
Halogenated hydrocarbons 

Limit Value 

4°C (39°F) 
]0 ppm 

500 ppm 
25 ppm (as methane) 

2 ppm 

5.1.12.3.13 Labeling. The presence and correctness oflabeling 
required by this standard fix all components (e.g., station 
outiets/inleL\ shutolJvalves, and alarm panels) shall be verified. 

5.1.12.3.14 Source Equipment Verification. 

5.1.12.3.14.1 General. Source equipment verification shall be 
perfc)rmed following the installation of the interconnecting 
pipelines, accessories, ,1Ild source equipmcnt. 

5.1.12.3.14.2 Gas Supply Sources. 

(A) The systcm apparatus shall be tested for proper function, 
including the changeover from primary to secondary supply 
(with its changeover signal) and the operation of the reserve 
(with its reserve-in-use signal), before the system is put into 
servIce. 

(B) If the system has an actuating switch and signal to moni
tor the contents of the rcserve, its iilllction shall be tested 
before the system is put into service. 

(C) Jf the system has an actuating switch and signal to moni
tor the pressure of the reserve unit, its function shall be tested 
before the system is put into service. 

(D) Testing of the bulk supply signal and the master signal 
panel installations shall be arranged with the owner or the 
organization responsible for the operation and maintenance 
of the supply system [ill' the testing ofLhe bulk supply signals to 
ensure proper identification and activation of the master sig
nal panels to be sure the Llcility can monitor the status of that 
supply system. 

(E) The tests required in 5.1.12.3.14.2 (D) shall also be con
ducted whcn the storage units are changed or replaced. 

.. 

.. 

5.1.12.3.14.3 Medical Air Compressor Systems. 

(A) Tests of the medical air compressur system shall include 
the purity test /or air quality, and the test of the alarm sensors 
after calibration and setup per the Illanubcturer's instruc
tions, as well as lead-lag controls. 

(B) Tests shall be conducted at the s,rllrplc port of the medi
cal air system. 

(C) The operation ofthe system control sensors, such as clew 
point, air temperature, and all other air quality munitoring 
sensors and controls, shall be checked for proper operation 
and function bcfi)re the system is put into service. 

(D) The quality of mcdical air as delivered by the compressor 
air supply shall be verified after installation of new compo
nents prior to use by patients. 

(E) The air quality tests in 5.1.12.3.14.:\(1) shall be per
formed after a minimum of 24 hours of operation in accol~ 
dance with 5.1.12.3.14.3(F) of the machinel)'. 

(F) A demand of approximately 25 percent of the rated cum
pressur capacity shall be created to cause the compressors to 
cycle on and off continuously and the dlyers to operate for the 
24-hour period. 

5.1.12.3.14.4 Medical-Surgical Vacuum Systems. The proper 
functioning of the medical-surgicrl vacuulll source system(s) 
shall be tested before it is put into service. 

5.1.13* Levell Operation and Management. 

5.1.13.1 Special Precautions - Piped Patient Gas/Vacuum 
Systems. 

5.1.13.1.1 Piping systems shall not be used liJr the distribu
tion of flammable anesthetic gases. 

5.1.13.1.2 Nonflammable medical gas systems used to supply 
gases f~)r respiratolY therapy shall b-e installed in accordance 
with 5.1.1 through 5.1.11 of this chapter. 

5.1.13.1.3 Pi ping systems for gases shall not be used as a 
grounding electrode. 

5.1.13.1.4* Liquid or debris shall not be introduced into the 
medical-surgical vacuum system for disposal. 

5.1.13.1.5 The medical-surgical vacuum system shall not be 
Ilsed for vacuum steam condemate return or other nonmedi
calor nonsurgical applications. 

5.1.13.2 Gas/Vacurnn Systems Information and Warning Signs. 

5.1.13.2.1 The gas content ofllledical gas and vacullin piping 
systems shall be labeled in accordance with 5.1.11.1. -

5.1.13.2.2 Labels lor shutoff valves shall be in accordance 
with 5.1.11.2, and upd<lted when lllodiClcations ,rre made 
changing the areas served . 

5.1.14 Level 1 Support Gases. 

5.1.14.1 Applicability. Support gases (nitrogell and instnl
ment air) shall be gases that are not usedli)r respir,rtion, but 
are used for powering pneumatic devices (medical-surgical 
tools, equipment booms, pendants) related to patient care. 

5.1.14.2 Nature of Hazards. Support gas systems arc subject to 
the same hazards as are present in any piped medical gas system 
with the additional hazard of operating at higher pressures. 
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5.1.14.3 Sources. Requirements for support gas sources shall 
be in accurdance with the following: 

( I) Paragraphs 5.1.3. I through .",.1.3.4 for nitrogen 
(2) Paragraph 5.1.3.t; for instrument air 

5.1.14.4 Valves. Requirements for support gas shall be in ac
cordance with 5.1.4.1 thmugh 5.1.4.10. 

5.1.14.5 Outlets. 

5.1.14.5.1 Requirements f()r nitrogen support gas outlets 
shall be in accordance with 5.1.5.1, 5.1.5.2, 5.1.5.4 through 
5.ISt;, 5.1.5.11, and 5.1.5.13 through 5.1.5.15. 

5.1.14.5.2 Requirements for other support gas outlets shall 
be in accordance with 5.1.5.1, 5.1.5.2, 5.1.5.4, 5.1.5.5, 5.1.5.7, 
!':i.1.5.t;, 5.1.5.11 and 5.1.5.13 through 5.1.5.1.5. 

5.1.14.6 Manufactured Assemblies. Requirements for sup
port gases in manulilctured assemblies shall be in accordance 
with 5.1.6.1 through 5.1.6.9. 

5.1.14.7 Pressure Indicators. Requirements for support gas 
pressure indicators shall be in accordance with 5.1.8.1.1 
through 0.1.8.1.4, 5.I.S.l.6, 5.1.8.1.7, and S.1.8.2. 

5.1.14.8 Warning Systems. 

5.1.14.8.1 General requirements [()r Sll pport gas warning sys
tems shall be in accordance with 5.1.9.1. 

5.1.14.8.2 Master alarm requirements for support gas shall 
be in accordance with 0.1.9.2. 

5.1.14.8.3 Area alarm requirements for support gas shall be 
in accordance with 5.1.9.3. 

5.1.14.8.4 Local alarm requirements for support gas shall be 
in accordance with 5.1.9.4. 

5.1.14.9 Distribution. Requirements for support gas piping 
shall be in accordance with 5.U 0.1, 5.1.1 0.3, 5.1.1 (l.4, S.1.l0.5.1 
through S.1.1 0.5.6, 5.l.l 0.7, S.1. lO. 7 (l), 5.1.1 0.7 (2), 5.U 0.7 (3). 
and 0.1.10.10. 

5.1.14.10 Labeling and Identification. Requirements for sup
port gas labeling shall be in accordance with 5.1.11.1 through 
5.1.11.4. 

5.1.14.11 Perfonnance Testing. Requirements for support gas 
pcrf(>r!nancc lesting shall be in accordance with 5.1.12 with 
the [()llowing exceptions: 

(I) The piping purity test (5.1.12.3.8) shall be permitted to 
be 0 III i ttecl. 

(2) The medical gas concentration test (5.1.12.3.11) shall be 
permitted to be omitted. 

5.2 Level 2 Piped Gas and Vacuum Systems. 

5.2.1* Applicability. These requirements shall apply to health 
care [~lcilities lhat qualify for Level 2 systems as referenced in 
Chapters 13 through 21. 

5.2.2 Nature of Hazards of Gas and Vacuum Systems. See Sec
t.ion B.2. 

5.2.3 Level 2 Sources. 

5.2.3.1 Central Supply System Identification and Labeling. 
Level 2 systems shall comply with 5.1.3.1. 

5.2.3.2 Central Supply Operations. Level 2 systems shall com
ply with 5.1 .. 3.2. 

5.2.3.3 Central Supply System Locations. Level 2 systems shall 
comply with 5.1.3.3. 

2005 Edition 

5.2.3.4 Central Supply Systems. Level 2 systems shall comply 
witb 5.1.3.4. 

5.2.3.5 Level 2 Medical Air Supply Systems. Level 2 systems 
shall comply with 5.1.35, except as follows: 

(1) Medical air compressors, dryers, aftercoolers, filters, and 
regulators shall be permitted to be simplex. 

(2) The facility staff shall develop their emergency plan to 
deal with the loss of medical air. 

5.2.3.6 Level 2 Medical-Surgical Vacuum. Level 2 systems shall 
comply with 5.1.3.6, except as follows: 

(1) Medical-surgical vacuum systems shall be permitted to be 
simplex. 

(2) The facility staff shall develop their emergency plan to 
deal with the loss of medical-surgical vacuum. 

5.2.3.7 Leve12 Waste Anesthetic Gas Disposal (WAGD). Level 2 
systems sball comply with 5.1.3.7, except as follows: 

(1) Medical WACD pumps shall be permitted (0 be simplex. 
(2) The facility staff' shall develop their emergency plan to 

deal with the loss of WACO. 

5.2.3.8 Instrument Air Supply Systems. Level 2 systems shall 
comply with 5.1.3.8. 

5.2.4 Valves. Level 2 systems shall comply with 5.1.4. 

5.2.5 Station Outlets/Inlets. Level 2 systems shall comply with 
5.15. 

5.2.6 Manufactured Assemblies. Level 2 systems shall comply 
with 5.1.6. 

5.2.7 Surface-Mounted Medical Gas Rails. Level 2 systems 
shall comply with 5.1. 7. 

5.2.8 Pressure and Vacuum Indicators. Level 2 systems shall 
comply with 5.1.8. 

5.2.9 Warning Systems (Level 2). Warning systems associated 
with Level 2 systems shall provide the master, area, and local 
alarm functions ofa Levell system as required in 5.1.8, except 
as follows: 

(I) Warning systems shall be permitted to be a single alarm 
panel. 

(2) The alarm panel shall be located in an area of continuous 
surveillance while the facility is in operation. 

(3) Pressure and vacuum switches/sensors shall be mounted 
at the source equipment with a pressure indicator at the 
master alarm panel. 

5.2.10 Level 2 Distribution. Level 2 systems shall comply with 
S.1.10. 

5.2.11 Labeling and Identification. Level 2 systems shall com
ply with 5.1.11. 

5.2.12 Perfonnance Criteria and Testing - Level 2 (Gas, 
Medical-Surgical Vacuum, and WAGD). Level 2 systems shall 
comply with 5.l.l2. 

5.2.13 Level 2 Operation and Management. Level 2 systems 
shall comply with 5.1.13. 

5.3* Level 3 Piped Gas and Vacuum Systems. 

5.3.1 * Applicability. 

5.3.1.1 These requirements shall apply to health care facili
ties that qualify to install Level 3 systems as referenced in 
Chapters 13 through 21. 
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5.3.1.2 Wherever the term mediad gas occurs in Level 3, the 
term shall apply to all piped systems of nitro liS oxide and oxy
gen only. 

5.3.1.3 Wherever the term vacuum occurs, the provisions 
shall apply to all piped systems for vacuum. 

5.3.1.4 An existing Level 3 system that is not in strict compli
ance with the provisions of this standard shall be permitted to 
be continued in use as long as the authority havingjurisdic
tion has determined that sllch use does not constitute a dis
tinct hazard to life. 

5.3.2 Nature of Hazards of Gas and Vacuum Systems. Poten
tial tire and explosion hazards associated with medical gas sys
tems and vacuum systems shall be considered in the design, 
installation, testing, operation, and maintenance of these sys
tems. (See Annex B.2.) 

5.3.3 Level 3 Sources. 

5.3.3.1 Medical Gas Supply System Identification and Labeling. 

5.3.3.1.1 Only cylinders and containers constructed, tested, 
and maintained in accordance with U.S. Department of Trans
portation specifications and regulations shall be permitted to 
be used. 

5.3.3.1.2 Cylinder contents shall be identified by attached 
labels or stencils naming the contents in accordance with CGA 
C-7, Guide to lite Preparation ojI'mGautionmy Labelini!: and Mml!
ing 0/ Compressed Gas Container:\". 

5.3.3.1.3 Contents of cylinders and containers shall be veri
fied prior to use. 

5.3.3.1.4 Labels shall not be defaced, altered, or removed, 
and connecting fittings shall not be modificd. 

5.3.3.1.5 Locations containing medical gases other than oxy
gen shall have their door(s) labeled substantially as follows: 

CAUTION 

Medical Gases 

NO Smoking or Open Flame 

Room May Have Insufficient Oxygen 

Open Door and Allow Room to Ventilate before Entering 

5.3.3.2* Supply System Operations. 

5.3.3.2.1 The LIse of adapters or conversion fittings to adapt 
one gas-specific titting to another shall be prohibited. 

5.3.3.2.2 Only medical gas cylinders, reusable shipping con
tainers, and their accessories shall be permitted to be stored ill 
rooms containing medical gas supply systems or medical gas 
cylinders. 

5.3.3.2.3 No flammable materials, cylinders containing flam
mable gases, or containers containing flammable liquids shall 
be stored in rooms with medical gas cylinders. 

5.3.3.2.4 Wooden racks for cylinder storage shall be permitted. 

5.3.3.2.5 If cylinders are wrapped when received, the wrap
pers shall be removed prior to storag-e. 

5.3.3.2.6 Cylinders not in use shall have their valve protection 
caps secured tightly in place. 

5.3.3.2.7 Cylinders without correct markings or whose mark
ings and gas-specific fittings do not match shall not be used. 

5.3.3.2.8 Cryogenic liquid storage units intcnded to supply 
gas to the ElCility shall not be used to transfill other liquid 
storage vessels. 

5.3.3.2.9 Care shall be exercised when handling cylinders 
that have been exposed to freczing temperatures or contain
ers that contain cryogenic liquids to prevent injury (0 the skill. 

5.3.3.2.10 Cylinders containing compressed gascs and con
tainers for volatile liquids shall be kept away from radiators, 
steam piping, and like sources of heat. 

5.3.3.2.11 When cylinder valve protection caps <Ire supplied, 
they shall be secured tightly in place unless the cylinder is 
connected for use. 

5.3.3.2.12 COl1lainers shall not bc stored in <I tightly closed 
space such as a closet. 

5.3.3.3 Source Systems - Level 3. 

5.3.3.3.1 Cylinders in service and in storage shall be individu<llly 
secured and located to prevent f,tlling or being knocked over. 

5.3.3.3.2 Locations for Medical Gas Supply Systems. 

5.3.3.3.2.1 Medical gas supply systems shall be perllliLLcd to 
be located indoors or olltdoors. 

5.3.3.3.2.2 Air compressors and vacuulll pllnlps shall be lo
cated separately from medical gas (i.e., oxygen and nitrous 
oxide) cylindcr storage enclosures. 

5.3.3.3.2.3 Locations for supply systems shall not be used f()r 
storage purposes othcr than for containers of nunfbmlllablc 
gases except that storage of full or cmpty containers shall be 
permitted. 

5.3.3.3.2.4 Other nonflammable medical gas supply systcllls 
or storage locations shall be permitted to be in the same loca
(.ion with oxygen or nitrolls oxide, or both, provided adequ;,te 
vcn tilation to preven t the developmcn t of oxygen-ddicicn t at
mospheres in the event of functioning of cylinder or manifold 
pressure-relief devices is provided. 

5.3.3.3.2.5 Enclosures shall not bc located in close proximity 
to open electrical conductors and tranSfl)rmers. 

5.3.3.3.2.6 Enclosures shall not be located adjaccnt to stor
age tanks for flammable or combustible liquids. 

5.3.3.3.3 Indoor Locations. 

5.3.3.3.3.1 Enclosures for medical gases shall serve no other 
purpose. 

5.3.3.3.3.2 Enclosures shall be constructed of ;In ;Isscmbly of 
building materials with a fire resistance rating of at least 1 hour. 

5.3.3.3.3.3 Enclosures shall not cOlllll1uniC<ltc directly with 
anesthetizing or storage locations for flammable anesthetizing 
agents. 

5.3.3.3.3.4 Other nonflammable (inert) medical gases shall 
be permitted to be stored in the enclosure. 

5.3.3.3.3.5 Flammable gclses shall not be stored with oxidiz
ing agents. 

5.3.3.3.3.6 Storage of full and/or cmpty cylinders is permit
ted in the same enclosure. 
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5.3.3.3.4 Outdoor Locations. 

5.3.3.3.4.1 Siorage Elcilities that are adjacent to a building 
wall shall be located such that the distance to any window of 
the adjacent building is greater than 7.62 m (2)) ft). 

5.3.3.3.5 Doors and Gates. Enclosures for medical gas supply 
systcms shall he provided with doors or gates. 

5.3.3.3.5.1 If the enclosurc is outside and/or remote from 
the single treatment f~lcility, il shall be kept locked. 

5.3.3.3.5.2 If the storage area is within the single treatment 
Ltcility (i.e., is not remote), it shall be permitted to be locked. 

5.3.3.3.6 Ventilation. Enclosures for medical gas systems (i.e., 
oxygen and nitrous oxide) sh,dl be ventilated. 

5.3.3.3.6.1 Where the total volume of Level 3 medical gases 
(i.e .. oxygen and nitroliS oxide) connected and in storage is 
greater tflan 84,950 L (3000 I"t3 ) at STP, indoor supply loca
tions shall be provided with dedicated mechanical ventilation 
systellls that draw air from within .3 m (I rt) of the floor and 
operate continuously. 

5.3.3.:),6.2 The power supply for mechanical ventilation fans 
shall conf()rm to the requirements of an essential electrical 
system as described in Chapter 4 of this document. 

5.3.3.3.6.3 Where I he LOtal volume of Level 3 medical gases 
(i.e., oxygen and nitl'Ous oxide) connected and in storage is 
less than 84,950 L (3000 n") at STP, natural ventilation shall be 
permitted to be employed. 

5.3.3.3.6.4 Where natural ventilation is permitted, it shall COll

sist of two louvered openings, each having a minimum fi-ee area 
of46,500 rl\!n~ (7'2 in.~), with one located within.3 m (I ft) of the 
floor and one located within .:lm (I It) of the ceiling. 

5.3.3.3.6.5 Louvered natural ventilation openings shall not 
be located ill an exit access corridor. 

5.3.3.3.6.6 Mechanical ventilation shall be provided if the 
requirements of 5.3.3.3.6.5 cannot be met. 

5.3.3.3.6.7 Heating (where required) shall be by steam, hot 
water, or other indirect means. 

5.3.3.3.6.8 Where enclosures (interior or exterior) for medi
cal gas supply systems are located near sources of heat, such as 
fllrnaces, i ncineraLOrs, or boiler rooms, they shall be of con
struction that protects cylinders from reaching temperatures 
:>'foC (I gOOF). 

5.3.3.3.7 Locations for Air Compressors and Vacuum Pumps. 

5.3.3.3.7.1 Air compressors and vacuum pumps shall be in
stalled in a designated mechanical equipment area, ventilated 
and with required utilities (e.g., electricity, drains, lighting, etc.). 

5.3.3.4 Medical Gas Supply Systems - Level 3. 

5.3.3.4.1 Meehan ical rrlC,lllS shall be provided to ensure the 
connection of cylinders containing the correct gas to the pip
ing system. 

5.3.3.4.1.1 Cylinder valve outlets for nonflammable gases 
and gas mixtures for medical purposes shall comply with eGA 
V-I, Cmn.lm,sseri eas Assor:iatim/. Stll"nriarrl./iJr CmnIJrc.,sed GIlS Cylin
rirT Valve Oulltlanrilnlef (;rmnertiolls (ANSI 8.57.1; eSA 1396). 

5.3.3.4.1.2 Threaded connections between the regulators 
and the piping system shall comply with eGA V-.5, Vimneler-
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Index SaJi:ty System (Nonintrm:hmr.geable Low Pressure Connections 
jiir Meri£ral Gas AjJjJ licat ions). 

5.3.3.4.2 Level 3 medical gas supply systems shall include the 
components designated in 5.g.3.4.2.1 through 5.3.3.4.2.3. 

5.3.3.4.2.1 A shutoff valve or check valve shall be installed 
downstream of each pressure regulator. 

5.3.3.4.2.2 A pressure relief valve set at 50 percent above nor
mal line pressure shall be installed downstream of the shutoff 
valve or check valve required in .~.3.3.4.2.1. 

5.3.3.4.2.3 Pressure relief valves shall be of brass, bronze, or 
stainless steel and designed for oxygen service. 

5.3.3.4.3 Flexible connectors of othet- than all-metal con
struction used to connect outlets of pressure regulators to 
fixed piping shall not exceed 1.52 m (."i ft) in length and shall 
not penetrate walls, floors, ceilings, or partitions. 

5.3.3.4.3.1 Flexible connectors shall comply with the provi
sions of 5.3.3.4.1.2. 

5.3.3.4.3.2 Flexible connectors shall have a pressure rating of 
at least a gauge pressure of 689.5 kPa (1000 psi). 

5.3.3.4.4* Supplv svstems supplYing onlv a single treatment 
facility shall cont~il{ the following: a'mini;num 0'1 two banks of 
cylinders of oxygen and a minimulll oftwo cylinders of nitrous 
oxide (if used), each containing the greater of either atlea,t 
an average day's supply, or one ofLhe following: 

(1) When storage is nol remote, two cylinders of oxygen and 
one cylinder of nitrous oxide (if used) 

(2) "Vhen storage is remote, two cylinders of oxygen, minimum, 
and two cylinders of nitrous oxide, minimum (if used) 

5.3.3.4.4.1 The cylinders for each gas sel-vice shall be mani
folded so that the cylinders can alternately supply the piping 
system. 

5.3.3.4.4.2* When the primary cylinder is unable to supply the 
system, the secondary cylinder shall be capable of being svv1tched 
to supply the system. 

5.3.3.4.4.3 When storage is not remote, either mallual or au
tomatic switchover shall be perrnittedto be used. 

5.3.3.4.4.4* \!\Then the supply system is remote, automatic 
switch over shall be provided. 

5.3.3.4.5 Supply systems supplying multiple treatment facili
ties shall contain the following: two banks of cylinders each 
containing at least the greater or an average day's supply or at 
least two cylinders of oxygen and two cylinders of nitrous ox
ide (ifused). 

5.3.3.4.5.1 The cyli nders for each gas sel-vice shall be mani
folded so that the cylinders can alternately supply the piping 
system. 

5.3.3.4.5.2 When the primary bank cylillder(s) is unable to 
supply the system, the secondary cylinder(s) shall automati
cally operate 1.0 supply the piping system. 

5.3.3.5* Level 3 Gas-Powered Devices Supply Systems. 

5.3.3.5.1 Level 3 gas-powered devices supply systems shall be 
used where compressed air is required to drive dynamic de
vices used for patient treat.ment. 

5.3.3.5.1.1 A gas-powered devices supply system shall be per
mitted to be used to supply power to gas-driven devices for 
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scavenging, but only where the exhaust of the scavenging de
vice is a closed vent to the outside of the building. 

5.3.3.5.2* Level 3 gas-powered devices supply systems shall be 
obtained from and be installed under the supervision of a 
manufacturer(s) or supplier(s) familiar with proper practices 
for its construction and use. 

5.3.3.5.3 Level 3 gas-powered devices supply systems shall in
clude the following: 

(1) Disconnect switch (es) 
(2) Motor-starting device (s) 
(3) Motor overload protection device(s) 
(4) One or more compressors 
(5) For single, duplex, or multiple compressor systems, a 

means for activation/deactivation of each individual com
pressor 

(6) When multiple compressors are used, manual or auto
matic means to alternate individual compressors 

(7) When multiple compressors are used, manual or auto
matic means to activate the additional unit(s) should the 
in-service unit(s) be incapable of maintaining adequate 
pressure 

(8) Intake filter-muffler(s) of the dry type 
(9) Receiver(s) with drain plug or a manual drain or an au

tomatic drain 
(10) Shutoff valves 
(11) Air dryer(s) that maintain 40 percent relative humidity 

at operating pressure and temperature 
(12) In-line final particulate filters rated at 5 microns, 98 per

cent efficiency, with filter status indicator to ensure the 
delivery of compressed air with a maximum allowable 
0.05 ppm liquid oil 

(13) Pressure regulator(s) 
(14) Pressure relief valve 
(15) Pressure indicator 
(16) Moisture indicator 
(17) Oil indicator 

5.3.3.5.3.1 A reserve for cylinders shall be permitted to be used 
to supplement or act as a reserve for the compressor source. 

5.3.3.5.4 Receiver. 

5.3.3.5.4.1 Receiver(s) shall have the capacity to prevent 
short cycling of the compressor(s). 

5.3.3.5.4.2 Receiver(s) shall comply with Section VIII, Unfired 
Pressure Vessels, of the ASME Boiler and Pressure 11:ssel Code. 

5.3.3.5.5* Moisture Indicator. 

5.3.3.5.5.1 The moisture indicator shall be located in the ac
tive airstream prior to or after the receiver and upstream of 
any system pressure regulators. 

5.3.3.5.5.2 The moisture indicator shall indicate (i.e., by color 
change, digital readout, or other method understood by the 
user) when the relative humidity of the compressed air exceeds 
40 percent at line pressure and temperature. 

5.3.3.5.6 Oil Indicator. 

5.3.3.5.6.1 The oil indicator shall be located downstream of 
the receiver. 

5.3.3.5.6.2 The oil indicator shall measure (i.e., by color 
change, digital readout, or other method understood by the 
user) an oil concentration of 0.05 ppm ± 0.03 ppm in air at a 
gauge pressure of 550 kPa to 690 kPa (80 psi to 100 psi). 

5.3.3.5.7* Source ofIntake Air. 

5.3.3.5.7.1 Air sources /()r a compressor(s) located inside the 
building shall meet the [()!lowing requirements: 

(I) Be located within a room where no chemical-based mate
rial is stored or llsed and that is not an opera tory 

(2) Not be taken fi'om a room or space in which there is an 
open or semi-open discharge from a Level 3 vaCIlUIll or 
scavenging system 

5.3.3.5.7.2 Air sources for a compressor(s) located outside 
the building shall be drawn from locations where JlO contami
nation from vacuum or scavenging system discharges or par
ticulate matter is an ticipated. 

5.3.3.5.8* Cylinder Gas Reserves/Supplements to Compres
sor Sources. 

5.3.3.5.8.1 When used, cylinder reserves/supplements f()r 
compressor sources shall be a system of cylinders and neces
sary supply equipment that will permit supplying thc required 
supply gas as an alternative to the compressor supplied air. 

5.3.3.5.8.2 When the content of one primary cylinder is un
able to supply the normal operating pressures, the secondary 
cylinder(s) shall be activated manually or autornatically. 

5.3.3.5.8.3 When used, cylinder gas reserves/supplements to 
compressor sources shall be piped into the system through a 
check valve and shutofTvalve located in each supply Iinc prior 
to the tee connection to the main Iinc. 

5.3.3.5.8.4 The designed operating pressure shall be below a 
gauge pressure of 1l(10 kPa (160 psi). 

5.3.3.5.8.5 Reserves/supplements to compressor source sys
tems shall either have regulator(s) mOllntcd on the individual 
cylinder(s) or the cylinder(s) may be connected to a lllanif()ld 
via pigtail with pressure rcgulated at the manif()ld. 

5.3.3.5.8.6* When nitrogen is used as the gas in a reselves/ 
supplement to a compressor source, the following shall be per
mitted to apply: 

(1) The volume of nitrogen connected and in storage shall 
not be considered in the limit of 8'i,t)50 L (,,)000 n:l) of 
medical gases (i.e., oxygen and nitrous oxide) for cL\ssiCI
cation as Level ;) and the vcntjlation of enclosurcs. 

(2) Nitrogen gas cylinders shall be permitted to be stored in 
compressor rooms. 

(3) The gas L1sed shall be oil-free, dry Nitrogell NF. 

5.3.3.6* Level 3 Vacuum Sources. 

5.3.3.6.1 Level 3 vacuum sources shall be obtained from and 
be installed under the supervision of a ma!luLtctllrcr(s) or 
supplier(s) Llmiliar with its installation and lise. 

5.3.3.6.2 Level 3 vacuum sources shall include the f(:)lIowing: 

(I) Pump or pumps suited for wet or dry service as inlcnded 
in the design 

(2) If intended for wet service, d liqllid/air separator 

5.3.3.6.3* Drains. None of the following provisions are iu
tended to supersede provisions of 10eL! codes. 

5.3.3.6.3.1 Liquids drained from a Level 3 vacuulll source 
shall be directly connected to a sanital,), drainage system 
through a trapped and vented draiu. 
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5.3.3.6.3.2 Where the drain,lge is from a waste holding tank 
on the sllction side of the V,ICUUIl1 source, the following re
qllirements sh,dl be meL: 

(1) A check v,dve sll,11I be installed in the drain line fmm the 
holding tank. 

(2) The trap in the bllilding drainage system shall be the 
deep-sed type that is convellLionally vellLed within the 
plumbing system. 

(3) An additjonal vellt shall he insl,lllec\ between the holding 
tank dr,lin check valve ,Illdthe drain trap, on the inletside of 
the tTap, 10 close and Sc<t1 the check valve while the holding 
tank is operating under V,ICUlim and collecting waste. 

(4) The ,Iddition,d vellL described in 5.3.:~.6.3.2 (3) shall be 
pel'lllitled to be connected to the plurnbing system vents. 

(5) Both 01 the vents in 5.3.3.6.3.2(3) and 5.3.3.6.3.2(4) shall 
extend vertically 10 not less than 152 III 111 (G in.) above the 
top 01 the holding tank before turning horizontal. 

(6) The U',IP and drain branch shall be not less than two pipe 
sizes larger than the waste pipe from the separator, but 
not less than DN50 (NPS 2). 

(7) The trap se,t1 shall be not less than 100 mm (4 in.) deep. 
(H) The vent f(Jr the vacuulll check valve shall be not less than 

the size of the check v,dve. 
(9) The vent for the trap shall be not less than one-half the 

sizc of the trap and drain branch. 

5.3.3.6.3.3 "Vhere the drainage is at: a positive prcssure fi'om 
an ail/wastc separator on the discharge side of the vacuum 
source. the jl.)llowing requirements shall be met: 

(I) The trap in the building draimlge system shall be the 
deep-set! type that is conventionally vented within the 
plulllbing' system. 

(:2) The trap vent shall extend vertically to not less than 
152 IllIl1 (G in.) above the top of the separator before 
turning horizontal. 

(3) The trap ,mel drain branch shall be not less than two pipe 
sizes larger than the waste pipe frolll the separator, but 
not less tlWl DN40 (NPS 11j~). 

(4) The vent shall be Lhc full size 01 the trap and drain. 
(5) The trap sc,d shall be at least two times the exhaust back 

pressure in thc scpara tor, bu t not less than 100 lllm (4 in.) 
deep. 

5.3.3.6.4 Exhausts. 

5.3.3.6.4.1 The gas discharge fi'om ,I Level 3 vacuull1 source 
sh,dl be piped to the outside. 

5.3.3.6.4.2 The dischargc point shall be chosen to minimize 
the hazards 01 noise. 

5.3.3.6.4.3 The discharge point shall be located remote from 
any dour, window, or other opening in the huilding. 

5.3.3.6.4.4 The disch'lrge point shall be located at a different 
level than air intakes. 

5.3.3.6.4.5 The disch'lrge point shall not be locateci where 
afkctcd by I)]'evailing' winds, adjaccnt buildings, topography. 
or ot her obstacles to the rapid dispersion of the exhaust gases 

5.3.3.6.4.6 The discharge pointshall be protected against the 
entrv 01 insects, verlllin, debris, and precipitation. 

5.3.3.6.4.7 The discharge piping shall be sized to prevelll 
back pressure grcHer than the pump manufacturer's l'eCOHl
IllendaLiolls. 
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5.3.3.6.4.8* V\There lTlultiple pumps discharge through a COlTl
mon pipe, each pump shall be fitted with a check valve, a m,mual 
isolation valve, or shall be arranged to perlllit clpping the indi
vidual pump exhausLs when a pllmp is removed kll" service. 

5.3.3.6.4.9 Where multiple pumps discharge through ,I com
mon pipe, piping shall be arranged following the pump lllanu
bcturer's recommendations. 

5.3.4* Level 3 Valves. 

5.3.4.1 Emergency Shutoff Valves. 

5.3.4.1.1 Where the central supply is remote from the medical 
gas system use points, the main supply line shall be provided with 
a shutofF valve so located in the single treatment facility as to be 
accessible fi'ol1l use-point locations in an emergency. 

5.3.4.1.2 Where the supply is remote lrom a single trellment 
j~lCility, the main supply line shall be provided with a shutoffvalve 
so located in the single treatment Ltcility as to be accessible ('rom 
use-point locations in an emergency. Such valves shall be labeled 
to indicate the gas controlled and shall shut oH' only the gas to 
that single treatment facility. A remotely activated shutoff at the 
supply cylinder Sh,lll not be used il)!' emergency shutoff. For c1ini
CII purposes, such a remote actuator shall not bil-c1ose in the 
event of a loss of electric power. If remote actuators arc the type 
that fail-open, it shall be mandatory that cylinder shuwflvalves be 
closed whenever the system is not in use. 

5.3.4.1.3 V\There the centt'al supply system supplies two single 
treatment facilities, each f~lcility shall be provided with a shutoff 
valve so located in each treatment f~lci1ity as to be accessible from 
the use-point locations in ,\11 emergency. Such valves shall he la
beled to indicate the gas controlled and shall shutoflonly tI"le gas 
to that single treatment bcility. A remotely activated shutofLtt the 
sllpply manifold shall not be used for emergency shutoff valves 
for dual treatment f~lcility installations. For clinical purposes, 
such a remote actuator shall not f~liI-close in the event ura loss of 
electric power. If remote actuators are the type thatl~lil-open, it 
shall be mandatorv that cylinder shutoff valves be closed when
ever the system is r;ot in \I~e. 
5.3.4.1.4 Each riser supplied !i'om the main line shall be pm
vided with a shutoiTvalve adjacent to the riser connection. Riser 
valves shall remain accessible and shallllot be obstructed. 

5.3.5* Station and Service Inlets and Outlets. 

5.3.5.1 Factory installed tubes on station outlets used for 
medical gases (i.e., oxygen and nitrous ()xide) extending no 
more than 205 ml1l (8 in.) from the body of the terminal shall 
be not less than DN8 (NPS '11) (1:', in. 0.0.) size with 8 IllIYl 
(0.3 in.) minimulll inside diameter. 

5.3.5.2* The service outlet/inlet fell' Level 3 medical gas (i.e., 
oxygen and nitrous oxide) shall not be interchangeable with 
other service outlets/inlets [e.g., source j(J), gas-powered de
vices (i.e., air or nitrogen), VaCL~lIrn, or w'lterJ. 

5.3.5.3 The service inlet fl.)r Level 3 vacuum shall be permit
ted to be either a shutoff valve with a threaded kmale pipe 
connector or a quick-connect fitting with a single check valve. 

5.3.6 Level 3 Manufactured Assemblies. (Reserved) 

5.3.7 Level 3 Surface Mounted Medical Gas Rails. (Reserved) 

5.3.8 Level 3 Pressure and Vacuum Indicators. (Reserved) 

5.3.9 Level 3 Warning Systems. 

5.3.9.1 Warning systems for medical gases (i.e., oxygen and ni
trous oxide) in Level ~ facilities shall conForm to the alarm func
tions of a Level 1 facility as required in 5.1.9, except as f()lIows: 
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(l) Area and local alarms shall not be required. 
(2) Warning systems shall be permitted to have a single alarm 

panel. 
(3) The alarm panel shall be located in an area of continuous 

surveillance while the facility is in operation. 
(4) Pressure switches/sensors that monitor main line pres

sure shall be mounted at the source equipment with a 
pressure indicator(s) (lamp or LED) at the alarm panel. 
The audible and noncancelable alarm visual signals shall 
indicate if the pressure in the main line increases or de
creases 20 percent from the normal operating pressure. 
Visual indicators shall remain until the situation that 
caused the alarm is resolved. 

(5) When automatic changeover of source gases is required, 
the changeover alarm shall have a secondary indicator to 
suit the arrangement of the source equipment. 

(6) A cancelable audible indication of each alarm condition 
that produces a sound at the alarm panel shall re-initiate 
the audible signal if another alarm condition occurs while 
the audible is silenced. 

(7) Pressure switches/senses shall be installed downstrearn 
from any emergency shutotfvalves required by 5.3.4.1 and 
shall comply with 5.3.9.1 (4) and 5.3.9.1 (5) 

5.3.9.2 Systems for gases such as compressed air or nitrogen 
used to power devices, as well as Level 3 vacuum systems, shall 
not be required to have warning systems. 

5.3.10 Level 3 Distribution. 

5.3.10.1 Piping Materials for Field-Installed Level 3 Positive
Pressure Gas Systems. 

5.3.10.1.1 Piping for Medical Gases. Piping for Level 3 positive
pressure nonflammable medical gases (i.e., oxygen and nitrous 
oxide) shall meet the requiremenLs in 5.3.10.1.1.1 through 
5.3.l0.J .1.5. 

5.3.10.1.1.1 Tubes, valves, fittings, station outlets, and other 
piping components in medical gas systems shall have been 
cleaned for oxygen service by the manufacturer prior to instal
lation in accordance with CGA G-4.1 Cleaning Equij)ment [or 
Oxygen Servia. 

5.3.10.1.1.2 Each length of tube shall be delivereel plugged 
or capped by the manufacturer and kept sealed until prepared 
for installation. 

5.3.10.1.1.3 Fittings, valves, and other components shall be 
delivered sealed and labeled by the manufacturer and kept 
sealed until prepared for installation. 

5.3.10.1.1.4 Tubes shall be hard-drawn seamless copper 
ASTM B 8 19, Standard SjJeri/ication jill' Searnless ColJper Tube [or 
Merliml Gas Systems, medical gas tube, Type Lor K. 

5.3.10.1.1.5 ASTM B 819, Standard SjJecijiwlion ji)r Seamless 
CojJfNr Tube jin Medical Gas Systems, medical gas lube shall be 
identified by the manufacturer's markings "OX¥," "MED," 
"OXY/MEO," "OXY/ACR," or "ACR/MEO" in blue (Type L) 
or green (Type K). 

5.3.10.1.2 Piping for Level 3 Gas-Powered Devices. Tubes 
shall be hard-drawn seamless copper and one of the following: 

( I) ASTM B 8 I 9, StandrlTfl 5jler:ijzmtion [or Seamless Cofil)er Tube 
./fir Medical Gas Systems, medical gas tube (Type K or L) 

(2) ASTM B 88, Standard Sjluijication [or Seamless Copper WaLeI' 
71,lbe, water tube (Type K or L) 

(:\) ASTM B 280, Stmulard ,\jJlxzjzwtionjiir Smmless COji/Hcr Tllh
ingjiJT Air Conditioning and Heji'igemtion Field Slfmice, ACR 
tube (O.D. size), except that tube installed underground 
or within floor slabs shall be permitted to be sort anncaled 
temper. 

5.3.10.2 Piping Materials for Field-Installed Level 3 Vacuum 
Systems. 

5.3.10.2.1 In copper piping systems, the tubes shall be hard
drawn seamless copper and one of the following: 

(1) ASTM B 819, Standard ,\jm:ijicrltion jirr Smmles.1 (;o/i/H'r 71lbe 
./fIr Medical Gas Systems, medical gas tube (Type K or L) 

(2) ASTM B 88, Stanrlanl SjJl;r;ijiwtionjirr Semnles.1 (;o/I/m IVrlter 
Tube, water tube (Type K, L, or M) 

(3) ASTM B 280, Standard S/Jlcrijicationjilf' Smmless CO/ljler 'J1J.b
ing jiir Air Conditioning and Rr;jiigemtion Field Semite, ACR 
tube (O.D. size), except that tube installed underground 
or within floor slabs shall be permitted to be soft ;lI1nealed 
temper. 

5.3.10.2.2 Copper tube installed underground or within Iloor 
slabs shall be perm i tted to be soft an nea1ed tem pCI'. 

5.3.10.2.3 In plastic piping systems, the pipe shall be polyvi
ny1choride (PVC) plastic, Schedule 40 minimum. 

5.3.10.3 Fittings. 

5.3.10.3.1 Turns, oflseL~, and other changes in dircction in 
medical gas piping, copper Level :\ vacuum piping, and piping 
for gas-powered devices shall be made with brazed wrought cop
per capillary fittings complying with ASME B I fi.22, INmught CU/I
jler and Cr1JjJer Alloy Solrler~/oint Pr".lsuu; FiUinp,:I', or brazing fittings 
complying with ASME B 16.50, INmught Co/t/Ji!r flntl CO/ljN!! Alioy 
Braze~/oint PIi!.\sum Fittingl. 

5.3.10.3.2 Cast copper alloy fittings shall not be used where 
joints are brazed. 

5.3.10.3.3 Branch connections in copper vacuUIll piping sys
tems shall be permitted to be made using mechanically 
formed, drilled, and extruded tee-branch connectjons that 
are formed in accordance with the tool manllLlctllrer's in
structions, and brazed. 

5.3.10.3.4 Turns, offsets, and other changes in direction in plas
tic Level 3 vacuum piping shall be made with solvent-cemented 
PVC plastic pressure fittings, Schedule 40 minimum. 

5.3.10.4 Threaded Joints. Threaded joints in Level :i gas
powered systems and vacuum distribution piping shall meet 
the following requirements: 

(I) Be limited to connections to pressure/vacuum indicators, 
alarm devices, and source equipment 

(2) Have tapered threads complying with ASM E B 1.20.1, l'ijJi! 
c17!ruuls, General PIn1H).IP, Inr:h 

(3) Be made lip with polytetraf1uoroethylene (such as Teflon™) 
tape or other thre,ld sealant recommended Illr oxygen ser
vice, with the sealant applied to the male threads only 

5.3.10.5 Soldered Joints. Soldered joints in copper Level :\ 
vacuum and Level :\ gas-powered systems piping sh;1I1 be made 
in accordance with ASTM B 828, Stmu/arrl Pmctir:ejirr Making 
CajJilimy Joints fr)' Solrlerinp; oj" COjJ/Je! flnd COjljJl!! II lioy 'fllbe {(ntl 
Fittings, llsing a "lead-free" solder filler metal containing not 
more than 0.2 percent lead by volume . 

5.3.10.6 Solvent-Cemented Joints. Solvent-cementedjoints in 
plastic Level 3 vacuum piping shall be in accordance with 
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ASTM D 2H55, Simuiard Prru:liu; Jirr Making Solvent-Cemented 
Joinls with Po{y(Vinyl Chloride) (PVC) Pif)!! and Fillings. 

5.3.10.7 Brazed Joints. 

5.3.10.7.1 General Requirements. 

5.3.10.7.1.1 Brazedjoints shall be made using a brazing alloy 
that exhibits a melting temperature in excess of 538°e (1000°F) 
to retain the integrity of the piping system in the event of fire 
exposure. 

5.3.10.7.1.2 Brazed tubejoints shall be the socket type. 

5.3.10.7.1.3 Filler metals shall bond with and be metallurgi
cally cOl1lpat.ible with the base metals being joined. 

5.3.10.7.1.4 Filler metals shall comply with ANSI/ AWS A5.8, 
.\jm;ijiwtio'll,jirr Filler lVletrz/s(or Brazing and Braze Welding. 

5.3.10.7.1.5 Copper-to-copperjoints shall be brazed using a 
copper-phosphorus or copper-phosphorus-silver brazing 
filler metal (BeliP series) without flux. 

5.3.10.7.1.6 Joints to be brazed in place shall be accessible for 
necessary preparation, assembly, heating, hiler application, 
cooling, cleaning, and inspection. 

5.3.10.7.2 Cutting Tube Ends. 

5.3.10.7.2.1 Tube ends shall be cut square using a sharp tub
ing culter to avoid dd()rming the tube. 

5.3.10.7.2.2 The culting wheels on tubing cutters shall be 
free from grease, oil, or other lubricant not recommended for 
oxygen service. 

5.3.10.7.2.3 The cut ends of the tube shall be deburred with a 
sharp, clean cleburring tool, taking care to prevent chips from 
entering the tube. 

5.3.10.7.3 Cleaning Joints for Brazing. 

5.3.10.7.3.1 The interiorsurf~lCes of tubes, fittings, and other 
components that are cleaned for oxygen service shall be 
stored and handled to avoid contamination prior to assembly 
and brazing. 

5.3.10.7.3.2 The exterior surfaces of tube ends shall be cleaned 
prior to brazing to remove any oxides and surface dirt and to 
ruughen the surbces to prepare them fi)l' brazing. 

5.3.10.7.3.3 If' the interior surfaces ofIitting sockets that were 
clclned for oxygen become contaminated prior to brazing, 
they shall be re-cleaned for oxygen in accordance with 
5.3.10.7.:1.9 and be cleaned for brazing with a clean, oil-free 
wire bJ'llsh. 

5.3.10.7.3.4 Nonabrasive pads shall be used to clean the exte
rior sUrf~ICes of' tube ends. 

5.3.10.7.3.5 The lise of steel wool or sand cloth shall be pro
hibited. 

5.3.10.7.3.6 The cleaning process shall not result in grooving 
of the sllrLlces to be joined. 

5.3.10.7.3.7 After being abraded, the surfaces shall be wiped 
lIsing a clean, lint-free white cloth. 

5.3.10.7.3.8 TlIbes, fittings, valves, and other components shall 
be visually exarnined internally before beingjoined to verifY that 
they have not become contaminated for oxygen service (if so 
required) and that they are h-ec of obstructions or debris. 
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5.3.10.7.3.9 The interior surf~1Ces of tube ends, fittings, and 
other components that were cleaned fix oxygen ser.~ce by the 
manufacturer, but become contaminated prior to being in
stalled, shall be permitted to be re-cleaned on-site by the insl;cdler 
by thoroughly scrubbing the interior surfaces with a clean, hot 
water/alkaline solution, such as sodium carbonat.e or trisodium 
phosphate, mixed 450 g to II L (lIb to 3 gal) of pOl;clble water 
and t.horoughly rinsing them with clean, hot potable water. 

5.3.10.7.3.10 Other aqueous deeming solutions shall be per
mitted to be used for the on-site re-cleaning permitted in 
5.3.1 0.7.3.9, provided that they are as recommended in eGA 
G-4.1, Cleaning ElJuifmumt .FYI' Ox)·gen Semice, and are listed in 
eGA 02-DIR, Direr:lmy 0/ ClertningAgents .II))' Oxygen Semice. 

5.3.10.7.3.11 Material that has become contaminated inter
nally and is not clean for oxygen service (if so required) shall 
not. be insralled. 

5.3.10.7.3.12 Joints shall be brazed within I hour after the 
surfaces are cleaned for brazing. 

5.3.10.7.4 Brazing Dissimilar Metals. 

5.3.10.7.4.1 Flux shall only be used when brazing dissimilar 
metals, such as copper and bronze or brass, using a silver (BAg 
series) brazing filler metal. 

5.3.10.7.4.2 Surfaces shall be cleaned lor brazing in accor
dance with 5.3.J 0.7.3. 

5.3.10.7.4.3 Flux shall be applied sparingly to minimize con
tamination of the inside of the tube with flux. 

5.3.10.7.4.4 The flux shall be applied and worked over the 
cleaned surfaces to be brazed using a stiff, st.ainless steel bristle 
brush to ensure com plete coverage and wetting of the surfaces 
with flux. 

5.3.10.7.4.5 Where possible, short sections of copper tube 
shall be brazed onto the noncopper component and the inte
rior of the subassembly shall be cleaned of t1ux prior to instal
lation in the piping system. 

5.3.10.7.4.6 Onjoints DN20 (NPS :;..:,) (% in. O.D.) size and 
smaller, flux-coated brazing rods shall be permitted to be used 
in lieu of applying flux to the surLlces being joined. 

5.3.10.7.5* Nitrogen Purge. 

5.3.10.7.5.1 While being brazed,joints shall be continuously 
purged with oil-free, dry Nitrogen NF to prevent the forma
tion of copper oxide on the inside surfaces of the joint. 

5.3.10.7.5.2 The source of the purge gas shall be monitored 
and the installer shall be audibly alerted when the content is low. 

5.3.10.7.5.3 The purge gas flow rate shall not produce a posi
tive pressure in the piping system. 

5.3.10.7.5.4 The purge gas flow rate shall be controlled by the 
use of a pressure regulator and flowmeter, or combination 
thereof. 

5.3.10.7.5.5 Pressure regulators alone shall not be used to 
control purge gas 110w rates. 

5.3.10.7.5.6 During and after installation, openings in the 
piping system shall be kept capped or plugged to maintain a 
nitrogen atmosphere within the piping and to prevent debris 
or other contaminants from entering the system. 
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5.3.10.7.5.7 While ajoint. is being brazed, a discharge open
ing shall be provided on the opposit.e side of the joint ii-om 
where the purge gas is being intruduced. 

5.3.10.7.5.8 The flow of purge gas shall be maintained until 
the joint is cool to the tOllch. 

5.3.10.7.5.9 After the joint has cooled, the purge discharge 
opening shall be plugged or capped to prevent contamination 
of the inside of the tube and maintain the nitrogen atmo
sphere within the piping system. 

5.3.10.7.5.10 The final connection of new piping to an exist
ing in-use pipeline shall be permitted to be made without the 
use ofa nitrogen purge. 

5.3.10.7.5.11 After a final connection in a Level 3 positive
pressure gas pipeline is made without a nitrogen purge, an 
outlet in the immediate downstream zone of the affected por
tion (s) of both the new and existing in-use piping shall be 
tested in accordance with 5.3.12.3.8, Veritier Final Tie-In Test. 

5.3.10.7.6 Assembling and HeatingJoints. 

5.3.10.7.6.1 Tube ends shall be inserted fltlly into the socket 
of the fitting. 

5.3.10.7.6.2 Where flux is permitted, thejoint shall be heated 
slowly until the flux has liquefied. 

5.3.10.7.6.3 After flux is liquefied, or where flux is not per
mitted to be used, the joint shall be heat.ed quickly to the 
brazing temperature, taking care not to overheat thejoint. 

5.3.10.7.6.4 Techniques for heating the joint; applying the 
brazing filler metal; and making horizont.al, vertical, and 
large-diameterjoints shall be as stated in sections on Applying 
Heat and Brazing and Horizontal and Vertical Joints in Chap
ter VII, Brazed Joint.s in the CDA COjJj}(;r Tube Handbook. 

5.3.10.7.7 Inspection of Brazed or Soldered Joints. 

5.3.10.7.7.1 After brazing or soldering, the outside of all joints 
shall be cleaned by washing wit.h water and a \~ire bmsh to re
move any residue and permit clear visual inspection ofthe joint. 

5.3.10.7.7.2 Where Jlux has been used, the wash water shall 
be hot. 

5.3.10.7.7.3 Eachjoint shall be visually inspected after clean
ing the outside surfaces. 

5.3.10.7.7.4 Joints exhibiting the following conditions shall 
not be permitted: 

(l) Flux or flux residue (when flux or flux-coated BAg rods 
are used with dissimilar metals) 

(2) Base metal melting or erosion 
(3) Unme1ted filler met.al 
(4) Failure of the filler metal t.o be clearly visible all the way 

around thejoint at the interf~lce between the socket and 
the tube 

(5) Cracks in the tube or component 
(6) Cracks in the braze or solder filler metal 
(7) Failure of the joint to hold the test pressure or vacuum 

under the installer-performed initial pressure or vacuum 
test (5.3.12.2.3 or 5.3.12.2.4) and standing pressure or 
vacuum test (5.3.12.2.7 or 5.3. J 2.2.8). 

5.3.10.7.7.5 Joints that are identified as defective under con
ditions .5.3.10.7.7.4(2) or 5.3.10.7.7.4(5) shall be replaced. 

" 

5.3.10.7.7.6 Joint.s that are found to be defective under 
conditions 5.3.10.7.7.4(1), 5.3.10.7.7.4(3), 5.3.10.7.7.4(4), 
5.3.10.7.7.4(6), or 5.3.10.7.7.4(7) shall be permitted to be 
repaired, except that no joint. shall be reheated more than 
once before being replaced. 

5.3.10.8 Special Joints. 

5.3.10.8.1 The following joints shall be prohibited through
out Level 3 medical gas (i.e., oxygen and nitrous oxide) pipe
line systems: 

(l) Flared and compression connections, including connec
tions to station outlets and inlets, alarm devices, and other 
components 

(2) Other straight-threaded connections, including unions 

5.3.10.8.2 Flared and compression connections shall be per
mitted in piping for Level 3 gas-powered devices and Level 3 
vacuum in junction boxes, and where exposed at station 
outlets/inlets and source equipment. 

5.3.10.9 Special Fittings. The f()lIowing special fittings shall 
be permitted to be used in lieu of brazedjoints: 

(I) Memory-metal couplings having temperature and pres
sure ratingsjoints not less than that of a brazedjoint 

(2) Listed or approved metallic gas tube fitt.ings that, when 
made up, provide a permanent joint having the mechani
cal, thermal, and sealing integrity ofa brazedjoint 

(3) Axially swaged, elastic strain preload fillings providing 
metal to metal seal having pressure and temperature rat
ings not. less than that of a brazed joint and when com
plete are permanent and nonseparable. 

5.3.10.10 Installation of Level 3 Piping and Equipment. 

5.3.10.10.1 Qualification ofInstallers. 

5.3.10.10.1.1 The installation of Level 3 gas and vacuum sys
tems shall be made by qualified, competent. technicians who 
are experienced in making such installations. 

5.3.10.10.1.2 The installers of Level ,\ medical gas systems 
(i.e., oxygen and nitrous oxide) shall he qualified under the 
requiremen ts of ASSE 6010, Professional (2;ualijir:lltio1l.s Standard 
lOT Mediwl Gas Systems fns/allers. 

5.3.10.10.1.3 Brazing on medical gas system pipelines shall 
be performed by individuals who are qualified under t.he pro
visions of 5.3.1 0.1 0.15. 

5.3.10.10.1.4 Prior to any installation work involving brazing, 
the installer of Level 3 medical gas pi ping shall provide docu
mentation for the qualification of brazing procedures and in
dividual brazers that is req ui red under 5.3.10. 10. IS. 

5.3.10.10.2 Pipe Sizing. Piping systems shall be designed and 
siz.ed to deliver the required flow rates at the utilization pressures. 

5.3.10.10.3* Minimum Pipe Sizes. 

5.3.10.10.3.1 Mains, branches, and drops to individual ser
vice outlets in Level 3 oxygen piping systems shall be not less 
than DNI0 (NPS 'Y" in.) (II! in. O.D.) size, but at least one size 
larger than the piping for nitrous oxide. 

5.3.10.10.3.2 Mains, branches, and drops to individual ser
vice outlets in Level 3 nitrous oxide and inlets in the j()llowing 
piping systems shall be not less (h,lIl DN8 (NPS 'I, in.) (% in. 
O.D.) size. 
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5.3.10.10.3.3 Mains, branches, and drops to individual ser
vice outlets/inlets in Level 3 piping systems for gas powered 
devices and vacuum shall not be the same as the sizes used for 
oxygen and nitrous oxide. 

5.3.10.10.3.4 Runouts to alarm panels and connecting tub
ing for pressure/vacuum indicators and alarm devices shall be 
penniu.ed to be DN8 (NPS Ih) (III in. O.D.) size. 

5.3.10.10.4 Protection of Piping. Piping shall be protected 
;Igainst freezing, corrosion, and physical damage. 

5.3.10.10.4.1 Piping exposed in corridors and other areas 
where subject. 1.0 physical damage from the movement of carts. 
st retchers, port<lble equipment, or vehicles shall be protected. 

5.3.10.10.4.2 Tubing for Level 3 medical gas (i.e., oxygen 
and nitrous oxide) tubing that is underground within build
ings or embedded in concrete floors or walls shall be installed 
in a continuous conduit. 

5.3.10.10.5 Location of Piping. 

5.3.10.10.5.1 Piping for Level 3 medical gases (i.e., oxygen 
and nitrous oxide) shall he located in accordance with 
,i.?. I 0.1 0.5.1 (A) through 5.3.10.10.5.1 (C): 

(A) Piping shall be permitted to be installed overhead wher
ever possible. 

(B) Piping shall not be installed in electrical switchgear 
rooms, elevator shafts. and areas having open flames. 

(C) Medical gas piping (i.e., oxygen and nitrous oxide) shall 
not be loc<lted where subject to contact with oil. 

5.3.10.10.5.2 Piping If)r Level? gas-powered devices, and 
Level 3 vacuull1 svstems shall be located in accordance with 
5.?'.IO.I0.5.2(A) and5.?.10.I0.5.2(B): 

(A) Piping shall be permitted to be installed at the following 
IOCltiolls: 

(1) U nc!er !luor or underground 
(2) UI,clergrullnd within buildings 
(?) Aboveground, within walls, within ceilings 

(B) Piping sh"ll not be installed in electrical switchgear rooms. 
elevator shafb, and areas having open flames, except for the fol
lowing locatklJls: 

( 1) Roum locations for Level 3 gas-powered devices anc! Level 3 
vacuum svstems. 

(2) Room lo~atiuns f()r secolldary distribution circuit panels 
and breakers having a ma .. ximum voltage rating of 600 volts. 

5.3.10.10.6 Pipe Support. 

5.3.10.10.6.1 Piping shall be supported from the building 
stl'llcture ill accordance with MSS SP-69, Pijle Hangers and Sup
Imrts - Selection (lIuIAjJfl/imtion. 

5.3.10.10.6.2 Hangers and supporb shall comply with MSS SP
[i8, I>i/)(; l/o:n.l!,ms and SUfiI)()liS - i\1ateriaLI, Design, and Mmmfru;ture. 

5.3.10.10.6.3 Hangers for copper tube shall be sized for cop
per til be and have a copper finish. 

5.3.10.10.6.4 In potentially damp locations, copper tube hang
ers and supports that are in contact with the tube shall be plastic
coated or othelwise be electrically insulated from the tube. 

5.3.10.10.6.5 Maximum support spacing for copper tubing 
shall be ill accordance with Table 5.3.10.10.6.5. 
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Table 5.3.10.10.6.5 Maximum Pipe Support Spacing 

Hanger Spacing 

Pipe Size mm ft 

DN8 (NPS Vi) (:;Ix in. O.D.) 1520 5 
DNI0 (NPS %) (Y~ in. 0.0.) 18?0 6 
DN15 (NPS \1,» (% in. 0.0.) 1830 6 
DN20 (NPS YI) ('IN in. O.D.) 2130 7 
DN25 (NPS 1) (I YH in. 0.0.) 2440 8 
DN 32 (NPS I Y,l) (I % in. O.D.) 2740 9 
DN40 (NPS 11/~) (1% in. 0.0.) ?050 10 

and larger 
Vertical risers, all sizes 

Every floor, but not to exceed: 4570 15 

5.3.10.10.6.6 PVC plastic piping for Level? vacuum systems 
shall be supported at a maximum spacing of 1.22 m (4 ft), 
except that vertical piping shall he supported at every floor 
and with mid-stOlY guides. 

5.3.10.10.6.7 Where required, Level? gas and vacuum piping 
shall be seismically restrained against earthquakes in accor
dance with the applicable building code. 

5.3.10.10.7 Piping Within Floor Slabs and Underground 
Within Buildings. 

5.3.10.10.7.1 The tube(s) shall be installed in one (or more) 
continuous conduits that are of sutTicient size to permit subse
quent installation, removal, and replacement of the gas and/or 
vacuum lines. 

5.3.10.10.7.2 Each tube pulled into the conduit shall be a 
continuous length having no joints within the conduit. 

5.3.10.10.8 Underground Piping Outside of Buildings. 

5.3.10.10.8.1 Buried piping outside of buildings shall be in
stalled below the local level of frost penetration. 

5.3.10.10.8.2 The installation procedure for underground 
piping shall protect the piping from physical damage while 
being backfilled. 

5.3.10.10.8.3 If underground piping is protected by a con
duit, cover, or other enclosure, the following requirements 
shall be met: 

(1) Access during construction shall be provided at thejoints 
for visual inspection and leak testing. 

(2) The conduit, cover, or enclosure shall be selfdraining and 
not retain groundwater in prolonged contact with the pipe. 

5.3.10.10.8.4 Buried piping that will be subject to surface 
loads shall be buried at a depth that will protect the piping 
and or its enclosure from excessive stresses. 

5.3.10.10.8.5 The minimum backiilled cover above the top of 
the pipe or its enclosure for buried piping outside of buildings 
shall be 900 mm (?6 in.), except that the minimum cover shall 
be permitted to be reduced to 450 mm (18 in.) where physical 
damage is otherwise prevented. 

5.3.10.10.8.6 Trenches shall be excavated so that the pipe or 
its enclosure has firm, substantially continuous bearing on the 
bottom of the trench. 
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5.3.10.10.8.7 Backfill shall be clean and compacted so as to 
protect anduniforrnly support the pipe or its enclosure. 

5.3.10.10.8.8 A continllolls tape or marker placed immedi
ately above the pipe or its enclosure shall clearly identify the 
pipeline by specific name. 

5.3.10.10.8.9 A continuous warning means shall also be pro
vided above the pipeline at approximately one-half the depth 
of bury. 

5.3.10.10.8.10 Where huried piping is installed through a 
w;dl sleeve, the ends of the sleeve shall be sealed to prevent the 
entrance of ground water into the building. 

5.3.10.10.9 Branch Takeoffs. Runouts from horizontal piping 
for medical g<lS (i.e., oxygen andllitrous oxide) shall be taken off 
above the centerline of' the main or branch pipe and rise verti
cally at an angle of not more than 45 degrees /i'om vertical. 

5.3.10.10.10 Special Requirements for Level 3 VacUlun Piping. 

5.3.10.10.10.1 Horizontal piping in Level 3 vacuum systems 
shall be sloped a minimulll or 7 rnrn per 3.05 m ('I, in. per 
10 I'l) toward the vacuulll source equipment. 

5.3.10.10.10.2 Horiwntal piping shall inclmle no sags or low 
points that will permit fluids or debris to accumulate. 

5.3.10.10.10.3 Accessible clcanouts that arc limited to verti
cal downllow shall be provided where necessary to clear the 
piping of obstructions. 

5.3.10.10.11 Hose and Flexible Connectors. 

5.3.10.10.11.1 Hose and flexible connectors, both metallic and 
nonmetallic, shall be no longer than necessary and shall not pen
etrate or be concealed in walls, floors, ceilings, or partitions. 

5.3.10.10.11.2 Flexible connectors, metallic or nonmetallic, 
shall have a minimum burst pressure, with a gauge pressure of 
68CJ;) kPa ( lOOO psi). 

5.3.10.10.12 Prohibited System Interconnections. 

5.3.10.10.12.1 Two or more piping systems for medical gases, 
gas-powered devices, alld Level ~ vacuum shall not be inter
connected fi))' testing or any other reason. 

5.3.10.10.12.2 Leak testing shall be accomplished by sepa
rately charging and testing each individual piping system. 

5.3.10.10.13 System Manufacturer's Instructions. 

5.3.10.10.13.1 The installation of individual components 
shall be made in accordance with the instructions of the sys
tem manuEKturer. 

5.3.10.10.13.2 Such instructions shall include directions and 
information deemed hy the system manufacturer to be neces
sar), fi)l' attaining proper operation, testing, and maintenance 
of the system. 

5.3.10.10.13.3 Copies of system manuf~lcturer's instructions 
shall be len with the system owner. 

5.3.10.10.14 Changes in System Use. 

5.3.10.10.14.1 Where a Level ;) positive-pressure gas piping 
distribution system origin'llly used or constructed for lise at 
one pressure or fi)r one gas is converted f(w operation at all
other pressure or for another gas, all provisions of 5.3.1 0 shall 
apply as if the system were new. 

5.3.10.10.14.2 Piping for Level 3 gas-powered devices or 
Level 3 vacuum shall not be permitted 1.0 be converted for use 
as a medical gas piping system (i.e., oxygen 0)- nitrous oxide). 

5.3.10.10.15 Qualification of Brazing Procedures and Brazing. 

5.3.10.10.15.1 Brazing procedures and brazer per/(lI'In;lIlce 
lor the installation of Level 3 bl'a/ed piping shall be qualified 
the same as for Level J piping, in accorclance with either Sec
tion IX, Welding and Brazing Qualifications, of the ASME 
iJoiler mul Pms.\'l,m Vr:ssfd Corie, or AWS B~.~, St(l.}uial'iljirl' /)mzinp: 
PrumriuTt: and Peljirrrnan(;(! O:nalijicalion, both ;-IS Illorlilled by 
.I).~.IO.I().15.2 through S.;l.lO.IO.I:).S. 

5.3.10.10.15.2 Brazers shall be qualified by visual exanllna
tion of the test coupon followed by sectioning. 

5.3.10.10.15.3 The brazing procedure specification shall ad
dress cleaning, joint clearance, overlap. internal purge gas, 
purge gas now rate, and filler metal. 

5.3.10.10.15.4 The brazing procedure qUcdification record and 
the l'ccOI'(1 of brazer performance qu;dilication shall docliment 
filler metal usee!, cleaning, joint clearance. overlap, internal 
purge gas and flow rat.e during brazing or coupon, and t.he ab
sence of internal oxidation in the completed coupon. 

5.3.10.10.15.5 Brazing procedures qualified by a technically 
compet.ent group or agency shall be permitted under the f()I
lowing conditions: 

(1) The brazing procedure specification and the procedure 
qualification record meet the requirements of this standard. 

(2) The employer obtains a copy of both the hr;u.ing procedure 
specification and the supporting qualificat.ion records frolll 
the group or ;lgency and siglls and dates these records, 
thereby accepting responsibility fix t.he qualifications that 
were performed by the group or agency. 

(3) The employer qllalifies at least one brazer li)llowing each 
brazing procedure specification used. 

5.3.10.10.15.6 An employer shall be permitted to accept 
brazer qualification records 01';1 previous employer under the 
following conditions: 

(J) The brazer has been qualilied following the s,lIne or an 
equivalent procedure that the new employer uses. 

(2) The new employer obtains a cupy of the record of brazer 
performance qualification tests froll1 the previous em
ployer and signs and elates these records, thereby accept
ing responsibility for the CjualifiGlt.ions perkm11cel hy the 
previous employer. 

5.3.10.10.15.7 Performance qualifiGHions of hrazers shall re
main in effect. indefinitely uilless the brazer cloes not. braze with 
the qualified procedure for a period exceeding () mOIlt.hs, or 
there is a specific reason to question the ability of the brazer. 

5.3.11 Labeling and Identification. 

5.3.11.1 Pipe Labeling. 

5.3.11.1.1 Piping shall be labeled hy stenciling or adhesive 
markers that. identify the system. 

5.3.11.1.2 Pipe labels shall show the naille of the g'as/vacuum 
system or the chemical symbol. 

5.3.11.1.3 INhere positive-pressure gas piping systems operate 
at pressures other than the standard gauge pressure of 345 kl'a 
to 380 kl'a (50 psi t.o :)') psi) or gauge pressure of 1100 kPa 
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to 1275 kPa (I GO psi to 185 psi) for nitrogen, the pipe labels 
shall include the nonstandard operating pressure in addition 
to the name or symbol of the gas. 

5.3.11.1.4 Pipe labels shall be located as follows: 

(I) At intervals of not more than 6.1 m (20 ft) 
(2) At least once ill or above every 1'00111 

(3) On both sirles of walls or partitions penetrated by the piping 
(4) At least once in every story heigh t traversed by risers 

5.3.11.2 Shutoff Valves. 

5.3.11.2.1 Shutoflvalves shall be identified as to the following: 

(I) The name or chemical symbol for the specific system 
(2) The n,lme of the room (s) or area(s) served 
(3) A cautioll to not close (or open) the valve except in an 

emergency 

5.3.11.2.2 Where positive·pressure gas systems operate at 
pressures other tJl<ln the standard gauge pressure of 345 kPa 
to ;)80 kPa (50 psi to 55 psi) or gauge pressure of 1100 kPa to 
1275 kPa (160 psi to 185 psi) for nitrogen, the valve identifica
tion siI,tll also include the nonstandard operating pressure. 

5.3.11.3 Service Outlets and Inlets. 

5.3.11.3.1 Service outlets and inlets shall be identjfied as to 
the name or chemical symbol for the specific gas or vacuum 
provided. 

5.3.11.3.2 Where positive-pressure gas systems operate at 
pressures other than the standard gauge pressure of 345 kPa 
to 380 kPa (50 psi to 55 psi) or gauge pressure of 1100 kPa to 
1275 kPa (160 psi to 185 psi) for nitrogen, the station outlet 
identification shall include the nonstandard operating pressure. 

5.3.12 Perfonnance Criteria and Testing - Level 3 (Medical 
Gas, Gas-Powered Devices, Vacuum). 

5.3.12.1 General. 

5.3.12.1.1 Inspection and testing sball be performed on all 
new piped g,IS systems, additions, renovations, temporary 
installations, or repaired systems, to assure the facility, by a 
documented procedure, that all applicable provisions of 
this document. have been adhered to and system integrity 
h,IS been achieved or maintained. 

5.3.12.1.2 Inspection and testing shall include all compo
nents of the system or portions thereof including, but not lim
ited to, medical gas source(s), compressed air source systems 
(e.g., com pressors, dryers, iiI ters, regulators), alarms and 
monitoring safeguards, pipelines, isolation valves, and service 
out.lets and inlets. 

5.3.12.1.3 All systems t.hat are breached and components that 
,Ire subjected 1.0 additions, renovations, or replacement (e.g., 
new lllcdiGd gas sources, compressors, dryers, alarms) shall be 
inspected and tested. 

5.3.12.1.4 Systems shall be deemed breached at the point of 
pipeline intrusion by physical separation or by system compo
nent removal, replacement, or addition. 

5.3.12.1.5 BrC<lched portions of the systems subject to inspec
tion and testing shall be confined to only the specific altered 
zone and components in t.he immediate zone or area tbat is 
located upstream for vacuum systems and downstream for 
pressure gases at the point or area of intrusion. 
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5.3.12.1.6 The inspection and testing reports shall be submit
ted directly to the party that contracted for the testing, who 
shall submit the report through channels to the responsible 
authority and any others that are required. 

5.3.12.1.7 Reports shall contain detailed listings of all find
ings and results. 

5.3.12.1.8 The responsible facility authority shall review these 
inspection and testing records prior to the use of any systems 
to assure that all findings and results of the inspection and 
testing have been successfully completed. 

5.3.12.1.9 All documentation pertaining to inspections and 
testing shall be maintained on-site within the facility. 

5.3.12.1.10 Before piping systems are initially put into lise, 
the Level 3 health care facility authority shall be responsible 
for ascertaining that the gas/vacuum delivered at each outlet! 
inlet is that shown on the outlet/inlet label and that the 
proper connecting fittings are installed for the specific gas/ 
vacuum. (See 5.3.12.1.11.) 

5.3.12.1.11 Acceptance of the verifier's reports required un
der 5.3.12.3, System Verification, shall be permitted to satisfy 
the requirements of 5.3.12.1.10. 

5.3.12.2 Initial Tests. 

5.3.12.2.1 General. 

5.3.12.2.1.1 The tests required by 5.3.12.3.1 through 
5.3.12.3.12 shall be performed prior to the tests listed in 
5.3.12.3, System Verification, by one or more of the following: 

(l) The installer 
(2) A representative of the system supplier 
(3) A representative of the system manufacturer 

5.3.12.2.1.2 The test gas for positive-pressure gas systems 
shall be oil-free, dry Nitrogen NF. 

5.3.12.2.1.3 Where manufactured assemblies are to be in
stalled, the tests required under 5.3.] 2.2 shall be performed as 
follows: 

(l) After completion of the distribution piping 
(2) Prior to installation or connection of manufactured assem

blies supplied through flexible hoses or flexible tubing 
(3) At all station outlets/inlets on manufactured assemblies 

supplied through copper tubing 

5.3.12.2.2 Initial Blow Down. Piping in Level 3 positive-pressure 
gas distribution systems shall be blown clear by means of oil-free, 
dly Nitrogen NF as follows: 

(l) After installation of the distribution piping 
(2) Before installation of station outlets and other system 

components (i.e., pressure alarm devices, pressure indica
tors, pressure relief valves, manifolds, source equipment) 

5.3.12.2.3 Initial Pressure Test for Positive-Pressure Gas Sys-
tems and Copper Level 3 Vacuum Piping. 

5.3.12.2.3.1 Each section of the piping in Level 3 positive
pressure gas piping systems and copper Level 3 vacuum sys
tems shall be pressure tested using oil-free, dry Nitrogen NF. 

5.3.12.2.3.2 Initial pressure tests shall be conducted as fol
lows: 

(I) After installation of station outlets/inlets rough-in assem
blies. Test caps shall be permitted to be used.-
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(2) Prior to the installation of components of the distribution 
piping system that wendd be damaged by the test pressure 
(i.e., pressure/vacuum alarm devices, pressure/vacunm 
indicators, line pressure reliefvalves). 

5.3.12.2.3.3 ",There L.evel ;~ vacuum piping systems include plas
tic piping, they shall be inspected to assure that there are no 
visible cross-connections to positive-pressure gas piping systems 
prior to applying test pressures to the positive-pressure systems. 

5.3.12.2.3.4 The source shutoff valves for all piping systems 
shall remain closed during these tests. 

5.3.12.2.3.5 The test pressure for positive-pressure gas piping 
shall be 1.5 times the system working pressure, but not less 
than a gauge pressure of 1035 kPa (150 psi). 

5.3.12.2.3.6 The test pressure for copper Level 3 vacuum pip
ing shall be a gauge pressure of 105 kPa (15 psi). 

5.3.12.2.3.7 The test pressure shall be mail1lained until each 
.ioint has been examined far leakage by means of soapy water 
or other equally effect.ive means ofleak detection. 

5.3.12.2.3.8 L.eaks, if any, shall be located, replaced (if per
mitted) or repaired (if required), and retested. 

5.3.12.2.4 Initial Leak Tests - PVC Level 3 Vacuum Piping. 
Plastic Level 3 vacuum piping shall be leak-tested under 
vacuum conditions. 

5.3.12.2.4.1 Plastic Level 3 vacuum piping shall not be tested 
with compressed gas. 

5.3.12.2.4.2 Leak tests shall be conducted after installation of 
station inlets. 

5.3.12.2.4.3 The piping being tested shall be subjected to a 
vacuum of not less than 4R0 mm (19 in.) gauge HgV, using 
either the vacuum source equipment or a vacuum test pump. 

5.3.12.2.4.4 The test vacuum shall be maintained until each 
.ioint has been examined fill' leakage. 

5.3.12.2.5 Initial Cross-Connection Test. The installer shall de
termine that no cross-connections exist between the various 
Level 3 gas amI vacuum piping systems. 

5.3.12.2.5.1 All Level 3 gas and vacuum piping systems shall 
be at atmospheric pressure. 

5.3.12.2.5.2 Face plates lix outlets/inlets shall be installed. 

5.3.12.2.5.3 Level 3 vacuum piping systems shall be subjected 
to a vacuum of not less than 485 lIlm (19 in.) gauge HgV, using 
either the vacuum source equipment or a test pump. 

5.3.12.2.5.4 Each individual system gas omlet and vacuum 
inlet in each piping system shall be checked to determine that 
the vacuum is present only at the inlets f()r the vacuum system 
being tested. 

5.3.12.2.5.5 The vacuum piping system shall be relieved to 
atmospheric pressure. -

5.3.12.2.5.6 The test gas for all positive-pressure gas piping 
systems shall be oil-free, dry Nitrogen NF. 

5.3.12.2.5.7 Sources of test gas and vacuum shall be rliscon
nected from all pi pi ng systems except for the one system being 
tested. 

5.3.12.2.5.8 The positive-pressure gas system being tested 
shall be pressurized to a gauge pressure of 340 kPa (50 psi) 
with oil-li-ee, (h-y Nitrogen NF. 

5.3.12.2.5.9 Each individual system gas outlet and vacuum 
inlet in each installed piping system shall be checked to deter
mine that the test gas is being dispensed only from the outlets 
in the piping system being tested. 

5.3.12.2.5.10 The cross-connection test shall be repeated for 
each installed positive-pressure gas piping system. 

5.3.12.2.5.11 The proper labeling and identification of'sys
tem omlets/inlets shall be confirmed during these tests. 

5.3.12.2.6 Initial Piping Purge Test. 'fhe outlets in each Level 3 
positive-pressure gas piping system shall be purged to remove any 
particulate matter fi-om the distribution piping. 

5.3.12.2.6.1 The test gas shall be oil-free, dry Nitrogen NF. 

5.3.12.2.6.2 Using appropriate adapters. each outlet shall be 
purged with an intermittent high-volume flow of test gas until 
the purge produces no discolo;'ation in a c1e,\I1 white cloth. 

5.3.12.2.6.3 The purging shall be started at t.he furthest. out.
let in the system and proceed towards the source equiprnent. 

5.3.12.2.7 Initial Standing Pressure Test for Positive-Pressure 
Gas Piping. Arter successful completion of the initial pressure 
tests under 0.3.12.2.3, Level 3 positive-pressure gas distrilm
tion piping shall be subjected to a st.anding pressure test. 

5.3.12.2.7.1 Tests shall he conducted ,Ifter t.he inst.allat.ion of 
station outlet valve bodies and face plates, and other distribu
tion system components (i.e., pressure alarm devices, presslllT 
indicators, and line pressure relief valves). 

5.3.12.2.7.2 The source valve shall be closed dming t.his test. 

5.3.12.2.7.3 The piping syst.ems shall be subjecled to a 24-
hOllr standing pressure test using oil-free, dry Nitrogen NF. 

5.3.12.2.7.4 Test. pressures shall be 20 percent above the nor
mal system operating line pressure. 

5.3.12.2.7.5 At the conclusion of the tests, there shall be flO 

change in the test pressnre greater than a gauge pressure of 
35 kPa (S psi). 

5.3.12.2.7.6 Leaks, if any, shall be located, repaired (if per
mitted), replaced (if required), and retested. 

5.3.12.2.8 Initial Standing Vacuum Test for Vacuum Systems. 
Level 3 vacuum systems, with either plast.ic or copper piping, 
shall be subjected to a st.anding vacuum tcst. 

5.3.12.2.8.1 The piping system shall be subject.ed to a vacuum 
of not less than 48.5 mm (19 in.) gauge 1-lgV (ll' 24 hours. 
using either the vacuum source equipment. ur a lest. source. 

5.3.12.2.8.2 During the test, the source of test. vacuum shall 
be disconnected from the piping system. 

5.3.12.2.8.3 At the conclusion of the test., tire vacuulll shall 
not have reduced to less than 300 mm (12 in.) HgY. 

5.3.12.2.8.4 Leaks, if any, shall be located, repaired (if per
mitted), replaced (if required), and retested. 

5.3.12.3 System Verification. 

5.3.12.3.1 General. 

5.3.12.3.1.1 Verification tests shall be conducted on Level 3 
medical gases (e.g., oxygen and nitrolls oxide). 

5.3.12.3.1.2 Verification tests shall be performed only after all 
tests required in 5.3.12.2, Initial Tests, have been completed 
on all positive-pressure ,1Ild vacuum piping systems. 
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5.3.12.3.1.3 The t.est gas shall be oil-free, dry Nitrogen NF or 
t.he system gas where permitted. 

5.3.12.3.1.4 Verification testing shall be conducted by a party 
technicdly competent and experienced ill the field of medical 
gas and vacuum system verilication and meeting the require-
111ents ofASSE 0030, Pm[es.lionrt/ Q7J(dijimtirJrls StanrlmdjirrJ\llediCid 
Cas Systems 'vimjil't:I. 

5.3.12.3.1.5 Verification testing shall be performed by a party 
ot.her than t.he inst.alling contractor. 

5.3.12.3.1.6 All verificat.ion t.ests required under 5.3.12.3 
shall be peri()!,!l1ed after installatjon of any manufactured as
semblies supplied through flexible hose or tlIbing. 

5.3.12.3.1.7 Where manufilCll1red assemblies include mul
tiple possible connection point.s for terminals, each possible 
position shall be tested independently. 

5.3.12.3.1.8 For small projects affectjng a limited number of 
,Ireas where t.he use of nit.rogen is impractical, the syst.em gas 
shall be permit.t.ed to be used for the following tests: 

(I) Standing pressure (5.3.12.3.2) 
(2) Cross-connection (5.3.12.3.3) 
(3) Wal'l1ing system (5.3.12.:1.4) 
(4) Piping purge (5.:1.12.3.5) 
(5) Piping particulate (5.3.12.3.6) 
(b) Piping ]Jurit.y (:1.:1.12.:1.7) 
(7) Operational pressure (5.3.12.3.9) 

5.3.12.3.1.9 All verification t.est results shall he reported as 
required in 5.3.12.1. 

5.3.12.3.2 Verifier Standing Pressure Test. Level 3 medical gas 
piping systems (i.e .. oxygen and nitrous oxide) shall be sub
jected t.o a I O-minute standing pressure test at operating line 
pressure using the f()lIowing procedures: 

(I) After the system is filled with oil-free, dry Nitrogen NF or 
the system gas, the source valve and any zone valves shall 
be closed. 

(2) The piping system dOlVnstrearn of the valves shall show no 
decrease in pressure aft.er 10 minutes. 

(3) Any leaks found shall be located, repaired (if permitted), 
rcpbcecl (if required), and retested. 

5.3.12.3.3 Verifier Cross-Conneetion Test. After closing of 
walls and completion of the requirements of 5.3.12.2, Initial 
Tests. it shall be determined that no cross-connections exist 
between the Level 3 medical gas systems and any of the other 
positive-pressure and vacuum piping systems by use of the fol
lowing method: 

(1) Shut off the source of test gas for all positive-pressure gas 
piping systems and reduce systems to atmospheric pressure. 

• (2) Using oil-free, dry Nitrogen NF, or the system gas, pressur
ize one of the Level 3 medical gas piping systems to a 
gauge pressllre or 345 kPa (50 psi). 

(')) Test each positive-pressure gas outlet and Level 3 vacuum 
inlet lIsing appropriate adapters to verify that the test gas 
pressure is present only at the oUllets in the Level 3 medi
cd gas piping system being test.ed. 

(4) AI'Ler it has been verified that a Level 3 medical gas piping 
system is free of cross-connections, disconnect the source 
of test gas and reduce the piping to atmospheric pressure. 

(5) Proceed to test each Level 3 medical gas piping system 
uillil each is verified to be free of cross-connections. 
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5.3.12.3.4 Verifier Level 3 Warning System Tests. 

5.3.12.3.4.1 All warning systems that are installed for Level 3 
medical gases shall be verified to ensure that all components 
f\ll1ction correctly prior to placing the system into service. 

5.3.12.3.4.2 Permanent records of these t.ests shall be main
tained. 

5.3.12.3.4.3 "\Taming systems that are part of an addition to 
an existing piping system shall be tested prior to connection of 
the new piping to the existing system. 

5.3.12.3.4.4 Tests of warning systems for new installations 
shall be performed after the verifier's cross-connection test
ing (5.3.] 2.3.3), but before purging the piping (5.3.12.3.5) 
and performing the remaining verification tests (5.3.12.3.b 
through 5.3.12.3.12). 

5.3.12.3.4.5 Test gases shall be either oil-free, dry Nitrogen 
NF, or the gas of system designation. 

5.3.12.3.4.6 The audible and noncancelable alarm signals in 
each single treatment bcility shall be checked to verify that 
they are in a location that will be continuously attended while 
the facility is in operation. 

5.3.12.3.4.7 The operation or the Level 3 line pressure 
alarms required by 5.3.9.1 (4) shall be verified. 

5.3.12.3.4.8 Audible and noncancelable visual signals in each 
single treatment facility shall indicate if the pressure in the 
Level 3 medical gas main line being monitored increases or 
deCl-eases 20 percent from the normal operating pressure. 

5.3.12.3.4.9 The operation of the Level 3 changeover alarms 
required by 5.3.9.1 (5) shall be verified. 

5.3.12.3.4.10 Audible and noncancelable visual signals shall 
indicate whenever automatic changeover occurs or is about to 
occur. 

5.3.12.3.4.11 Where Level 3 medical gas systems include other 
alarm fe<ltures that are not mandatory under 5.3.9, they shall be 
functionally tested in accordance with their intended purpose 
and the equipment manubcturer's recommendations. 

5.3.12.3.5 Verifier Piping Purge Test. In order to remove any 
traces of particulate matter deposited in the pipelines as a 
result of construction, a heavy, intermittent purging of each 
Level 3 medical gas (i.e., oxygen and nitrous oxide) pipeline 
shall be done. 

5.3.12.3.5.1 The appropriate adapter shall be obtained from 
the facility or manufacturer, and high purge rates of at least 
230 SLPM (8 SCFM) shall be put on each outlet. 

5.3.12.3.5.2 After the purge is st~u-ted, it shall be rapidly inter
rupted several times until the purge produces no discoloration in 
a white cloth loosely held over the adapter during the purge. 

5.3.12.3.5.3 In order to avoid possible damage to the outlet 
and its components, this test shall not be conducted using any 
implement other than the correct adapter. 

5.3.12.3.6 Verifier Piping Particulate Test. The cleanliness of 
the piping in each Level 3 medical gas (i.e., oxygen and ni
trous oxide) system shall be verified as follows: 

(1) The test shall be performed using oil-free, dry Nitrogen 
NF or the system gas. 
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(2) A minimum of lOOO L (3.5 ft
g

) of gas shall be filtered 
through a clean, white O.4.5-micron filter at a minimum 
flow rate of 100 SLPM (3.:') SCFM). 

(3) Each zone shall be tested at the outlet most remote from 
the source. 

(4) The filter shall accrue no more than 0.001 g (1 mg) of 
matter from any outlet tested. 

5.3.12.3.7 Verifier Piping Purity Test. For each Level 3 medi
cal gas (i.e., oxygen and nitrous oxide) system, the purity of 
the piping system shall be verified as follows: 

(1) These tests shall be performed with oil-free, dry Nitrogen 
;\IF or the system gas. 

(2) The tests shall be for total hydrocarbons (as methane) 
and halogenated hydrocarbons, and compared with the 
source gas. 

(3) This test shall be performed at the outlet most remote 
Crom the source. 

(4) The difterence between the two tests shall in no case ex
ceed the following: 
(a) Total hydrocarbons, 1 ppm 
(b) Halogenated hydrocarbons, 2 ppm 

(.5) A test shall be conducted at the outlet most remote from 
the source and the moisture concentration shall not ex
ceed .500 ppm or an equivalent pressure dew point of 
-12°C (10°F) at 345 kPa (.50 psig). 

5.3.12.3.8 Verifier Final TIe·In Test. 

5.3.12.3.8.1 Prior to the connection of any new Level 3 medi
cal gas piping to its source of supply, including extensions or 
additions to an existing piping system, the verification tests in 
5.3.12.3.1 through .5.3.12.3.7 shall be successfully performed 
on the new work. 

5.3.12.3.8.2 Each joint in the final connection between the 
new work and the existing system shall be leak-tested with the 
gas of system designation by means of soapy water or other 
means effective for use with oxygen. 

5.3.12.3.8.3 For Level 3 medical gases, immediatelv after the 
final connection is made and leak-tested, the specifiC altered 
zone and components in the immecliate zone or area that is 
downstream from the point or area of intrusion shall be 
purged per .5.3.12.3.6. 

5.3.12.3.8.4 Before the new work is used for patient care, the 
following tests shall be performed for all Level 3 medical gas 
(i.e., oxygen and nitrous oxide) systems: 

(l) Operational pressure (.5.3.12.3.9) 
(2) Gas concentration (.5.3.12.3.10) 

5.3.12.3.8.5 Permanent records of these tests shall be main
tained in accordance wi th .').3.13.7.1. 

5.3.12.3.9 Verifier Operational Pressure Test. Operational 
pressure tests shall be performed at each station outlet in 
Level 3 medical gas piping systems (i.e., oxygen and nitrous 
oxide) where the user makes connections and disconnections. 

5.3.12.3.9.1 Tests shall be performed using either oil-free, dry 
Nitrogen NF or the gas of' system designation. 

5.3.12.3.9.2 Medical gas outlets (i.e., oxygen and nitrous ox
ide) shall deliver 100 SLPM (3.5 SCFM) with a pressure drop 
of no more than 3.5 kPa (.5 psi) and static pressure of 34.5 kPa 
to 380 kPa (50 psi to .5.5 psi). 

5.3.12.3.10 Verifier Gas Concentration Test. Arter pllrging 
each Level 3 medical gas piping system with the gas of system 
designation, the following shall be perf(lrI11ed: 

(1) Each medical gas outlet (i.e., oxygen and nitrolls oxide) 
shall be analyzed for concentration of gas, by volume. 

(2) Analysis shall be conducted with instruments designedtu 
measure the specific gas dispensed. 

(3) Allowable concentrations shall be as follows: 

(a) Oxygen ~ 99 percent oxygen 
(b)*Nitrous oxide ~ 99 percent nitrolls oxide 

5.3.12.3.11 Labeling. The presence and correctness of label
ing required by this standard for all Level 3 medical gas COIll
ponents (i.e., stat jon outlets/inlets, shutoff valves, and alarm 
panels) shall be verified. 

5.3.12.3.12 Source Equipment Verification. 

5.3.12.3.12.1 General. Source equipment verification for 
Level 3 medical gases shall be performed following the in
stallation of the interconnecting pipelines. accessories, and 
source equipment. 

5.3.12.3.12.2 Use of Source Equipment for Pipeline Verifica
tion Tests. Where the source equipment and system gas is used 
for verification testing of the distribution piping, the sOllrce 
equipment shall be verified prior to verification of the distri
bution piping. 

5.3.12.3.12.3 Source Equipment for Level 3 Medical Gases 
(Oxygen and Nitrous Oxide). The system apparatlls shall be 
tested for proper function, including the changeover fl"OllI 
primal'Y to secondary supply (with its changeover signal), be
fore the system is put into sen'ice. 

5.3.12.4 Final Testing of Level 3 Systems for Gas-Powered De
vices and Vacuum. 

5.3.12.4.1 General. 

5.3.12.4.1.1 Final testing of gas-powered device systems and 
vacuum systems shall be performed only after all t.ests required 
by .5.3.12.2, Initial Test.s, have been perfimned. 

5.3.12.4.1.2 The tests required by 5.3.12.4.2 through 
.S.3.12.4.8 shall be performed by one or more of t.he fiJllowing: 

(1) The installer 
(2) A representative of the system supplier 
(3) A representative of the system manuf~lct.lIrer 
(4) A system veriJier per .5.3.12.3.1.5 

5.3.12.4.1.3 The test gas shall be oil-free, dry Nit.rogen NF or 
the system gas where permitted. 

5.3.12.4.2 Final Standing Pressure Test (Level 3 Gas-Powered 
Devices). Each gas-powered device piping system shall be sub
jected to a 10-minute standing pressure test at operating line 
pressure using the following procedures: 

(I) After the systern is tilled with oil-free, ell)' Nitrogen NF or 
the system gas, the source valve and a ny zone valves shall 
be closed. 

(2) The piping system downstream or the valves shall show no 
decrease in pressure after 10 minutes. 

(3) Any leaks found shall be located, repaired (ir permitted), 
replaced (if required), and retested. 
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5.3.12.4.3 Final Standing Vacuum Test (Level 3 Vacuum). 
Each Level 3 vacuum piping system shall be subjected to a 
I O-minule standing vacuum test at operating line vacuum us
ing the following procedures: 

(I) After the system has stabilized at the operating line vacuum, 
the source valve and any zone valves shall be closed. 

(2) The piping system upstream of the valves shall sbow no 
decrease in vacuullI after J 0 minutes. 

(3) Leaks, if ellly, shall be located, repaired (if permitted), 
replaced (if required), and retested. 

5.3.12.4.4 Final Cross-Connection Test (Level 3 Gas-Powered 
Devices and Vacuum). After closing of walls and completion of 
the requirements of 5.3.12.2, Initial Tests, it shall be deter
mined that no cross-connectjons exist between the piping sys
tems for gas-powered devices and Level ;) vacuum using the 
following method: 

(I) Where hc:ilities have more than one gas or vacuum sys
tem, test cclch system separately. 

(2) Shut oJT the source of test gas J(Jr all gas-powered device 
piping systems and reduce them to atmospheric pressure. 

(3) Operate each Level 3 vaCUUlll system at the normal sys
tem Velcuum, using the SOllrce equipment. 

(4) Each g,ls-powered device gas outlet and Level 3 vacuum 
inlet shall be tested with appropriate adapters to verify 
that vacuulll is present only at the vacuum inlets in the 
system being test.ed and not at any gas-powered device 
gas outlets or inlets of other vaCUUlll systems. 

(5) Shut down t.he vacuum source equipment and slowly 
break the vacuulll in the vacuum piping system, increas
ing its pressure to atmospheric. 

(6) Test. each Level 3 vacuum system until all are determined 
t.o he free of cross-con nections. 

(7) Using oil-free, dry Nitrogen NF or the system gas, pres
surize t he gas-powered device piping system to a gauge 
pressure ofg45 kPa (50 psi). 

(H) Test each gas-powered device gas outlet using appropri
,Ite <lcbpt.ers to veriJ)' t.hat the test gas pressure is present 
only at the outlets in the gas-powered device system be
ing tested. 

(9) Aft.er it hels been determined that a gas-powered device 
piping system is free of cross-connections, disconnect 
the source of t.est gas and reduce the piping to atmo
spheric pressure. 

(10) Proceed to test. each gas-powered device piping system 
unt.il all are determined to be free of cross-connections. 

5.3.12.4.5 }<'inal Piping Purge Test (for Level 3 Gas-Powered 
Devices). In order t.o remove any traces of particulate matter 
deposited in t.he pipelines as a result of construction, a heavy, 
int.errnittelll purging of each gas-powered device pipeline 
shall be done. 

5.3.12.4.5.1 The appropriate adapter shall be obtained ti-om 
the E1cility or manuLlcturer, and high purge rates shall be put 
on each outlet. 

5.3.12.4.5.2 After the purge is started, it shall be rapidly interc 

rupted several tjmes untjl the purge produces no discoloration in 
a white cloth loo.sdy held over the adapter during the purge. 

5.3.12.4.5.3 In order to avoid possible damage to the outlet 
and its components, this test shall not be conducted using any 
implcrnent other than the correct adapter. 
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5.3.12.4.6 Final Tie-In Test (Piping for Gas-Powered Devices 
and Level 3 Vacuum). 

5.3.12.4.6.1 Prior to the connection of any new piping to iLs 
source of supply, including extensions or additions to an existing 
piping system, the [imtl tests in 5.3.12.4.1 through 5.3.12.4.5 shall 
be successhlily perl()rrned on the new work. 

5.3.12.4.6.2 Each joint in the final connection between new 
work and an existing system shall be leak-tested with the gas of 
system designation or vacuum at the normal operating pres
sure by means of soapy water or ot.her means effective for use 
with oxygen. 

5.3.12.4.6.3 For gas-powered device piping, immediately a[~ 
ter the final connection is made and leak-tested, the specific 
altered zone and components in the immediate zone or area 
that is downstream from the poi n t or area of in trusion shall be 
purged per 5.3.12.4.5. 

5.3.12.4.7 Labeling. The presence and correctness oflabeling 
required by this standard [or all Level 3 gas-powered device 
and vacuum system components (e.g., stat jon outlets/inlets 
and shutolTvalves) shall be checked. 

5.3.12.4.8 Source Equipment Testing. 

5.3.12.4.8.1 General. Source equipment checks for Level 3 
gas-powered devices and Level 3 vacuum shall be performed 
following the installation of the interconnecting pipelines, ac
cessories, and SOUITe equipment. 

5.3.12.4.8.2 Use of Source Equipment for Pipeline Verifica
tion Tests. Where the source equipment and system gas or 
vacuum is used for iinal testing of t.he distribution piping, the 
source equipment shall be checked Ollt and placed in opera
tion prior to testing the distribution piping. 

5.3.12.4.8.3 Level 3 Gas-Powered Devices Source Equipment. 
The source equipment for Level 3 gas-powered device sys
tem (s) shall be checked out and placed in operation accord
ing to the manufacturer's instructions. 

5.3.12.4.8.4 Level 3 Vacuum Source Equipment. The source 
equipment for Level 3 vacuum systems shall be checked out 
and placed in operation according to the manufacturer's in
structions. 

5.3.13 Level 3 Operation and Management. 

5.3.13.1 Special Precautions for Handling Oxygen Cylinders 
and Manifolds. Handling of oxygen cylinders and manifolds 
shall be based on eGA G-4, Oxygen. 

5.3.13.1.1 Oxygen cylinders, containers, and associated 
equipment shall be protected from contact with oil or grease. 
Specific precautions shall include the following: 

(1) Oil, grease, or readily flammable materials shall never be 
permitted to corne in contact with oxygen cylinders, valves, 
regulators, gauges, or fittings. 

(2) Regulators, fittings, or gauges shall never be lubricated 
with oil or any other flammable substance. 

(3) Oxygen cylinders or apparatus shall never be handled 
with oily or greasy hands, gloves, or rags. 

5.3.13.1.2 Equipment associated with oxygen shall be pro
tected from contamination. Specific precautions shall include 
the following: 

(1) Particles of dust and dirt: shall be cleared from cylinder 
valve openings by slightly opening and closing the valve 
before applying any fitting to the cylinder. 
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(2) The high-pressure valve on the oxygen cylinder shall be 
opened bcf()re bringing the apparatus to the patient or 
the patient to the apparatus. 

(3) An oxygen cylinder shall never be draped with any mate
rials such as hospital gowns, masks, or caps. 

(4) Cylinder-valve protection caps, where provided, shall be 
kept in place and be hand-tightened, except when cylin
ders are in use or connected for use. 

(5) Valves shall be closed on all empty cylinders in sLOrage. 

5.3.13.1.3 Cylinders shall be protected from damage. Spe
cific procedures shall include the following: 

(1) Oxygen cylinders shall be protected from abnormal me
chanical shock, which is liable to damage the cylinder, 
valve, or safety device. 

(2) Oxygen cylinders shall not be stored near elevators, gang
ways, or in locations where heavy moving objects will strike 
them or fall on them. 

(3) Cylinders shall be protected from the tampering of un
authorized individuals. 

(4) Cylinders or cylinder valves shall not be repaired, painted, 

or altered. 
(5) Safety relief devices in valves or cylinders shall never be 

tampered with. 
(6) Valve outlets clogged with ice shall be thawed with warm 

- not boiling - water. 
(7) A torch flame shall never be permilled under any cir

cumstances to come in contact with cylinder valves or 
safety devices. 

(8) Sparks and flame sl1<[11 be kept away from cylinders. 
(9) Even if they are considered to be empty, cylinders shall 

never be used as rollers, supports, or for any purpose 
other than that for which the supplier intended them. 

(10) Large cylinders (exceeding size E) and containers larger 
than 45 kg (100 Ib) weight shall be transported on a 
proper hand truck or cart complying with Chapter 9. 

(II) Freestanding cylinders shall be properly chained or sup
ported in a proper cylinder stand or cart. 

(12) Cylinders shall not be supported by radiators, steam 
pipes, or heat ducts. 

5.3.13.1.4 Cylinders and their contents shall be handled with 
care. Specific procedures shall include the following: 

(I) Oxygen lillings, valves, regulators, or gauges shall never 
be used lor any service other than that. of oxygen. 

(2) Gases o/' any type shall never be mixed in an oxygen cyl
inder or any other cylinder. 

(:'I) Oxygen shall always be dispensed from a cylinder 
through a pressure regulator. 

(4) The cylinder valve shall be opened slowly, with the face of 
the gauge on the regulator pointed away from all persons. 

(5) Oxygen shall be referred to by its proper name, oxygen, 
not. air, and liquid oxygen referred to by its proper name, 
not liquid air. 

(6) Oxygen shall never he used as a substitute for COIll

pressed air. 
(7) The markings stamped on cylinders shall not be tam

pered with because it is against federal statutes to change 
these markings without written authority from the Bu
reau of Explosives. 

(8) Markings used f()r the identification of contents of cylin
ders shall not be deEtced or removed, including decals, 
Lags, stenciled marks, and t.he upper half of shipping tag. 

(9) The owner of the cylinder shall be not.ified if any condi
tion has occurred that might permit any foreign sub
stance to enter a cylinder or valve, giving details and cyl
inder number. 

(10) Neither cylinders nor containers shall be placed in proxim
ity to radiators, stearn pipes, heat ducts, or other sources of 
heat. 

(11) Very cold cylinders or containers shall he handled with 
care to avoid injury. 

5.3.13.1.5 Oxygen equipment that is defective shall not be 
used until one of the following has been periormed: 

(1) It has heen repaired by competent in-house personnel. 
(2) It has been repaired by the manuLlct.urer or his or her 

authorized agent. 
(3) It has been replaced. 

5.3.13.1.6 Regulators that are in need of repair or cylinders 
having valves that do not operate properly shall never be used. 

5.3.13.2 Special Precautions for Making Cylinder and Con
tainer Connections. 

5.3.13.2.1 Wrenches and tools used to connect eqllipment 
shall be manulilctured of material of adequate strength. 

5.3.13.2.2 Cylinder valves shall be opened and connected in 
accordance with the following procedure: 

(I) Make certain that apparatus and cylinder valve connec
tions and cylinder wrenches are free of foreign materials. 

(2) Turn the cylinder valve OlILiet away from personnel. Stand 
t.o the side - not in front and not in back. Before con
necting the apparatus to cylinder valve, moment.arily 
open cylinder valve to e1iminat.e dust. 

(3) Make connection of apparatus to cylinder valve. Tighten 
connection nut securely with a wrench. 

(4) Release the low-pressure adjustment screw of the regula
tor completely. 

(5) Slowly open cylinder valve to full open position. 
(6) Slowly turn in the low-pressure adjustment screw on the 

regulator until the proper working pressure is obtained. 
(7) Open the valve to the utilization apparatus. 

5.3.13.2.3 Connections for containers shall be made in accOiC 

dance wit.h the container manubct.urer's operating instructions. 

5.3.13.3 Special Precautions for the Care of Safety Mechanisms. 

5.3.13.3.1 Personnel using cylinders and containers and other 
equipment covered in this chapter shall be familiar with the Pin
Index Safety System (see Cllajiter 9) and the Diameter-Index Safety 
System (see ChajJl(cr 9); both are designed to prevent ut.ilization of 
the wrong gas. 

5.3.13.3.2 Safety relief mechanisms, noninterchang'eable 
connectors, and other safety features shall not he removed or 
altered. 

5.3.13.4 Special Precautions - Storage of Cylinders and Con
tainers. 

5.3.13.4.1 Storage shall be planned so that cylinders can be 
used in t.he order in which they are received from t.he supplier. 

5.3.13.4.2 If stored within the same enclosure, empty cylin
ders shall be segregated from full cylinders. 

5.3.13.4.3 Empty cylinders shall be marked t.o avoid confu
sion and delay if a full cylinder is needed in a rapid manner. 
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5.3.13.4.4 Cylinders stored in the open shall be protected 
against the following conditions: 

(I) Extremes of weather and from the ground beneath to pre
ven t rusti ng 

(2) Accumulations of ice or snow during winter 
(3) Continuous exposure to direct rays of the sun in those 

localities where extreme temperatures prevail in summer 

5.3.13.5 Special Precautions - Piped Patient Gas/Vacuum 
Systems. 

5.3.13.5.1 Piping systems shall not be llsed for the distribu
tion of' I.lalllmable anesthetic gases. 

5.3.13.5.2 Piping systems for gases shall not be llsed as 3 

grounding electrode. 

5.3.13.5.3 The vacuum system shall not be used for vacuum 
steam condensate return or other nonmedical applications. 

5.3.13.5.4 Special Precautions. 

5.3.13.5.4.1 Every facility shall establish a procedure for 
manually turning ofT the gas supply at the cylinder valves at the 
end of' the work day, or when the facility is not in use. 

5.3.13.5.4.2 No other method such as emergency shutoff 
valves or remote actuators (see 5.3. 4. J) shall be used to turn oJT 
the gas supply. 

5.3.13.6 Gas/Vacuum Systems Information and Warning Signs. 

5.3.13.6.1 The gas content of medical gas piping systems 
shall be labeled according to 5.3.11.1. 

5.3.13.7 Gas/Vacuum Systems Maintenance and Record 
Keeping. 

5.3.13.7.1 Permanent records of all tests required by Section 
5.3 shall be maintained in the organization's files. 

5.3.13.7.2 A periodic testing procedure for nonflammable 
medical gas/vacuum and related alarm systems shall be imple
mented. 

5.3.13.7.3 Whenever modifications are made or mainte
nance is performed that breaches the system, the tests speci
fied in 5.3.12 shall be conducted on the downstream portions 
of the medical gas piping system. 

5.3.13.7.4 A maintenance program shall be established for 
the following: 

(l) Relief valves in accordance with applicable codes or 
manllLlcturer's recommendation 

(2) The medical air compres~or supply system in accordance 
wit.h the manuf~lcturer's recommendations 

(3) The vacuum source and accessories in accordance with 
the manufacturer's recommendations 

(4) Both the vacuum piping system and the secondary equip
ment attached to vacuum station inlets to ensure the con
tinued good performance of the entire vacuum system 

(5) Tbe scavenger ~ystem to assure performance 

5.3.13.7.5 Audible and visual alarm indicator(s) shall meet 
the following requirements: 

(1) Be periodically tested to determine that they are function
ing properly 

(2) Have the records of the test maintained until the next test 
is performed 
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Chapter 6 Environmental Systems 

6.1 * Applicability. This chapter is applicable to health care 
facility laboratories and anesthetizing locations. 

6.2 Nature of Hazards. See B.4.2 and B.6.2. 

6.3 Source. Air exhausted from laboratory areas shall not be 
recirculated to other parts of the facility. 

6.4* Distribution. 

6.4.1 Ventilation - Anesthetizing Locations. 

6.4.1.1 * The mechanical ventilation system supplying anesthe
tizing locations shall have the capability of controlling the 
relative humidity at a level of 35 percent or greater. 

6.4.1.2 Supply and exhaust systems for windowless anesthetiz
ing locations shall be arranged to automatically vent smoke 
and products of combustion. 

6.4.1.3 Ventilating system~ for anesthetizing locations shall 
be provided that automatically (I) prevent recirculation of 
smoke originating within the surgical suite and (2) prevent 
the circulation of smoke entering the system intake, without in 
either case interfering with the exhaust function of the system. 

6.4.1.4 The electric supply to the ventilating system shall be 
served by the equipment system of the essential electrical sys
tem specified in Chapter 4, Electrical Systems. 

6.4.1.5 Window-type temperature regulating units (air condi
tioners) are permitted to be installed in exterior windows or 
exterior walls of anesthetizing locations (see also E,3.4 and 
1\.3.5). Where such units are employed, the provisions of 
6.4.1.1 shall be met. 

6.4.1.6 Systems that capture or dispose of waste anesthetic 
gases, if installed, shall prevent their reentry into the f~lcility. 
(See 5.3. 3.2 jinIu.rther TP-quiremlmts on WA CD ,Iystems. ) 

6.4.2 Ventilation - Laboratories. 

6.4.2.1 * Laboratories provided with mechanical ventilation 
throughout or employing fume hoods as a fixed part of the 
exhaust system shall have the air supply and exhaust balanced 
to provide a negative pressure with respect to surrounding 
hospital occupancies. 

Excr~ption: Labom.tories jiJT /JTOI;eriUTl!s requiTing maximum jJTotection 
against contmnination and not involving infix;tious or noxious materiaLI' 
are jJermitteri to be arrangedfiJT slight jJOsitive jJressnTe when the sajety oj' 
the arrangement is aUirmed try a resjJOnsihle la/)(rmtmy oUidal. 

6.4.2.2 Exit corridors shall not be used as plenums to supply 
or exhaust air from laboratory areas. 

6.4.2.3* Exhaust systems for laboratory ventilation shall be ar
ranged with motors and f~lI1s located at the discharge end of 
the systems, and with the exhaust air discharged above the 
roof in such a manner that it will not be drawn into any air 
intake or blown into windows. 

6.4.3 Hood - Laboratories. 

6.4.3.1 * Fume hood and biological safety cabinet require
ments shall comply with NFPA 45, Standard on Fire Protection/or 
LaiJomtories U"ing Chemicals. 
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6.4.3.2 Fume hoods shall be located in areas of minimum air 
turbulence, away from doors and windows, and in a manner 
that will not impede access to egress. 

6.4.3.3* Fume hoods intended for use with radioactive iso
topes shall be constructed of stainless steel or other material 
suitable for the particular exposure. 

6.4.3.4 Fume Hood Ventilation. 

6.4.3.4.1 Fume hood ventilating controls shall be so arranged 
that shutting off the ventilation of one fume hood will not reduce 
the exhaust capacity or create an imbalance between exhaust 
and supply for any other hood connected to the same system. 

6.4.3.4.2* The operation of fume hood ventilating controls 
shall be tested annually by a quaJiJieci person who shall certify 
the result of the test. 

6.4.3.5 Fume hoods shall be so designed that the face velocity 
ventilation is adequate to prevent the backflow of contaminants 
into the room, especially in the presence of cross drafts or the 
rapid movements of an operator working at the face ofthe hood. 

6.4.3.6 Shutoff valves for services, including gas, air, vacuum, 
and electricity, shall be outside of the hood enclosure in a 
location where they will be readily accessible in the event of 
fire in the hood. The location of such shutoffs shall be legibly 
lettered in a related location on the exterior ofthe hood. 

6.5 Perfonnance Criteria and Testing. (Reserved) 

6.6 Administration. 

6.6.1 Anesthetizing Locations. 

6.6.1.1 Ventilating and humidifying equipment for anesthe
tizing locations shall be kept in operable condition and be 
continually operating during surgical procedures (see E.3.5). 

6.6.1.2 All gas storage locations or manifold enclosures shall 
be routinely inspected to ensure that the ventilation require
men ts stated in 5.1.3.3.3.1 are not obstructed. 

6.6.2* Laboratories. Warning signs describing the nature of 
any hazardous eflluent content shall be posted at fume hoods' 
discharge points, access points, and filter locations. 

Chapter 7 Materials 

7.1 * Applicability. This chapter is applicable to any health care 
facility using flammable and combustible materials. 

7.2 Nature of Hazards. 

7.2.1 Flammability. (Reserved) 

7.2.2 Combustible Loading. 

7.2.2.1 Flammable Agents. Facility administrative authOlities, 
in consultation with the medical staff and others with training 
and expertise, shall determine the adequacy of storage space for 
disinfecting agents and medicament, and shall provide and en
force regulations for the storage and handling of containers of 
sllch agents. Said regulations also shall provide for the periodic 
inspection and maintenance of said storage locations. 

7.2.2.2 Flammable Materials. 

7.2.2.2.1 Flammable Hand Cleaning Materials. 

7.2.2.2.1.1 * Flammable liquids, gels, or other similar materials 
shall be limited to patient care rooms and other approved 
locations. 

• 

7.2.2.2.1.2 The storage and handling of flammable liCjllicls 
shall be in accordance with NFPA 30, Flall/Jnalile and Com/)'ustible 
Liquids Code. 

7.2.3 Toxicity of Products of Combustion. See 8.4.2. 

7.2.4 Chemical Burns. (Reserved) 

7.2.5 Safety. (Reserved) 

7.2.6 Radioactivity. (Reserved) 

7.3 Source. (Reserved) 

7.4 Distribution. (Reserved) 

7.5 Perfonnance Criteria and Testing. (Reserved) 

7.6 Administration. (Reserved) 

Chapter 8 Electrical Equipment 

8.1 * Applicability. This chaptet· is applicable to any health care 
facility as referenced in other chapters, and in consideration 
of the scope. 

8.1.1 An appliance that yields erroneous data or fUllctions 
poorly is potentially harmful. Quality and assurance of full 
appliance performance is not covered except as it relates to 
direct electrical or fire ir~U1y to patients or personnel. 

8.1.2 Experimental or research apparatus built to order or 
under development shall be used under qualified supervision 
and shall have a degree of safety equivalent to that described 
herein or have a degree of safety that has been deemed <lccept
able by the facility. 

8.2 Nature of Hazards. See 8.5.2 for related electrical hazards. 

8.2.1 Fire and Explosion. See B.5.l. 

8.2.2 Electrical Shock. Personnel shall be trained to recog
nize the shock hazards created by the use of defective or im
properly used electrical equipment. See B.5.2. 

8.2.3 Burns. See 8.5.3. 

8.2.4 Interruption of Power. (Reserved) 

8.2.5 RF Interference. See 8.5.5. 

8.3 Electrical System. See Chapter 4, Electrical Systems. 

8.4 Perfonnance Criteria and Testing. 

8.4.1 Patient-Care-Related Electrical Appliances and Eqnip
ment. 

8.4.1.1 Pennanently Connected - Fixed Equipment. Patien t
connected electric appliances shall be grounded to the equip
ment grounding bus in the distribution panel by an insulated 
grounding conductor run with the power conductors. 

8.4.1.2 Cord- and Plug-Connected - Portable Equipment. All 
patient-care-related electrical equipment supplied by a Oex
ible cord and plug, carrying 20 V or more, shall meet the re
quirements of 8.4.1.2. 

8.4.1.2.1 Grounding of Appliances. 

8.4.1.2.1.1 All cord-connected electrically powered appli
ances that are not double insulated ancl are used in the patient 
care vicinity shall be provided with a three-wire power cord 
and a three-pin grounding-type plug. 
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8.4.1.2.1.2 Double-insulated appliances shall be permitted to 
have two conductor cords. 

8.4.1.2.2 Attachment Plugs. Attachment plugs installed by the 
bcility shall meet the requirements of 10.2.2.1. 

8.4.1.2.3 Power Cords. Power cords installed by the facility 
shall meet the requirements of 10.2.2.2. 

8.4.1.2.4 Line Voltage Equipment - Anesthetizing Locations. 
Flexible cord for portable lamps or portable electric appli
ances operating at Inore than 12 V between conductors, in
tended for use in anesthetizing locations, shall meet all of the 
[(lllowing requirements: 

(I) Cords shall be continuolls. 
(2) Cords shall be without switches from the appliance to the 

aLlachment plug. 
C)) Cords shall be of a type designated for extra-hard usage in 

accordance with NFPA 70, National flPlIriwl Corie. 
(4) Cords shall be protected at the entrance to equipment by 

an insulating grommet. 
(5) Cords shall be ofsuf1icient length to reach any position in 

which the portable device is to be used. 
(6) The attachment plug shall be inserted only in a fixed ap

proved receptacle. 
(7) Adapters shall be used and maintained in accordance 

with 8.5.2.1.7. 

8.4.1.2.4.1 Foot-treadle-operated controllers shall be permit
ted in any anesthetizing location if appended to portable elec
tric appliances in an approved manner. Foot-treadle-operated 
controllers and their connector shall be splash proof. 

8.4.1.2.4.2 Two or more power receptacles supplied by a flex
ible cord shall be pcrmiLLed to be used to supply power to 
plug-connected components of a movable equipment assem
bly that is rack-, table-, or pedestal-mounted, provided all of 
the following conditions are met: 

(I) The receptacles are an integral part of the equipment as
sem bly, permanently attached. 

(2) *The wm of the ampacity of all appliances connected to 
the receptacles shall not exceed 75 percent of the am pac
ity of the flexible cord supplying the receptacles. 

(;)) The ampacity of the flexible cord shall be in accordance 
with NFPA 70, National Electrical Cor/e. 

(4) *The electrical and mechanical integrity of the assembly 
shall be regliiarly verified and documented through an 
ongoing maintenance program. 

8.4.1.2.4.3 Overhead power receptacles shall be permitted to 
be supplied by a Jlexible cord with strain relief (ceiling drop) 
that is connected at a ceiling-mountedjunction box in either 
of the following ways: 

(J) Permanently 
(2)*Utilizing a locking-type attachment plug cap and recep

tacle combination, or other method of retention 

8.4.1.2.5 Adapters and Extension Cords. Adapters and exten
sion cords shall meet the following requirements: 

(1) Attachment plugs shall meet the requirements of 10.2.2.1. 
(2)*Power cords shall meet the requirements of 10.2.2.2. 

8.4.1.3 Testing Requirements - Fixed and Portable. 

8.4.1.3.1 Physical Integrity. The physical integrity of the power 
cord assembly composed of the power cord, attachment plug, 
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and cord-strain relief shall be confirmed by \~sual inspection or 
other applicable tests. 

8.4.1.3.2* Resistance. For appliances that arc used in the pa
tien t care vicinity the resistance between the appliance chassis, 
or any exposed conductive surface of the appliance, and the 
ground pin of the attachment plug shall be less than 0.50 ohm 
under the following conditions: 

(l) The cord shall be flexed at its connection to the attach
ment plug or connector. 

(2) The corel shall be flexed at its connection to the strain 
relief on the chassis during the resistance measurement. 

i,,'xcejition: The n:lJuinmumt shall not at}tlly to escutcheons OT name
il/ates, small screws, and so!orth, thai an: Lmlihely to b(!{orne eru:rgized. 

8.4.1.3.3* Leakage Current Tests - General. The require
ments in 8.4.1.3.3.1 through 8.4.133.4 shall apply to all tests. 
Power switch position shall be in accordance with Table 8.4.1.3.3. 

Table 8.4.1.3.3 Leakage Current Tests - Power Switch 
Setting 

Power Switch Setting 
Paragraph 
Number 

8.4.1.3.4 
8.4.U.5 
8.4.1.;).6.1 
8.4.1.3.6.2 
8.4.1.3.6.3 
8.4.1.3.6.4 
8.4.1 .;).6.5 

On and Off 

x 
X 

X 

On 

X 
X 

X 
X 

8.4.1.3.3.1 Resistance Test. The resistance tests of 8.4.1.;).2 
shall be conducted before undertaking any leakage current 
measure men ts. 

8.4.1.3.3.2* Techniques of Measurement. Test shall not be 
made on the load side of an isolated power system or isolation 
transfclrmer. 

8.4.1.3.3.3* Frequency of Leakage Current. The leakage cur
rent limits stated in 8.4.1.;).4, 8.4.] .;).5, and 8.4.1.3.6 shall be 
rms values for sinusoidal waveforms up to I kHz. For frequen
cies above 1 kHz, the leakage current limits shall be the values 
given in 8.4.1.3.4, 8.4.1.3.5, and 8.4.1.3.6 multiplied by the 
frequency, in kHz, up to a maximum of 10 mAo 

8.4.1.3.3.4 Leakage Current in Relation to Polarity. Leakage 
current measurements shall be made as follows: 

(l) With the polarity of the power line normal 
(2) With the power switch of the appliance in the position 

shown in Table 8.4.1.;).3 
(3) With all operating controls in the position to cause maxi

mum leakage current readings 

8.4.1.3.4 Chassis Leakage Current - Fixed Equipment. 

8.4.1.3.4.1 Permanently wired appliances in the patient care 
vicinity shall be tested prior to installation while the equip
ment is temporarily insulated from ground. 
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8.4.1.3.4.2 The leakage current from fi-ame to ground of per
manently wired appliances installed in general or critical pa
tient care areas shall not exceed 5.0 mA with all grounds lifted. 

8.4.1.3.5 Chassis Leakage Current - Portable Equipment. 

8.4.1.3.5.1 * Leakage Current Limits. The leakage current for 
cord-connected appliances shall not exceed 100 pA. 

8.4.1.3.5.2 Chassis leakage current between 300 pAand 500 pA 
shall be permitted on existing or special equipment (such as mo
bile X-ray machines) under the following conditions: 

(l) The grounding conductor is intact. 
(2) A documented maintenance schedule is established to 

ensure the integrity of the grounding connection. The 
health care facility shall be permitted to establish a pro
tocol with shortened or lengthened time intervals, de
pending on the in tensity of the use of the appliance 
and prior test data. 

8.4.1.3.5.3 If multiple devices are connected together and 
one power cord supplies power, the leakage current shall be 
measured as an assembly. 

8.4.1.3.5.4 When multiple devices are connected together 
and more than one power cord supplies power, the devices 
shall be separated into groups according to their power supply 
cord and the leakage current shall be measured indepen
dently for each group as an assembly. 

8.4.1.3.5.5 Chassis Leakage Test Procedure. Measurement~ 
shall be made using the circuit, as illustrated in Figure 8.4.1.3.5.5, 
with the appliance ground broken in two modes of appliance 
operation as follows: 

(1) Power plug connected normally with the appliance on 
(2) Power plug connected normally with the appliance off (if 

equipped with an on/off switch) 

(A) If the appliance has fixed redundant grounding (e.g., 
permanently fastened to the grounding system), the chassis 
leakage current test shall be conducted with the redundant 
grounding intact. 

(B) Test shall be made with Switch A in Figure 8A.1.3.5.S 
closed. 

8.4.1.3.5.6 If there is no exposed conductive surface, mea
surement shall be made with a simulated surface, as described 
in 10.2.13.4.2, that is also temporarily grounded. 

This connection is at Appliance power switch 
(use both "off" and "on" positions) 

'---< ·K>-+1fo ol-----' I Insulating surface I 
Grounding contact switch meter 
(use in "open" position) 

H = Hot 
N = Neutral (grounded) 
G = Grounding conductor 

FIGURE 8.4.1.3.5.5 Test Circuit for Measuring Chassis Leak
age Current. 

8.4.1.3.6 Lead Leakage Current Tests and Limits - Portable 
Equipment. 

8.4.1.3.6.1 * Lead to Ground - Nonisolated Input. The leak
age current between all patjent leads connected together and 
ground shall be measured with the power plug connected nor
mally and the device oll.An acceptable test configuration shall 
be as illustrated in Figure 8.4.1.::1.6.1. The leakage current 
shall not exceed 100 pA for ground wi re open and closed. 

Patient lead selector 
switch (if any) 
(activated as required) 

This connection is at 
seNice entrance or 
on the supply side of 
a separately derived Appliance power switch 
system. ("closed") 

Input line N (white) ~ ~
H(blaCk) 

voltage 

Building 
ground 7" 

G (green) 
I Insulating surface I 

Grounding contact switch 
(use in both "open" and 
"closed" positions) 

Current H = Hot 
meter N = Neutral (grounded) 

G = Grounding conductor 

FIGURE 8.4.1.3.6.1 Test Circuit for Measuring Leakage Cur
rent Between Patient Leads and Ground - Nonisolated. 

8.4.1.3.6.2 Lead to Ground - Isolated Input. The leakage 
current between each patient lead and ground for an appli
ance with isolated leads shall he measured with the power plug 
connected normally and the device on. An acceptable test con
figuration shall be as illustrated in Figure 8.4.1.3.6.2. The leak
age current shall not exceed I 0 pA with the ground intact and 
50 pA with the ground open. 

This connection is at 
Patient lead selector 
switch (if any) 
(activated as required) seNice entrance or 

on the supply side 
of a separately Appliance power switch 
derived system. ("closed") 

Input line 
voltage 

H(blaCk)~ 

I Insulating surface I 

Grounding contact switch Current 
(use in both "open" and meter 
"closed" positions) 

H = Hot 
N = Neutral (grounded) 
G = Grounding conductor 

FIGURE 8.4.1.3.6.2 Test Circuit for Measuring Leakage Cur
rent Between Patient Leads and Ground - Isolated. 

8.4.1.3.6.3 Isolation Test - Isolated Input. Ollly isolated pa
tiel1t leads shall be connected to intracardiac catheters or elec
trodes. The current driven into the leads oLln appliance that 
has isolated leads, when an external power source at line volt
age and frequency is applied between each lead and ground, 
shall be measured in accordance with Figure 8.4.1.3.6.3. The 
leakage current shall not exceed SO pA in each case. The test 
shall be made with the appliance's normal patient cables. 
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=200,000 ohms 

Current 
meter 

Patient lead selector 
switch (activated as 
required) 

This connection is at 
service entrance or on 
the supply side of a 
separately derived 

Appliance power switch 
(use in both "off" and "on" 
positions) Appliance 

system. H (black) 

Input Ii~ T....:.N=(W::.:..h~it~ f)-+-ll_-«~.w. 
Patient 

vOltag~ev r 
G (green) '-;:===:;=::!., 

Building ( 
ground "7 

I Insulating surface I leads 

H = Hot 
N = Neutral (grounded) 
G = Grounding conductor 

FIGURE 8.4.1.3.6.3 Test Circuit for Measuring the Electrical 
Isolation of Isolated Patient Leads. 

(A) Sakty precautions (such as including a resistance in se
ries ({l limit the current, insulation of the meter, and a mo
mentary switch) shall be taken to protect the operator. 

(B) [n appliances without. a power cord with ungrounded, 
exposed conductive surf~lces, measurements shall he made 
with the exposed conductive surfaces temporarily grounded. 

(C) [f there is no exposed conductive surf~l(e, measurement 
sh'lll be made with a simulat.ed surface, as described in 
10.2.13.4.2, that is also temporarily grounded. 

8.4.1.3.6.4 Between Leads - Nonisolated Input. The leakage 
current between anyone lead (not ground) and each othel' 
lead shall be lIleasured. An acceptable test configuration shall 
be as illustrated in Figure 8.4.1.3.6.4. The leakage current 
shall not exceed :-;0 flA for the ground wire open and closed. 

This connection is at Patient lead selector Patient-connected 
service entrance or switch (activated as 
on the supply side required) leads (grouped 

and connected 
of a separately Appliance power SWitch as required) 

dertved~system ("closed") APPliance! 

H (black) __ _ 

Input line ~ l'jg~+if( 1J 
voltage N (white) r----< I~ ~0"'i 

G (gr~ r-< I-=~j-if< 
Building 7::.-o-J Insulating surface I 
ground "7 Current meter 

Grounding contact switch H = Hot (note text 
(use in both "open" and N = Neutral.(grounded) requirements) 
"closed" positions) G = Grounding conductor 

FIGURE 8.4.1.3.6.4 Test Circuit for Measuring Leakage Cur
rent Between Patient Leads - Nonisolated and Isolated. 

8.4.1.3.6.5 Between Leads - Isolated Input. The leakage cur
rent. bet.ween anyone lead (not ground) and each other leacl 
shall be Illc;lsurecl. An acceptable test configuration shall be as 
illustrated in Figure 8.4.1.3.li.4. The leakage current shall not 
exceed 10 p/\ with the ground intact and :-;0 pA with the 
ground open. 

8.4.2 Nonpatient Electrical Appliances and Equipment. 

8.4.2.1 Permanently Connected - Fixed. (Reserved) 
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8.4.2.2 Cord- and Plug-Connected - Portable Equipment. 

8.4.2.2.1 Patient Care Area. 

8.4.2.2.1.1 The leakage ClllTent for Elcility-owned appliances 
(e.g., housekeeping or maintenance appliances) shall not ex
ceed :-;00 p/\ in the following sit.uations: 

(I) When they are used in a patielll care vicinit.y 
(2) \I\'hen they will, in normal use, contact patiellLs 

Test<; shall be made with Switch A in Figure 8.4.1.355 in the open 
position iiJr two-wire equipment that is not double-insulated. 

8.4.2.2.1.2 Household or office ,lppliances not commonly 
equipped wit.h grounding conductors in their POWCi' cords 
shall be permitted provided they are not located wit.hin the 
patient care vicinity. Double-insulated appli'lI1ces shall be per
mittee! in the patjelll care vicinity. 

8.4.2.2.2* Laboratory. 

8.4.2.2.2.1 Portable eqllipmcnt intended for laboratolY usc 
shall be provided with an ,lpprovedlllethod to protect person
nel against shock. 

8.4.2.2.2.2 All electrical heating equiplilent to be used filr labo
rCltory proceclures shall be equipped with o\'ertemperature-limit 
controls so arranged that titennost'lt.ic hlillll'e will not. result in 
hazardous telll perawres. 

8.4.2.2.2.3 When electrical heating equipmcnt is intended 
for use with flammable or combustible liquids, its electrical 
components shall be at least one of the following: 

(I) Explosion proof 
(2) Intrinsically s<Lfe 
(3) Ventilated 

8.4.2.2.2.4 Electrical heating eqllipmcnt equipped with fans 
shall be arranged with an interlock that will disconnect the 
heating elements when the LlI1 is inoperative, unless the Elil is 
not essential to safe operation. 

8.4.2.2.2.5* Electrical equipment intended [i)r llse ill lahora
tories shall meet the requirements ofNFPA 4:\ Standard iyn Fire 
Protectionjirr /Jliromtories Usin,!!,' Chemiwls. 

8.5 Administration. 

8.5.1 Responsibilities of Governing Body. (Reserved) 

8.5.2 Policies. 

8.5.2.1 General. 

8.5.2.1.1 Medical and surgical electrical instrumentation and 
monitoring devices, as well as all electric appliances uscd [or 
the care and entertainment orlhe patient, acquired [i)r lise by 
the flcility (e.g., purchased, leased, donated, constructed on
site, loaned, etc.), shall meet the safety pcrformance criteria of 
Chapter 10. 

8.5.2.1.2 Testing Intervals. 

8.5.2.1.2.1 The Etcility shall establish policies and protocols 
J(:>r the type of test and intervals of testing for each appliance. 

8.5.2.1.2.2 All appliances lIsee! in patient care areas shall be 
tested in accordance with 8.4.1.3 or 8.4.2.2.1.1 bdore being 
put into service for the first time ,mel after repair or modifica
tion. Patient-care-related electrical appliances shall be re
tested atintervals determined by their normal location or area 
of normal lise, but not exceedil'lg the intervals listed below: 

(I) General care areas - 12 months 
(2) Critical care areas - 6 months 
(3) Wet locatjons - (j Illonths 
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l~xr;r;tJtion No. J: J 'he testing intervaLI' listed art! intend£d to be nominal 
values. and facilities shall be j)ermitled to adol)t a pmtocol using either 
longer or shurtey intenmLI /Hovirlt!(lthatthae is a docurnrmterlJ'lLltification 
based on jmmious saji1ty testing; recm'ds jiJr the equipment in question, 
unusually l~f!,'ht ar heavy utilization, or similaT wnsirlerations. 

ExcejJtion No.2: Facility-owned hmlseholr! or other atJjJliances that am 
used in the jJatirmt Gare vir;inity, but that are not intender! to r;ontar;t the 
jmtient, shall be tested at intemail' deemed ajJ/Hot/nate by thej(lcility. nw 
j(u;iliti' shall he /Jamitter! to .I/rueturt! a testing jfmtocol andfrequen() .lor 
somi? equijmumt that might be mom limited than that tmscribed in 
8.4.1.3. 

8.5.2.1.3 The tests specified in 8.4.1.3.6 shall be required 
only for incoming inspections and following repairs and modi
fications that might have compromised the patient lead leak
age current. 

8.5.2.1.4* After fixed equipment is installed, it shall be tested 
periodically in accordance with 4.3.3.1.3 and meet the follow
ing criteria: 

(1) .500 m V for general CalT areas 
(2) 40 mV for critical care areas 

8.5.2.1.5 Protection of Patients with Direct Electrical Path
ways to the Heart. 

8.5.2.1.5.1 Only equipment that is specifically designed for 
the purpose, that is, provided with suitable isolated patient 
leads or connections, shall be connected directly to electri
cally conductive pathways to a patient's heart. 

8.5.2.1.5.2 The l~lcility shall have a policy that prohibits the 
use of external cardiac pacemakers and pacing leads with ex
ternal terminals that are not properly protected from poten
tially hazardous contact with conductive surfaces. 

8.5.2.1.6 Controls. Electrical appliance controls (such as bed, 
pillow speaker's, television, and nurse-call controls) that do not 
meet the minimum requirements of Section 10.2, PatienL
Care-Related Electrical Appliances, shall be mounted so that 
they cannot be taken into the bed. Existing low-voltage con
trols used in general patient care areas shall be permitted. 

8.5.2.1.7 Adapters and Extension Cords. 

8.5.2.1.7.1 Adapters and extension cords meeting the re
quirements of 8.4.1.25 shall be permitted to be used. 

8.5.2.1.7.2 Three-tCl-lWO-prong adapters shall not be permitted. 

8.5.2.1.7.3 The wiring shall be tested for all of the following: 

(1) Physical integrity 
(2) Polarity 
(3) Continuity ofgrollnding at the time of assembly and peri-

odically thereafter 

8.5.2.1.8* Appliances Intended to Deliver Electrical Energy. 
Electrical-energy-delivering appliances shall conform to the 
leakage, grounding, and other requirements of this chapter 
when powered but not delivering energy. 

8.5.2.1.9 Specification of Conditions of Purchase. The pro
curement authority shall include in its purchasing documents 
requirements or conditions specifically related to the facility's 
use of the appliance. These requirements and conditions shall 
include, but not be limited to, the following: 

(1) The type of appliance listing or certification required, if any 
(2) The delivery of manulacturer's test data, where pertinent 

(3) Special conditions of use (such as in anesthetizing or 
other locations with special hazards) 

(4) Unusual environmental conditions (such as high humid
ity, moisture, salt spray, etc.) 

(5)*The type of electric power system (i.e., grounded or iso-
lated) intended to energize the appliance 

(6) The nature of the overcurrent devices 
(7) The use of auxiliary emergency power 

8.5.2.1.10* Manuals for Appliances. Purchase specifications 
shall require the vendor to supply the following manuals for 
operators or users upon delivery of the appliance: 

(1) Installation and operating instructions 
(2) Inspection and testing procedures 
(3) Maintenance details (see 10.2.8.1.1) 

8.5.2.1.11 System Demonstration. 

8.5.2.1.11.1 Any system consisting of several electric appliances 
shall be demonstrated as a complete system, after installation, by 
the vendor designated to assume system responsibility, and prior 
to acceptance of the system by the f~ICility. The vendor shall dem
onstrate the operation of the system and provide initial instmc
tion to operators and maintenance personnel. 

8.5.2.1.11.2 Paragraph 8.5.2.1.11.1 shall not apply to facilities 
that assemble their own systems. 

8.5.2.1.12 Electrical Equipment Systems. Purchase contracts 
for electrical equipment systems, such as nurse call and signal
ing, that consist of interconnected elements, shall require all 
of the following: 

(1) That the elements be listed to function together 
(2) That the manufacturers provide docllmentation for such 

interconnection 
(3) That the systems be installed by personnel qualified to do 

sllch installations 

8.5.2.1.13 Appliances Not Provided by the Facility. Policies 
shall be established for the control of appliances not supplied 
by the facility. 

8.5.2.2 Servicing and Maintenance of Equipment. 

8.5.2.2.1 Service manuals, instructions, and procedures pro
vided by the manufacturer shall be used in the maintenance of 
equipment. 

8.5.2.2.2 Aschedulecl preventive maintenance program shall 
be followed. 

8.5.2.2.3 Areas designated for the servicing of oxygen equip
ment shall be clean, free of oil and grease, and not used for 
the repair of other equipment. 

8.5.2.2.4 Defective electrical apparatus shall be tagged and 
repaired or discarded. 

8.5.2.2.5 The health care facility shall monitor the use of ap
pliances and portable electrical equipment, such as drills, that 
can cause electrical interference during operative procedures. 

8.5.2.3 During Surgery. 

8.5.2.3.1 Active electrodes or other applicators of electrosur
gical, surgical laser, or fiber optic devices shall be secured as 
recommended by the man llLlCturer of the device, when not in 
active use. 
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8.5.2.3.2 The cable that provides power from the electrosur
gical generator to the active electrode shall be disconnected 
from the generator when contamination occurs. 

8.5.2.4 During Administration of Respiratory Therapy. 

8.5.2.4.1 * Electrical equipment used within the site of inten
tional expulsion shall have no hot surfaces. 

8.5.2.4.2 When only the remote control or signal leads of a 
device are to be used in the site of intentional expulsion, only 
the control or signal leads shall be required to comply with 
85.2.4.1. 

8.5.2.4.3 Subparagraphs 8.5.2.4.1 and 8.5.2.4.2 shall not ap
ply to sillall (less than 2 W), hermetically sealed healing ele
ments such as light bulbs. 

8.5.2.4.4 Electrical equipment sold with the intent to be used 
in oxygen-enriched atmospheres shall be listed for use in 
oxygen-enriched atmospheres. 

8.5.2.4.5* Electrical equipment used within oxygen delivery 
equipment shall be listed for lise in oxygen-enriched atmo
spheres. 

8.5.2.4.6* High-eneq"ry-delivering probes (such as ddibrilla
tor paddles) or other electrical devices that do not comply 
with 8.5.2.4.1 and 8.5.2.4.2 that are deemed essential to the 
care of an individual patjent and must be used within an ad
ministration site or within oxygen-delivery equipment, shall 
be permitted. 

8.5.2.5 Laboratory. 

8.5.2.5.1 * The laboratory shall establish policies and protocols 
for the type of test and intervals of testing for each appliance. 

8.5.2.5.2* The physical integrity of the power cord, attach
ment plug, and cord strain-relief shall be confirmed at least 
annually by visual inspection and other appropriate tests. 

8.5.3 Record Keeping. 

8.5.3.1 Patient Care Appliances. 

8.5.3.1.1 Instruction Manuals. 

8.5.3.1.1.1 A permanent file of instruction and maintenance 
manuals as described in 10.2.8.1.1 shall be maintained and be 
accessible. 

8.5.3.1.1.2 The file of manuals shall be in the custody of the 
engineering group responsible for the maintenance of the ap
pliance. 

8.5.3.1.1.3 Duplicate instruction and maintenance manuals 
shall be available to the user. 

8.5.3.1.1.4 Any safety labels and condensed operating instruc
tjons on an appliance shall be maintained in legible condition. 

8.5.3.1.2* Documentation. 

8.5.3.1.2.1 A record shall be maintained of the tests required 
by this chapt.er and associated repairs or modifications. 

8.5.3.1.2.2 ALa minimum, this record shall contain all of the 
Following: 

(I) D'lle 
(2) Unique identification of the equipment tested 
(3) Indication of which items have met or have failed to meet 

the performance requirements of 8.5.3.1.2 
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8.5.3.1.3 Test Logs. A log of test results and repairs shall be 
maintained and kept for a period of time in accordance with a 
health care facility's record retention policy. 

8.5.4 Use. (Reserved) 

8.5.5 Qualification and Training of Personnel. 

8.5.5.1* Personnel concerned for the application or mainte
nance of electric appliances shall be trained on the risks asso
ciated with their use. 

8.5.5.1.1 The health care facilities shall provide programs of 
continuing education for its personnel. 

8.5.5.1.2 Continuing education programs shall include peri
odic review of manufacturers' safety guidelines and usage re
quirements for electrosurgical units and similar appliances. 

8.5.5.2 Personnel involved in the use of energy-delivering de
vices including, but not limited to, electrosurgical, surgical la
ser, and fiberoptic devices, shall receive periodic training in 
fire suppression. 

8.5.5.3 Equipment shall be serviced by qualified personnel only. 

Chapter 9 Gas Equipment 

9.1 * Applicability. 

9.1.1 * This chapter applies to the use, at normal atmospheric 
pressure, of all of the following: 

(I) Nonflammable medical gases 
(2) Vapors and aerosols 
(3) Equipment required for their administration 

9.1.2 When used in this chapter, the term oxygen is intended to 
mean 100 percen t oxygen as well as mixtures of oxygen and air. 

9.1.3* This chapter does not apply to special atmospheres, 
such as those encountered in hyperbaric chambers. 

9.2 Nature of Hazards. See Section B.6. 

9.3 Cylinder and Container Source. 

9.3.1 Cylinders shall be permitted to be fitted with valves that 
include a means to slow the initial opening pressurization. 

9.3.2 Cylinders and containers shall com ply wi th 5.1.3.1. 

9.3.3 Cylinder valve outlet connections shall conform to CGA 
V-I, Standard jilr CornlJresserl Gas Cylinder Valve Outlet and Inlet 
Connections (ANSI B57.1) (includes Pin-Index Safety System 
for medical gases). (See 5.1.3.1.) 

9.3.4 When low-pressure threaded connections are em
ployed, they shall be in accordance with the Compressed Gas 
Association standard for noninterchangeable, low-pressure 
connections for medical gases, air, and suction, CGA V-5, 
Dimneter-[ndex Safety System (Nonintl:r(:hangeable IJIW Pressure Con
nectionsjilr l'vlediwl Gas AjJjJlications). 

9.3.5 Low-pressure quick-coupler connections shall be non
interchangeable between gas services. 

9.3.6 Regulators and gauges intended for use in high
pressure service shall be listed for such service. 

9.3.7 Pressure-reducing regulators shall be used on high
pressure cylinders to reduce the pressure to working pressures. 
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9.3.8 Appmved regulators or other gas-flow control devices 
shall be used to reduce the cylinder pressure of every cylinder 
used for medical purposes. All such devices shall have connec
tions so designed that they attach only to cylinders of gas for 
which they are designated. 

9.3.9* Equipment that will permit the intermixing of different 
gases, either through defects in the mechanism or through 
error in manipulation in any portion of the high-pressure side 
of any system in which these gases might flow, shall not be used 
for coupling cylinders containing compressed gases. 

9.3.10 Cylinder valve outlet connections for oxygen shall be 
Connection No . .540 as described in CGA V-I, Slandard./err Com,
jJresseri Gas Cylinder Valve Oullel and Inlel Conneclions (ANSI B.57.1). 

9.3.11 Cylinder valve outlet connections for nitrous oxide shall 
be Connection No. 326 as described in CGA V-J, Slandard jar Com,
jm;ssed Gw Cylinder Valve Oullel and Inlel Conneclions (ANSI B.57.1). 

9.4 Cylinder and Container Storage Requirements. 

9.4.1 Storage for nonflammable gases equal to or greater than 
8.5 mOl (3000 ftCI) compressed shall comply with .5.1.3.3.2 and 
.5.1.3.3.3. 

9.4.2 Storage for nonflammable gases greater than 8..5 m" 
(300 ft

g
) but less t.han 8.5 m

g 
(3000 ft") compressed shall com

ply with the requirements in 9.4.2.1 through 9.4.2.3. 

9.4.2.1 Storage locations shall be outdoors in an enclosure or 
within an enclosed interior space of noncombustible or limited
combustible construction, with doors (or gates outdoors) that 
can be secured against unauthOl-ized entry. 

9.4.2.2 Oxidizing gases, such as oxygen and nitrous oxide, 
shall not be stored with any flammable gas, liquid, or vapor. 

9.4.2.3 Oxidizing gases such as oxygen and nitrous oxide 
shall be separated from combustibles or materials by one of 
the following: 

(1) A minimum distance of 6.1 m (20 ft) 
(2) A minimum distance of 1..5 m (5 ft) if the entire storage 

location is protected by an automatic sprinkler system de
signed in accordance with NFPA 13, Slandard for lhe Inslal
lalion o/Sj)rinkler Systrl1ns 

(3) An enclosed cabinet of noncombustible construction hav
ing a minimum fire protection rating of 1h hour 

9.4.2.4 Liquefied gas container storage shall comply with 
.5.1.3.4.12. 

9.4.2.5 Cylinder and container storage locations shall meet 
.5.l.3.3.1.7 with respect to temperature limitations. 

9.4.2.6 Electrical fixtures in storage locations shall meet 
.5.1.3.3.2(.5) . 

9.4.2.7 Cylinder protection from mechanical shock shall 
meet 5.3.] 3.1.3. 

9.4.2.8 Cylinder or container restraint shall meet .5.3.13.1.3. 

9.4.2.9 Smoking, open ilames, electric heating elemen ts, and 
other sources of ignition shall be prohibited within storage 
locations and within 6. J m (20 ft) of outside storage locations. 

9.4.2.10 Cylinder valve protection caps shall meet .5.3.13.1.3. 

9.4.2.11 Gas cylinder and liquefied gas container storage 
shall comply with .5.1.3.4.12. 

9.4.3 Storage for nontlammable gases with a total volume 
compressed equal to or less than 8..5 m" (300 ft") shall comply 
with the requirements in 9.4.3.1 and 9.4.3.2. 

9.4.3.1 Individual cylinder storage associated with patient 
care areas, not to exceed 21 00 m~ (22,500 ft~) of floor area, 
shall not be required to be stored in enclosures. 

9.4.3.2 Precautions in handling these cylinders shall be in 
accordance with 9.7.2. 

9.4.3.3 When small-size (A, B, D, or E) cylinders are in lise, 
they shall be attached to a cylinder stand or to a therapy appa
ratus of sufficient size to render the entire assembly stable. 

9.4.3.4 An individual cylinder placed in patient room for im
mediate use by a patient shall not be required to be stored in 
an enclosure. 

9.4.3.5 Cylinders shall not be chained to portable or movable 
apparatus such as beds and oxygen tents. 

9.4.4 Signs. 

9.4.4.1 A precautionary sign, readable Ii'om a distance of 15 m 
(.5 ft), shall be displayed on each door or gate of the storage room 
or enclosure. 

9.4.4.2 The sign shall include the following wording as a 
minimum: 

CAUTION 

OXIDIZING GAS(ES) STORED WITHIN 

NO SMOKING 

9.5 Performance Criteria and Testing. 

9.5.1 Portable Patient Care Gas Equipment. 

9.5.1.1 * Anesthetic apparatus shall be subject to approval by 
the authority havingjurisdiction. 

9.5.1.2* Each yoke on anesthetic apparatus constructed to 
permit attachment of small cylinders equipped with flush-type 
valves shall have two pins installed as specified in CGA V-I, 
Slandard jin C01n.jJressed Gas Cylinder Valve Outlet and Inlel Con:nec
lions (ANSI B57.1). 

9.5.1.3 Testing. 

9.5.1.3.1 Interventions requiring testing shall include, but 
not be limited to, the following: 

(J) Alteration ofpipcJine hose or fittings 
(2) Alteration of internal piping 
(3) Adjustment of selector switches or flush valves 
(4) Replacement. or repair of l10wrneters or bobbins 

9.5.1.3.2 After any adjustment. or repair involving use of 
tools, or any modification of the gas piping supply connec
tions or the pneumatic power supply connections for the an
esthesia ventilator, or other pneumatically powered device if 
one is present, and before use on patient.s, the gas anesthesia 
apparatus shall be tested at the tinal common path to the pa
tielll to determine that oxygen and only oxygen is delivered 
from the oxygen flowmet.ers anclthe oxygen flush valve, if any. 

9.5.1.3.3 Before the gas anesthesia apparat.us is returned to 
service, each fitting and connection shall be checked to verify 
its proper indexing to the respective gas service involved. 

9.5.1.3.4 Before the gas anesthesia apparatus is returned to 
service, an oxygen analyzer, or a similar device, shall be used to 
verify the oxygen concentration. 
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9.5.1.4* Yoke-type connections between anesthesia apparatus 
and !lush-type cylinder valves (commonly used with anesthetic 
gas cylinders) shall be Connection No. 860 in accordance with 
CGA V-I, Curn/m;ssed Gas Cylinder Valve Outlet and Inlel Cunnec
tions (ANSI B57J), 

9.5.2 Apparatus for Administering Respiratory Therapy. 

9.5.2.1 Oxygen-delivery equipment intended to rest on the 
floor shall be equipped with a base designed to render the 
entire assembly stable during storage, transport, and use. If 
casters are used, they shall conform to Class C of U.S. Govern
ment Commercial Standard 223-59, Casters, Wheels, and Glides 
jirr /-J ostlitrtZ Equitmuml. 

9.5.2.2 Oxygen enclosures of rigid materials shall be fabri
cated of noncombustible materials, 

9.5.2.3 Equipment supplied from cylinders or containers 
shall be designed and constructed for service at full cylinder or 
container pressure, or constructed for use with, or equipped 
with pressure-reducing regulators. 

9.5.2.4 Humidification or reservoirjars containing liquid to be 
dispersed into a gas stream shall be made of clear, transparent 
material, impervious to contained solutions and medications, 
and shall permit observation of the liquid level and consistency 

9.5.2.5 Humidifiers and nebulizers shall be equipped with 
provisions for overpressure relief or alarm if the flow becomes 
obstructed. 

9.5.2.6 Humidifiers and nebulizers shall be incapable of tip
ping or shall be mounted so that any tipping or alteration 
from the vertical shall not interfere with function or accuracy, 

9.5.3 Nonpatient Gas Equipment. 

9.5.3.1 Carts and Hand Trucks. 

9.5.3.1.1 Construction. Carts and hand trucks for cylinders 
and containers shall be constructed for the intended purpose, 
be seH~supporting, and be provided with appropriate chains 
or stays to retain cylinders or containers. 

9.5.3.1.2 Use. Carts and hand trucks that are intended to be 
used in anesthetizing locations or cylinder and container stor
age rooms communicating with anesthetizing locations shall 
comply with the appropriate provisions of 13,4, I. 

9.5.3.2 Gas Equipment- Laboratory. Gas appliances shall be 
of an approved design and installed in accordance with 
NFPA54, National Fwd Gas Code, Shutoff valves shall be legibly 
marked to identify the material they control. 

9.6 Administration. 

9.6.1 Policies. 

9.6.1.1 Elimination of Sources of Ignition. 

9.6.1.1.1 Smoking materials (e.g" matches, cigarettes, light
ers, lighter fluid, tobacco in any form) shall be removed from 
patients receiving respiratory therapy 

9.6.1.1.2* No sources of open flame, including candles, shall 
be permitted in the area of administration, 

9.6.1.1.3* Sparking toys shall not be permitted in any patient 
care area, 

9.6.1.1.4 Nonmedical appliances that have hot surfaces or 
sparking mechanisms shall not be permitted within oxygen
delivery equipment or within the site of in tentjona I expUlsion, 
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9.6.1.2 Misuse of Flammable Substances. 

9.6.1.2.1 Flammable or com bustible aerosols or vapors, such as 
alcohol, shall not be administered in oxygen-enriched atmo
spheres (see B.6.1.11J, 

9.6.1.2.2 Oil, grease, or other flammable substances shall not 
be used on/in oxygen equipment. 

9.6.1.2.3 Flammable and combustible liquids shall not be 
permitted within the site of intentional expulsion, 

9.6.1.3 Servicing and Maintenance of Equipment. 

9.6.1.3.1 Defective equipment shall be immediately removed 
!i-om service, 

9.6.1.3.2 Defective electrical apparatus shall not be used. 

9.6.1.3.3 Areas designated for the servicing of oxygen equip
ment shall be clean, free of oil and grease, and not used for 
the repair of other equipment. 

9.6.1.3.4 Service manuals, instructions, and procedures pro
vided by the manufacturer shall be used in the maintenance of 
equipment. 

9.6.1.3.5 Aschecluled preventive maintenance program shall 
be followed. 

9.6.2 Gases in Cylinders and Liquefied Gases in Containers. 

9.6.2.1 Qualification and Training of Personnel. 

9.6.2.1.1 * Personnel concerned with the application and 
maintenance of medical gases and others who handle medical 
gases anc! the cylinders that contain the medical gases shall be 
trained on the risks associated with their handling anc!use, 

9.6.2.1.2 The health care bcilities shall provide programs of 
continuing education for their personnel. 

9.6.2.1.3 Continuing education programs shall include peri
odic review of safety guidelines and usage requirements for 
medical gases and the cylinders. (Set: Sections 8.2 and 8.6.) 

9.6.2.1.4 Equipment shall be serviced only by personnel 
trained in the maintenance and operation ofthe equipment. 

9.6.2.2 Transfilling Cylinders. 

9.6.2.2.1 Mixing of compressed gases in cylinders shall be 
prohibited, 

9.6.2.2.2 Transfer of gaseous oxygen from one cylinder to 
another shall be in accordance with CGA P-25, Trrrn.ljilling oj 
/-Jigh f-'n;ssuTe Gaseous Oxygen to lie UsedJrrr Res/Jimtion. 

9.6.2.2.3 Transfer of any gases from one cylinder to another in 
patient care areas of health care facilities shall be prohibited. 

9.6.2.3 Transferring Liquid Oxygen. Transferring of liquid 
oxygen from one container to another shall comply with 
9.6,2.3.1 or 9,6.2.3.2, as applicable, 

9.6.2.3.1 Transfer to reservoirs or portable units over 50 psi 
(344,74 kPa) shall inclucle the following: 

(1) A designated area separated from any portion of a hcility 
wherein patients are housed, examined, or treated by a 
fire barrier of 1 hour fire-resistive construction; and 

(2) The area is mechanically ventilated, is sprinklered, and 
has ceramic or concrete flooring; and 

(3) The area is posted with signs inclicating that transferring 
is occurring, and that smoking in the immediate area is 
not allowed, 

(4) The individual Filling the portable container has been 
properly trained in the filling procedures, 
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9.6.2.3.2 TranslCr to portable containers ,It 50 psi (344.74 k1',I) 
and under shall include the f(lllowing: 

(I) The ,IITa is well-ventilated, and has noncombustible floor
ing; and 

(2) The area is posted with signs indicating that smoking in 
the area is not allowed; and 

(3) The individual iilling the portable container has been 
properly trained in the filling procedure; and 

(4) The guidelines of eGA Pamphlet P-2.6, "lI-anl/illinf!; o/Low
fYms.I"um Uquid OXYf!;en 10 be UW!(/ ji)T /{psIJimlion, and CGA 
Pamphlet, P-2.7, (;/JiriI!ImlheSaji,Slomf!;e, f-!andlinf!;anri LJII; 

o/Porloble /,iquirl OXYf!;en Svslems in Heallh Care Facililies, are 
mel. 

9.6.2.4 Ambulatory Patients. Ambulatory patients on oxygen 
therapy shall be pennitled access to all flame and smoke free 
areas within the health Glre [Icility. 

9.6.3 Use (Including Infonnation and WaITIing Signs). 

9.6.3.] Labeling. 

9.6.3.1.1 Equipment listed for lise in oxygen-enriChed atmo
spheres shall be so labeled. 

9.6.3.1.2 Oxygen-liletering equipment and pressure-reducing 
regulatol's shall be conspicll()l[sly labeled: 

OXYGEN - USE NO OIL 

9.6.3.1.3 Flowmeters, pressure-reducing regulators, and 
oxygen-dispensing apparatus shall be clearly and permanently 
labeled, designating the gas or mixlllre of gases for which they 
are intended. 

9.6.3.1.4 Apparatlls whose calihration or function is depen
dent on gas density shall he labeled as to the proper supply gas 
gauge pressure (kPa/psi) for which it is intended. 

9.6.3.1.5 Oxygen-metering eq uiprnent, pressure-reducing 
regulators, hlllnidilicrs, and nebulizers shall be labeled with 
the name of the llIcllllil~lcturer or supplier. 

9.6.3.1.6 Cvlinders and containers shall be labeled ill accor
dance with \::CA C-7, Guide 10 lhe Pn'lHlTalion 0/ Pm:rrlllion(lf)' 
Labeling ({nd JV[mli.inp; 0/ Cmnfm:.I.led GilS Crrnlainl'rs. Color coding 
shall not be utilized ,IS a primary method of determining cyl
inder or con tai ner cun ten I. 

9.6.3.1.7 All labeling shall be durable and \\'ithstand cleans
ing or disinfection. 

9.6.:3.2* Signs. 

9.6.3.2.1 In health care Elcilities where smoking is not pro
hibited, precautionary signs re;ldable from a distance of 1.5 m 
(;J ft) shall be conspicuollsly displayed wherever supplemental 
oxygen is in lIse and in aisles and walkways leading to that area; 
they sball he attached to adjacent doorways or to building 
walls or be snpported by other appropl'iate means. 

9.6.3.2.2 In health care f~lcilities where smoking is prohibited 
and signs arc prominently (strategically) placed at all major 
entrances, seconc];IIY signs with no-smoking language shall 
not be required. 

9.6.3.2.3 The nonsmoking policies shall be strictly en [(Jrced. 

9.6.3.3 Transportation, Storage, and Use of Equipment. 

9.6.3.3.1 Flow-control valves OIl administering equipment 
shall be closed prior to connection and when not in use. 

9.6.3.3.2 Apparatus shall not be stored or tr,lIlspn!led wit.h 
liquid agents in reservoirs. 

9.6.3.3.3 Care shall be observed in aLlaching cOllnect.ions from 
gas services to equipmentand fi'orn equipment t.o patients. 

9.6.3.3.4 Fixed or adjustable orifice l1lech,\11isl1ls, met.ering 
valves, regulators, and gauges shall not he connected directly 
to high-pressure cylinders unless specifically listed (i)t· sllch use 
and provided with appropriate saklY devices. 

9.6.3.3.5 Equiprnent shall only he serviced by qualified per
sonnel. 

9.7 Operation and Management of Cylinders. 

9.7.1 Administration. Administrative authorities of health 
care organizations shall provide policies and procedures f'lr 
safe practices. 

9.7.1.1 Purchase specificat.ions shall include the f()lIowing: 

(I) Specifications for cylinders 
(2) Marking of cylinders, regulators, and valves 
(3) Proper connection of cylinders supplied to the bcilit)' 
(4) Cylinders shall be permitted to be fllted with valves th,lL in

clude a means to slow the initial opening pressuriz(I(ion. 

9.7.1.2 Training procedures shall include the fi)]]owing: 

(I) Mai n tenance programs in accordance wi th t he man Id~IC
turer's recommendations fiJI' the piped gas system 

(2) Use and transportofequipmentand the proper handling 
of cylinders, containers, hand trllcks, supports, and valve 
protection caps 

(3) Proper uses of the medical-surgical vacuum system in urder 
to eliminate practices that reduce the systelll's c1kctiveness, 
such as leaving sllction tips and catheters open whell not 
actually aspirating, and using equipment arr'lI1gelllcnt.'i that 
are improperly trapped or are un trapped 

(4) Verify gas content and mechanical connection specilicity 
of each cylinder or container prior to placing thelll into 
selvice. 

(S) Annnaltraining by the supplier on the operatiun of,1 bulk 
cryogenic system when provided. 

9.7.1.3 Policies f'Jr enforcement shall include the f(lllowing: 

(I) Regulations i(Jr the storage and handling of" cylinders and 
containers of oxygen and nitrous oxide 

(2) Regulations for the safe handling of" oxygen and nitrous 
oxide in anesthetizing locations 

(3) Prompt evaluation of all signal warnings and allncccssary 
measures taken to re-establish the proper f"ul1ctions of thc 
medical gas and vacuum systems 

(4) Organizational capability aud resources to cope with a 
complete loss of any medical gas or vacuum system 

(5) All tests required in 5.1.12.!) shall be sllccessfully con
ducted prior [0 the use of any medical gas or vaCIlUIlI 
piping system for patient care 

(6) Locations intended [iJr the delivery vehicle delivcring 
crvogenic liquid to bulk crvog-cnic liquid svsterns shall re
lll;lil~ open and shall not l)e'1Jsed f(.lI" an/other purpose 
(e.g., vehicle parking, storage of trash containers) 

9.7.2 Special Precautions for Handling Oxygen Cylinders and 
Manifolds. Handling of oxygen cylinders and nlanifolds shall 
be based on CGA G-4, Oxyg;cn. 

9.7.2.1 Oxygen cylinders, cOllt<lincrs, and associatcd equip
ment shall be protected from contact with nil or grease. Spe
cijic precautions shall include the f(Jllowing: 

(I) Oil, grease, or readily jJammablc 1ll,Iteriais shall never be 
permitted to come in contact \vitll oxygen cylindns, v,dves, 
regulators, gauges, or fittings. 
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(2) Regulators, fittings, or gauges shall never be lubricated 
with oil or any other flammable substance. 

(:~) Oxygen cylinders or apparatus shall never be handled 
with oily or greasy hands, gloves, or rags. 

9.7.2.2 Equipment associated with oxygen shall be protected 
from contamination. Specific precautions shall include the 
following: 

(I) Part.icles of dust and dirt shall be cleared from cylinder 
valve openings hy slightly opening and closing the valve 
before applying any Jitting to the cylinder. 

(2) The high-pressure valve on the oxygen cylinder shall be 
opened slowly before bringing the apparatus to the pa
tient or the patient to the apparatus. 

(:\) An oxygen cylinder shall never be draped with any mate
rials such as hospital gowns, masks, or caps. 

(4) Cylinder-valve protection caps, where provided, shall be 
kept in place and be hand-tightened, except when cylin
ders are in use or connected for use. 

(5) Valves shall be closed on all empty cylinders in storage. 

9.7.2.3 Cylinders shall be protected from damage. Specific 
procedures shall include the following: 

(I) Oxygen cylinders shall be protected from abnormal me
chanical shock, which is liable to damage the cylinder, 
valve, or safety device. 

(2) Oxygen cylinders shall not be stored near elevators, 
gangways, or in locations where heavy moving objects 
will strike them or Llll on them. 

(:\) Cylinders shall be protected ii-om tbe tampering of Ull

authorized individuals. 
(4) Cylinders or cylinder valves shall not be repaired, painted, 

or altered. 
(5) Safety relief devices in valves or cylinders shall never be 

tampered with. 
(6) Valve Olltlets clogged with ice shall be thawed with warm 

- not boiling - water. 
(7) A torch flame shall never be permitted under any cir

cllmstances to come in contact with cylinder valves or 
safety devices. 

(8) Sparks and flame shall be kept away from cylinders. 
(9) Even if they are considered to be empty, cylinders shall 

never be used as rollers, supports, or for any purpose 
other than that for which the supplier intended them. 

(10) Large cylinders (exceeding size E) and containers larger 
than 45 kg (100 Ib) weight shall be transported on a 
proper hand truck or cart. complying with 9.5.:\.1. 

(II) Freestanding cylinders shall be properly chained or sup
ported in a proper cylinder stand or cart. 

(12) Cylinders shall not be supported by radiators, steam 
pipes, or heat ducts. 

9.7.2.4 Cylinders and their contents shall be handled with 
care. Specific procedures shall include the following: 

(I) Oxygen filtings, valves, regulators, or gauges shall never 
be used for allY senrice other than that of oxygen. 

(2) Gases of any type shall never be mixed in an oxygen cyl
inder or any other cylinder. 

(:\) Oxygen shall always be dispensed fi-om a cylinder through 
a pressure reguLltor. 

(4) The cylinder valve shall be opened slowly, with the face 
of the indiGltor on the regulator pointed away from all 
persons. 

2005 Edition 

(5) Oxygen shall be referred to by its proper name, oxygen, 
not air, and liquid oxygen refelTed to by its proper name, 
not liquid air. 

(6) Oxygen shall never be used as a substitute for com
pressed air. 

(7) The markings stamped on cylinders shall not be tam
pered with because it is against federal statutes to change 
these markings without written authority from the Bu
reau of Explosives. 

(8) Markings used for the identification of contents of cylin
ders shall not be defaced or removed, including decals, 
tags, stenciled marks, and the upper half of the shipping 
tag. 

(9) The owner of the cylinder shall be notified if any concli
tion has occurred that might permit any foreign sub
stance to enter a cylinder or valve, giving details and cyl
inder number. 

(10) Neither cylinders nor containers shall be placed in prox
imity of radiators, steam pipes, heat ducts, or other 
sources of heat. 

(J 1) Very cold cylinders or containers shall be handled with 
care to avoid injury. 

9.7.2.5 Oxygen equipment that is defective shall not be used 
until one of the following tasks has been performed: 

(I) It has been repaired by competent in-house personnel. 
(2) It has repaired by the manufacturer or his or her autho-

rized agent. 
(3) It has been replaced. 

9.7.2.6 Regulators that are in need of repair or cylinders hav
ing valves that do not operate properly shall never be used. 

9.7.3 Special Precautions for Making Cylinder and Container 
Connections. 

9.7.3.1 * Wrenches and tools used to connect respiratory 
therapy equipment shall not be required to be nonsparking. 

9.7.3.2 Cylinder valves shall be opened and connected in ac
cordance with the following procedure: 

(1) Make certain that apparatus and cylinder valve connec
tions and cylinder wrenches are free of foreign materials. 

(2) Turn the cylinder valve outlet away from personnel. Stand 
to the side - not in front and not. in back. Before con
necting the apparatus to cylinder valve, momentarily 
open cylinder valve to eliminate dust. 

(3) Make connection of apparatus to cylinder valve. Tighten 
connection nut securely with a wrench. 

(4) Release the low-pressure adjustment screw of the regula
tor completely. 

(5) Slowly open cylinder valve to full open position. 
(6) Slowly turn in the low-pressure adjustment. screw on the 

regulator until the proper working pressure is obtained. 
(7) Open the valve to the utilization apparatus. 

9.7.3.3 Connections for containers shall be made in accor
dance with the container manufacturer's operating instructions. 

9.7.4 Special Precautions for the Care of Safety Mechanisms. 

9.7.4.1 Personnel llsing cylinders and containers and other 
equipment covered in this chapter shall be familiar with the 
Pin-Index Safety System and the Diameter-Index Safety Sys
tem. Both arc designed to prevent utilization oftbe wrong gas. 
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9.7.4.2 Safety relief mechanisms. noninterchangeable con
nectors. and other safety features shall not be removed. al
tered, or replaced. 

9.7.5 Special Precautions - Storage of Cylinders and Con
tainers. 

9.7.5.1 Storage shall he planned so that cylinders can be used 
in the order in which they are received from the supplier. 

9.7.5.2 If stored within the same enclosure, empty cylinders 
shall he segregated from full cylinders. 

9.7.5.3 Empty cylinders shall be marked to avoid confusion 
and delay if a full cylinder is needed in a rapid manner. 

9.7.5.4 Cylinders stored in the open shall be protected as 
follows: 

(I) Against extremes of weather and from the ground be
neath to prevent rusting 

(2) During winter, against accumulations of ice or snow 
(3) In summer, screened against continuous exposure to di

rect rays of the sun in those localities where extreme tem
peratures prevail 

9.7.5.5 No cylinders containing oxygen or nitrous oxide, other 
than those connected to anesthetic apparatus, shall be kept or 
stored in anesthet.izing locations. 

9.8 Gas/Vacuum Systems Maintenance and Record Keeping. 

9.8.1 Permanent records of all tests required by 5.1.12.3.1 
through 5.1.12.3.] 4 shall be maintained in the organization's 
files. 

9.8.2 The supplier of the bulk cryogenic liquid system shall pro
vide documentation ofvaporizer(s) sizing criteria to the bcility. 

9.8.3 An annual review of bulk system capacity shall be con
ducted to ensure the source system has suffIcient capacity. 

9.8.4 Central supply systems f()r nonflammable medical gases 
shall conform to the following: 

(1) Be inspected annually 
(2) Be maintained by a qualified representative of the equip

ment. owner 
(3) Have a record of the annual inspection available fi)r re-

view by the authority having.iurisdiction 

9.8.5 A periodic testing procedure f(Jr nonflammable medical 
gas/vacuum and related alarm syst.ems shall be implemented. 

9.8.6 Whenever modifications are made or maintenance is 
perfimned that breaches the system, the verification tests 
specified in 5.1.12.3 shall be conducted on the downstream 
portions of the l1ledical gas piping system. 

9.8.7 A maintenance program shall be established for t.he 
following: 

(I) The medical air compressor supply system in accordance 
with the manufacturer's recommendations. 

(2) The facility shall establish a testing and calibration proce
dure that assures carbon monoxide monitors are cali
brated at least annually or more often if recommended by 
the manufilcturer. 

(3)*Both the medical-surgical vaCllum piping system and the 
secondary equipment attached to medical-surgical 
vacuum station inlets to ensure the continued good per
t()rmance of the entire medical-surgical vacuum system. 

(4) The WAGD system to assure performance. 

9.8.8 Audible and visual alarm indicators shall meet. the /(ll
lowing requirements: 

(1) Be periodically tested to determine t.hat they are function
ing properly 

(2) Have the records of the test maintained until the next test 
is performed 

9.8.9* Medical-surgical vaCUUlll station inlet terminal per/Dr
mance, as required in 5.1.] 2.3.1 0.4, shall be tested as f(lllows: 

(l) On a regular preventive maintenance schedule as deter-
mined by the f~lCility maintenance staff 

(2) Based on tlow offree air (Nl/min or SCFM) into a station 
inlet while simultaneously checking the vaCllum level 

9.9 Policies and Procedures. 

9.9.1 Administration. Administrative authorities of health 
care organizations shall provide policies and procedures for 
safe practices. 

9.9.1.1 Purchase specifications shall include the following: 

(1) Specifications for cylinders 
(2) Marking of cylinders, regulators, and valves 
(3) Proper connect.ion of cylinders supplied to the f~lcility 

9.9.1.2 Training procedures shall include the following: 

(I) Maintenance programs in accordance with the lllanuf~iC
turer's recommendations for the piped gas system 

(2) Use and transport of equipment and the proper handling 
of cylinders, containers, hand trucks, supports, and valve 
protection caps 

(3) Proper uses ofthe medical-surgical vacuum system in order 
to eliminate practices that reduce the system's dIectiveness, 
such as leaving sllClion Lips and catheters open when not 
actually aspirating, and using equipment arrangements that 
are improperly trapped or are untrapped 

9.9.1.3 Policies for enforcement shall include the f()llowing: 

(1) Regulations for the storage and handling of cylinders and 
containers of oxygen and nitrous oxide 

(2) Regulations for the safe handling of oxygen and nitrous 
oxide in anesthetizing locations 

(3) Prompt evaluation of all signal warnings and the perfor
mance of all necessary measures to reestablish the proper 
functions of the medical gas system 

(4) The capability and resources of the organization to cope 
with a complete loss of any medical gas system 

(5) All tests required in 5.3.12 successfully conducted prior to 
the use of any medical gas piping system for patient care 

Chapter 10 Manufacturer Requirements 

10.1 * Applicability. This chapter applies to equiprnent manu
factured for use in the delivery of patient care. 

10.2* Patient-Care-Related Electrical Appliances. 

10.2.1 Mechanical Construction. 

10.2.1.1 Separation of Patient Circuits. Patient-connected cir
cuits within an appliance shall be separated or insulated from 
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all other circuits within the appliance to prevent accidental 
contact with hazardous voltages or currents. 

10.2.1.2 Mechanical Stability. The appliance shall be me
chanicdly stable in the position of normal use. If the appli
ance is intended for use in an anesthetizing location, 13.4.1 
shall apply. 

10.2.2 Electrical Requirements - Appliances Equipped with 
Power Cords. 

10.2.2.1 * Attachment Plugs. Attachment plugs listed for the 
purpose shall be used on all cord-connected appliances. 

10.2.2.1.1* Construction and Use. The attachment plug shall 
he a two-pole. three-wire grounding type. 

10.2.2.1.2 Appliances used in special locations or for special 
purposes shall be equipped with attachment plugs equipped 
with plugs approved for the location (e.g., see 4.3.2.2.6). 

10.2.2.1.3 Power cords of an appliance that do not require 
and do not contain a grounding conductor shall not be fitted 
with a grollllding-type plug (see 10.2.2.2.5). 

10.2.2.1.4 Appliances supplied by other than 120 V single
phase systems shall use the grounding-type plug (cap) appro
priate for the particular power system. 

10.2.2.1.5 The grounding prong ofthe plug shall be the first 
to be connected to and the last to be disconnected from the 
receptacle. 

10.2.2.1.6 If screw terminals are used, the stranded conduc
tor shall be twisted to prevent stray strands, but the bundle 
shall not be tinned after twisting. 

10.2.2.1.7 If' the conductor is not twisted. it shall be attached 
by an approved terminal lug. 

10.2.2.1.8 The power-cord conductors shall be arranged so 
that the conductors are not under tension in the plug. 

10.2.2.1.9 The grounding conductor shall be the last one to 
disconnect when a hlilure of the plug's strain relief allows the 
energized conductors to be disrupted. 

10.2.2.1.10 Strain Relief. Strain relief'shall be provided. 

10.2.2.1.10.1 The strain relief shall not cause thinning of the 
conductor insulation. 

10.2.2.1.10.2 The stntin relief of replaceable plugs shall be 
Glpabk of being disassem bled. 

10.2.2.1.10.3 Plugs shall be permitted to be integrally molded 
onto the cordjacket if the design is listed for the purpose. 

10.2.2.1.11 Testing. The wiring of each cord assembly shall be 
tested for continuity and polarity at the time of manufacture, 
when assembled into an appliance, and when repaired. 

10.2.2.2 Power Cords. 

10.2.2.2.1 Material and Gauge. 

10.2.2.2.1.1 The ilexible corel. including the grounding con
ductor, shall be of a type suitable for the particular applica
tion, listed for lise at a voltage equal to or greater than the 
rated power line voltage of the appliance, and have an am pac
ity, as given in Table 400.5(A) of NFPA 70, National Electrical 
Corle, equal to or greater than the current rating of the device. 
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10.2.2.2.1.2* "Hard Service" (SO, ST, or STO) or 'Junior Hard 
Service" (SJO, SJT, or ~JTO) or equivalent listed flexible cord 
shall be used except where an appliance with a cord of an
other designation has been listed for the purpose. 

10.2.2.2.2 Grounding Conductor. 

10.2.2.2.2.1 Each electric appliance shall be provided with a 
grounding conductor in its power corel. 

10.2.2.2.2.2 The grounding conductor shall be no smaller 
than 18AWG. 

10.2.2.2.2.3 The grounding conductor of cords longer than 
4.6 m (15 ft) shall be no smaller than 16 AWG. 

10.2.2.2.2.4 Grounding conductors shall meet the resistance 
requirements of 10.2.13.2. 

10.2.2.2.2.5 A grounding conductor in the power cord shall 
not be required iix listed double-ins\llated appliances, but 
such a grounding conductor shall be permitted to be used to 
ground exposed conductive surLlces (see JO.2.3.2). 

10.2.2.2.3 Separable Cord Sets. 

10.2.2.2.3.1 A separable power cord set shall be permitted to 
be used if it can be shown that an accidental disconnection 
does not pose a hazard. 

10.2.2.2.3.2 Separable power cord sets shall be designed so 
that the grounding conductor is the first to be connected and 
the last to be disconnected. 

10.2.2.2.3.3 Cord-set plugs and receptacles at the appliance 
shall be polarized in accordance with ANSI/NEMA WD 6, Wir
ing Devices - Dimensional Requirements. Appliances with sepa
rable cord sets shall rneet the grounding-wire-resistance re
quirements of 10.2.13.2, Grounding Circuit Continuity -
Measurement of Resistance, when the cord set is connected to 
the appliance. 

10.2.2.2.3.4 Both the cord set and the means of connection 
to the appliance shall be listed for the purpose. 

10.2.2.2.4 Connection to Circuit and Color Codes. 

10.2.2.2.4.1 * Power cords, regardless of whether intended for 
use on grounded or isolated power systems, shall be connected in 
accordance with the conventions of a grounded system. 

10.2.2.2.4.2* The circuit conductors in the cord shall be con
nected to the plug and the wiring in the appliance so that any 
of the following devices, when used in the primary circuit, are 
connected to the ungrounded conductor: 

(1) The center contact of an Edison base lampholeler 
(2) A solitary fuseholder 
(3) A single-pole, overcurrent-protective device 
(4) Any other single-pole. current-interrupting device 

10.2.2.2.4.3 A second fuseholder or other overcurrent
protective device provided in the appliance shall be permit
ted to be placed in the grounded side of the line. 

10.2.2.2.5 Cords Without Grounding Conductors. The power 
cord of an appliance that does not require and does not contain 
a grounding conductor shall not be fitted with a grounding-type 
plug. 

10.2.2.2.6 Testing. The wiring of each corel assembly shall be 
tested for continuity and polarity at the time of manufacture, 
when assembled into an appliance, and when repaired. 
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10.2.2.2.7 Cord Strain Relief. 

10.2.2.2.7.1 Cord strain reliefshall be provided at the attach
ment of the power cord to the appliance so that mechanical 
stress, either pull, twist, or bend, is not transmitted to internal 
connections. 

10.2.2.2.7.2 A strain relief molded onto the cord shall be 
bonded to the jacket and shall be of compatible material. 

10.2.2.2.8 Storage. 

10.2.3 Wiring Within Appliances Equipped with Power Cords. 

10.2.3.1 Protection of Wiring in Appliances. Within the appli
ance, the power conductors of the cord and the associated pri
mary wiring (other than the grounding conductor) shall be 
mounted and dressed to minimize accidental electrical contact 
with the fi-ame or exposed conductive parts of the appliance. 

10.2.3.2* Grounding of Exposed Conductive Surfaces. All ex
posed conductive surfaces of an electric appliance that could 
become energized from internal sources shall be bonded to
gether to provide electric continuity with the connection to 
the grounding conductor. 

10.2.3.3 Replacement Connection. Ready replacement of the 
power cord shall be permitted except where the power cord is 
not intended to be replaced by the user. 

10.2.3.4 Connection of the Grounding Conductor. 

10.2.3.4.1 The grounding conductor shall be connected to 
the exposed metal or frame of the appliance by a terminal or 
bolt so that an electrical connection is always maintained. 

10.2.3.4.2 The grounding connection shall remain intact 
during electrical or mechanical repair of the appliance, ex
cept during replacement of the power core\. 

10.2.3.4.3 The grounding conductor shall be the last conduc
tor to disconnect when a tailure of the plug's strain relief at the 
appliance allows the energized conductors to be disrupted. 

10.2.3.4.4 When a grounding conductor is not required and is 
not provided, the appliance shall be labeled to indicate that fact. 

10.2.3.5 Connections with Grounding Conductor. Any com
ponent, such as a tilter or test circuit, within an appliance that 
intentionally reduces the impedance between the energized 
conductors and the grounding conductor shall be in opera
tion when the leakage current tests specified in 10.2.13.4 are 
performed. 

10.2.3.6* Overcurrent Protection. 

10.2.3.6.1 An overcurrent protective device shall be permit
ted to be placed in any of the following locations: 

(1) In the attachment plug 
(2) In the power cord 
(3) In the main body of the appliance 

10.2.3.6.2 The overcurrent protective device shall precede 
any other components within the appliance, including the pri
mary power-control switch. 

10.2.3.6.3 Listed insulated terminal blocks or strips, listed con
necting devices, and RFI filters for use on power systems shall be 
permitted to precede the overcurrent device (see 10.2.3.5). 

10.2.3.6.4 The use of overcurreni protective devices within 
the appliance shall be permitted. 

10.2.3.6.5 The power-control switch and overcurrent protective 
device shall be permitted to be combined into one component 
provided it is identified to indicate the combined fimction. 

10.2.3.7 Primary Power-Control Switch. 

10.2.3.7.1 A primary power-control switch when provided on 
an appliance shall interrupt all primary power conductors, in
cluding the neutral conductor. 

10.2.3.7.2 The grounding conductor shall not be interrupted 
by the switch. 

10.2.3.7.3 When the primary power wiring of an appliance is 
polarized, a primary power control switch shall not be re
quired to interrupt the neutral conductor. 

10.2.3.7.4 An in-line switch shall be permitted in a primary 
power cord only if the switch is listed with the appliance with 
which it is intended to be used. 

10.2.3.8 Rack- or Cart-Mounted Equipment. 

10.2.3.8.1 Each appliance mounted in an equipment rack or 
cart, when rated by the manuhlcturer as a stand-alone appli
ance, shall independently meet the requirements of 10.2.1'\. 

10.2.3.8.2 When multiple appliances, as designated by the 
manufacturer, are mounted together in a cart or rack, and one 
power cord supplies power, the cart or rack shall meet the 
requirements ofJO.2.13. 

10.2.4 Connectors and Connections to Devices. 

10.2.4.1 Indexing of Receptacles for Patient Leads. 

10.2.4.1.1 Receptacles on appliances shall be designed and 
constructed so that those con tacts that deliver electric current 
in a way and of a magnitude greater than 500 pA, when mea
sured in accordance with 10.2.13.5, are female and indexed. 

10.2.4.1.2 Receptacles and plugs shall be polarized if im
proper orientation can create a hazard. 

10.2.4.2* Distinctive Receptacles for Patient Leads. Where re
versal or misconnection of patient leads to an appliance con
stitutes a possible hazard (for example, reversal of active and 
dispersive electrodes of electrosurgical mach ines), distinctive, 
noninterchangeable connections shall be employed. 

10.2.4.3 Patient Lead Connections. 

10.2.4.3.1 Lead Termination. The connector, distal to the pa
tient, on a patient lead shall be constructed so that the connec
tor cannot be inserted to make contact with the live parts of a 
power receptacle or to engage any part of the appliance that 
can introduce a risk of electric shock, fire, or personal injury. 

10.2.4.3.2 Isolated Patient Lead. The appliance connector of 
an isolated patiellt lead shall be constructed so that, when not 
inserted properly in the appliance, the end of the conductor 
of the lead cannot electrically contact any conductive surface. 

10.2.5* Line Voltage Variations and Transients - General. All 
appliances shall be capable of operating within line voltage 
variations that conform with ANSI CS4.1, Voltage Ratings: Elec
Llic Power Systems and EquilJTflenl. 
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10.2.6 General Design and Manufacturing Requirements. 

10.2.6.1 Thermal Standards. 

10.2.6.1.1 Electric appliances not designed to supply heat to 
the patient, and operated within reach ofa nonambulatory pa
tient, shall not have exposed sUI'face temperatures in excess of 
»O°C (122°F). 

10.2.6.1.2 Stllhces maintained in contact with the skin of P,l
tienL5 and !lot intended to supply heat shall not be hotter than 
400C (104°F). 

10.2.6.2 Toxic Materials. 

10.2.6.2.1 SurLtces that contact patients shall be free of ma
terials that commonly cause adverse reactions. 

10.2.6.2.2 Coatings used on these surfaces shall conform to 
ANSI Z66.1, SjJeci/zwlions .Ii)!' Painls and Coalings Accessible to 
Children 10 Minimize Diy Film 7()xicily. 

10.2.6.3* Chemical Agents. Electric appliances containin.g 
hazardous chemicals shall be designed to facilitate the replen
ishment of these chemicals without spillage to protect the pa
tient, the operating personnel, and the safety features of the 
appliance from such chemicals. 

10.2.6.4 Electromagnetic Compatibility. All appliances shall 
be designed so that they are capable of operating in a radio 
frequency electromagnetic environment where limits are es
tablished by lEC 6060 1-1-2, Medical neelriml Equ.ij)lnrml - em
eml Requin:rnenls .Ii)'/" Sa/i:ly - Pari 2: Collaleral Standard: EleclTo
magrwtic ContjmliiJilily - I?equ.irements anti Tests. 

10.2.6.5 Operation with Essential Electrical System. 

10.2.6.5.1 General. Equipment (fixed or appliances) shall be 
designed to operate normally when energized by a standby 
power source that. conJorms t.o the requirements of Chapter 4. 

10.2.6.5.2 Power Transfer. 

10.2.6.5.2.1 Following transfer of power between the normal 
power system and the essential electrical system, a patient
care-relat.ed appliance shall resume function in the mode of 
operation that existed prior to the transfer. 

10.2.6.5.2.2 If the appliance cannot maintain its mode of op
eratioll in t.he event of a power transfer, it shall default to a 
nonhazardous status and clearly indicate by audible or visible 
signals that its mode of operation has changed. 

10.2.6.5.3 Programmable Appliances. 

10.2.6.5.3.1 De-energization of the power supply of a program
mable appliance shall not result in the loss or change of any part 
of the program or data required for normal operation. 

10.2.6.5.3.2 Subparagraph 10.2.6.5.3.1 shall not apply to 
computers and programmable appliances that are not directly 
related to patient care. 

10.2.6.5.3.3 Patient-care-related appliances that suiler a loss 
of program or vital data shaH clehtult to a start-up status and 
clearly indicate by audible or visual signals that their program 
or data has been altered or lost. 

10.2.7 Fire and Explosion Hazards. 

10.2.7.1 Materials and Supplies. 

10.2.7.1.1 Materials used in the construction of, and supplies 
for, electric appliances shall be noncombustible or name re
tardant and impermeable to liquids (such as water and intra
venous solutjons) and gases to the extent practicable; or the 
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materials used in the construction of, ,md supplies for, electric 
appliances shall not ignite from illternal heating or arcing re
sulting from any and all possible fault. conditjons. 

10.2.7.1.2 Materials used in the construction and operation 
of electric appliances shall be permitted to be combustible 
when it is essential to their intended function. 

10.2.7.2* Oxygen-Enriched Atmospheres. Electric appliances 
employing oxygen, or that are intended to be used in oxygen
enriched atmospheres, shall comply wit.h all of the f()lIowing: 

( I) Cbapter 9 
(2) Chapter 20 
(3) All applicable provisions of this chapter 

10.2.7.3 Inhalation Anesthetizing Locations. Electric appli
ances used in inhalation anesthetizing locations shall comply 
with all of the following: 

(1) Chapter 8 
(2) Subsection 13.4.1 
(3) All applicable provisions of this chapter 

10.2.8 Instruction Manuals and Labels. 

10.2.8.1 Manuals. 

10.2.8.1.1 The manufacturer of the appliance shall furnish 
operator's, maintenance, and repair manuals with all units. 

10.2.8.1.2 These manuals shall include operating instruc
tions, maintenance details, and testing procedttres and shall 
include tbe following where applicable: 

(1) Illustrations tbat show location of controls 
(2) Explanation of the function of eacb control 
(3) Illustrations of proper connection to the patient and 

other equipment 
(4) Step-by-step procedures for proper use of the appliance 
(5) Safety considerations in application and in servicing 
(6) Difficulties that might be encountered, and care to be 

taken if the appliance is used on a patient simulta
neously with other electric appliances 

(7) Schematics, wiring diagrams, mechanical layouts, parb 
lists, and other pertinent data ff)r the appliance as shipped 

(8) Functional description of the circuit 
(9) Electrical supply requirements (i.e., volts, frequency, am

peres, and watts), heat dissipation, weight, dimensions, 
output current, output voltage, anc! other pertinent clata 

(10) The limits of electrical supply variations - performance 
specifications of the appliance shall be given for the ap
plicable limits of electrical supply variations 

(II) Technical performance specifications including design 
levels ofleakage current 

(12) Instructions for unpacking, inspecting, installing, acljust
ing, and aligning 

(13) Comprehensive preventjve and corrective maintenance 
and repair procedures 

10.2.8.1.3 The information itemized shall be permitted to be 
supplied in the form of it separate opcratjng manual and a 
separate maintenance manual, except that the separate main
tenance manual shall also include all the information in
cluded in the operatjng manual. 

10.2.8.2 Operating Instructions on Appliances. Condensed 
operating instructions shall be permanently attached to, or 
displayed on, any appliance tbat is intended to be used in 
emergency situations and that results in injury or death to the 
operator or patient if improperly used. 
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10.2.8.3 Labeling. 

10.2.8.3.1 The manubclurer shall furnish, for all appliances, 
labels that are legible and that remain so after being in service 
for the expected life of the appliance under hospital service 
and cleaning conditions. 

10.2.8.3.2 COlllrols and indicators shall be labeled to indicate 
their functjon. 

10.2.8.3.3 Appliances shall be labeled with precautionary 
statements if applicable. 

10.2.8.3.4 All appliance labeling shall include the following: 

(I) Model numbers 
(2) Date of manuhlcture 
(3) Manufacturer's name 
(4) Electrical ratings including voIt ,q!;e, frequency, current, 

and/ or wattage of the device 

10.2.8.3.5 Date of manuLlcture shall be permitted to be a 
code, if its interpretation is provided to the user. 

10.2.8.3.6 Appliances shall be labeled to indicate if they are 
listed for usc as medical equipment and have isolated patient 
leads. 

10.2.8.3.7 Appliances intended for use in anesthetizing loca
tions shall be labeled in an approved manner. (See 13.4.1.) 

10.2.9 Additional Requirements for Special Appliances. 

10.2.9.1 Signal Transmission Between Appliances. 

10.2.9.1.1* General. Signal transmission lines from an appli
ance in a patient location to remote appliances shall employ a 
signal transmission system designed to prevent hazardous cur
rent from flowing in the grounding interconnection of the 
appliances. 

10.2.9.1.2 Outdoor Signal Transmission. Outdoor signal tnllS
mission lines from appliances attached to patients shall be 
equipped with surge protection appropriate to the type of trans
mission line used. Such appliances or signal transmission lines 
shall be designed to prevent a hazard to the patient from expo
sure of the lines to lightning, power contact, power induction, 
rise in ground potential, radio interference, and so forth. 

10.2.9.2 Appliances Intended to Deliver Electrical Energy. 

10.2.9.2.1* Conditions for Meeting Safety Requirements. 
Electrical-energy-delivering appliances shall conform to the 
leakage, grounding, and other requirements of this chapter 
when powered but not delivering energy. 

10.2.9.2.2 Specific Requirements by Type of Device. 

10.2.9.2.2.1 * Electrically Powered Transducers. Exposed 
metal parts ofthese devices shall be considered electrodes and 
meet the applicable 'TC]uirements of }O.2.l3. 

10.2.9.2.2.2 Connectors shall be designed to prevent inad
vertent interchange of leads if interchange constitutes a haz
ard to the patient or operator. 

10.2.9.2.2.3* Patient Impedance Measuring Devices. For a 
particular application, the combination of frequency and cur
rent levels shall limit the applied current to the minimum nec
essary to achieve the medical purposes, and shall not exceed 
the limits given in 10.2.13.5. These limits shall be permitted to 
be exceeded if essential for the intended clinical function. 

10.2.9.2.2.4* Electrotherapeutic Devices. Appliances th;lt re
quire specific pulse forms or high powcr levels shall be de
signed to protect the operator and attendant personnel from 
accidental electric shock. 

10.2.9.2.2.5* Electrosurgery. Electrosurgical devices shall 
meet the requirements of 10.2.9.2.1. 

10.2.9.2.2.6* Cardiac Defibrillation. Cardiac defibrillatOl"s 
shall be designed to protect the operator and ;lttcnriant per
sonnel from accidental electric shock. 

10.2.9.3 Electrical Equipment in Oxygen-Enriched Atmo
spheres. Appliances or part(s) of an appliance or system (e.g., 
pillow speaker, remote control, pulse oximeter probe) to be 
used in the site of intentional expulsion shall comply with one 
of the following: 

(I) Be listed for use in oxygen-enriched atmospheres 
(2) Be sealed so as to prevent an oxygen-enriched atmosphere 

hom reaching electrical components. The sealing material 
shall be of the type that will still seal even aller repeated 
exposure to watel-, oxygen, mechanical vibration, and heat
ing from the external circuitlY 

(3) Be ventilated so as to limit the oxygen concentration sur
rounding electrical components to below 23.5 percent. by 
volume 

(4) Have both of the following characteristics: 

(a) No hot surfaces over !lOWC (573°F), except for small 
(less than 2 W) hermetically sealed heat.ing elements 
such as light bulbs. 

(b) No exposed switching or sparking points of electrical 
energy that (all to the right of the curve filr t.he appro
priate type of circuit illustrated in Figme IO.2.9.3(a) 
through Figure 1O.2.9.~(f). The de (or peak ae) open
circllit voltage and short-circuit current shall be used. 

10.2.10 Low-Voltage Appliances and Appliances Not Con
nected to the Electric Power Distribution System. 

10.2.10.1 General. Appliances and instruments operat.ing from 
batteries or their equivalent, or from an external source of low 
voltage, or that are not connected to the electric power distribu
tion system shall conform to all applicable requirements of Sec
tion 10.2. These appliances shall include communication systems 
except for telephones, signaling systems, entertainrnent systems, 
remote-control systems, and low-energy powcr systems. 

10.2.10.2 Rechargeable Appliances. Battery-operated appli
ances that are rechargeable while in lise shall meet. all the 
requirements of 10.2.13.3. 

10.2.10.3 Low-Voltage Connectors. Attachment plugs used on 
low-voltage circuits shall have configuratjons that. do not permit 
interchangeable connect.ion with circuits of other voltages. 

10.2.10.4 Isolation of Low-Voltage Circuits. 

10.2.10.4.1 Circuits of 30 V (dc or ae rills) or less shall be 
electrically isolated from the power distribution system. 

10.2.10.4.2 Grounded low-voltage circuits shall be permitted 
provided that load currents are not carried in the grounding 
conductor. 

10.2.11 * Cardiac Monitors and Electrocardiographs. Design of 
electrocardiographs, cardiac rnonitors, or blood-pressure moni
tors intended for use on patients in critical care shall include 
protection against equipment damage dllring defibrillation of 
the patjent. 
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FIGURE 10.2.9.3(a) Resistance Circuits (L < 1 mH). Mini· 
mum igniting currents, applicable to all circuits containing 
cadmium, zinc, or magnesium. 

10.2.12* Direct Electrical Pathways to the Heart. The require
ments of' 10.2.12 shall apply only to manufacturers except 
where speciJie<llly noted. 

10.2.12.1 Cardiac Electrodes. 

10.2.12.1.1 General. Appliances that have isolated patient 
leads shall be labeled as having isolated patient leads in aCCOle 

dance with 10.2.1:1.5. 

10.2.12.1.2* Insulation of Cardiac Leads. Pacemaker leads 
;lIld other wires intended for insertion into the heart, together 
with their adapters and connections to appliances, shall be 
insulated except /()r their sensing or stimulation areas. 

10.2.12.1.2.1 Metal stylets or guide wires temporarily intro
duced into a vein or artery for purposes of positioning a cath
eter shall not be required to be insulated. 

10.2.12.1.2.2 When guide wires are inside the heart, the op~ 
erator shall exercise extreme care to ensure safe use. 

10.2.12.1.2.3 When guide wires are llsed in conjunction with 
electrical devices (e.g., positioning catheters by use of ECG 
recordings), they shall be insulated as required by 10.2.1 2.1.2. 

2005 Edition 

5A 

\ 

2A 

1 A 

500 mA 

200 mA 

100 mA 

50 mA 

20 mA 

10mA 
10 20 

1\ 
\ 

'\ 

50 

V 

...... 

........... 

r-.... 

100 200 

FIGURE 10.2.9.3(b) Resistance Circuits (L < 1 mH). Mini~ 
mum igniting currents, applicable to circuits where cadmium, 
zinc, or magnesium can be excluded. 

10.2.12.1.2.4 Insulated wires designed to be introduced 
through a surgical needle, or other special wires where it is not 
practicable to maintain insulation, shall not be required to 
maintain insulation during introduction or manipulation. At 
such times the operator shall take appropriate safeguards. 

10.2.12.1.3 Safety Requirements for Cardiac Electrodes. The 
electrode catheter, tilting, and associated appliance, when as
sembled, shall meet the applicable requirement5 of 10.2.13.5. 

10.2.12.1.4 Insulation of Pacemaker Connections. Uninsu
lated or open-type connectors shall not be lIsed for external 
cardiac pacemaker terminals. 

10.2.12.2 Liquid-Filled Catheters. 

10.2.12.2.1 * Cardiac Catheter System. Any conductive ele
ment of it liquid catheter system that comes in contact with the 
liquid column shall be insulated ['rom ground and sources of 
electric energy. 

10.2.12.2.2 Nonconductive Cardiac Catheters. A nonconduc
tive catheter containing a conductive liquid, when connected to 
it'; transducer, shall meet the applicable requirement5 of 
10.2.13.5, for isolated patient leads, with the patient end of the 
liquid-tilled catheter considered to be an electrode. 
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FIGURE 10.2.9.3(c) Inductance Circuits (L > 1 mH). Mini
mum igniting currents at 24 V, applicable to all circuits contain
ing cadmium, zinc, or magnesium. 

10.2.12.2.3 Conductive Cardiac Catheters. 

10.2.12.2.3.1 If the liquid column is contained in a catheter 
made of conductive material having an electrical conductivity 
approximating that of blood, the system shall not require con
nection to an isolated patient lead. 

10.2.12.2.3.2 Conductive catheters shall be identified. 

10.2.12.3* Angiographic Catheters. Appliances used to inject 
contrast media into the heart or major vessels shall meet the 
same safety requirement, as other liquid-filled catheter systems. 

10.2.13 Manufacturers' Tests for Safety of Patient-Care-Related 
Electrical Appliances. 

10.2.13.1 * General. The appliance manufacturer shall per
form the testing to ensure that each finished appliance will 
meet the specified test limits of 10.2.13. 

10.2.13.2 Gronnding Circuit Continuity - Measurement of 
Resistance. For appliances that arc llsed in the patient care 
vicinity, the resistance between the appliance chassis or any 
exposed conductive surhlce of the appliance and the ground 
pin of the attachment plug shall be less than O.IS ohm under 
the following conditions: 
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FIGURE 10.2.9.3(d) Inductance Circuits (L > 1 mH). Mini
mum igniting currents for various voltages, applicable to all 
circuits containing cadmium, zinc, or magnesium. 

(I) The cord shall be flexed at its connection to the attach
ment plug or connector. 

(2) The cord shall be flexed at its connection to the strain 
relief on the chassis during the resistance llleaSllrelnenL 

10.2.13.3* Leakage Current Tests. 

10.2.13.3.1 Techniques of Measurement. E;ICh test shall be 
perfc)rmeci with the appropriate connection to a grounded ac 
power system. 

10.2.13.3.2* Frequency of Leakage Current. 

10.2.13.3.2.1 The leakage currenL limiL'; SLated in 10.2.1 't4 ,md 
JO.2.13 .. ~ shall be rms values ii)r sinusoidal wavdi)rIllS lip to 
1 kHz. For frequencies above I kHz, the leakage clIrrent limits 
shall be the values given in 10.2.13.4 and 10.2.13.:) multiplied by 
the frequency, in kHz, up to a maximum of I () mA. 

10.2.13.3.2.2 This "weighting" shall be achieved by a 
fi-equency-response-shaping network thai precedes a nat re
sponse meter, or by a meter whose own frequency response 
characteristic matches 10.2.1 ;).3.2. 

10.2.13.3.3 Leakage Current in Relation to Polarity. Leabge 
current measurements shall be made as i'ollows: 

(I) With the polarity of the power line normal and reversed 
(2) With the power switch of the appliance "on" and "off' 
(3) ''\lith all operat.ing controls in the positions t() cause maxi

mum leakage current readings 

The leakage current limits in 10.2.13.4 and 10.2.13.5 shall not 
be exceeded uncleI' any of these conditions. 
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FIGURE 10.2.9.3(e) Inductance Circuits (L > 1 mH). Mini
mum igniting currents at 24 V, applicable only to circuits where 
cadmium, zinc, or magnesium can be excluded. 

10.2.13.4 Leakage Current from Appliance to Ground. 

10.2.13.4.1 Test Methods. The current shall be measured 
frolll the exposed conductive surLlCes of the appliance to 
ground with all groulldilJg conductors open at the end near
est the power receptacle. The appliance shall not be grounded 
by any other means. The current meter shall be inserteci be
tween the exposed conductive surf:Kes and ground. This test 
shall be JlJade under the conditions of 10.2.13.3 and shall be 
made as illtlstrated ill Figure 10.2.13.4.1. 

10.2.13.4.2 Appliances with No Exposed Conductive Surfaces. 
When the appliance has no exposed conduct.ive surface, one 
shall be simulated by placing a 10 cm x 20 cm CHI in. x 7.8 in.) 
bare metall()il in intimate contact with the exposed surface. This 
shall be considered the "exposed metal surface" ofthe appliance, 
and all appropriate tests shall be per/i.mned to the /c)il. 

10.2.13.4.3* Chassis Leakage Current Limits. 

10.2.13.4.3.1 Cord-Connected Appliances. Cord-connected 
appliances that arc imended for use in the patient care vicinity 
shall not exceed 300 pA of chassis leakage current as measured 
in 10.2.13.4.1. 

10.2.13.4.3.2 Permanently Wired Equipment. Permanently 
wired equipment installed in the patient care vicinity shall not 
have leakage current ("rolll the frame to ground in excess of 
!"i.O mA. The leakage current shall be measured prior to instal
Iatioll by the installer and veri lied and accepted by the facility. 
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FIGURE 10.2.9.3(f) Capacitance Circuits Minimum Ignition 
Voltages. The curves correspond to values of current-limiting 
resistance as indicated. The curve marked Sn is applicable only 
where cadmium, zinc, or magnesium can be excluded. 

This connection is 
at service entrance 

Appliance power switch 
(use both "off" and 
"on" positions) To exposed 

conductive 
surfaces 

or on the supply Polarity reversing 
side of a separately switch (use both 
derived system. positions) 

H (black) _t __ 
~ 

N(Whlte)~ 

Appliance j 

'----{ ~'---6-t'-fo 0+----, I Insulating surface I 

Grounding contact switch 
(use in "open" position) 

H = Hot 
N = Neutral (grounded) 
G = Grounding conductor 

FIGURE 10.2.13.4.1 Test Circuit for Measuring Leakage Cur
rent from Exposed Conductive Surfaces. 

This measurement. shall be made in accordance with 10.2.13.4.1 
while the equipment is temporarily insulatedli'om ground. 

10.2.13.5 Lead Leakage Current Tests and Limits. 

10.2.13.5.1 Lead to Ground (Nonisolated Input). 

10.2.13.5.1.1 The lead leakage current to ground shall be 
measureduncler the conditjons 0[" 10.2.13.3. 
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10.2.13.5.1.2 The test shall be made between each patient 
lead and ground and between the combined patient leads and 
ground. 

10.2.13.5.1.3 The test shall be made with the patient leads ac
tive (e.g., in the case of a multilead instrument, the lead selector 
switch shall be advanced through all operating positions). 

10.2.13.5.1.4 Each measurement shall be performed with the 
grounding conductors both opened and closed. For this pur
pose the grounding conductor shall be interrupted at the plug 
end of the appliance cord. Acceptable test configuration shall 
be as illustrated in Figure 10.2.13.5.1.4. The leakage current 
shall not exceed 100 pA. 

Appliance power switch 
(use both "off" and Patient lead 

This connection is 
at service entrance 

"on" positions) selector switch 

or on the supply Polarity reversing 
side of a separately sWitch (use both 
derived system. positions), 

\ " __ ~H (black) __ _ 

\:l N (Whl"): &tr 
Building G (green) ~ 

(if any) 
(activated as 
required) 

Between 
combined 
patient leads 
and ground 

ground """ +_-======~y ... J 
I 

Grounding contact switch C~~~~t 
(use in both "open" and 
"closed" positions) 

Between each patient 
lead and ground 

H = Hot 
N = Neutral (grounded) 
G = Grounding conductor 

FIGURE 10.2.13.5.1.4 Test Circuit for Measuring Leakage 
Current Between Patient Leads and Ground (Nonisolated). 

10.2.13.5.2 Lead to Ground (Isolated Input). 

10.2.13.5.2.1 The leakage current to ground between each 
patient lead and ground shall be measured under the concli
tions of 10.2.13.3. 

10.2.13.5.2.2 The test shall be made with the patient leads ac
tive (e.g., in the case of a multi lead instrument, the lead selector 
switch shall be advanced through all operating positions). 

10.2.13.5.2.3 Each measurement shall be performed with the 
grounding conductors both opened and closed. For this pur
pose the grounding conductor shall be interrupted at the plug 
end of the appliance cord. An acceptable test configuration 
shall be as illustrated in Figure 10.2.135.2.3. The leakage cur
rent shall not exceed 10 pA with the ground intact and 50 pA 
with the ground open. 

10.2.13.5.3 Isolation Test (Isolated Input). 

10.2.13.5.3.1 The isolation between each patient lead and 
ground for an appliance that has been labeled as having iso
lated patient leads shall be measured by observing the current 
produced by applying an external source of power-line fre
quency and voltage between the lead and ground while the 
leads are approximately 20 cm (8 in.) from a grounded con
ductive surface. 

10.2.13.5.3.2 The isolation at the apparatus terminals to the 
patient cables shall be measured. An acceptable test configu
ration shall be as illustrated in Figure 10.2.13.5.3.2. 

Appliance power switch 
This connection is (use both "off" and Patient lead 

selector switch at service entrance "on" positions) 
or on the supply " 
side of a separately Polarity reversing 
derived system. SWitch (use both 

\:;I 
H (blacktOsltlon~J --

120V :~~ N(white) _~ 

Building 
G (green) 

ground """ 

Grounding contact switch Current 
(use in both "open" and meter 
"closed" positions) 

(if any) (activated 
as required) 

Appliance 

H = Hot 
N = Neutral (grounded) 
G = Grounding conductor 

FIGURE 10.2.13.5.2.3 Test Circuit for Measuring Leakage 
Current Between Patient Leads and Ground (Isolated). 

This connection is 
at service entrance 
or on the supply 
side of a separately 

200,000 
ohms 

deriv\sY,s~:j-I H (black) ( ~ o N(white) I_~ 
G(grepn) 

BUilding 
ground """ 
Polarity reversing 
switch (use both H = Hot 

Patient lead selector 
switch (activated 
as required) 

positions) N = Neutral (grounded) 
G = Grounding conductor 

FIGURE 10.2.13.5.3.2 Test Circuit for Measuring the Electri
cal Isolation of Isolated Patient Leads. 

10.2.13.5.3.3 At the patient end of the leads, the 1C<lkage 
current shall not exceed 50 pA and at the apparatlls tenni
nals, 25 pA. 

10.2.13.5.3.4 Only appliances meeting the requirement of 
10.2.13.5.3.3 shall be permitted to be identified as having iso
lated patient leads. 

10.2.13.5.3.5 Safety precautions (such as including a resis
tance in series to limit the current, insulation of the meter, 
and a momentary switch) shall be takell to protect the opera
tor. The following test procedures shall be followed for the 
indicated test conditions: 

(1) In appliances without a power cord with ungrounded, 
exposed conductive surfaces, measurements shall be 
made with the exposed conductive surfaces temporarily 
grounded. 

(2) If there is no exposed conductive surLlce, measurement 
shall be made with a simulated surl~lce, ;IS described in 
10.2.1:-1.4.2, that is also temporarily gnmncleci. 
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10.2.13.5.4 Between Leads (Nonisolated Input). 

10.2.13.5.4.1 The current between any pair of leads or an) 
single lead and all others shall be measured under the condi
t ions of 10.2.1 :cj.:l. Each measurement shall be performed with 
the grounding conductors both opened and closed. For this 
purpose the grounding conductor shall be interrupted at the 
phlg end of the applimlce conI. An acceptable t.est configura
tion shall be as illustrated in Figure 10.2.13.5.4.1. The leakage 
current sh,dl not exceed 1)0 pA. 

This connection is 
at service entrance 

Appliance power 
switch (closed) 

or on the supply Polarity reversing 
side of a separately switch (use both 
derived system. positions) \ 

~
H(blaCk) ___ _ 

I~ 
120 V N (white) : ~J: ( 

G(green)2 Building f---d 
ground "7 

H = Hot 

Patient-connected 
leads (grouped and 
connected as required) 

(activated as 
required) 

~~~~~~:~~~tch j 

[ 'ow',,'09 '""",I lJ 
Current 

Grounding contact switch 
(use in both "open" and 
"closed" positions) 

N = Neutral (grounded) meter 
(note text 

requirementS) 
G = Grounding conductor 

FIGURE 10.2.13.5.4.1 Test Circuit for Measuring Leakage 
Current Between Patient Leads (Nonisolated and Isolated). 

10.2.13.5.4.2 Measuring leakage current between any single 
lead and all other leads shall be performed only to ensure the 
approval agency of design compliance. 

10.2.13.5.5 Between Leads (Isolated Input). 

10.2.13.5.5.1 The current between any pair of leads or any 
single lead and all others shall be measured under the cOllcli
tions of 10.2. J 3.3. E<lch m<:~asurelllent sltall be performed with 
the gruundi ng cond ucLors both opened and closed. For this 
purpose the groullding conelucLOr shall be interrupted at the 
plug end of' the appliclllce cord. An acceptable test confIgura
tion shall be as illustr<lted in Figllre 10.2.13.5.4.1. The leakage 
current shall not exceed I () llA with the ground intact and 
1)0 ]lA with the ground open. 

10.2.13.5.5.2 Measllring leakage cunent between any single 
lead and all other leads s-hall be- performed only to ensure the 
approval agellcy of' design cumpliance. 

Chapter 11 Laboratories 

11.1'" Applicability. 

11.1.1'" This cltapler establishes critcri<l to minimize the hazards 
or fire and explosions in Ltborcl1orics, as deJincd in Chapter :l. 
This section is not intended to co\'er hazards resulting from the 
misuse of chemic <lIs, radioacti\'e materials, or biological materials 
that will not result in fires or explosions. 

11.1.2 M'lIly of' the requirements to protect against fire or 
explosion, such as those for hood exhaust systems, also serve 
to protect persons from exposure to lIonfire healtb hazards of 
these materials. 
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11.1.3* NFPA 4,C). Standard (Fn hn' l'mter:fionjiJr I Jl/Jo/'afories Using 
Chemim/s, is the basic NFPA standard for laboratories that cov
ers the construction, ventilation systems, and rel<lted fIre pro
tection of all laboratories ill all f~lCilit.ies. However, this ch"pter 
(Chapter II) has more stringent requirements ff)r laborato
ries located in health care filcilities. Where interf~lce with ex
isting NFPA or other consensus codes ,\lId stclllclarc\s occurs, 
reference is made t.o the appropriate source in the t.ext. 

11.1.4 ,,,There necessary, due to the speci~tl nat.ure of labora
tories, codes and standards al'e supplemented in this text so as 
to apply more specifIcally to buildings or portions ofbuilclings 
devoted to laboratory usage. 

11.2 Nature of Hazards. 

11.2.1 Fire Loss Prevention. 

11.2.1.1 Hazard Assessment. 

11.2.1.1.1 An eV<lluation shall be made of hazards that may be 
encountered during laboratOlY oper,ltions bcff)['e such opera
tions are begun. The evaluat.ion shall include hazards associ
ated with following: 

(I) Properties of t.he chemicals used 
(2) Operation of the equipment 
(3) Nature of the proposed react.ions (e.g., evolution of acid 

\'apors or flammable gases) 

11.2.1.1.2 Periodic reviews of laboratory operations and pro
cedures shall be conducted with special attention given to any 
change in materials, operations, or personnel. 

11.2.1.1.3* Unattended operations anel automatic IaboratOlY 
equipment shall be provided with periudic surveillance or 
with automatic monitoring devices to det.ect anc! report abnor
Illal operation. 

11.2.1.1.4 When chemicals and reagents are ordered, steps 
shall he t.aken to determine the hazards and to transmit. that 
information to those who will receive, store, use, or dispose of 
the chemicals. 

11.2.1.2 Fire Prevention Procedures. Fi re prcven tion proce
dures shall be established in accordance with Section 11.8. 

11.2.1.3 Emergency Procedures. 

11.2.1.3.1 Proceclures for laboratolY emergencies shall be ele
veloped, including the following: 

(1) Alarm activation 
(2) Evacuation 
(3) Equipment shutdown 

11.2.1.3.2 Procedures shall be developed for cuntrol ()fe\llel~ 
gencies that could occur in the laboratory, including detailed 
plans for control operations by an emergency cont.rol group 
within the organization or a public fire d~partl1lenl. 

11.2.1.3.3 Emergency procedures shall be established for 
controlling chemical spills. 

11.2.1.3.4* Emergency procedures shall be established for ex
tinguishing clothing fires. 

11.2.1.4 Orientation and Training. 

11.2.1.4.1 New laboratory personnel sh,111 be taught general 
safety practices for the laboratory and specifIC safety practices 
for the equipment and procedures they will lise. 
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11.2.1.4.2 Continuing safety education and supervision shall 
be provided, incidents shall be reviewed monthly, and proce
dures shall be reviewed annually. 

11.2.1.4.3* Fire exi t drills shall be conducted at least quarterly. 

11.2.1.4.4 Fire exit drills shall be so arranged that each per
son shall be included at least annually. 

11.3 Structure. 

11.3.1 * Construction and Arrangement. 

11.3.1.1* Construction of laboratories shall comply with the 
requiremen ts of NFPA 45, Standard on Fire Protection Ior Labora
tories Using Chemicals, NFPA 101, Liji: Safety Corle, and with the 
additional requirements of 11.3.1.1.1 and 11.3.1.1.2. 

11.3.1.1.1 Health care laboratories that are not protected by 
an automatic extinguishing system and that are not classified 
by the authority having jurisdiction as a severe hazard shall be 
separated from surrounding health care areas and from exit 
access corridors by a fire barrier wall with a minimum I-hour 
fire resistant rating, and all openings protected by I hour
rated assemblies. 

11.3.1.1.2 Openings in a laboratory corridor barrier shall be 
permitted to be held open only by an automatic release device 
complying with the applicable requirements in NFPA 101, Life 
SaIety Code. 

11.3.1.2 Interior finish in laboratories and means of egress 
shall comply with the applicable sections of NFPA 101, Life 
Safety Corle. 

11.3.2 Exit Details. 

11.3.2.1 * Any room arranged for laboratory work that has an 
area in excess 01'92.9 m~ (lOOO ft~) shall have at least two exit 
access doors remote from each other, one of which shall open 
directly on to a means of egress. 

11.3.2.2 Asecond means of access to an exit shall be provided 
for any laboratory work areas in which hazards exist as re
quired by 3.4.1 of NFPA 45, Standard on rzre ProtectionIor Labo
mtories U~ing Chemicals. 

11.3.2.3 Travel distance between any point in a laboratory 
unit and an exit access door shall not exceed 22.9 m (75 ft). 

11.3.2.4 Exit access doors boom laboratories shall meet the 
requirements of NFPA 101, Life Saji:ty Corle. 

11.3.2.5 Laboratory corridors constituting access to an exit 
shall meet the requirements of NFPA 101, Life Safety Corle. 

11.3.2.6 Corridors shall be maintained clear and unob
structed at all times. 

11.3.2.7 Laboratory corriclors, used for the transporting of 
patients in beels or litters, and constituting access to an exit, 
shall be not less than 243.8 cm (96 in.) in clear and unob
structed width. 

11.3.3 ExhaustAir. Exhaust air shall conform to Section 6.3. 

1l.3.4* Ventilation. Ventilation shall comply with 6.4.2 and 
with the requirements ofNFPA45, Staruirmi on FireProlectionIor 
LaiJomtones Using C/wmir:a/s. 

11.3.5 Fume Hoods. Fume hoods shall conform to 6.4.3 and 
6.6.2. 

1l.4 Equipment. 

11.4.1 General. Laboratory apparatus shall comply with the 
requiremen ts of NFPA 43, Standard on Fire Pmter:tioTijirr IJi1){)rn
tmies U~ing Chernimls. 

11.4.2 Equipment Employing Liquids. 

1l.4.2.1 * Tissue processors and similar automatic equipment 
that release ignitable (flammable or combustible) vapors into 
the ambient workspace shall be operated at least 152 III (5 It) 
from the storage of combustible materials, unless separated by 
I-hour fire-resistive construction. 

11.4.2.1.1 All new tissue processors and similar automatic 
equipment that release ignitable vapors shall be provided with 
the following safeguards and interlocks as part or a monitored 
audible and visual alarm: 

(1) Low liquid level 
(2) High vapor 

11.4.2.1.2 The safeguards above shall be connected to an au
dible alarm in a constantly atteneledlocation. 

11.4.2.2* Unattended laboratory operations employing /lam
mabie or combustible reagents shall be conducted in an area 
equipped with an automatic fire extinguishing system. 

11.5* Fire Protection. 

11.5.1 * Automatic fire-extinguishing protection shall be pro
vided in all laboratories, including associated storage rooms, 
uncleI' either of the following conditions: 

(1) Laboratories are not separated Ii-om surrounding areas by at 
least I-hour fire-resistive construction with door openings 
protected by Class C self-closing fire doors, and employ 
quantities of flammable, combustible, or hazarclous materi
als less than that which would be considered severe. 

(2) Laboratories are not separated from surrounding areas by 
at least 2-hour fire-resistive construction with cloor open
ings protected by Class B self~closing doors, and employ 
quantities of flammable, combustible, or hazardous mate
rials considered severe. 

1l.5.2 Automatic fire extinguishment and fire detection sys
tems, where required, shall be connected to the l~lCility fire alann 
system and shall be arranged to irnmediatcly sound an alarm. 

11.5.3 Portable fIre extinguishers suitable for the particul<lr 
hazards shall be located so that they will he readily available to 
personnel in accordance \\~th NFPA 10, StanrirrrdjiJr Portable Fin; 
Extinguishers. 

11.5.4 Clinical laboratories that typically employ quantities of 
flammable, combustible, or hazardous materials less than that 
which would be classified by the authority havingjurisdietion 
as severe shall be defined as ordinal), hazard per NFPA 10 /()r 
purposes of extinguisher placement. 

11.6* Emergency Shower. Where the eyes or body of any per
son can be exposed to injurious corrosive materials, suitable 
fixed facilities for quick drenching or flushing of the eyes and 
body shall be provided within the work area for immediate 
emergency use. 

11.6.1 Fixed eye baths shall be designed and installed to 
avoid injurious water pressure. 
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11.6.2 lfshutoffvalves or stops are installed in the branch line 
leading to safety drenching equipment, the valves shall be as 
follows: 

( I) OS & Y (outside stem and yoke) 
(2) Libeled f()r identification 
(3) Sealed in the open position 

11.6.3 The installation of wall-mounted portable eye-wash sta
tions shall not preclude the adherence to the provisions of 
Section II.G. 

11.7 Flammable and Combustible Liquids. 

11.7.1 General. Flammable and combustible liquids shall be 
handled and used with care and with knowledge of their haz
ardous propertjes, both individually and in combination with 
other materi,tis with which they can come in contact. 

11.7.2* Storage and Use. 

1l.7.2.1* Flammable and combustible liquids shall be used 
from and stored in approved containers in accordance with 
NFPA 30, NmnTlwblr; flnd Cmnbustible Liquids Corie, and NFPA 45, 
Standard on Fire PmtfClionji)'r /Jtboratories Using Chemicals. 

11.7.2.2 Storage cabineb forflammable and combustible liq
uids shall be constructed in accordance with Section 4.3 of 
NFPA 30, Firlffl'lnable flnd Corn/nlslibie Liquids Code. 

11.7.2.3* [n laboratories not classified by the authority having 
jurisdiction as very small work areas, established laboratory 
practice shall limit working supplies of flammable or combus
tible liquids. 

11. 7.2.3.1 The total volume of Class I, rI, and lIlA liquids 
outside of approved storage cabinets and safety cans shall not 
exceed 3.78 L ([ gal) per 9.29 m~ (100 ft~). 

11.7.2.3.2 The total volume of Class [, II, and lIlA liquids, in
cluding those contained in approved storage cabinet5 and safety 
cans, shall not exceed 7.57 L (2 gal) per 9.29 m~ (1 00 ft~). 

11.7.2.3.3 No Jlarnmable or combustible liquid shall be stored 
or transferred from one vessel to another ill any exit access corri
dor or passageway leading to an exit. 

11.7.2.3.4 Approved flammable or combustible inside liquid 
storage area(s) designed, constructed, and operated in accor
dance with NFPA 30, Fifl,'lI!lf1.abli! and CombustiblB LiquirLI' Code, shall 
be available within any health care facility regularly maintaining a 
reselve storage capacity in excess of 1135.5 L (300 gal). 

11.7.2.3.5 Quantities of flammable and combustible liquids 
for disposal shall be included in the total inventory. 

11.7.2.4 Vel1ling of storage cabinets shall be permitted. 

11.7.2.4.1 Storage cabinets with approved flame arresters 
shall be permitted to be exhausted through a hune hood ex
haust system. 

11.7.2.4.2 Construction of the venting (!tlct within the labora
tOIY shall be equal to the rating of the cabinet. 

11.7.2.5 Flammable or combustible liquids shall not be POSI

tioned as follows: 

(J) Near Bunsen burners 
(2) Near ovens 
(3) Ncar hot pipes and valves 
(4) Near other sources of heat 
(5) In corridors 
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11.7.2.6* Class I tlammable liquids shall not be stored in ordi
nary refrigerators, freezers, or coolers. 

11.7.2.6.1 TfClass I flammable liquids are stored under refrig
eration (e.g., for analytical purposes), the storage devices shall 
be listed flammable materials storage refrigerators or refrig
erators listed for Class I, Division 1, Group C locations in ac
cordance with NFPA 70, National Electrical Corie. 

11.7.2.6.2 The outside doors ofrcfrigerators shall be labeled 
to denote whether or not they are acceptable for storage of 
flammable liquids. 

11.7.2.6.3 If the refrigerator is not listed for the purpose, the 
warning shall be worded to prohibit all storage of flammable 
liquids. 

11. 7.3 Transfer of Flammable or Combustible Liquids. Trans
fer from bulk stock comainers to smaller containers shall be 
made in storage rooms as described in NFPA30, Flammable and 
Combustible Liquids Corie, or within a fume hood having a face 
velocity of at least 30.5 m (100ft) per minute. 

11.7.4 Handling of Flammable and Combustible Liquids. 

11.7.4.1 Flammable liquids and combustible liquids with 
flash points lower than 93.3°C (200°F) (Class I, II, and lIlA 
liquids) shall be heated in hoods or with special local exhaust 
ventilation if t.he quantities exceed 10 mL, or if the liquid is 
heated to within 1 G.GoC (3OOF) of the flash point of the liquid. 

11.7.4.2 Heating Flammable or Combustible Liquids. 

11.7.4.2.1 Flammable or combustible liquids shall be heated 
with hot water, steam, or an electric mantJe, depending upon 
their boiling points. 

11.7.4.2.2 Open flames shall not be employed. 

11.7.5* Disposal of Hazardous Materials. Disposal of hazard
ous materials shall be accomplished off the premises by a dis
posal specialist: or at. a safe location away from the health care 
facility by competent personnel using procedures established 
in concurrence with the authority having-jurisdiction. 

11.8* Maintenance and Inspection. 

11.8.1 * Procedures. 

11.8.1.1* A safety otlicer shall be appointed to supervise safe 
practices in the laboratory. 

11.8.1.1.1 Responsibilities shall include ensuring that the 
equipment and preparation for fire fighting are appropriate 
for the special fire hazards present. 

11.8.1.1.2 These responsibilities shall be in addition to sur
veillance of hazards attendant to the following: 

(1) Caustics 
(2) Corrosives 
(3) Compressed gases 
(4) Electrical installations 
(5) Other hazards indigenous to laboratories in health care 

facilities 

11.8.1.1.3 The safety officer shall also supervise the periodic 
education of laboratory personnel including the following: 

(J) New em ployee orien tation 
(2) The nature of combustible and flammable liquids and gases 
(3) First aid 
(4) Fire fighting 
(5) The use of protective equipment 
(6) Unsafe conditions observed or reported 
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11.8.1.1.4 The laboratory safety officer shall prepare and Sll
pervise the proper completion of a safety checklist that can be 
preserved for the record. 

11.8.1.2* The laboratory safety officer shall supervise opera
tions and eqllipment related to safe operations and practices, 
including such items as the following: 

(1) Ventilating provisions 
(2) Fire protection apparatus 
(3) Periodic flushing of sinks, emergency showers, and eye 

wash units 
(4) Shelf stocks anc! storage of flammable and combustible 

materials and caustic anc! corrosive liquids shall be re
yiewed at appropriate, regular intervals 

11.8.1.2.1 A system of prompt reporting of defective equip
ment and its prompt repair shall be instituted, and periodic 
inspections shall be made of all electrical and gas equipment. 

11.8.1.2.2 Periodic inspection shall be made of all electrical 
and gas equipment. 

11.8.1.3 Periodic safety inspection shall include the testing 
of all emergency showers, eye baths, and other emergency 
equipment. 

11.8.1.4* There shall be a written procedure for the disposal 
of hazardous waste in accordance with local, state, and federal 
hazardous material and waste regulations. 

11.8.2 Identification of Hazards. 

11.8.2.1 * All doors leading to laboratories in health-related 
facilities shall be marked with signage indicating the fire haz
ards of materials when significant quantities, as defined below, 
are intended to be used within the area. 

11.8.2.2 For signage purposes, "significant quantities" in an 
area shall include any of the following: 

(l) Hazardous materials in glass containers that are 3.8 L (I gal) 
in size or larger 

(2) Compressed gases or Clyogenic liquids in containers that 
are greater than 12.7 cm (5 in.) in diamcter and 38 cm 
(15 in.) in length 

(3) Dry hazardous chemicals in containers in excess of 2.27 kg 
(5Ib) 

(4) Aggregate quantities of hazardous materials exceeding 
9] kg (200 Ib), or flammable liquids exceeding 38 L (10 gal) 

11.8.2.3* All doors leading to laboratories, laboratory work 
areas, and laboratolY storage areas shall be identified with 
signs to warn emergency response personnel of unusual or 
seyere hazards that are not directly related to the fire hazards 
of contents. 

11.8.2.4 It shall be the responsibility of the laboratory safety 
officer to ensure periodically that the signage properly indi
cates the nature of the materials being used within the identi
fied space. 

11.8.2.5 It shall be the duty of the senior person responsible 
for activities in respective laboratOlY areas to inform the labo
ratory safety officer of changes in protocol and procedures 
that involve variations in the fire and associated hazards of 
materials used in individual spaces. 

11.9 Transfer of Gases. 

11.9.1 Transfer of gaseolls oxygen shall be in accordance with 
9.6.2.2. 

11.9.2 Transfer of all other g,lses from one cylinder to an
other within the laboratory shall be prohibited. 

11.9.3 Transfer of liquid oxygen shall be in accordance with 
9.6.2.3. 

11.10 Laboratory Gas Cylinder Storage for Nonpiped Use. 

11.10.1 Cylinder and Container Management. Requirements 
shall be in accordance with S.l.;).!.1. 

11.10.2 Storage Requirements (Location, Construction, Ar
rangement; Any Quantity; Flammable and Nonflammable 
Gases). 

11.10.2.1 Storage shall be in cylinders complying· with S.I.3.1.1. 

11.10.2.2 Flammable gas cylinder storage for a laboratory, ir 
inside any health care f~lcility. shall be in a separate room or 
enclosure with the following characteristics: 

(J) Reserved exclusively for that purpose 
(2) Having a fire-resistance classification of at least 2 hours 
(3) Ventilated (See E.G.S oJAnnlix E.) 

11.10.2.2.1 When a laboratOlY is intended to be routinely and 
fi'equently operated with flammable gases supplied from a mani
fold compressed system, storage shall comply with 11.1 J. J .1. 

11.10.2.2.2 Cylinders in storage shall be kept in racks or se
cured in position. 

11.10.2.3 Rooms or enclosures for storage of cylinders shall 
be well ventilated. 

11.10.2.4 Electrical equipment in flammable-gas storage ar
eas shall comply with NFPA 70, National Electriwl Coile, fi)!' Class 
T, Division 2 locat.ions. 

11.10.2.5 Enclosures for storage of nonflammable gases shall 
have at least I-hour fire-resistive construction, in accordance 
with 5.1.3.;).2. 

11.10.2.6* Use of Gases. Gases shall be handled and used with 
care and with knowledge of their hazardous properties, both in
di\~dually and in combination with other materials with which 
they can come in contact. (See NN"A 49, 1-/azmdou.s Chelll.ica.l, Data, 
and Nl'7JA 491, Ouide to Hazardou.s Clu:rnir;al R(!(uJions.) 

11.10.2.7 Cylinders. In a laboratOlY, gas cylinders being held ror 
prompt use shall not exceed 2 days' working needs, except as 
permitted in 1l.11.1.1. Cylinders shall be in racks or secured in 
position. 

11.10.2.8 Working Supplies. The aggregat.e accumulation of 
cylinders at anyone working station shall not exceed one extra 
cylinder for each cylinder act.ually connected fi)r usc. All cylin
ders shall be secured in a rack or secured in an upright position. 

11.10.3 The total quantity and size of cylinders cont;lining oxy
gen, flammable gas, liqudied flammable gas, and gas with Health 
Hazard Ratings of 3 or 4 shall comply with Chapter 8 or NFPA 4!'J, 
Stanri(lT(l on Fin: Protectionji.rr lJlbomtories [hing ClWlIliwl,. 

11.10.4 The number of reserve cylinders within general labo
ratory work areas shall not exceed one week's working supply. 
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11.11 Piped Gas Systems. 

11.11.1 Source. 

11.11.1.1 When a laboratory is intended to be routinely and 
frequently operated with flammable gases supplied from a 
manifold compressed system, the containers shall meet either 
of the 1()llowing requirements: 

(I) Be in ;\ separate room having a fire-resistance classifica
tion of at least I hour and be ventilated in accordance 
with 5.1.3.3.2, and 5.1.3.3.3 

(2) Be located outside or the building and connected to the 
laboratory equipment by a permanently installed piping 
system 

11.11.1.1.1 Wherever the volume and nature of the gas, in the 
judgment of the laboratory safety officer or other authority 
havingjurisdiction, do not offer a hazard, the requirement for 
the remote locations of the cylinder in 11.11.1.1 shall be per
mitted to be waived. 

11.11.1.2 A laboratory intended to be routinely and frequently 
operated with nonllammable gases supplied from a manifold 
compressed system shall meet the following requirements: 

(I) The manifold within the laboratory shall consist of not 
more than six cylinders. 

(2) Manifolds larger than six cylinders shall conform to 
11.11.1.1. 

(3) Cylinders shall be secured in position. 

11. 11.1.3 A pressure-reducing valve shall be connected to 
each gas cylinder and adjusted to a setting to limit pressure in 
the piping systcm at the minimum required gas pressure. 

11.11.1.4 Pressure regulators shall bc compatible with the gas 
for which they are used. 

11.11.1.5 Piping systems shall not be used for gases other 
than those for which they are designed and identified. 

11.11.1.5.1 If a system is to be converted for use with a gas 
other than th;\l f()r which it was originally installed, the follow
ing procedure shall be performed: 

(l) It shall be inspected for suitability for the proposed gas. 
(~) It shall be purged with an inert gas (such as nitrogen). 
(3) It shall be cleaned when oil, grease, or other readily oxi-

dizable materi,lls are present. 
(4) It shall be pressure tested in accordance with the appro-

priate piping standard. 

11.11.1.5.2 Each Olltlet of such a system shall be identified by 
chemical name and specifically converted for use with the suc
cessor gas. 

11.11.2 Distribution. 

11.11.2.1 * Piping systems lor fuel gases, such as manufactured 
gas, natural gas, and LP-Gas, shall comply with NFPA 54, Na
tional Fuel Cas Code, and NFPA 58, Liquefied Petroleum Gas Code. 

11.11.2.2 Piping systems for gaseous hydrogen shall comply 
with NFPA 50A, Standard for C;aseous Hydrogen Systems at Con
S'l.IirtleJ· Sites. 

11.11.2.3 Piping systems for nonflammable gases shall com
ply with Level 1 gas systems as specified in Chapter 5. 

11.11.2.4 Piping systems for acetylene shall comply with 
NFPA 51, Standaullin-the Uesign and Instaliation of Oxygen-Fuel 
Cas Systr:lIIsjirr vVe/ding, Cutting, rmri Allied Processes. 
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11.11.2.5 Supply and discharge termimtls of piping systems 
shall be legibly and permanently marked at both ends with the 
name of the gas piping, after testing, to establish their content 
and continuity. 

11.11.3 Piped Vacuum Systems. Sec 5.1.3.6. 

11.11.3.1 Source. (Reserved) 

11.11.3.2* Distribution. Where only one set of vacuum pumps 
is available for a combined medical-surgical vacuum system 
and an analysis, research, or teaching laboratory vacuum sys
tem, such laboratories shall be connected separate from the 
medical-surgical system directly to the receiver tank through 
its own isolation valve and fluid trap located at the receiver. 
Between the isolation valve and fluid trap, a scrubber shall be 
permitted to be installed. 

11.11.4 Piped WAGD Systems. (Reserved) 

11.11.5 Perfonnance Criteria and Testing (Gas, Vacuum, 
WAGD). 

11.11.5.1 Piped Gas Systems. Piped gas systems shall be tested 
in accordance with 5.1.12. 

11.11.5.2 Piped Vacuum Systems. (Reserved) 

11.11.5.3 WAGD Systems. (Reserved) 

11.11.6 Administration. (Reserved) 

Chapter 12 Health Care Emergency Management 

12.1 * Applicability. 

12.1.1 This chapter is applicable to any health care Elcility 
that is intended to provide medical care during an emergency 
or maintain services for patients during a disaster and Jor the 
protection of visitors and staff. 

12.1.2* This chapter provides those with the responsibility for 
the emergency management program in health care facilities 
with a framework to assess, mitigate, prepare for, respond to, and 
recover from disasters of any origin. This chapter is intended to 
aid in developing, mainl<"lining, and evaluating effective emer~ 
gency management programs. For additional information on 
emergency management programs, see NFPA 1600, Standard on 
DilrLlter!ErnergenGY j\!Janagement and Business Continuity Programs. 

12.2 Responsibilities. 

12.2.1 * Authority Having Jurisdiction (AHJ). The authority 
havingjurisdiction shall be cognizant of the requirements of a 
health care facility with respect to its uniqueness for contin
ued operation of the facility in an emergency. 

12.2.2 Senior Management. Each health care organization 
shall have plans necessary to respond to a disaster or an emer
gency. Each health care organization shall have an individual 
or group, often known as an emergency management commit
tee, as appropriate, with the authority for developing, imple
menting, exercising, and evaluating the emergency manage
ment program. 

12.2.3* Emergency Management Committee. 

12.2.3.1 * The emergency management committee shall have 
the responsibility for the emergency management program 
within the facility, under the supervision of designated leader-
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ship. The program shall be based on realistic conceptual 
events and operating capacity thresholds. 

12.2.3.2* The emergency management committee shall model 
the emergency operations plan on an incident command system 
(JCS) in coordinatjon with local emergency response agencies. 

12.3 General Requirements. 

12.3.1 * vVhen a facility declares itselfin a disaster mode, orwhen 
the authority havingjurisdiction declares that a state of disaster 
exists, the emergency operations plan shall be <lCtivated. 

12.3.2* The decision to activate the emergency operations 
plan shall be made by the authority designated within the 
plan, in accordance with the f::lcility's activation criteria. The 
decision to terJninate shall be made by the designated author
ity in coordination with the authority having jurisdiction and 
other civil or military authorities involved. 

12.3.3 The emergency oper,ltions plan, as a minimum, shall 
include the components detailed in 12.'1.3.1 through 12.'1.'1.8 
and training and drills (12.'1.'1.9 and 12.:),3.10) as necessary 
for eJIectiveness. 

12.3.3.1 * Identification of Emergency Response Personnel. 
All personnel designated or involved in the emergency opera
tions plan of the health care Llcility shall be supplied with a 
rneans of identification, which shall be worn at all times in a 
visible location. Specific means of identification for incident 
command system (ICS) personnel shall be provided, such as 
vests, baseball caps, or hard hats. 

12.3.3.2* Continuity of Essential Building Systems. When des
ignated by the emergency operations plan to provide continu
ous service in a disaster or emergency, health care facilities 
shall establish contingency plans for the continuity of essential 
building systems, as applicable: 

(I) *Electricity 
(2) Water 
(3) Vent.ilation 
(4) Fi re protectioll systems 
(5) Fuel sources 
(G) Medical gas and vacuulll system, (if' applicable) 
(7) *Communication systems 

12.3.3.3* Staff Management. Planning shall include the alert
ing and managing of all stafr and employees in a disaster, as 
well as consideratiun or all of the following: 

(1) Housing 
(2) Transportation of staff and staff f~lmily 
('I) Crit.ical incidenL stress management 

12.3.3.4* Patient Management. Planning shall include provi
sions i()r management or patients, particularly with respect to 
clinical and adrniniSlJ'ative issues. 

12.3.3.5* Logistics. Planning for disasters shall include as a 
minimum stockpiling or ensuring immediate or at least unin
terrupted access to critical materials such as the following: 

(I) Pharmacellticals 
(2) Medical supplies 
(3) Food supplies 
(4) Linen supplies 
(5) Industrial :md potable (drinking) waters 

12.3.3.6* Security. Security plans shall be developed to meet 
the needs of the f::lcility. 

12.3.3.7* Public Affairs. 

12.3.3.7.1 Health care Llcilities shall have a designated media 
spokesperson to facilitate llews releases. 

12.3.3.7.2 An area shall be designated where meciia represen
tatives can be assembled, where they wilillot intcrfCre with the 
operations of the health care facility. 

12.3.3.8* Operational Recovery. Plans shall reflect measures 
needed to restore operatiollal capability to pre-disaster levels. 
Fiscal aspects shall be considered because of' restoration costs 
and possible cash f10w losses associated with the disruption. 

12.3.3.9 Staff Education. 

12.3.3.9.1 Each health care [lcility shall implelllent an educl
tional program. This program shall include an overview of the 
components of the emergency man,lgement program and con
cepts of the incident commalld system. Educatjoll concerning 
the stafl's specific ciutjes and responsibilities shall be conducted. 

12.3.3.9.2 General overview education of' t he emergency 
management program and the incident command system 
shall be conducted at the time of hire. Deparunent/staffspe
ciflc education shall be conducted upon reporting to their 
assignments or position and anl1ually thereafter. 

12.3.3.10* Drills. Each organizational entity shall implement 
two or more specific responses or the emergency operations 
plan during each year, at least one of which shall rehearse 
mass casualty response for health care Ltcilities with el1lCr
gency services, disaster receiving stations, or both. 

Chapter 13 Hospital Requirements 

13.1 Applicability. This chapter applies to hospitals as defined 
in Chapter 3. As used in this chapter, the tcrlll IW.I!Jil,al (except 
where it obviously refers t.o t.he physical structure) shalllllcan 
the entity and that portion of its internal governing structure 
that has the responsibility kH' the clements of hospital opera
tion covered by t.his chapter, including building design, pur
chasing specifications, i nspectjon proccc1u res, nui n t.en:mce 
schedules, and training programs affecting such use. 

13.2* Responsibilities. The governing body of hospitals shall 
have the responsibility of protecting the f~lcilities (f()r patient 
care and clinical investigation) and the personnel employed 
therein. 

13.2.1 Governing Body. To achieve the peri(mn,mce criteria 
of Chapters J through 12, the governing body of the hospital 
shall be permitted to assign responsibility t.o appropriate hos
pital personnel, consultant.s, architects, engilleers, or others. 

13.2.2 Policies. The hospital shall ensure t hat policies are est~lb
lished and maintained that perrnittbe au.encling physician to sate 
isfY the emergency needs orany patient. that could supersede the 
requirements of this chapter. Each such special use shall be 
clearly documented and reviewed to auempt to have fut.ure simi
lar neecls met within the requirements of this chapt.er. 

13.2.3 Electricity. It shall be the responsibility of the hospital 
to provide an environment that is reasonably safe from the 
shock and burn hazards that. arc attendant. with the usc of 
electricity in patient care areas. 

13.2.3.1 The hospital shall establish policies and procedures 
related to the safe use of electric appliances. 
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13.2.3.2 Each hospit,il shall be permitted to select a specific 
electrical safelY program that is appropriate to its particular 
needs. 

13.2.3.3 The physical protection afforded by the installation of 
an e1ecu-ical distribution system that meets the requirements of 
this chapter and the purchase of properly constructed and tested 
appliances shall he augmented by having designated depart
ments of the I~lcility assume responsibility lor the continued timc
tioning of the electrical distribution system (see ChajJter4) and the 
inspection, testing, and rnaintenance of electrical appliances (see 
Clia/,taS). 

13.2.3.3.1 The hospital shall adopt regulations and practices 
concerning the use or electric appliances and shall establish 
prograrns for the training of physicians, nurses, and other per
sonnel who might be involved in the procurement, applica
tion, usc, inspection, testing, and maintenance of electrical 
appliances for the care of patients. 

13.2.4 Patient Care Areas. Areas of a hospital in which patient 
care is administered are c1assif-ied as general care areas or critical 
care areas, either orwhich shall be permitted to be classified as a 
wet location. The governing body of the facility shall designate 
the 1()lIowing areas in accordance with the type of patient care 
alltic:ip;lted and with the following definitions of the area classifi
cation (see de/inrI/lin ojPntient Care Area in ChajJter 3): 

(I) General Care Arcl (see (;fUlf)ter 3) 
(\!) Critical Care Area (see Chojlter3) 
U") Wet Location (see ChajJler J) 

13.2.5 Anesthesia. It. shall be the responsibility of the govem
ing body of t he hospital to designate anesthetizing locations. 

13.3 General Requirements. 

13.3.1 Reserved. 

13.3.2 Reserved. 

13.3.3 Reserved. 

13.3.4 Electrical System Requirements. 

13.3.4.1 Electrical Distribution System. The electJical distri
butioll system for patient care areas shall conform to the re
quirements in Chapt.er 4, Electrical Systems. These require
ments sh,dl apply to Ilew construction. Existing installations 
shall not need to be modified, provided that they meet the 
operat.ional salCty requirements in 4.::1.::1.2 and 4.::1.::1.::1. 

13.3.4.2 Essential Electrical Distribution System. The essen
tial electrical clist.ribuLion system shall confimn to a Type I 
system, as described in Chapter 4. 

13.3.4.3 Hospitals shall be permitted to serve the essent.ial 
electrical system needs of cont.iguous or same-site facilities 
wit.h the generat.ing equipment of the hospital. 

13.3.5 Gas and Vacuum System Requirements. 

13.3.5.1 General. Where medical gas, instrument air, vacuum, 
and WACD systems are inst.alled t.hey shall confl)rJll to the re
quiremenLs li)r the appropriate level. Systems conforming to dif 
krent. levels within the same building shall be permillecl. The 
appropriate level shall be determined as follows: 

(I) All systems shall comply to Level I if any part of the systems 
"re Level I, except where both of the Jollowing apply: 
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(a) The system(s) is entirely separate from the Levell 
system (s) (i.e., is stand-alone) and is not connected to 
Level 1 sources or distribution pipelines. 

(b) The occupancy to be served and the function of that 
occupancy is distinct from other occupancies in the 
building. 

(2) Medical gas and vacuum systems shall be permitted to be 
Level 2 systems only where the following apply: 

(a) Paragraphs 13.3.5.1(I)(a) and 13.3.5.1(1)(b) apply. 
(b) Patients served by the system(s) are not dependent 

on mechanical ventilation or assisted mechanical ven
t.ilation at any time, including during administration 
of anesthesia. 

(3) Medical gas and vacuum systems shall be permitted to be 
Level ::I systems only where the following apply: 

(a) Paragraphs 13.3.5.1 (1) (a) and 1::1.3.5.1 (1) (b) and 
1 ::1.::1.5.1 (2) (b) apply. 

(b) The patient population, during or subsequent to 
treatment, are not dependent for life on the gases or 
vacuum system (s), and the treatment(s) that the facil
ity will perform can be completed without detrimen
tal effect on patient outcomes in the event of sudden 
loss of the gas or vacuum system(s). 

(c) *The total of all gases in cylinders or containers, except 
nitrogen, connected and in storage at one time does 
not exceed 85 m:\ (::1000 ft:'l) at standard temperature 
and pressure (STP) , except that 142 m" (5000 ft") 
(STP) shall be permitted if oxygen is stored in a DOT 
Specification 4L (cryogenic liquid) cylinder. 

(d) The system(s) supplies not more than two adjoining 
single treatment facilities. 

13.3.5.2 Where nitrous oxide or halogenat.ed agents are in
tended to be administered, a patient WACD shall be installed 
and conform to Level 1 WACD systems in Chapter 5. 

13.3.6* Environmental System Requirements. (Reserved) 

13.3.7 Material Requirements. (Reserved) 

13.3.8 Electrical Equipment Requirements. 

13.3.8.1 * Patient Care Areas. Electrical appliances shall con
form to Chapter 8. 

13.3.8.2* Laboratories. Equipment shall conform to the non
patient electrical equipment requirements in Chapter 8. 

13.3.9 Gas Equipment Requirements. 

13.3.9.1 Patient. Equipment shall conform to the patient 
equipment requirements in Chapter 9. 

13.3.9.2 Nonpatient. Equipment shall conform to the nonpa
tient equipment requirements in Chapter 9. 

13.3.10 Reserved. 

13.3.11 * Laboratories. Laboratories in hospitals shall comply 
with the requirements of Chapter 11 as applicable and the 
requirements of NFPA 45, Stnnrianl on Fire Protection/or Labora
tories U~ing Clwrniwls, as applicable. 

13.3.12 Emergency Management. Hospitals shall comply with 
the provisions of Chapter 12 for emergency management 
planning, as appropriate. 
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13.4* Specific Area Requirements. 

13.4.1 Anesthetizing Locations. 

13.4.1.1 General. 

13.4.1.1.1 Scope. 

13.4.1.1.1.1 The pllrpose 01 [:'\.4.1 is to establish perfor
mance and nuintenance criteria for anesthetizing locations 
and fClr equipment and ClCilities ancillary thereto in order to 
safeguard patients and he;dlll care personnel from fire, explo
sion, electrical, ,ll1d related h,v.ards associated with the admin
istration of inhalation anesthetics. 

13.4.1.1.1.2 Subsection 1::1.4.1 applies to all anesthetizing lo
cations and related storage areas within hospitals in which in
halation anesthetics are administered. 

13.4.1.1.1.3 Subsection I :'\.4.1 is intended to provide require
ments to protect against explosions or fires, electric shock, 
mechanical injury from compressed gases or compressed gas 
cylinders, or anoxia from erroneous gas connections and simi
lar hazards, without unduly limiting the activities of the sur
geon or anesthesiologist. This principle, without minimizing 
any 01' the ale)rementioned dangers, recognizes that the physi
cians shall be guided by all thc hazards to Ii Ie that are inherent 
in surgical procedures carried out in anesthetizing locations. 

13.4.1.1.1.4 Subsection 1:'\.4.1 does not cover animal opera
tive facilities unless the animal operative Llcility is integral to a 
hospital. 

13.4.1.1.1.5 The provisions of I :'\.4.1 do not apply to the 
manuf~lcture, storage, transportation, or handling of inhala
tion anesthetics prior to delivery to the consuming health care 
facility. They do not apply to any use other than in an anesthe
tizing location and related storage areas. 

13.4.1.1.2 Purpose. Subsection I :'\.4.1 contains the require
ment, lor aciministration and maintenance that shall he f()llowed 
,lS an adjunct to physical precautions specified in 13.4.1.2. 

13.4.1.1.3* Recognition of Hazards and Responsibility. 

13.4.1.1.3.1 Inasmuch as the ultimate responsibility liJrLhe care 
and salety of patienLs in a hospital belongs to the governing 
board of the hospital, that body, in iLS responsibility for enforce
ment of requirements contained in this chapter, shall determine 
that adequate regulations with respect to anesthesia practices 
and conduct in anesthetizing locations have been adopted by the 
medical stall or the hospital ,md that adequate regulations fix 
inspection and maintenance are in use by the administrative, 
nursing, and ancill;lIY personnel of the hospital. 

13.4.1.1.3.2 By virtue 01" its responsibility ["or the professional 
conduct. 01" members of the mcdical stalT 0[" the hospital, the 
organized medical staff shall adopt regulations with respect to 
the use 01" in halation anesthetic agents and to the prevention 
of elcctric shock and burns (see C. l3.3) and thl"Ough its formal 
orgclllization shall ascertain that these regulations are regu
larly adhered to. 

13.4.1.1.3.3 In meeting its responsibilities li)r safe practices in 
anesthetizing locations, the hospital administration shall adopt 
or correlate regulations and standard operating procedures to 
ensure that both the physical qualities and the operating mainte
nance methods pertaining to anesthetizing locations meet the 
slandards set in this chapter. The controls adopted shall cover the 
conduct of prof(~ssional personnel in ancsthetizing locations, pe
riodic inspection to ensure the proper grounding of dead metal 

.. 

(see 4.3.3.2), and inspection oLdl electrical equipment, including 
testing of line isolation monitors. 

13.4.1.1.4 Rules and Regulations. 

13.4.1.1.4.1 Hospital authorities and professional stalf shall 
.iointly consider and agTee upon nccess,uy rules and regula
tjons for the control of" personnel concerned with anesthetiz
ing locations. Upon adoption, rules and regulations sh,dl be 
prominently posted in the operating room sllite. Positive mea
SUITS shall be necess<uy to acquaint all personnel with the 
rules and regulations cstablished and to ensure enli)l'CcmenL 

13.4.1.1.4.2* The hazard symbols contained in NFPA 704, 
SlmulrL1"f1 SI'.l/ernjin·lhe Idmlijiwlio/7 ollhe I-lawnis olMaleriaisjirr 
l~'rnlcfgefu)' He.lj)(J1/se, shall be employed throughout the hospital, 
as appropriate. 

13.4.1.2 Requirements for ALL Anesthetizing Locations. 

13.4.1.2.1 Ventilation. Ventilation of anesthetil.ing locatjons 
shall conform to 6.4.1 and G.G.I. 

13.4.1.2.2 Germicides. 

13.4.1.2.2.1 Medicaments, including those dispersed as aero
sols, shall be permitted to be used in anestheti;,ing locat.ions lix 
germicidal purposes, for allixing plastjc surgical drape materials, 
for preparation ofwounci dressing, or fi)r other purposcs. 

13.4.1.2.2.2 Liquid germicides used in anesthetizing 10Gl
lions, whcnever the usc of cautelY or electrosu rgcry is con t.em
plated, shall be non1lammable. 

13.4.1.2.2.3* Whenever flammable aerosols are cmployed, 
sufficient time shall be allowed to elapse between deposit.ion 
and application of drapes to permit complete evaporation aud 
dissipation of any fLllnmable vehicle remaining. 

13.4.1.2.3 Smoking and Open Flames. Smoking and open 
flames shall bc prohibited in all anesthetjzing locations. 

13.4.1.2.4* Electrical Safeguards. 

13.4.1.2.4.1 Scheduled inspections and written reports shall 
be maintained. 

] 3.4.1.2.4.2 Rules to require prompt replacement 01" deJectjve 
electrical equipment shall be adopted and rigidly enle)l"ced. 

]3.4.1.2.4.3 Personnel working in anesthetizing locations 
shall be instructed in these electrical saJeguards . 

13.4.1.2.4.4 Members ofthc prol"essional stallshall be required 
to submit fix inspection and approval any special equipment 
they wish to introduce into anesLhetizing locations. Such equip
ment shall meet t.he requirements le)r the protect jon against elec
tric shock as given in Chapter 8 (IRe 8.4.1.1). 

13.4.1.2.4.5 Line-powered equipmcnt that introduces current 
to the patjent's body shall have the output circuit isolated from 
ground to ensure against an unintentional return circuit 
t.hrough the patient. Equipment whose output circuit is 
grounded or ground-referenced shall be permitted, provided 
that the design provides equivalent s;lkty Lo an isolated OlllpUt. 

13.4.1.2.5 Electric Connections and Testing. 

13.4.1.2.5.1 Administrative authorities shall ascertain that elec
tric maintenance personnel are completely EUlliliar with the 
hmctjon and proper operatjon of ungrounded electric circuits 
required by E.6.6.2. The significance of the signallarnps and au
dihle alarms installed to indicate accidcntal grounds shall be ex
plained to all personnel aflectecl. A permanent sign shall be in-

2005 Edition 



99-110 HEALTH CARE FACILITIES 

stalled close to the position of the signal lamps to indicate their 
significance. CircuiL~ ill the panel boxes shall be clearly labeled, 
di.~t.iJJguishing bdwecn grounded andllngrounded, emergency 
andnorillal c\rcuits, so that immediate recognition is possible. 

13.4,1.2.5.2 Extension cords shall not be connected to lighting 
fixtures in anesthetizing locations under any circumstances. 

13.4.1.2.6 Electrical Systems. 

13.4.1.2.6.1 Wiring in Anesthetizing Locations. 

(A) Wiring. Installed wiring shall be in metal raceway or shall be 
as required ill NFPA 70, Notional Ei£r:ll'ic({.l Coril!, Sections 517.60 
through 517.(j;). 

(B) Raceway. Such distribution systems shall be run in metal 
r,lceways along with a green grounding wire sized no smaller 
than the energized conductors. 

(C) Grounding to Raceways. Each device connected to the 
distribut,ion system shall be effectively grounded to the metal 
raceway at the device. 

(D) Installation. Methods 01' installation shall conform to Ar
ticles 250 and 517 of NFPA 70, N(ltioJ1,al/,'ler:triwL Code. 

(E) Battery-Powered Emergency Lighting Units. One or more 
bauery-powered emergency lighting units shall be provided as 
required in Section 700.12(F) ofNFPA 70, NalionalEleclriw[ 
Cor/e. Such lights shall be wired to circuits serving general area 
lighting. Testing shall be in accordance with 4.3.4.2. 

(F) If' an anesthetizing location is a wet location the provi
sions of' 4.3.2.2.8 shall apply. 

13.4.1.2.6.2 High-voltage wiring ('or X-ray equipment shall be 
elfect,ively insulated from ground and adequately guarded 
against ,\Ccidental contact. 

13.4.1.2.6.3 Anesthetizing Location Receptacles. Receptacles 
f()!' use in anesthetizing locations shall be listed for the use. In 
anesthetizing locations 0(' new and existing construction hav
ing receptacles on isolated and grounded power, all recep
tacles shall he identified as to whether they are on isolated or 
grounded power. 

13.4.1.2.6.4 Approved permanently installed equipment shall 
be permitted to be supplied through a grounded single-phase or 
three-phase distrihution system if installed in accordance with 
E.ti.6.:1. 

13.4.1.2.6.5* Unless the requirements of 13.4.1.2.6.6 are met, 
an isoLIt.ioll transformer shall not serve more than one operat
ing room except as provided in 13.4./.2.6.7. If an induction 
room serves more than one operating room, the isolated cir
cuit.s of the induction ro01l1 shall be permiued to be supplied 
('rom the isolation transf()rmer of anyone of the operat,ing
rooms served by that induct,ion room. 

13.4.1.2.6.6 The requirements of l3.4.1.2.6.5 shall not applv 
in existing hospitals where one isolation transformer is serving 
more than one inh;tlation anesthetizing location, provided 
the systelll has been installed in accordance with requirements 
previously fOlilld in 1'1.4.1 0(' NFPA 99 (as taken from former 
NFPA56A) where such systems were permitted. 

13.4.1.2.6.7 Isolation transt(>rIners shall be permitted to serve 
single receptacles in several patient areas when the receptacles 
are reserved fur supplying power t.o equipmelll requiring 150 V 
or higher (e.g., items such as portable X-ray units) and when the 
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receptacles and mating plugs are not interchangeable with the 
receptacles on t.he local isolated power system. 

13.4.1.2.6.8 Switches in Anesthetizing Locations. Switches 
controlling ungrounded circuits within or partially within an 
inhalation anesthetizing location shall have a disconnecting 
pole for each conductor. 

13.4.1.2.7 Gases. 

13.4.1.2.7.1 Storage Locations or Manifold Enclosures for 
Oxygen and Nitrous Oxide. The location and ventilation of 
storage rooms or manifold enclosures for oxygen and nitrous 
oxide shall comply with Chapters 5 and 6. 

13.4.1.2.7.2 Nonflammable Medical Gas Piping Systems. 
Oxygen and nitrous oxide manifolds and piping systems that 
supply anesthet.izing locations shall comply with Chapter 5. 

13.4.1.2.8 Anesthetic Apparatus. Anesthetic apparatus shall 
conform to t.he requirements in 9.5.1. 

13.4.1.2.9 Electrical Equipment. See 13.3.8.1. 

13.4.1.2.10 Fire Loss Prevention. 

13.4.1.2.10.1 Hazard Assessment. 

(A) An evaluation shall be made of hazards that could be 
encountered during surgical procedures. The evaluation 
shall include hazards associated with the properties of elec
tricity, hazards associated with the operation of surgical 
equipment:, and hazards associated with the nature of the 
environment. 

(B) Periodic reviews of surgical operations and procedures 
shall be conducted with special attention given to any change 
in materials, operations, or personnel. 

13.4.1.2.10.2 Fire Prevention Procedures. Fire preven tion 
procedures shall be established. 

13.4.1.2.10.3 Emergency Procedures. 

(A) Procedures for operating room/surgical suite emergen
cies shall he developed. Such procedures shall include alarm 
actuation, evacuation, and equipment. shutdown procedures, 
and provisions for control of emergencies t.hat could occur in 
the operating room including specific detailed plans for con
trol operations by an emergency control group within the or
ganization or a pu blic fire department. 

(B) Emergency procedures shall be established for control
ling chemical spills. 

(C) Emergency procedures shall be established for extin
guishing drapery, clothing, or equipment fires. 

13.4.1.2.10.4 Orientation and Training. 

(A) New operating room/surgical suite personnel, including 
physicians and surgeons, shall be taught general safety prac
tices for the area and specific safety practices for the equip
ment and procedures they will use. 

(B) Continuing safety education and supervision shall be 
provided, incidents shall he reviewed monthly, and proce
dures shall be reviewed annually. 

(C) Fire exit drills shall be conducted periodically. 
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Chapter 14 Other Health Care Facilities 

14.1 Applicability. This chapter applies to other health care 
Llcilities not covered in Chapters Band 15 through 21. 

14.2 Responsibilities. The governing body of these facilities shall 
have the responsibility of protecting the facilities (for patient care 
and clinical investigation) and the personnel employed therein. 

14.3 General Requirements. 

14.3.1 Reserved. 

14.3.2 Reserved. 

14.3.3 Reserved. 

14.3.4 Electrical System Requirements. 

14.3.4.1 Electrical Distribution System. For ambulatory health 
care centers, the electrical distribution system for patient care 
areas shall conform to the requirements in Chapter 4, Electrical 
Systems. These requirements shall apply to new constrLIction. Ex
isting installations shall not need to be modified, provided that 
they meet the operational safety requirement, in 4.3.3.2 and 
4.3.3.3 (see 1.3.2). 

14.3.4.2 Essential Electrical Distribution System. The essen
tial electrical distribution system shall conform to a Type 3 
system as described in Chapter 4. 

14.3.4.2.1 If electJ'icallik support equipment is required, the 
essential electrical distribution system shall conform to a Type I 
system as described in Chapter 4. 

14.3.4.2.2 If critical care areas are present, the essential elec
trical distribution system shall conform to a Type I system as 
described in Chapter 4. 

14.3.5 Gas and Vacuum System Requirements. 

14.3.5.1 General. \\1lere medical gas, instrument air, vacuum, 
and WAGD systems are installed they shall conform to the re
quirements for the appropriate level. Systems conforming to dif~ 
ferent levels within tIle same building are permitted. The appro
priate level shall be determined as follows: 

(l) All systems shall comply wi th Level 1 requiremen ts if any 
part of the systems are Level 1, except under both of the 
following conditions: 

(a) The system(s) is entirely separate from the Level I 
system(s) (i.e., is stand-alone) and is not connected to 
Levell sources or distribution pipelines. 

(b) The occupancy to be served and the function of that 
occupancy is distinct from other occupancies in the 
building. 

(2) Medical gas and vacuum systems shall be permitted to be 
Level 2 systems only where both of the following condi
tions exist: 

(a) Paragraphs 14.3.5.I(I)(a) andI4.3.5.1(1)(b) apply. 
(b) Patients ser'Ved by the system(s) are not dependent 

on mechanical ventilation or assisted mechanical ven
tilation at any tjme, including during administration 
of anest.hesia. 

(3) Medical gas and vacuum systems shall be permitted to be 
Level 3 systems only where both of the following condi
tions exist: 

(a) Paragraphs 14.3.5.1(1)(a) and 14.3.S.I(I)(b) and 
14.3.5.1 (2) (b) apply. 

(b) The patient population, during or subsequent to 
treatment, are not dependent for life on the gases or 
vacuum system (s), and the treatment(s) that the f~lcil
ity will perform can be completed without. detrilllen
tal effect on patient outcomes in the event ofsuclclen 
loss of the gas or vacuum system (s). 

(c)*The total ofal! gases in cylinders or containers, except 
nitrogen, connected and in storage ,It one time does 
not exceed 85 m'l (3000 nO\) STP, except that 142 m'\ 
(5000 ft1

) at STP shall be permitted if oxygen is stored 
in a DOT Specification 4L (cryogenic liquid) cylinder. 

(d) The system(s) supplies not more than two adjoining 
single treatment Llcilities. 

14.3.5.2 Where nitrous oxide or halogenated agents are in
tended to be administered, a patjent WAGD shall be installed 
and conform to Levell WAGD systems in Chapter S. 

14.3.6 Environmental Systems. (Reserved) 

14.3.7 Material Requirements. (Reserved) 

14.3.8 Electrical Equipment Requirements. 

14.3.8.1 Patient Care Areas. If critical care areas are pn:sent, 
electrical appliances shall conlorm to Chapter 8. 

14.3.8.2 Laboratories. Equipment shall conform to 8.4.2.2 
and Section 8.5. 

14.3.9 Gas Equipment Requirements - Patient. Gas equip
ment shall conform to the patient equipment requirements in 
Chapter 8 . 

14.3.10 Reserved 

14.3.11 Laboratories. Laboratories covered in this chapter 
shall comply with requirements in Chapter II as applicable 
and the requiremen ts of NFPA 45, Standard on Fire Pmterlionji!l' 
Labomtories Using Chemicals, as applicable. 

14.3.12 Emergency. Facilities covered by this chapter shall 
comply with the provisions of Chapter] 2 for emergency pre
paredness planning, as appropriate. 

14.4 Specific Area Requirements. 

14.4.1 Anesthetizing Locations. If anesthetizing locations are 
present, they shall comply with the requirements or 13.4.1. 

14.4.1.1 Wiring. 

14.4.1.1.1 Wiring. Installed wiring shall be in rnetal raceway or 
shall be as required in Sections 517.60 t.hrough 517.Ci3 of 
NFPA 70, Nationall';lectliwl Coile. 

14.4.1.1.2 Raceway. Such distribution systems shall be rlln ill 
metal raceways along with a green grounding wire si~ed no 
smaller than the energized conduct.ors. 

14.4.1.1.3 Grounding to Raceways. Each device connect.ed to 
the distribution system shall be effectively grounded to the 
metal raceway at the device. 

14.4.1.1.4 Installation. Methods of installation shall conform 
to Articles 250 and 517 of NFPA 70, Na/ional Fli!r:trical Coril!. 

14.4.1.1.5 Battery-Powered Emergency Lighting Units. Olle or 
more battery-powered emergency lighting unit, shall be pro
vided as required in Section 700.12 (e) of NFPA 70, National Mx:
triad Code. Testing shall be in accordance with 4.3.4.2. 
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Chapter 15 Reserved 

Chapter 16 Reserved 

Chapter 17 Nursing Home Requirements 

17.1 Applicability. This chapter applies to nursing homes. as 
defined in Chapter 3. 

17.2 Responsibilities. The governing body of nursing homes 
shall h:lVe the responsibility of protecting tbe facilities (for 
patient care and clinical investigation) and the personnel em
ployed therein. 

17.3 General Requirements. 

17.3.1 Reserved. 

17.3.2 Reserved. 

17.3.3 Reserved. 

17.3.4 Electrical System Requirements. 

17.3.4.1 Electrical Distribution System. (Reserved) 

17.3.4.2 Essential Electrical Distribution System. 

17.3.4.2.1 Unless the requirements of 17.3.4.2.2 are met. es
sentjal electrical distribution systems shall conform to the 
Type 2 systems as described in Chapter 4. 

17.3.4.2.2 The requirements of 17.3.4.2.1 shall not apply to 
any freestanding nursing home that performs all of the fol
lowing: 

(I) Maintains admitting and discharge policies that preclude 
the provision of care fe)!" any patient or resident who needs to 
be sustained by electricallik support equipment 

(2) Offers no surgic<t1 treatment requiring general anesthesia 
(3) Provides an automatic bauery-powered system or equip

ment that will be effective for at least ll/~ hours and is 
otherwise in accordance with NFPA 101, LiJi! Sa/eLy Corie, 
and NFPA 70, Nfliionfll/,'llxtl7:wl Code, and that will be ca
pable of supplying lighting of at least I ft-candle to exit 
lights, exit corridors, stairways, nursing stations, medica
tion preparation areas, boiler rOOIl1S, and communication 
areas. This system shall also supply power to operate all 
alarm syst.erns. 

17.3.4.2.3 Nursing homes that meet the requirement in 
17.:'I.4.2.~ shall be permitted t.o use a battery system or self~ 
contained battery integral with equipment in lieu of the alter
nate power source required in 4.4.1.1.4. 

17.3.4.2.4 [I' patients are admitted who need to be sustained 
by electJ"ical lift: support equipment, the essential electrical 
system from the source to that portion of the facility where 
such patients are t.reated shall conform to a Type 1 system as 
described in Chapter 4. 

17.3.5 Gas and Vacuum System Requirements. 

17.3.5.1 General. Where medical gas, instI1lment air, vacuum, 
and WAGD systems are installed, they shall conform to the re
quirements for the appropriate level. Systems conf(xming to dif
ferent.levels within the same building are permitted. The appro
priate level shall be determined as follows: 
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(I) All systems shall comply with Level I requirements if any 
part of the systems are Level I, except under hoth of the 
following condi tions: 

(a) The system(s) is entirely separate from the Levell 
system (s) (i.e., is stand-alone) and is not connected to 
Level I sources or distribution pipelines. 

(b) The occup,mcy 1.0 be served and the function of that 
occupancy is distinct from other occupancies in the 
building. 

(2) Medical gas and vacuum systems shall be permitted to be 
Level 2 syst.ems only whel'e both of the following condi
tions exist: 

(a) Paragraphs 17.3 . .').1(1)(a) anclI7.3.5.1(1)(b) apply. 
(b) Patients served by the system(s) are not dependent 

on mechanical ventilation or assisted mechanical ven
tilation at any time, including during administration 
of anesthesia. 

(3) Medical gas and vacuum systems shall be permitted to be 
Level 3 systems only where both of the following condi
tions exist: 

(a) Paragraphs 17.3.5.1(1)(a) and 17.3.5.1(1)(b) and 
17.:'1.5.1(2) (a) apply. 

(b) The patient population, during or subsequent to treat
ment, are not dependent for life on the gases or vacuum 
system(s), and the treatment(s) that the facility will per
form can be completed without detrimental effect on 
patient: outcomes in tbe event of sudden loss of the gas 
or vacuum system(s). 

(c)*The total of all gases in cylinders or containers, ex
cept nitrogen, connected and in storage at one time 
does not exceed 85 rn" (3000 ft") at STP, except that 
14~ m~ (5000 ft") at STP shall be permitted if oxygen 
is stored in a DOT Specification 4L (cryogenic liquid) 
cylinder. 

(d) The system(s) supplies not more than two adjoining 
single treatmen t. facilities. 

17.3.5.2 Reserved. 

17.3.5.3 Reserved. 

17.3.6 Environmental Systems. (Reserved) 

17.3.7 Material Requirements. (Reserved) 

17.3.8 Electrical Equipment Requirements. 

17.3.8.1 Patient Care Areas. (Reserved) 

17.3.8.2 Laboratories. Equipment shall conform to 8.4.2.2 
and Section 8.5. 

17.3.9 Gas Equipment Requirements. 

17.3.9.1 Patient. Equipment shall conform to requirements 
for patient equipment in Chapter 9. 

17.3.10 Reserved. 

17.3.11 * Laboratories. Laboratories in nursing bomes shall 
comply with the requirements of Chapter 11, as applicable. 

17.3.12 Emergency Management. Nursing homes shall com
ply with the provisions of Chapter 12 for emergency manage
ment planning, as appropriate. 
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Chapter 18 Limited Care Facility Requirements 

18.1 Applicability. This chapter applies to limited care f~lCili
ties, as defined ill Chapter 3. 

18.2 Responsibilities. The governing body of limited care fa
cilities shall have the responsibility of protecting the facilities 
(for patient care and clinical investigation) and the personnel 
employed therein. 

18.3 General Requirements. 

18.3.1 Reserved. 

18.3.2 Reserved. 

18.3.3 Reserved. 

18.3.4 Electrical System Requirements. 

18.3.4.1 Electrical Distribution System. (Reserved) 

18.3.4.2 Essential Electrical Distribution System. 

18.3.4.2.1 Unless the requirements of 18.3.4.2.2 arc met, es
sential electrical distribution systems shall conform to the 
Type 2 systems as described in Chapter 4. 

18.3.4.2.2 The requirements of 18.').4.2.1 shall not apply to 
any freestanding limited care facility that performs all of the 
following: 

(I) Maintains admitting and discharge policies that preclude 
the provision of care f(x any patient or resident who needs to 
be sustained by electrical life support equipment. 

(2) Offers no surgical treatment requiring general anesthesia. 
(3) Provides an automatic bauery-powered system or equip

ment that will be efFective for at least 1 y~ hours and is 
otherwise in accordance with NFPA 101, jjp Sapty Code, 
and NFPA 70, Niltionall':ler;triwl Corle, and that will be ca
pable of supplying lighting of at least J ft-candle to exit 
lights, exit corridors, stainvays, nursing stations, medica
tion preparation areas. boiler rooms, and communication 
areas. This system shall also supply power to operate all 
alarm systems. 

18.3.4.2.3 Limited care bcilities that meet the requirements 
in 18.3.4.2.2 sh,dl be permitted to use a battery system or seH~ 
contained battery integral with equipment in lieu of the alter
nate power source required in 4.4.1.1.4. 

18.3.5 Gas and Vacuum System Requirements. 

18.3.5.1 General. Where medical gas, instrument air, 
vacuum. and v\:A.GD systems are installed, they shall conform 
to the requirements for the appropriate level. Systems con
forming to different levels within the same building arc per
mittee!. The appropriate level shall be determined as follows: 

(1) All systems shall com ply wi th Level I require men ts if any 
part of the systems are Levell, except under both of the 
following conditions: 

(a) The system(s) is entirely separate from the Level 1 
systelll (s) (i.e .. is stand-alone) and are not connected 
to Levell sources or distribution pipelines. 

(b) The occupancy to be served and the function of that 
occupancy is distinct from other occupancies in the 
building. 

(2) Medical gas and vacuum systems shall be permitted to be 
Level 2 systems only where both of the following condi
tions exist: 

(a) Paragraphs 18.3.5.1 (1) (a) and 18.3.5.1 (1) (b) apply. 
(b) Pat.ients served by the system(s) are not dependent 

on mechanical ventilation or assisted mechanical ven
tilation at any time, including during administration 
of anesthesia. 

(3) Medical gas and vacuum systems shall be permitted to be 
Level 3 systems only where all of the following conditions 
exist: 

(a) Paragraphs 18.3.5.1 (1) (a) and 18.3.5.1 (I) (b) and 
18.::1.5.1(2) (b) apply. 

(b) The patient population, during or subsequent to 
treatment, are not dependent for life on the gases or 
vacuum system(s), and the treatment(s) that the hlcil
ity will perform can be completed without detrimen
tal effect on patient outcomes in the event of sudden 
loss of the gas or vacuum system (s) 

(c) iThe total of all gases in cylinders or containers, ex
cept nitrogen, connected and in storage at one tillle 
does not exceed 85 m" (3000 it") at STP, except that 
142 m'l (5000 ft") at STP shall be pennitted if oxygen 
is stored in a DOT Specification 4L (C1yogenic liquid) 
cylinder. 

(d) The system(s) supplies not more than two adjoining 
single treatment L1Cilities 

18.3.6 Environmental Systems. (Reserved) 

18.3.7 Material Requirements. (Reserved) 

18.3.8 Electrical Equipment Requirements. 

18.3.8.1 Patient Care Areas. (Reserved) 

18.3.8.2 Laboratories. Equipment shall conforIll to 8.4.2.2 
and Section 8.5. 

18.3.9 Gas Equipment Requirements. (Reserved) 

18.3.10 Reserved. 

18.3.11 * Laboratories. Laboratories in limited care bcilities 
shall comply with the requiremenL~ of Chapter II, as applicable. 

18.3.12 Emergency Management. Limited care bcilit.ies shall 
comply with the provisions of Chapter 12 for emergency man
agement planning, as appropriate. 

Chapter 19 Electrical and Gas Equipment 
for Home Care 

19.1 * Applicability. This chapter applies to home care. as de
fined in Chapter 3. 

19.2 Responsibilities. It shall be the responsibility of the 
equipment supplier. which could be a hospital. an equipment 
rental company, or an equipment sales company, to perform 
the following: 

(I) Appropriately instruct the equipment user to operate the 
equipment safdy. This shall include wriLten instructions, 
demonstrations, and periodic review of the use. 

(2) Provide instruction on lIser maintenance 0[" the eqllip
ment, provide supervision of the maintenance, and pro
vide such higher level maintenance as is appropriate. 

19.3 Equipment. 

19.3.1 Reserved. 

19.3.2 Reserved. 
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19.3.3 Reserved. 

19.3.4 Reserved. 

19.3.5 Reserved. 

19.3.6 Reserved. 

19.3.7 Reserved. 

19.3.8 Electrical Equipment Requirements. Electrical equip
ment used in the home for health care shall conform to such 
requirements of Chapter 8 as applicable. 

19.3.9 Gas Equipment Requirements. Gas equipment used in 
the home for health care shall conform to such requirements 
of Chapter 9 as applicable. 

Chapter 20 Hyperbaric Facilities 

20.1 Applicability. 

20.1.1 This chapter shall apply to new facilities. 

20.1.2 This chapter shall also apply to the altered, renovated, 
or modernized portion of an existing system or individual 
component:. 

20.1.3 Existing construction or equipmen t shall be permitted 
to be continued in use when such use does not constitute a 
distinct hazard to life. 

20.1.4* Scope. The scope of this chapter shall be as specified 
in 1.1.20. 

20.1.5 Classification of Chambers. 

20.1.5.1 General. Chambers shall be classified according to 
occupancy in order to establish appropriate minimum essen
tials in construction and operation. 

20.1.5.2* Occupancy. Hyperbaric chambers shall be classified 
according to the following criteria: 

(I) Class A - Human, multiple occupancy 
(2) Class B - Human, single occupancy 
(3) Class C -Animal, no human occupancy 

20.1.6 Nature of Hazards. See Section B.7. 

20.2 Construction and Equipment. 

20.2.1 Housing for Hyperbaric Facilities. 

20.2.1.1 For Class A chambers located inside a building, the 
chamber(s) and all ancillary service equipment shall be pro
tected by 2-hour iire-resistant-rated construction. 

20.2.1.1.1 * Free-standing, dedicated buildings containing 
only a Class A chamber(s) and ancillary service equipment 
shall not be required to be protected by 2-hour fire-resistant
rated construction. 

20.2.1.1.2 Trailer or vehicle-mounted facilities shall be per
mitted without a 2-hour fire-resistant-rated perimeter. 

20.2.1.1.3 When trailer or vehicle-mounted facilities are 10-
cat.ed contiguous to a health care facility, or another structure, 
a 2-hollr lire-resistant-rated barrier shall be placed between 
the Llcility and the cont.iguous structure. 

20.2.1.1.4 Where building exterior walls form part of the fa
cility boul1c!cu-y, that portion of the Llcility boundary shall not 
require 2-hour fire-resistant-rated construction. 
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20.2.1.1.5* If there are connecting doors through such COI11-

mon walls of contiguity, they shall be at least B-label, 1 Y~-hour 
tire doors. 

20.2.1.1.6 When used for hyperbaric procedures, the room 
or rooms housing the Class A or Class B cham bers shall be for 
the exclusive use of the hyperbaric operation. 

20.2.1.1.7 Service equipment (e.g., compressors) shall be 
permitted to be located in multi-use spaces meeting the re
quirements of 20.2.1.1. 

20.2.1.1.8 The supporting foundation for any chamber shall 
be designed to support the chamber. 

20.2.1.1.8.1 If on-site hydrostatic testing will be performed, 
the chamber supporting foundation shall be designed to sup
port an additional water weight. 

20.2.1.2 A hydraulically calculated automatic wet pipe sprinkler 
system meeting the requirement, of NFPA 13, Standard /or the 
Installation o/SprinklerSystml.l~ shall be installed in the room hous
ing a Class A chamber and in any ancillary equipment rooms. 

20.2.1.2.1 Class A chambers not contiguous to a health care 
facility, and located in a mobile vehicle-mounted facility shall 
not be required to be protected as specified in 20.2.1.2. 

20.2.1.2.2* Chamber room sprinkler heads shall be an ap
proved type equipped with filsible elements. 

20.2.1.2.3 The element temperature ratings shall be as low as 
possible, consistent with the requirements against false opera
tion in NFPA 13. 

20.2.1.3 The room or rooms housing Class B and Class C cham
bers shall be afforded sprinkler protection in accordance with 
20.2.1.2. 

20.2.1.3.1 Chambers not contiguous to a health care facility, 
and located in a mobile vehicle-mounted facility shall not be 
required to have sprinkler protection as specified in 20.2.1.2. 

20.2.1.4 Nonflammable gases shall be permitted to be piped 
into the hyperbaric facility. 

20.2.1.4.1 Shutoff valves accessible to facility personnel shall 
be provided for such piping at the point of entry to the room 
housing the chamber. 

20.2.1.4.2 Storage and handling of nonflammable gases shall 
meet the applicable requirements of Chapter 5, Gas and 
Vacuum Systems, of this document and NFPA 50, Standard/or 
Bulk Oxygen Systems at Consumer Sites. 

20.2.2 Fabrication of the Hyperbaric Chamber. 

20.2.2.1 * Chambers for human occupancy, and their supporting 
systems, shall be designed and fabricated to meet ANSI/ASME 
PVHO-J, Safety Standardfor Pres.lun: VCs.leLlj(Jr Human Occuj)(tnl)', by 
personnel qualified to fabricate vessels under such codes. 

20.2.2.2 The chamber shall be stamped in accordance with 
ANSI/ ASME PVHO-l, Safi:ty Standardfi)r Pressure VCssels(or Hu
'man Occuj)(tn(y. 

20.2.2.3 As a minimum, animal chambers shall be designed, 
fabricated, and stamped to meet ANSI/ ASME Section VIII, 
Division I code requirements. 
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20.2.2.4 The Jloor of a Class A chamber shall be designed to 
support equipment and personnel necessary for the operation 
of the chamber according to its expected purpose. 

20.2.2.4.1 The floor ofClassAchambers shall be noncombus
tible. 

20.2.2.4.2 Tf tbe procedures to be carried out in the Class A 
hyperbaric chamber require antistatic flooring, the flooring 
shall be installed in accordance with the provisions of 13.4.1. 

20.2.2.4.3 If a bilge is installed, access to the bilge shall be 
provided for cleaning purposes. 

20.2.2.4.4 If the interior floor ofa Class A chamber consists of 
removable floor (deck) plates, the plates shall be mechanically 
secured and electrically bonded to the chamber to ensure a 
positive electrical ground and to prevent movement of the 
plate, which could cause injury to personnel. 

20.2.2.5 The interior of Class A chambers shall be unfinished 
or treated with a finish that is one of the following: 

(1) Inorganic-zinc-based 
(2) High-quality epoxy 
(3) Flame resistant 

20.2.2.5.1 If the interior of a Class A chamber is treated 
(painted) with a finish listed in 20.2.2.5, the cure procedure 
and minimum duration for each coat of finish to ot1~gas shall 
be in accordance with the manufacturer's application instruc
tions and material safety data sheets. 

20.2.2.5.2* Ifsound-cleadening materials are employed within 
a hyperbaric chamber, they shall be flame resistant as defined 
in Chapter 3. 

20.2.2.6* Viewing ports, access ports for piping and wiring or 
monitoring, and related leads shall be installed during initial 
fabrication of the cham bel'. 

20.2.2.6.1 Access ports in Class A chambers, for monitoring, 
and other electrical circuits shall be housed in enclosures that 
are weatherproof both inside and outside the chamber for 
protection in the event of sprinkler activation. 

20.2.2.6.2 Viewports and penetrator plates shall be designed 
and f~lbricated according to ANSI! ASME PVHO-l, Safety Stan
dardf(Jr PreSS'Llre Vesselsj()'; Human Dcc'Ll/Janey. 

20.2.3 Illumination. 

20.2.3.1 Unless designed for chamber use, sources of illumi
nation shall be mounted outside the pressure chamber and 
arranged to shine through chamber ports or through cham
ber penetrators designed for fiberoptic or similar lighting. 

20.2.3.1.1 Lighting fixtures used in conjunction with viewport~ 
shall be designed so that temperature ratings for the viewport 
material given in ANSI! ASME PVHO-1 are not exceeded. 

20.2.3.1.2 Gasket material shall be of a type that allows the 
movement of thermal expansion and shall be selected for the 
temperatures, pressures, and composition of gases involved. 

20.2.3.1.2.1 Gaskets or O-rings shall be confined to grooves 
or enclosures, which will prevent their being blown out or 
squeezed from the enclosures or compression flanges. 

20.2.3.2 Lighting permanently installed inside the chamber 
and portable lighting for temporary use inside the chamber 
shall meet the requirements of20.2.7.3.15. 

.. 

20.2.3.3 Emergency lighting for the interior of the chamber 
shall be provided. 

20.2.4 Chamber Ventilation. 

20.2.4.1 Ventilation of Class A Chambers. 

20.2.4.1.1 The minimum ventilation rate for a Class A cham
ber shall be O.OSS actual m:l (3 actual ft~) per minute of air per 
chamber occupant who is not using a breathing-mask over
board dump system that exhausts exhaled gases. 

20.2.4.1.1.1 The minimum threshold rate shall be 0.OS5 ac
tual m:1 (3 actual fe'l per minute. 

20.2.4.1.1.2 Provision shall be made for ventilation during 
nonpressurization of Class A chambers as well as during pres
surization. 

20.2.4.1.2* Ventilation shall not be required when salllration 
operations are conducted in the chamber, provided that car
bon dioxide removal and odor control are accomplished and 
that the monitoring requirements of 20.2.8.4.1 and 20.2.8.5 
are met. 

20.2.4.1.3 Individual breathing apparatus shall be available 
inside a Class A chamber for each occupant for use in the 
event that the chamber atmosphere is fouled by combustion 
or otherwise. 

20.2.4.1.3.1 The breathing mixture supplied to breathing ap
paratus shall be independent of chamber atmosphere. 

20.2.4.1.3.2 The breathing gas supply shall be designed for 
simultaneous use of all breathing apparatus. 

20.2.4.1.3.3 Breathing apparatus shall function at all pres
sures that can be encountered in the chamber. 

20.2.4.1.3.4 In the event ora fire within a chamber, provision 
shall be made to switch all breathing apparatus to an air supply 
that is independent of the chamber atmosphere. 

20.2.4.2 Sources of Air for Chamber Atmospheres. 

20.2.4.2.1 * Sources of air for chamber atmospheres shall be 
such that toxic or flammable gases are not introduced. 

20.2.4.2.2 Compressor intakes shall be located away from air 
con tam inated by exhaust from activities of vehicles, internal com
bustion engines, stationary engines, or building exhaust olltlets. 

20.2.4.2.3 Air supply for chamber atmosphere shall be moni
tored as required in 20.2.8.6. 

20.2.4.2.4 The use of conventional oil-lubricated compres
sors shall be permitted provided they are filled with air treat
ment packages designed to produce medical air, and they 
meet the monitoring requirements of 20,2,8.6. 

20.2.4.2.4.1 The air treatment packages shall include auto
matic safeguards. 

20.2.4.2.5 Air compressor installations shall consist of two or 
more individual compressors with capacities such that re
quired system flow rates can be maintained on a continuous 
basis with any single compressor out of operation unless 
20.2.7.2.4 is satisfied. 

20.2.4.2.5.1 Each compressor shall be supplied li·OIn separate 
electrical branch circuits. 

20.2.4.2.6 Air compressor installations that supply medical 
air to piped gas systems as well as to hyperbaric facilities shall 
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meet the requirements of 5.13.5.3 in Chapter 5 and the re
qllirements of this chapter. 

20.2.4.2.7 Air CO III pressor installations that are used exclu
sively fe)r hyperb,lric Llcilities shall meet the requirements of 
this chapter ollly. 

20.2.4.3 Temperature and Humidity Control. 

20.2.4.3.1 Wanning or cooling of the atmosphere within a Class 
A chamber shall be permitted by circulating the ambient air 
within t.he chaillber over or past coils through which a constant 
flow of warm or cool water or water/glycol mixture is circulated. 

20.2.4.3.2* Class A chambers that are not used in the capacity 
of an operating room shall maintain a temperature that is 
comfortable fe)r the occupants [usually 22°±2c C (7.so±5°F)]. 

20.2.4.3.3 Whenever t.he Class A chamber is used as an operat
ing room, it shall be vent.ilated and the air supply thereto shall be 
condit.ioned according to the minimum requirement~ for tem
perat.ure for hospit<d operat.ing rooms as specified in 13.4.1. 

20.2.4.3.3.1 If inhalat.ion anesthetic agents are being utilized 
(e.g., nitrous oxide, methoxyflurane, halothane), a closed an
esthetic system with exhclled-gas scavenging and overboard 
dumping shall be employed. 

20.2.4.3.3.2 Flammable inhalation anesthetics (i.e., cyclopro
pane, ethyl ether, ethylene, and ethyl chloride) shall not be 
employed. 

20.2.4.3.4 Dehumidification shall be permitted through the 
use of cold coils. 

20.2.4.3.5 Humidification by t.he use of an air-powered water 
nebulizer shall be penniuecl. 

20.2.4.3.6 Noncombustible packing and nontlammable lu
brican t. shall be em ployed on the fan shaft. 

20.2.4.4 Ventilation of Class B Chambers. 

20.2.4.4.1 * The minimum ventilation rate for a Class B cham
ber shall be 0.0283 m:"/min (I ,Lctual fe/min). 

20.2.4.4.2 Class B chambers not designed for 100 percent 
oxygen environment shall comply with the monitoring re
quirements 01'20.2.8.4. 

20.2.4.5 Emergency Depressurization and Facility Evacuation 
Capability. 

20.2.4.5.1 Class A chambcrs shall be capable of depressuriz
ing from 3 ATA (304.0 kPa) to ambient pressure in no more 
than 6 minutes. 

20.2.4.5.2 Class B chambers shall be capable of depressuriz
ing from 3 ATA (304.0 kPa) to ambient pressure in no more 
than 2 minutes. 

20.2.4.5.3* A source of breathable gas allowing unrestricted mo
bility shall be available outside a ClassAor B chamber for use by 
personnel in the event t.hat t.he air in the \;cinity of the chamber 
is fouled by smoke or other combustion products of fire. 

20.2.5 Fire Protection in Class A Chambers. 

20.2.5.1 General Requirements. 

20.2.5.1.1 A fire suppression system conslstmg of indepen
dently supplied and operating handline and deluge type water 
spray systems shall be installed in all Class A chambers. 
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20.2.5.1.2 Design of the fire suppression system shall be such 
that failure of components in either the handline or deluge 
system will not render the ot.her system inoperat.ive. 

20.2.5.1.3 System design shall be such that act.ivation of either 
the handline or the deluge syst.em shall automatically cause the 
fc)lIowing: 

(I) Visual and aural indication of activation shall occur at the 
chamber operator's console. 

(2) All ungrounded electrical leads fCl!' power and lighting cire 

cuits contained inside the chamber shall be disconnected. 
(3) Emergency lighting (see 20.2.3.3) and communication, 

where used, shall be activated. 

20.2.5.1.3.1 Intrinsically safe circuits, including sound-powered 
communications, shall be permitted to remain connect.ed when 
either the handline or the deluge system is activated. 

20.2.5.1.4* Afire alarm signaling device shall be provided at the 
chamber operator's control console for signaling the emergency 
fire/rescue network of the institution containing t11e hyperbaric 
[lCility. 

20.2.5.1.4.1 Trailer or vehicle-mounted f~lciJities not cont.igu
ous to a health care facility shall conform to the requirements 
of one of the following: 

(I) Comply with 20.2.5.1.4 or 
(2) Have a means fe)r immediately contacting the local fire 

departmen l. 

20.2.5.1.5* Fire blankets and portable carbon dioxide extin
guishers shall not be inst.alled in or carried into the chamber. 

20.2.5.1.6 Booster pumps, cuntrol circuitry, and other electri
cal equipment involved in fire suppression system operation 
shall be powered from a critical branch of the emergency elec
trical system as specified in 20.2.7.2.2.1. 

20.2.5.1.7 Signs prohibiting the introduction of flammable 
liquids, gases, and other articles not permitted by this chaptcr 
into the chamber shall be posted at the chamber entrance(s). 

20.2.5.1.8 The fire suppression system shall be permitted to 

be supplied hom the local potable water sel'Vice. 

20.2.5.2 Deluge System Requirements. A fixed water deluge 
extinguishing system shall be installed in all chamber com
partments that are designed for manned operations. 

20.2.5.2.1 I n cham bers that consist of more than one cham
ber compartment (lock), the design of I. he deluge system shall 
meet the requirements of 20.2.5.2 when the chamber com
partments are at different. depths (pressures). 

20.2.5.2.2 The deluge system in different compartments 
(locks) shall operate independently or simultaneously. 

20.2.5.2.3 Fixed deluge systems shall not be required in 
chamber compartments that arc used strictly as personnel 
transfer compartments (locks), and for no other purposes. 

20.2.5.2.4* Manual activation and deactivation deluge con
trols shall be located at the operator's console and in each 
chamber compartment (lock) containing a deluge system. 

20.2.5.2.4.1 Controls shall be designed to prevent unin
tended activation. 

20.2.5.2.5 Water shall be cleliverecl from the iixed discharge 
nozzles as specified in 20.2.5.2.7 within 3 seconds of activation 
of any afliliated deluge control. 
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20.2.5.2.6* Average spray density at floor level shall be not less 
than 81.5 L/min/m~ (2 gpm/ft~) with no floor area larger than 
1 m~ (1O.76ft~) receiving less than 40.75 L/min/m~ (1 gpm/ft2). 

20.2.5.2.7 There shall be water available in the deluge system 
to maintain the flow specified in 20.2.5.2.6 simultaneously in 
each chamber compartment (lock) containing the deluge sys
tem for I minute. 

20.2.5.2.7.1 The limit on maximum extinguishment dura
tion shall be governed by the chamber capacity (bilge capacity 
also. if so equipped) and/or its drainage system. 

20.2.5.2.8 The deluge system shall have stored pressure to op
erate for at least 15 seconds without electrical branch power. 

20.2.5.3 Handline System Requirements. A handline extin
guishing system shall be installed in all chamber compart
ments (locks). 

20.2.5.3.1 At least two handlines shall be strategically located 
in treatment compartments (locks). 

20.2.5.3.2 At least one handline shall be located in each per
sonnel transfer compartment (lock). 

20.2.5.3.3 If any chamber compartment (lock) is equipped 
with a bilge access panel, at least one handline shall reach the 
bilge area. 

20.2.5.3.4 Handlines shall have a 1.27 cm (0.5 in.) minimum 
internal diameter and shall have a rated working pressure 
greater than the highest supply pressure of the supply system. 

20.2.5.3.5 Each handline shall be activated by a manual, 
quick-opening, quarter-turn valve located within the compart
ment (lock). 

20.2.5.3.5.1 Hand-operated, spring-return to close valves at 
the discharge end of handlines shall be permitted. 

20.2.5.3.6 Handlines shall be equipped with override valves 
that are accessible to personnel outside the chamber. 

20.2.5.3.7 The water supply for the handline system shall be 
designed to ensure a 345 kPa (50 psi) minimum water pres
sure above the maximum chamber pressure. 

20.2.5.3.7.1 The system shall be capable of supplying a mini
mum of 18.9 L/min (5 gpm) simultaneously to each of any 
two of the handlines at the maximum chamber pressure for a 
period of not less than 4 minutes. 

20.2.5.4 Automatic Detection System Requirements. Auto
matic fire detection systems shall not be required. 

20.2.5.4.1 Surveillance fire detectors responsive to the radia
tion from flame shall be employed. 

20.2.5.4.1.1 Type and arrangement of detectors shall be such 
as to respond within 1 second of flame origination. 

20.2.5.4.2* The number of detectors employed and their loca
tion shall be selected to cover the chamber interior. 

20.2.5.4.3 The system shall be powered from the critical 
branch of the emergency electrical system or shall have auto
matic battery back-up. 

20.2.5.4.4 If used to automatically activate the deluge sys
tem, the requirements for manual activation/deactivation 
in 20.2.5.2.4 and deluge system response time in 20.2.5.2.5 
shall still apply. 

20.2.5.4.5 The system shall include selfmonitoring functions 
for fault detection and buh. alarms and indications. 

20.2.5.4.6 Automatic fire detection equipment, when used, 
shall meet the applicable requirements ill 20.2.7.3. 

20.2.5.5* Testing Requirements. The deluge and handline sys
tems shall be functionally tested at least semiannually per 
20.2.5.2.7 for deluge systems and 20.2 .. 1.3.7 for handline sys
tems. Following the test, all valves shall be placed in their base
line position. 

20.2.5.5.1 If a bypass system is used, it shall not remain in the 
test mode after completion of the test. 

20.2.5.5.2 During initial construction, or whenever changes 
are made to the installed deluge system that will affect the 
spray pattern, testing of spray coverage to demonstrate con
formance to the requirements of 20.2.!J.2.h shall be per
formed at surface pressure, and at maximum operating pres
sure. The requirements of 20.2.5.2.6 shall be satisfied under 
both conditions. 

20.2.5.5.3 A detailed record of the test results shall be main
tained and a copy sent to the hyperbaric Llcility safety director. 

20.2.6 Fire Protection in Class B and Class C Chambers. Class B 
and Class C chambers shall not be required to comply with 
20.2.5. 

20.2.6.1 Signs prohibiting the introduction of flammable liq
uids, gases, and other articles not permitted by this chapter 
into the chamber shall be posted at the chamber entrance(s). 

20.2.6.2 A fire alarm signaling device shall be provided within 
the room housing the chamber(s) for signaling the emer
gency fire/rescue network of the institutjon containing the 
hyperbaric facility. 

20.2.6.2.1 Trailer or vehicle-mounted facilities not contigu
ous to a Iwalth care facility shall conform to the requirements 
of one of the following: 

(1) Comply with 20.2.6.2 
(2) Have a means for immediately contacting the local Ere 

department 

20.2.7 Electrical Systems. 

20.2.7.1 General. 

20.2.7.1.1 The requirements of NFPA 70, National Fla"lrical 
Code, or local electrical codes shall apply to electrical wiring 
and equipment in hyperbaric f~lcilities within the scope of this 
chapter, except as such rules are modified in 20.2.7. 

20.2.7.1.2 All hyperbaric chamber sel'vice equipment, switch
boards, panels, or control consoles shall be located outside of, 
and in the vicinity of, the chamber. 

20.2.7.1.3 Console or module spaces conlaining both oxygen 
piping and electrical equipment shall be either one of the 
following: 

(1) Mechanically or naturally ventilated 
(2) Continuously monitored for excessive oxygen concentra-

tions whenever the electrical equipment is energized 

20.2.7.1.4 For the fixed electrical installation, none of the 
following shall be permitted inside the chamber: 

(1) Circuit breakers 
(2) Line fuses 
(3) Motor controllers 
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(4) Relays 
(5) TranslilnllerS 
(6) g,llIasts 
(7) Lighting panels 
(H) Power panels 

20.2.7.1.4.1 * II' motors are to be located in the chamber, they 
sh,11I meet the n:quircment;; of 20.2.7.3.14. 

20.2.7.1.5 All electrical equipment connected to or used in 
conjunction with hyperbaric patients shall comply with the 
requirements or Chapter 8, Electrical Equipment, and with 
the applicable paragr,tphs or 20.2.7.3. 

20.2.7.1.6 In the event or activation of the room sprinkler 
systelll, electrical equipment. shall be protected from sprinkler 
water but need not remain Iill1ctional ifmanual means to con
trol and decompress the chamber are provided. 

20.2.7.2 Electrical Service. 

20.2.7.2.1 All hyperbaric f~lcilities shall contain an electrical 
service that is supplied rrom two independent sources of elec
tric power. 

20.2.7.2.1.1 All hyperbaric L1cilit.ies for human oCCLIpancies 
sh,11I cont,lin an electrical service that is supplied [rom two 
independent sources of electric power. 

20.2.7.2.1.2 For hyperbaric facilities using a prime-mover
driven generator set, it shall he designated as the "emergency 
system" and shall Illeet the requirements of Chapter 4 of this 
st.andard li)r hyperbaric systems based in healt.h care facilities. 

20.2.7.2.1.3 Article 700, Emergency Systems, ofNFPA 70, Na
limurll';lerlTiwl Coril?, shall apply to hyperbaric systems located 
in lacilities other than health care facilities. 

20.2.7.2.2 Electrical equipment associated with life support 
runctions of hyperbaric j~1Cilities shall be connected to the 
criticll branch of the emergency system; that is, such equip
ment shall have electrical power restored within 10 seconds of 
interruption or normal power. Such equipment shall include, 
but. is not limited to the following: 

(I) Electrical power out.lets locat.ed wit.hin t.he chamber 
(2) Chamber emergency lighting, whether internally or ex-

ternally mou n ted 
(3) Chamber intercommunications 
(4) Alarm systems, including fire detectors 
(ri) Cham ber fire Sll ppression system eq llipmcn t and controls 
(6) Other electrical controls used for chamber pressurization 

and ventilation control 
(7) A number of chamber room lights (either overhead or 

local) to ensure continued safe operation of the facility 
during a normal power outage 

20.2.7.2.2.1 Booster pumps in the chamber fire suppression 
system shall be on separate branch circuits serving no other 
loads. 

20.2.7.2.3 Elcctric-lJlotor-ciriven compressors and auxiliary 
electrical equipment normally located outside the chamber and 
used lilr chamber atmospheric cont.rol shall be connected to the 
equipment system (s(!{! OW/Jla 4) or the emergency system (src 

NFPA 70, Nallonall;;/el'lriml Code, Arlidf! 700), as applicable. 

20.2.7.2.4 Electric-motor-driven compressors and auxiliary 
electrical equipment shall be ,uTanged for delayed-automatic or 
1ll,lIlual connection to the alternate power source so as to prevent 
excessive current draw on the system during restarting. 

2005 Edition 

20.2.7.2.5 \;v'hen resen'e air tanks or non-electric com pres
sor(s) to maintain pressure and ventilatjon airflow within the 
chamber and supply air fur the chamber pressurization are 
provided, the compressor(s) and auxiliary equipment shall 
not be required to have an alternate source of power. 

20.2.7.2.6 Electrical control and alarm systems desig-n shall 
be such that hazardous conditjons (e.g., I,;ss of chaml;er pres
sure conlrol, deluge activation, spurious aLullls) do not OCCllr 
during power interruption or during power restoration. 

20.2.7.3* Wiring and Equipment Inside Class A Chambers. The 
following general rules shall be s'ltisfied in the use of electrical 
devices and equipment. The requirements under 20.2.7.3 are 
intended to protect against the elevated fire risks known to 
exist in a pressurized air environment and shall not be con
strued as classifying the chamber interior as a Class [ (as de
fmed in NFPA 70, Nalion(lI/~leI'lTi((l.l Codl!, Article 500) hazard
OllS location. 

20.2.7.3.1 Equipment or equipment component installed in 
or used in the chamber shall not present an explosion or im
plosion hazard uncler the conditjons of hyperbaric use. 

20.2.7.3.2 All equipment shall be rated, or tested and docll
mented, for intended hyperbaric conditions prior to Ilse. 

20.2.7.3.3 Only the electrical equipment necessary for the 
sale operation or the chamber and for required patient care 
shall be permitted in the chamber. 

20.2.7.3.4 Only portable equipment necessary for the logisti
cal and operational support shall be permitted in the chamber 
during manned pressurization. 

20.2.7.3.5 Where conformance with Class I, Division I re
quiremeills is specified in 20.2.7.3.7, conil:mnance with Class 
I, Division 2 requirements is permitted to be substituted. 

20.2.7.3.6 Conductor Insulation. All conductors inside the 
chamber shall be insulated with a material classified as flame 
resistant. as defined in Chapter 3. 

20.2.7.3.6.1 Insulation classified as flame retardal1l. shall not 
be required on conductors that form an integral part of elec
trical equipment approved for use inside the chamber, includ
ing patient leads. 

20.2.7.3.6.2 Insulation shall not be required Oil ground con
ductors inside of a conduit. 

20.2.7.3.7 Wiring Methods. 

20.2.7.3.7.1 Fixed wiring shall be inst,tlled in threaded RMC or 
fMC conduit utilizing the /()lIowing waterproof components: 

(l) Threaded metaljoints 
(2) Fittings 
(3) Boxes 
(4) Enclosures 

20.2.7.3.7.2 A continuous ground shall be maintained be
tween all conductive surl'aces enclosing electrical circuits and 
the chamber hull using approved g-rounding means. 

20.2.7.3.7.3 All threaded conduit shall be threaded with an 
NPT stanclard conduit ctltting die that provides a 1.9 cm taper 
per 0.3 m (0.75 in. taper per It). 

20.2.7.3.7.4 All threaded conduit shall be made wrench tight 
to prevent sparking when faliit current \lows through the con
duit system. 
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20.2.7.3.7.5 Wiring classified as intrinsically safe for any 
group location and installed in accordance with Article S04, 
Intrinsically Safe Systems, of NFPA 70, National Elertriml Corle, 
shall be permitted. 

20.2.7.3.7.6 Threaded, liquidtight flexible metal conduit in
stalled in accordance with Article 35] of NFPA 70, National 
Electrical Code, shall be permitted when protected from dam
age by physical barriers such as equipment panels. 

20.2.7.3.8 Drainage. Means of draining fixed conduit and 
fixed equipment enclosures shall be provided. 

20.2.7.3.9 Flexible Electrical Cords. Flexible cords used to 
connect portable ut.ilization equipment to the fixed electrical 
supply circuit shall meet all of the following requirements: 

(1) Be of a type approved for extra-hard utilization in accor
dance with Table 400.4 ofNFPA 70, National Electrical Code 

(2) Include a ground conductor 
C~) Meet the requirements of Article S01.11 ofNFPA 70, Na

tional Eledrical Corle 

20.2.7.3.9.1 The normal cord supplied with the device shall 
be permitted when the portable device is rated at less than 2 A 
and the cord is positioned out of traffic and protected from 
physical abuse. 

20.2.7.3.10* Receptacles Installed Inside the Chamber. 

20.2.7.3.10.1 Receptacles shall be waterproof. 

20.2.7.3.10.2 Receptacles shall be of the type providing for 
connection to the grounding conductor of the flexible cord. 

20.2.7.3.10.3 Receptacles shall be supplied from isolated 
power circuits meeting the requirements of 20.2.7.4.2. 

20.2.7.3.10.4 The design of the receptacle shall be such that 
sparks cannot be discharged into the chamber environment 
when the plug is inserted or withdrawn under electrical load. 

20.2.7.3.10.5 One of the following shall be satisfied to protect 
against inadvertent withdrawal of the plug under electrical load: 

(I) The receptacle-plug combination shall be of a locking type. 
(2) The receptacle shall carry a label warning against unplug-

ging under load, and the power cord shall not present a 
trip hazard for personnel moving in the chamber. 

20.2.7.3.11 Switches. Switches in the fixed wiring installation 
shall be waterproof. 

20.2.7.3.11.1 * Switch make and break contacts shall be housed 
in the electrical enclosure so that no sparks from arcing con
tacts can reach the chamber environment. 

20.2.7.3.12* Temperature. No electrical equipment installed 
or used in the chamber shall have an operating surface tem
perature in excess of8SoC (l8S0F). 

20.2.7.3.13 Exposed Live Electrical Parts. There shall be no 
exposed live electrical parts. 

20.2.7.3.13.1 Exposed live electrical parts that are intrinsi
cally safe shall be permitted. 

20.2.7.3.13.2 Exposcdlive electrical parts that constitute pa
tient monitoring leads, which are part of electromedical 
equipment, shall be permitted provided that they meet the 
requirements of 20.2.7.3.17. 

20.2.7.3.14 Motors. Motors shall meet one of the following 
requirements: 

(1) ArticleSOl.8(A)(1) ofNFPA 70, NationalElellricalCode,for 
the chamber pressure and oxygen concentration 

(2) Be of the totally enclosed types meeting Article S01.8(A) (2) 
or 501.8(A) (3) ofNFPA 70, National EketriaLl Corle. 

20.2.7.3.15* Lighting. Lighting installed or used inside the 
chamber shall be rated for a pressure of 1 ~ times the chamber 
working pressure. Permanently installed fixtures shall meet 
the following requirements: 

(1) Be rated and approved for Class 1 (Division I or 2) classi
fied areas 

(2) Have lens guards installed 
(3) Be located away from areas where they would experience 

physical damage from the normal movement of people 
and equipment 

20.2.7.3.15.1 Ballasts and other energy storage components 
that are part of the lighting circuit shall be installed outside 
the chamber in accordance with 20.2.7.1.4. 

20.2.7.3.15.2 Portable fixtures intended for spot illumination 
shall be shatterproof or protected from physical damage. 

20.2.7.3.16 Low.Voltage, Low-Power Equipment. The require· 
ments of 20.2.7.3.16 shall apply to sensors, signaling, alarm, 
communication, and remote control equipment installed or 
used in the chamber for operation of the chamber. 

20.2.7.3.16.1 * Equipment shall be isolated from main power 
by one of the following means: 

(1) Design of the power supply circuit 
(2) Opto-isolation 
(3) By other electronic isolation means 

20.2.7.3.16.2 Circuits such as headset cables, sensor leads, 
and so forth, not enclosed as required in 20.2.7.3.7, shall meet 
one of the following requirements: 

(1) Be part of approved intrinsically safe equipment 
(2) Be limited by circuit design to no more than 28 Vand O.S 

A under normal or circuit fault conditions 

20.2.7.3.16.3 Chamber speakers shall be of a design in which 
the electrical circuitry and wiring is completely enclosed. 

20.2.7.3.16.4 Electrical rating of chamber speakers shall not 
exceed 28 V rms and 2S W. 

20.2.7.3.16.5 Battery-operated, portable intercom headset 
units shall meet the requirements of 20.2.7.3.17.5 for battery
operated devices. 

20.2.7.3.17* Portable Patient Care-Related Electrical Appli
ances. 

20.2.7.3.17.1 The appliance shall be designed and con
structed in accordance with Chapter 10. 

20.2.7.3.17.2 The electrical and mechanical integrity of the 
appliance shall be verified and documented through an ongo
ing maintenance program as required in Chapter 8. 

20.2.7.3.17.3 The appliance shall conform to the require
ments of20.2.7.3.1 and 20.2.7.3.12. 

20.2.7.3.17.4 Appliances that utilize oxygen shall not allow 
oxygen accumulation in the electrical portions of the equip
ment under normal and abnormal conditions. 
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20.2.7.3.17.5 Battery-Operated Devices. Battery-operated de
vices shall meet the following requirements: 

(I) Batteries shall be fully enclosed and secured within the 
equipment enclosure. 

(2) Batteries shall not be damaged by the maximum chamber 
press u re th ey a re ex posed to. 

(3) Batteries shall be of a sealed Lype thaL does not off-gas 
during normal use. 

(4) Batteries or battery-operated equipment shall not undergo 
charging while located in the chamber. 

(!)) Batteries shall not be changed on in-chamber equipment 
while the chamber is in use. 

(6) The equipment electrical rating shall not exceed J 2 Vand 
4R W. 

20.2.7.3.17.6 Cord-Connected Devices. Cord-connected de
vices shall meet the following requirements: 

(1) All portable, curd-connected equipment shall have an 
on-otT power switch. 

(2) The equipment electrical rating shall not exceed 120 V and 
2 A unless the electrical portions of the equipment are inert
gas purged. 

(3) The plug of cord-connected devices shall not be used to 
interrupt power to the device. 

20.2.7.4 Grounding and Ground Fault Protection. 

20.2.7.4.1 All chamber hulls shall be grounded to an electri
cal ground or grounding system that meets the requirements 
of Article 250, Grounding, Section lIf, Grounding Electrode 
System, of NFPA 70, National Hiel'lrical Corle. 

20.2.7.4.1.1 Grounding conductors shall be secured as re
quired by Article 2!)O, Section III, Grounding Conductor Con
nections, of NFPA 70, National Eiel'lriwl Code. 

20.2.7.4.1.2 The material, size, and installation of the ground
ing conductor shall meet the requirement5 of Article 250, Sec
tion VI, Grounding Conductors, of NFPA 70, National E!Jxtliwl 
Cod,:, for equipment grounding conductors. 

20.2.7.4.1.3 The resistance between the grounded chamber 
hull and the electrical ground shall not exceed I ohm. 

20.2.7.4.2 In health care facilities, electrical power circuits lo
cated within the chamber shall be supplied from an ungrounded 
electrical system equipped with a line isolation monitor with sig
nal lamps and ,1lIdibJe alarms. 

20.2.7.4.2.1 Such circuits shall meet the requirements of Ar
ticle !)17.160, Isolated Power Systems, and !)17.160(B), Line 
Isolation Monitor, of NFPA 70, National Electrirnl Code. Branch 
circuits shall not exceed 12!) V or I!) A. 

20.2.7.4.3 Wiring located both inside and outside the chamber, 
which serves line level circuiL5 and equipment located inside the 
chamber, shall meet. the grounding and bonding requirements 
of Article 501. I 6 of NFPA 70, Nati01wlliler:triwl Corle. 

20.2.7.5 Wiring Outside the Chamber. 

20.2.7.5.1 Those electrical components that must remain func
tional for the safe termination ofa dive following activation of the 
room sprinkler system shall be enclosed in waterproof housing. 

20.2.7.5.1.1 All associated conciuits shall meet the following 
requirements: 

(1) Be waterproof 
(2) Meet the requirements ofNFPA 70, NalionalElectriwl Corle 
(3) Be equipped with approved drains 
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20.2.7.5.2* All other electrical devices outside the cham ber 
shall meet the requirements of NFPA 70. 

20.2.7.6 Additional Wiring and Equipment Requirements in
side Class B Chambers. The requirements in 20.2.7.6 shall 
apply to Class B chambers whether they are pressurized with 
oxygen or wi th air. 

20.2.7.6.1 Electrical equipment inside Class B chambers shall 
be restricted to communication functions and patient physi
ological monitoring leads. 

20.2.7.6.1.1 Circuits shall be designeci to limit the electrical 
energy to wire leads into the chamber under normal or fault 
conditions to no more than 28 V and 0.5 W. 

20.2.7.6.1.2 Communication wires shall be protected from 
physical damage and from coming into contact with t1am
mabie materials in the chamber by barriers or conduit. 

20.2.7.6.1.3 Patient monitoring leads shall be part of ap
proved electromedical apparatus meeting the requirements in 
20.2.7.3.17. 

20.2.7.6.2 Lighting inside the chamber shall be supplied from 
external sources. 

20.2.7.6.3 No electrical circuit in a Class B chamber shall 
operate at a temperature exceeding 60°C (1400F). 

20.2.8 Communications and Monitoring. 

20.2.8.1 General. 

20.2.8.1.1 Detectors, sensors, transducers, and communica
tions equipment located inside the chamber shall meet the 
requirements of 20.2.7.3.16. 

20.2.8.1.2 Wiring methods in the chamber shall meet the 
applicable requirements in 20.2.7.3. 

20.2.8.1.3 The following equipment shall be installed outside 
the chamber or shall meet the requirements of 20.2.7.3.16: 

(I) Control equipment 
(2) Power amplifiers 
(3) Output transformers 
(4) Monitors associated with communications and monitor

ing equipment 

20.2.8.2* Intercommunications. 

20.2.8.2.1 * An intercommunication system shall connect all 
personnel compartments (locks) and the chamber operator's 
control console. 

20.2.8.2.2 Oxygen mask microphones shall be intrinsically safe 
at the maximum proposed pressure and 95 ± 5 percent oxygen. 

20.2.8.3 Combustible Gas Detection. 

20.2.8.3.1 The chamber atmosphere shall be continuously 
monitored for combustible gas concentratioIls whenever any 
volatile agents are used in the chamber (see 20.2.4.3.3.1). 

20.2.8.3.1.1 The monitor shall be set to provide audible and 
visual alarms at 10 percent lower explosive limit (LEL) for the 
particular gas used. 

20.2.8.4 Oxygen Monitoring. 

20.2.8.4.1 Oxygen levels shall be continuously monitored in 
any chamber in which nitrogen or other diluent gas is added 
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to the cham ber to reduce the volumetric concentration of oxy
gen in the atmosphere. 

20.2.8.4.1.1 Oxygen monitors shall be equipped with audible 
and visual alarms. 

20.2.8.4.2 Oxygen levels shall be continuously monitored in 
Class A chambers when breathing mixtures containing in ex
cess of 21 percent oxygen by volume are being breathed by 
patients Or attendants and/or any flammable agents are 
present in the chamber. 

20.2.8.4.2.1 Audible and visual alarms shall indicate volumet
ric oxygen concentrations in excess of 23.5 percent. 

20.2.8.5 Carbon Dioxide Monitoring. The chamber atmo
sphere shall be monitored for carbon dioxide levels during 
saturation operations whenever ventilation is not used. 

20.2.8.6* Chamber Gas Supply Monitoring. The air supply of 
Class A and Class B chambers shall be sampled for concentra
tions of carbon monoxide. 

20.2.8.6.1 Air supplied from oil-lubricated compressors ca
pable of contaminating the compressor output due to wear or 
failure shall be continuously monitored for volatilized hydro
carbons as well as carbon monoxide at a location downstream 
from the oil filter when the compressors are running. 

20.2.8.6.2* As a minimum, the air supplied to Class A cham
bers shall meet the requirements for CGA Grade D. 

20.2.8.6.3 As a minimum, the air supplied to Class B cham
bers shall meet the requirements for CGA grade D with the 
additional limit of no condensable hydrocarbons. 

20.2.8.7* Electrical monitoring equipment used inside the 
chamber shall comply with the applicable requirements of 
20.2.7. 

20.2.8.8* Closed-circuit TV monitoring of the chamber inte
rior shall be employed for chamber operators who do not have 
direct visual contact of the chamber interior from their nor
mal operating location. 

20.2.9 Other Equipment and Fixtures. 

20.2.9.1 All furniture permanently installed in the hyperbaric 
chamber shall be grounded. 

20.2.9.2 Exhaust from all classes of chambers shall be piped 
outside of the building. 

20.2.9.2.1 The point of exhaust shall not create a hazard. 

20.2.9.2.2 The point of exhaust shall not allow reentry of 
gases into the building. 

20.2.9.2.3 The point of exhaust shall be protected by the pro
vision of a minimum of 0.3 cm mesh screen and situated to 
prevent the intrusion of rain, snow or airborne debris. 

20.2.9.2.4 The point of exhaust shall be identified as an oxy
gen exhaust by a sign prohibiting smoking or open flame. 

20.2.9.3 The supply piping for all air, oxygen, or other breath
ing mixtures from certified commercially supplied flasks shall be 
provided with a particulate filter of at least 10 microns or finer. 

20.2.9.3.1 The filter shall meet the construction requirement~ 
of ANSI! ASME PVHO-I, Saji,ty Stanrlarrlfor Pressure Vessell,/or Hu
man Occuj)(1ncy, and be located as close as practical to the source. 

20.3 Administration and Maintenance. 

20.3.1 General. 

20.3.1.1 Purpose. Section 20.3 conlains requiremenls for ad
ministration and maintenance that shall be followecl as an ad
junct to physical precautions specified in Section 20.2. 

20.3.1.2* Recognition of Hazards. The nature and recogni
tion of hyperbaric hazards are outlined in Annex B of this 
document and shall be reviewed by the safety director. 

20.3.1.3 Responsibility. 

20.3.1.3.1 Personnel baving responsibility ror the hyperbaric 
tacility, and those responsible for licensing, accrediting, or ap
proving institutions or other i~lcilities in which hyperbaric in
stallations are employed, shall establish and eniorce programs 
LO fulfill lhe provisions of this chapter. 

20.3.1.3.2* Each hyperbaric bcility shall designate an onsite hy
perbaric safety director to be in charge of all hyperbaric equip
ment and the operational saiety requirements ofLhis chapter. 

20.3.1.3.2.1 The saiety director shall participate with facility 
management personnel and the hyperbaric physician (5) in 
developing procedures for operation and maintenance of the 
hyperbaric facility. 

20.3.1.3.2.2 The safety director shall make recommendations 
for departmental safety policies and procedures. 

20.3.1.3.2.3 The safety director shall have the authority to 
restrict or remove any potentially hazardous supply or equip
ment items fi'om the chamber. 

20.3.1.3.3* The governing board shall be responsible for the 
care and safety of patients and personnel. 

20.3.1.3.4* By virtue of its responsibility for the professional 
conduct of members of the medical staff of the health care 
bcility, the organized medical staff shall adopt and enforce 
regulations with respect to the use of hyperbaric bcilities lo
cated in health care facilities. 

20.3.1.3.4.1 The safety director shall participate in the devel
opment of these regulations. 

20.3.1.3.5* The safety director shall ensure that electrical, 
monitoring, life support, protection, and ventilating arrange
ments in the hyperbaric chamber are inspected and tested as 
part of the routine maintenance program of the facility. 

20.3.1.4 Rules and Regulations. 

20.3.1.4.1 * General. The administrative, technical, and pro
fessional staffs shall jointly develop policies for management 
of the hyperbaric f~lcility. 

20.3.1.4.1.1 Upon adoption, policies shall be available in the 
facility. 

20.3.1.4.2 The medical director of hyperbaric medicine and 
the safety director shall jointly develop the minimum stalf quali
fications, experience, and complement based on the following: 

(l) The llumber and type of hyperbaric chambers in use 
(2) Maximum treatment capacity 
(3) The type of hyperbaric therapy normally provided 

20.3.1.4.3 All personnel, including those involved in mainte
nance and repair of the hyperbaric f~lcility, shall be trained on 
the purpose, application, operation, and limitations of emer
gencyequipment. 
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20.3.1.4.4 Emergency procedures specific to the hyperbaric 
facility shall be established. 

20.3.1.4.4.1 * All personnel shall be trained on emergency pro· 
cedures. 

20.3.1.4.4.2 Personnel shall be trained to control the cham· 
ber and decompress occupants when all powered equipment 
has been rendered inoperative. 

20.3.1.4.5* Emergency procedures and fire training drills 
shall be conducted at least annually and documented by the 
safety director. 

20.3.1.4.6* When an inspection, test, or maintenance proce· 
dure of the fire suppression system results in the system being 
placed OUT OF SERVICE, a protocol shall be followed that 
notifies appropriate personnel and agencies of the planned or 
emergency impairment. A sign indicating the fire suppression 
system is OUT OF SERVICE shall be conspicuously placed on 
the operating console until the fire suppression system is reo 
stored to service. 

20.3.1.4.7 During chamber operations with occupant(s) in a 
chamber, the operator shall be physically present, and shall 
maintain visual or audible contact with the control panel or 
the chamber occupant(s). 

20.3.1.5 General Requirements. 

20.3.1.5.1* Potential Ignition Sources. 

20.3.1.5.1.1 The following shall be prohibited from inside 
the chamber and the immediate vicinity outside the chamber: 

(1) Smoking 
(2) Open flames 
(3) Hot objects 

20.3.1.5.1.2 The following shall be prohibited from inside 
the chamber: 

(1) Personal warming devices (i.e., therapeutic chemical 
heating pads, handwarmers, pocket warmers) 

(2) Cell phones and pagers 
(3) Sparking toys 
(4) Personal en tertainmen t devices 

20.3.1.5.2 Flammable Gases and Liquids. 

20.3.1.5.2.1 Flammable agents (including devices such as 
laboratory burners employing bottled or natural gas and ciga· 
rette lighters) shall be prohibited inside the chamber and 
from the proximity of the compressor intake. 

20.3.1.5.2.2 For ClassAchambers, flammable agents used for 
patient care, such as alcohol swabs, parenteral alcohol·based 
pharmaceuticals, and topical creams, shall be permitted in the 
chamber if the following conditions are met: 

(1) Such use is approved by the safety di rector, or other au· 
thority having jurisdiction. 

(2)*The quantities of such agents are limited so that they are 
incapable of releasing sufficient flammable vapor into the 
chamber atmosphere to exceed the LEL for the material. 

(3) A safety factor shall be included to account for the local· 
ized concentrations, stratification, and the absence of 
ventilation. 

(4) The oxygen monitoring requirement of 20.2.8.4.2 is 
observed. 

20.3.1.5.2.3 Flammable liquids, gases, or vapors shall not be 
permitted inside any Class B chamber. 
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20.3.1.5.3* Personnel. 

20.3.1.5.3.1 Antistat.ic procedures as directed by the safety 
director shall be employed whenever atmospheres containing 
more than 23.5 percent oxygen by volume are used. 

20.3.1.5.3.2 In Class A and Class B chambers with atmo· 
spheres containing more than 23.5 percen t oxygen by volume, 
electrical grounding of the patient shall be ensured by the 
provision of a high·impedance conductive pathway in contact 
with the patient's skin. 

20.3.1.5.3.3 Shoes having ferrous nails that make contact 
with the floor shall not be permitted to be worn in Class A 
chambers. 

20.3.1.5.4* Textiles. 

20.3.1.5.4.1 Silk, wool, or synthetic textile materials shall not 
be permitted in Class A or Class B chambers unless the fabric 
meets the flame resistant requiremen ts of 20.3.1.5.4.5. 

20.3.1.5.4.2 Garments fabricated of 100 percent cotton or a 
blend of cotton and polyester fabric shall be permitted in 
Class A chambers equipped with fire protection as specified in 
20.2.5, and in Class B chambers. 

20.3.1.5.4.3 The physician or surgeon in charge, with the 
concurrence of the safety director, shall be permitted to use 
prohibited items in the chamber that are one of the following: 

(I) Suture material 
(2) Alloplastic devices 
(3) Bacterial barriers 
(4) Surgical dressings 
(5) Biological interfaces 

20.3.1.5.4.4 Physician and safety director approval to use pro· 
hibited items shall be stated in writing for all prohibited mate· 
rials employed (see A.20.3.1.3.2). 

20.3.1.5.4.5 Where flame resistance is specified, the fabric shall 
meet the requirements set forth for the small·scale test in 
NFPA 70 I, Standard Methods of Fire Tests jeff name PmjJagation of 
Textiles and Film>, in an atmosphere equivalent to the maximum 
oxygen concentration and pressure proposed for the chamber. 

20.3.1.5.5 The use of flammable hair sprays, hair oils, and skin 
oils shall be forbidden for all cham ber occupan Lsi patient.'; as well 
as personnel. 

20.3.1.5.5.1 Whenever possible, patients shall be stripped of 
all clothing, particularly if it is contaminated by dirt, grease, or 
solvents, and then reclothed. (SeeA.20.3.J.5.4.) 

20.3.1.5.5.2 All cosmetics, lotions, and oils shall be removed 
from the patient's body and hair. 

20.3.1.5.6 All other fabrics used in the chamber such as 
sheets, drapes, and blankets shall conform to 20.3.1.5.4.1 and 
20.3.1.5.4.2. 

20.3.1.5.7 Clothing worn by patients in ClassAor B chambers 
and personnel in Class A chambers shall conform to the fol· 
lowing: 

(1) Be issued by the hyperbaric facility or specifically ap' 
proved by the safety director for hyperbaric use 

(2) Be uncontaminated 
(3) Be devoid of prohibited articles prior to chamber pressur· 

ization 
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20.3.2 Equipment. 

20.3.2.1 All e:quipme:ntused in the hyperbaric chamber shall 
comply with Section 20.2, including the following: 

(I) All electrical and mechanical equipment necessary for the 
operation and maintenance of the: hyperbaric f~lcility 

(2) Any medical devices and instruments llsed in the 1~1Cility 

20.3.2.1.1 Use of unapproved equipment shall be prohibited. 
(See 20.3.1.5.4.3.) 

20.3.2.1.2 The following devices shall not be operated in the 
hyperbaric chamber un less approved by the safety director for 
such usc: 

(I) Portable X-ray devices 
(2) Electrocautery equipment 
(3) High-energy devices 

20.3.2.1.3 Photographic equipment employing the following 
shaIlllot remain in the chamber when the chamber is presslll:
ized: 

( I) Photoflash 
(2) Flood lamps 

20.3.2.1.4 Lasers shall not be lIsedunder any condition. 

20.3.2.1.5 Equipment known to hc, or suspected of' being, 
defective shall not be in trod uced into any hyperbaric cham bel' 
or used in conjunction with the operation of such chamber 
until repaired, tested, and accepted by qualified personnel 
and approved by the safety director (see 20.3.1.3.2). 

20.3.2.1.6* Paper brought into the chamber shall be stored in 
a closed metal container. Containers llsed for paper storage 
shall be emptied after each chamber operation. 

20.3.2.1.7 Equipment th;\t does not meet the temperature 
requirelllents of Article 500.8(A), ,,)()O.8(B), and 500.8(C) of 
NFPA 70, Nalionallc'ler:lriwl Corie, shall not be allowed in the 
chamber. 

20.3.2.2* The following shall be allllletal to the extent possible: 

(I) Oxygen containers 
(2) V,ilves 
(3) Fi tt i ngs 
(4) Interconnecting equipment 

20.3.2.3 The following shall be compatible with oxygen un
c1er service condi tions: 

(I) Valve seats 
(2) Gaskets 
(3) }--Iose 
(4) Lubricants 

20.3.2.4 Equipment used inside the chamber requiring lubri
cation shall be lubricated with oxygen-compatible flame
resistant material. 

20.3.2.4.1 Factory-scaled ilntifrictioll bearings shall be per
mitted to be used with standard hydrocarbon lubricants in 
Class A chambers that do not employ atmospheres of in
creased oxygen concentration. 

20.3.2.5* Equiplllent m,lcie of the following shall be prohib
ited from the cham bel' interior: 

(I) Cerium 
(2) Magnesium 
(3) Magnesium alloys 

20.3.2.6* [n the event that radiation equiprnent is introduced 
into a hyperbaric chamber, hydrocarbon detectors shall be 
installed. 

20.3.2.6.1 In the event that flammable gases ;.lre detected in 
excess of 1000 ppm, radiation equipment shall not be oper
ated until the chamber atmosphere is cleared. 

20.3.3 Handling of Gases. 

20.3.3.1 The institution's administrative personnel shall de
velop policies for safe handling of' gases in the hyperbaric I~\
cility (see 20.3.1.5.2 and c'20.1.1.3.2). 

20.3.3.2 Oxygen and other gases shall not be introduced into 
the chamber in the liquid state. 

20.3.3.3 Flammable gases shall not be used or stored in the 
chamber or in the hyperbaric f~\Cility. 

20.3.3.4* Pressurized containers of gas shall be permitted to 
be introduced into the hyperbaric chamber, provided that the 
container and its contents ,1I'C approved I()l- slich lise by the 
safety director. 

20.3.4 Maintenance. 

20.3.4.1 General. 

20.3.4.1.1 The hyperbaric safety director shall ensure that all 
valves, regulators, meters, and similar equipment used in the 
hyperbaric chamber arc compensated for use under hyper
baric conditions and tested as part oj' the routine maintenance 
program of the bcility. 

20.3.4.1.1.1 Pressure relid'valvcs shall be tested and calibrated 
as part of the routine maintenance program of'the (;\cility. 

20.3.4.1.2 The hyperbaric safety director shall ensure tilat all 
gas outlets in the chambers are labeled or stenciled in accor
dance with CGA C-4, Standard Method oliVIa/king Portrlbie COIII

jm:sserl Gas C(rntoinl'!s to [denti/)' the iV/ateri({l Contaim:rl. 

20.3.4.1.3 Before piping systems are initjally put into usc, it 
shall be ascertained that the gas clelivered at the outlet is shown 
on the outlet label and tilat connecting liujngs arc checked 
against their labels, in accordance with Sections !'i. I through S.3. 

20.3.4.1.4 The requirements set forth ill Section S.I concern
ing the storage, location, and special precautions required f'or 
compressed gases shall be f()llowecl. Rescrve supplies and 1l1aS
ter alarm signals shall meet the requirements of'Section 5.2. 

20.3.4.1.5 Storage areas fi)]' hazardous materials shall not be 
located in the room housing the hyperbaric chamber (st:t: 20.2.1). 

20.3.4.1.5.1 Flammable gases, except as provided in 
20.3.1.5.2.2( I), shall not be used or stored in the hyperbaric 
room. 

20.3.4.1.6 All replacement parts and components shall con
form to original design specification. 

20.3.4.2 Maintenance Logs. 

20.3.4.2.1 Installation, repairs, and modilications of'eqlliprnent 
related to a chamber shall be evaluated by engineering person
nel, tested under pressure, and approved by the sakty director. 

20.3.4.2.1.1 Logs of all tests shall be maintained. 

20.3.4.2.2 Operating eqllipmentlogs shall be maintained by 
engineering personnel. 
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20.3.4.2.2.1 Operat.ing equipment logs shall be signed before 
charnher operation by the person in charge (see A.20.3.1.3.2). 

20.3.4.2.3 Operating equipment logs shall not be taken in
side the cham ber. 

20.3.5 Electrical Safeguards. 

20.3.5.1 Electrical equipment shall be installed and operated 
in accordance with 20.2.7. 

20.3.5.1.1 All electrical circuit, shall be tested in accordance 
with the rOlltine maintenance program of the facility. 

20.3.5.1.1.1 Electrical circuit test shall include the following: 

(J) A ground LllIlt check to verify that no conductors are 
grounded to the chamber 

(2) A test of normal functioning (see 20.2. 7.2.2) 

20.3.5.1.2 In the event of fire, all nonessential electrical 
equipment within the chamber shall be deenergized before 
extinguishing the fire. 

20.3.5.1.2.1 Smoldering, burning electrical equipment shall 
be deenergized before extinguishing a localized fire involving 
only the equipment (see 20.2.5). 

20.3.6* Electrostatic Safeguards. 

20.3.6.1 Administration. (Reserved) 

20.3.6.2 Maintenance. 

20.3.6.2.1 * Conductive Floors. See E.6.6.8, Reduction in Elec
trostatic Hazard, f-()r recommendations on chambers contain
ing conductive floors. 

20.3.6.2.2 Furniture Used in the Chamber. 

20.3.6.2.2.1 * Conductive devices on furniture and equipment 
shall be inspected to ensure that they are free of wax, lint, or 
other extraneous material that could insulate them and defeat 
the conductive properties. 

20.3.6.2.2.2 Casters or furniture leg tips shall not be capable 
of impact sparking. 

20.3.6.2.2.3 Casters shall not be lubricated with oils or other 
flammable materials. 

20.3.6.2.2.4 Lubricants shall be oxygen compatible and 
flame resistant. 

20.3.6.2.2.5 Wheelchairs and gurneys with bearings lubricated 
and sealed by the manufacturer shall be permitted in Class A 
chambers where conditions prescribed in 20.2.8.4 are met. 

20.3.6.2.3* Conductive Accessories. Conductive accessories 
shall meet conductivit.y and antistatic requirements. 

20.3.6.2.4* Materials containing rubber shall be inspected as 
part of the rout.ine maintenance program of the f~lCility, espe
cially at points of kinking. 

20.3.6.3 Fire Protection Equipment. Electrical switches, valves, 
and electrical monitoring equipment associated with tire de
tection and extinguishment shall be visually inspected before 
each chamber pressurization. Fire detection equipment shall 
be tested each week and full testing, including discharge of 
extinguishing media, shall be conducted annually. Testing 
shall include activation of trouble circuits and signals. 

20.3.6.4* Housekeeping. A housekeeping program shall be 
implemented whether or not the LlCility is in regular use. 
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20.3.6.4.1 The persons assigned to this task shall be trained 
in the following: 

(I) Potential damage to the equipment from cleaning proce-
dures 

(2) Potential personal injury 
(3) Specific cleaning procedures 
(4) Equipment not to be cleaned 

Chapter 21 Freestanding Birthing Centers 

21.1 Applicability. This chapter applies to freestanding birth 
centers, as defined in Chapter 3. 

21.2 Responsibilities. (Reserved) 

21.3 General Requirements. 

21.3.1 Reserved. 

21.3.2 Reserved. 

21.3.3 Reserved. 

21.3.4 Electrical System Requirements. Electrical systems used 
in fiTestanding birthing centers shall conform to such re
quirements of Chapter 4 as applicable. 

21.3.5 Gas and Vacuum System Requirements. Gas and vacuum 
systems used in freestanding birthing centers shall conform to 
such requirements of Chapter 5 as applicable. 

21.3.6 Reserved. 

21.3.7 Reserved. 

21.3.8 Electrical Equipment Requirements. Electrical equip
ment used in freestanding birthing centers shall conform to 
such requirements of Chapter 8 as applicable. 

21.3.9 Gas Equipment Requirements. Gas equipment used in 
freestanding birthing centers shall conform to such require
ments of Chapter 9 as applicable. 

Annex A Explanatory Material 

Annex A is not (l jJart oj" the requirernents 0./ this NFPA docurnent 
but is indudedj(Jr inforrnational purposes only. This annex contains 
eXjllanatory rnaterial, nurnbered to co1Te.lj)()nd with the ajJjJliwble text 
jJamgnljJil.s. 

A.1.1.11.1(3) Although this subsection deals primarily with 
hazards related to fires and explosions, many of the require
ments to protect against fIre or explosion, such as those for 
hood exhaust systems, also serve to protect persons from expo
sure to non fire health hazards of these materials. 

A.1.1.12 Because no single model of an emergency manage
ment plan is feasible for every health care facility, this chapter 
is intended to provide criteria in the preparation and imple
mentation of an individual plan. The principles involved are 
universally applicable; the implementation needs to be tai
lored to the specific facility. 

A.1.1.20 During the past 20 years there has been a widespread 
interest ill the use of oxygen at elevated environmental pressure 
to increase the partial pressure of oxygen in a patient's tissues in 
order to treat certain medical conditions or to prepare a patient 
for surgery. These techniques are also employed widely for the 
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treatment of decompression sickness (e.g., bends, caisson work
er's disease) and carbon monoxide poisoning. 

Recently, however, the level of knowledge and expertise 
has increased so dramaticallv that the codes are in need of 
updating. By the end of 1988,' there were 218 hyperbaric facili
lies in operation in the U.S. and Canada. These facilities sup
ported hyperbaric medical treatments for 62,548 patients be
tween 1971 and 19R7. As these bcilitjes provide therapy ff))" 
disorders indicated for treatment, these numbers will con
tinue to increase. As the number of facilities increases, the 
number of patients treated will also increase. 

Such treatment involves placement of the patient, with or 
without attendants, in a hyperbaric chamber or pressure ves
sel, the pressure of which is raised above ambient pressure. In 
the course of the treatment, the patient breathes up to 
100 percent oxygen. 

In addition to being used for patient care, these chambers 
also are being employed for research purposes using experi
mental animals and, in some instances, humans. 

The partial pressure of oxygen present in a gaseous mix
ture is the determinate f~lctor of the amount of available oxy
gen. This pressure will rise ifthe volume percentage of oxygen 
present increases, or if the total pressure of a given gas mix
ture containing oxygen increases, or" if both factors increase. 
Because the sole purpose of the hyperbaric technique of treat
ment is to raise the total pressure within the treatment cham
ber, an increased partial pressure of oxygen always is available 
during treatrnentunless positive means are taken to limit the 
oxygen COnLenl. In addition, the patient is often given an 
oxygen-enriched atmosphere to breathe. 

There is continual need fix human diligence in the estab
lishment, ope rat jon, and maintenance of hyperbaric facilities. 
It is the responsibility of the chief administrator of the facility 
possessing the hyperbaric chamber to adopt and enforce ap
propriate reg·ulations for hyperbaric facilities. In formulating 
and administering the program, full use should be made of' 
technical personnel highly qualified in hyperbaric chamber 
operations and safety. 

It is essential that personnel having responsibility if)r the 
hyperbaric facility establish and enff)fCe appropriate pro
grams to fulfill the provisions of Chapter 20. 

Potential hazards can be controlled only when continually 
recognized and understood by all pertinent personnel. 

The purpose of this chapter is to set forth minimum safe
guards for the protection of patients or other subjects of, and 
personnel administering, hyperbaric therapy and experimen
tal procedures. Its purpose is also to ofTer some guidance for 
rescue personnel who are not ordinarily involved in hyper
baric chamber operation, but who could become so involved 
111 an emergency. 

Requirements cited in 1.1.20 are minimum ones. Discre
tion on the part of chamber operators and others might dic
tate the establishment of more stringent regulations. 

A.1.5.1 Trade units v;uy from SI to U.S. customalJ' units de
pending on the equipment devices or material. 

A.3.2.1 Approved. The National Fire Protection Association 
does not approve, inspect, or certify any installations, proce
dures, equipment, or materials; nor does it approve or evalu
ate testing laboratories. In determining the acceptability of 
installations, procedures, equipment, or materials, the author
ity having jurisdiction may base acceptance on compliance 
with NFPA or other appropriate standards. In the absence of 
sllch standards, said authority may require evidence of proper 

installation, procedure, or use. The authority havingjurisdic
tion may also refer to the listings or labeling practices of an 
organization that is concerned with product ev,t1uatjons and is 
thus in a position to determinc compliance with appropriate 
standards for the current production of listed items. 

A.3.2.2 Authority HavingJurisdiction (AHJ). The phrase "au
thority having jurisdiction," or its acronym ;\]-1J, is lIsed in 
NFPA documents in a broad manner, since jurisdictions and 
approval agencies v.uy, as do their responsibilities. Where pub
lic safety is primary, thc authority havingjurisdiction may be a 
federal, state, local, or other regional department or indi
vidual such as a fire chief; fire marshal: chief of a fIre preven
tion bureau, labor department, or health department; build
ing official; electrical inspector; or others having statlllolJ' 
authority. For insurance purposes, an insurance inspection de
partment, rating bureau, or other insurance company repre
sentative may be the authority having jurisdiction. In many 
circumstances, the property owner or his or her designated 
agent assumes the role of the authority havingjurisdiction; at 

government installations, the commanding ofTicer or depart
mental oflicialmay be the authority having jurisdiction. 

A.3.2.3 Code. The decision to designate a st,lIlclard as a "codc" 
is based on sllch bctors as the size and scope ofthc doculllcnt, iLs 
intended lise and form of adoption, and whether it contains sub
stantial enforcement and administrative provisions. 

A.3.2.6 Listed. The means for identifying listed equipment 
may vary for e;lch organization concerned with product. evalu
ation; some organizations do not recognize equipment as 
list.ed unless it is also labeled. The authority having jurisdic
tion should utilize the system employed by the listjng organi
zation to identify a list.ed product. 

A.3.3.9 Anesthetizing Location. For guidance on flammable 
anesthetizing locations, sec Annex E. 

A.3.3.12 Applicator. In the given sense, an applicator is not an 
electrode because it does not lise a conductive connection t.o 
the patient in order to runctjon.A radio frequcncy "horn" ofa 
diathermy machine is a typical applicator. 

A.3.3.14 Atmosphere. As employed ill this standard, al1r/,o

slJhere can reter t.o the environment within or outside or a 
hyperbaric facility. When used as a measure of pressure, 
atmosphere is expressed as a fraction of standard air" pres
sure [1 (J I .4 kPa (14.7 psi) J. (See Column 1 0/ the Pm.l.lu.TiC TaMe 
in Annex D 0/ NN"A 998.) 

A.3.3.14.3 Atmosphere of Increased Burning Rate. The de
gree of fire hazard of an oxygen-enriched atmosphere varies 
with the concentration of oxygen and diluent gas and the total 
pressure. The definition contained in the current. edition of 
NFPA5:l, Recommended Practice on Malerillls, /';fjuijmwnl, and Sys
tems Used in ()xygen-]in:rlr;l!.erl AfnwsjJ!um:s and in editions of 
NFPA 56D, StrmriarrljiJr l-lYlmiJmic Facililies, prior to 1982, did 
not necessarily reflect the increased fi re hazard of hyperbaric 
and hypobaric atmospheres. 

The definition of atmosphere of increased burning rate 
used in Chapter 20 and in NFPA 99B, Stanrimri jirr J-1y/}o/Hlric 
Far:ilities, defines an oxygen-enriched atmosphere with an in
creased fire hazard, as it relates to t.he increased burning rate 
of material in the atmosphere. It. is based on a 1.2 cm/sec 
(0.47 in./sec) burning rate (at 235 percent oxygen at I atmo
sphere absolute) as described in Figure A.3.3.14.3. 
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FIGURE A.3.3.14.3 Burning Rates of Filter Paper Strips at an 
Angle of 45 Degrees in N 2-02 Mixtures. (Adapted from Figure 4 
of "Teclmical Memorandum UCRI-720, Chamber Fire Safety.") 

This rate call be detennined as follows: 

where: 

23.45 
ryp-v I rllil/Wl 

'{'Palm,,", = total pressure in atmospheres 

A.3.3.16 Bends. See G20.1.3.4.2. 

A.3.3.19.2 Bulk Oxygen System. The oxygen containers can 
be stationalI' or movable, and the oxygen can be stored a'i gas 
or liquid. The bulk oxygen system terminates at the point 
where oxygen at sel'Vice pressnre first enters the supply line. 

A.3.3.22 Combustible Liquid. See J\FPA 30, Flammable and 
Combustible Liquids Cor/r;, for further information on nash point 
test procedures. 

A.3.3.23 Combustion. Combustion is not limited to a chemi
cal reaction always involving oxygen. Certain metals, such as 
calcium anel aluminum, will burn in nitrogen; nitrons oxide 
will support the combustion of phosphorus and carbon; and 
so on. However, this document deals with the more common 
process of fuels burning in air. 

A.3.3.33 Direct Electrical Pathway to the Heart. Electrodes, 
such as those used for pacing the heart, and catheters filled 
with conductive fluids, are examples of direct electrical path
ways to the heart. 
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A.3.3.34 Disaster. A disaster can be either an event that causes 
or threatens to cause physical damage and injury to LlCility 
personnel or patients within the facility, or an event that re
quires expansion of Lleilities to receive and care for a large 
number of casualties resulting from a disaster that produces 
no damage or injury to the health care tacility and staff; 01' a 
combination thereof. 

Such a situation creates the need for emergency expansion 
of facilities, as well as operation of this expanded facility in an 
unfamiliar environment. Under this definition, the recogni
tion of a disaster situation will vary greatly fi'om one facility to 
another and from time to time in any given facility. Such rec
ognition and concomitant activation of the Health Care Emer
gency Preparedness Plan is dependent on mutual aid agree
ments, facility type, geographic location, bed capacity, bed 
occupancy at a given time, staff size, staff experience with di
saster situations, and other factors. For example, the routine 
workload of the emergency department of a large metropoli
tan general hospital would constitute a disaster, requiring ac
tivation of the Health Care Emergency Preparedness Plan, 
were this same workload to be suddenly applied to a small 
community hospital. 

Disasters have a variety of causes, all of which should be 
considered for effective emergency pl'eparedness planning. 
Among the most common are natural disasters such as earth
quakes, hurricanes, tornadoes, and tloods; mass /()od poison
ing; industrial accidents involving explosion or environmental 
release of toxic chemicals; transportation accidents involving 
crashes of trains, planes, or automobiles with resulting mass 
casualties; civil dist.urbances; building fires; extensive or pro
longed utility failure; collapse of buildings or other occupied 
structures; and toxic smogs in urban areas. Arson attem pts and 
bomb threats have been made on health care facilities and 
should therefore be considered. Potential admission to the 
Llcility of high profile persons should be addressed. Although 
the last does not involve mass casualties or the potential of 
mass casualties, the degree of disruption of normal routine 
will be sufficient to qualifY it as a disasterlike situation. 

Disaster plans should reflect a Lleility's location from inter
nal and external disasters. As an example, areas subject to fre
quent wildland fires should invoke countermeasures for 
smoke management and air quality maintenance. 

A.3.3.36 Double-Insulated Appliances. Double-insulated ap
pliances can be identified by a symbol consisting of a square 
within a square, or wording such as "double-insulated" 
marked on the appliance. Appliance packaging and docu
ments rnay also provide identificat.ion. Alt.hough double
insulated appliances do not require a third wire or pin, some 
double-insulated appliances have a third conductor or pin 
solely for purposes of electro-magnetic compatibility (EMC). 

A.3.3.38.3 Dispersive Electrode. This elect.rode is often called 
the grounding electrode, the "indifferent electrode," the "re
turn electrode," the "patient ground plate," or the "neutral 
electrode." 

A.3.3,47 Failure. Failure includes failure ofa component, loss 
of normal protective paths such as grounding, and short cir
cuilS or faults between energized conductors and the chassis. 

A.3.3.50 Flame Resistant. Asource of ignition alternate to the 
gas burner specified in NFPA 701, StmuiaTri Methods a/Fire Tests 
jirr Flame Projmgatian o./Textiles and Films, could be required for 
this test if it is to be performed in 100 percent oxygen at sev
eral atmospheres pressure. 
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A.3.3.51 Flammable. Flammables may be solids, liquids, or 
gases exhibiting these qualities. Many substances nonflam
mable in air become flammable if the oxygen content of the 
gaseous medium is increased above 0.235 ATA. 

A.3.3.54 Flash Point. See C.ll.2.2. 

A.3.3.58 Frequency. Formerly the unit of frequency wa~ cycles 
per second, a terminology no longer preferred. The waveform 
can consist of components having many difierent frequencies, in 
which case it is called a complex or nonsinusoidal waveform. 

A.3.3.59 Fume Hood. Laboratory fume hoods prevent toxic, 
flammable, or noxious vapors from entering the laboratory, 
present a physical barrier hom chemical reactions, and serve 
to contain accidental spills. 

This definition does not include canopy hoods or recircu
lation laminar-flow biological-safety cabinets that are not de
signed for use with flammable materials. 

A.3.3.fi5 Grounding System. It coordinates with, but can be 
locally more extensive than, the grounding system described 
in Article 250 of NFPA 70, National Electrical Code. 

A.3.3.fi7 Hazardous Chemical. For hazard ratings of many 
chemicals, see NFPA 49, HaumioLlS Chernir;all Data, and l\FPA 325, 
Guide to Fire Hazard Prr1Jerties o( Flarmnable Liquids', Gase.l; and VtJla
tile Solids', both available in NFPA"s };zre Pmteelion Guide to Hawrdcrul 
Materia/s. (See at\{) Cll.2.3). 

A.3.3.fi8 Health Care Facilities. Health care f~lcilities include, 
but are not limited to, hospitals, nursing homes, limited care 
facilities, clinics, medical and dental offices, and ambulatorv 
health care centers, whether permanent or movable. ' 

A.3.3.78 Impedance. The circuit element can consist of any 
combination of resistance, capacitance, or inductance. 

A.3.3.S2 Intrinsically Safe. Abnonnal conditions can include 
accidental damage to any part of the equipment or wiring, 
insulation or other failure of electrical components, applica
tion of overvoltage, adjustment and maintenance operations, 
and other similar conditions. 

A.3.3.85 Isolated Power System. See NFPA 70, National Electri
cal Code. 

A.3.3.S7 Laboratory. These laboratories are not intended to 
include isolated frozen section laboratories; areas in which 
oxygen is administered; blood donor roOIllS in which flam
mable, combustible, or otherwise hazardous materials nor
mally used in laboratory procedures are not present; and clini
cal service areas not using hazarclous materials. 

A.3.3.88 Laboratory Work Area. See NFPA 45, Stanria.ui on Fir£' 
Protection./Clr Laboratories Uvinp; Chernimls. 

A.3.3.93 Level 3 Compressed Air System. The system does not 
produce air to meet the medical requirements of medical air 
and is not intended to be used for air life support devices. 

A.3.3.95 Level 3 Piped Vacuum System. The system is not in
tended for Level I vacuum applications. A wet piping system is 
designed to accommodate liquid, air-gas, and solids through 
the service inlet. A dry piping system is designed to accommo
date air-gas only through the service inlet. [Liquid(s) and sol
id (s) are trapped before entering the service inlet.] 

A.3.3.98 Limited-Combustible Material. Materials subject to 
increase in combustibility or flame-spread rating beyond the 

limits herein established through the eiTects of age, moisture, 
or other atmospheric condition are considered combustible. 

See NFPA 2.59, Stanrirml Test Methorijir) Potential Heat ojBuild
ing Materials. 

A.3.3.100 Liquid. When not othenvise identified, the term liq
uid includes both f1ammable and combustible liquids. (See also 
Cll.2.1.) 

A.3.3.101 Local Signal. Examples would include a light to in
dicate a compressor is operating or a cylinder header is in use 
or a flag attached to a manual changeover valve to indicate 
which side is in use. 

A.3.3.104 Manufactured Assembly. Examples are headwalls, 
columns, ceiling columns, ceiling hung pendants, movable track 
systems, and so on. 

A.3.3.10fi Medical Air. Air supplied from on-site compressor 
and associated air treatment systems (as opposed to medical 
air USP supplied in cylinders) that complies with the specified 
limits is considered medical air. Hydrocarbon carryover from 
the compressor into the pipeline distribution system could be 
detrimental to the safety of the end user and to the integrity of 
the piping system. Mixing of air and oxygen is a common clini
cal practice, and the hazards of fire are increased if the air is 
thus contaminated. Compliance with these limits is thus con
sidered important to fire and patient safety. The quality of 
local ambient air should be determined prior to its selection 
for compressors and air treatment equipment. 

A.3.3.10S Medical/Dental Office. Examples include dental 
office/ clinic, medical office/clinic, immediate care hlcility, 
and podiatry office. 

A.3.3.121 Nitrogen Narcosis. See C.20.1.3.2.2. 

A.3.3.125 Noncombustible Material. Materials reported as 
noncombustible, when tested in accordance with ASTM E 136, 
Stanrlarrlll;st Method for Behavior 0/ Materials in a Vertica.l 'i1liJe 
Furnace at 750°C, are considered noncombustible materials. 

A.3.3.127 Nonflammable Anesthetic Agent. I tis possi ble to ha
logenate a compound and render it partially or totally nonflam
mable by the substitution of one or more halogens (e.g., fluorine, 
chlorine, bromine) for hydrogen. Thus halothane (CF"CHCIBr) 
is almost completely halogenated and is nonflammable. Meth
oxyflurane (CHF~CCI20Cal) is partially halogenated and is 
nonflammable in conditions encountered during clinical anes
thesia (if it is heated, its vapor concentration will increase 
enough to burn). Fluroxene (CFgCH~OCHCH~) is halogenated 
even less; it is flammable in concentrations of 4 percent or 
greater. 

The following agents are considered J1ammable during 
conditions of clinical Llse in anesthesia: 

(I) Cyclopropane 
(2) Divinyl ether 
(3) Ethyl chloride 
(4) Ethylene 
(5) Ethyl ether 

The following agent is flammable during use in clinical 
anesthesia in higher concentrations: Fluroxene. Because 
fluroxene is flammable under certain conditions of usc, it is 
listed as a flammable agent. Concentrations required for in
duction of anesthesia generally exceed 4 percent and are flam
mable. Maintenance of fluroxene anesthesia can be accom
plished with concentrations of less than 4 percent, however. 
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The following agents are nonflammable during conditiom 
of use in clinical anesthesia: 

(I) Chloroform 
(2) Halothane 
Ul) MClhoxyl1U1'ane 
(4) Nitrous oxide 
(5) Trichloroethylene 
(6) Enfluranc 

A.3.3.128 Nonflammable Medical Gas System. See Chapter 5, 
Gas and Vacllllm Systcms. 

A.3.3.130 Oxidizing Gas. Oxygen and nitrous oxide are ex
amples of oxidizing gases. Thel'e are many others, including' 
halogens. 

A.3.3.131 Oxygen. Its outstanding property is its ability to sus
tain life and to support combustion. Although oxygen is non
flammable, materials that burn in air will burn much more 
vigorously and create higher temperatures in oxygen or in 
ox.ygen-enriched atmospheres. 

A.3.3.131.2 Liquid Oxygen. If spilled, the liquid can cause 
frosthite on contact with skin. 

A.3.3.132 Oxygen Delivery Equipment. If an enclosure slIch 
as a mask, hood, incubdtor, canopy, or tent is used to contain 
the oxygen-enriched atmosphere, then that enclosure is con
side red to be oxygen delivery equipment. 

A.3.3.136 Oxygen Toxicity (Hyperbaric). Under the pres
SUITS and tjmes of exposure normally encountered in hyper
baric treatments, toxicity is a direct function of concentration 
and time of exposure. (See also C20.1.3.2.3.) 

A.3.3.138 Patient Care Area. Business ofiices, corridors, 
lounges, day rooms, dining rooms, or similar areas typically 
arc not classiiied as patient care areas. 

A.3.3.138.1 Critical Care Areas. For t.he purpose of this stan
d,lrd, the use of inu'avenous needles or catheters usedw admin
ister fluids and/or medications, endoscopes, colonscopes, sig-
1Il0idscopes, and urinary catheters are not considered invasive. 

A.3.3.138.2 General Care Areas. In such areas, patients could 
be connected to p<ltient-care-related electrical appliances (such 
as heating pads, electrocardiographs, drainage pumps, monitor" 
otoscopes, ophthalmoscopes, intravenous lines, etc.). 

A.3.3.142 Patient Lead. This can be a surface contact (e.g., an 
ECG electrode); an invasive connection (e.g., implanted wire or 
catheter); or an incidental long-term connection (e.g., conduc
tive tubing). 

It is not intended to include adventitious or casual contacts 
such as a push button, bed surface, lamp, hand-held appli
ance, and so fort.h. 

Also see ;).3.84, Isolated Pat.ient Lead. 

A.3.3.148.5 Partial Pressure. The pressure contributed by other 
gases in the mixture is ignored. For example, oxygen is one of the 
constituents of air; the partial pressure of oxygen in standard air, 
at a stancLIrd air pressure of 14.7 psia, is ;).06 psia or 0.208 ATA or 
IS8 mill Hg. 

A.3.3.148.7 Working Pressure. A pipeline working pressure of 
2.9 to ;).2 kg/cm:! (SO to 55 psig) is conventional because 
medical gas equipment is generally designed and calibrat.ed 
Ii)!' usc at th is pressure. 
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A.3.3.149 Pressure-Reducing Regulator. In hospitals, the term 
regula/or is liequently used to describe a regulator that incor
porates a flow-measuring device. 

A.3.3.152 psig. Under stanclard conclitjons, () psig is equivalent 
to 14.7 psia. 

A.3.3.155 Reactive Material. Sec Table C.ll.2.3.3 for defini
tions of Reactivity 3 and Reactivity 4. 

A.3.3.157 Refrigerating Equipment. It includes refrigerators, 
freezers, and similar equipment. 

A.3.3.159 Remote. Agas storage supply system can be remote 
from the single treatment t~lcility, but all use points must be 
contiguous \vithin the facility. 

A.3.3.169 Single Treatment Facility. The clefinit.ion of single 
treatment facility was established to take into consideration 
principally single-level installations or those of a practice that 
could be two-level, but are reached by open stairs within the 
conJlnes of the single treatment [ilcility. See Figure A.3.3.l69. 

Use points 

Use points 
location 1 

Use points 
location 2 

Examples of Single Treatment Facilities 

Use points Use 
pOints 

~
/-"'\ 

( \ 
I I 

Use points 

~/~ \ 
Balcony but access 
is totally within 
treatment facility. 

Examples of Two Treatment Facilities 

Use 
Use point 1 point 2 

Hall ~ 
Example of adjacent 
operation but access 
is from outside hallway. 

Example of across-the-hall 

Use points 

ENT 

Use points 
_ ENT 

Stairwell 

Example of two-level 
operation - access 
is from outside stairs. 

FIGURE A.3.3.169 Examples of Treatment Facilities. 

A.3.3.170 Site of Intentional Expulsion. This definition ad
dresses the site of intended expulsion. Actual expulsion can 
occur at other sites remote [i'om the intended site due to dis
connections, leaks, or rupture of gas conduits and connec
tions. Vigilance on the part of the patient care team is essential 
to ensure system integrity. 

For example, for it patient receiving oxygen via a nasal can
nula or face mask, the site or expulsion normcLlly surrounds 
the mask or cannula; for a patient receiving oxygen while en
closed in a canopy or incubator, the site of intentional expul
sion normally surrounds the openings to the canopy or incu
bator; for a patient receiving oxygen while on a ventilator, the 
site of intentional expulsion normally surrounds the venting 
port on the ventilator. 

A.3.3.175 Surface-Mounted Medical Gas Rail Systems. It is 
the intent that surface-mounted medical gas rail systems 
would be permitted in individual patient rooms but would not 
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be allowed to go directly through room walls to adjacent pa
tient rooms. However, it is the intent to allow surface-mounted 
medical gas rails to be used in a given critical care area where 
there can be a partition separating certain patient care func
tions, essentially leaving the system within the given critical 
care area. As an example, two adjacent patient rooms outside 
ofa critical care unit would not be permitted to have a surf~lce
mounted medical gas rail interconnect between the two 
rooms through the wall. However, in a nursClY where there 
might be one or two segregated areas for isolation, a medical 
gas rail system supplying more than one isolation room, but 
within the nursery area, would be permitted to be intercon
nected with the nursery system. 

A.3.3.17S.1 Endotracheal Tube. An endotracheal tube can be 
equipped with an inflatable cuff. 

A.3.3.17S.2 Tracheotomy Tube. A tracheotomy tube can be 
equipped with an inflatable cuff. 

A.3.3.179 Unattended Laboratory Operation. Absence for even 
short periods without coverage by a knowledgeable person con
stitutes an unattended laboratory operation. 

A.3.3.ISI Utility Center (J box). A utility center typically in
cludes electrical receptacle(s), compressed air, nitrogen, 
vacuum, and water. 

A.3.3.IS3 WAGD Interface. Interfaces are provided with oveJ~ 
pressure, underpressure, overflow, and underflow compensa
tion to ensure the breathing circuit is isolated from the WAGD 
system. 

A.3.3.IS5 Wet Locations. Routine housekeeping procedures 
and incidental spillage ofliquids do not define a wet location. 

AA.I The application of requirements contained in Chap
ter 4 for specific types of health care J~lcilities can be found in 
Chapters 13, 14, 17, 18, and 21. 

Although complete compliance with this chapter is desir
able, variations in existing health care facilities should be con
sidered acceptable in instances where wiring arrangements 
are in accordance with prior editions of this document or af
ford an eq uivalen t degree of performance and reliability. Such 
variations could occur, particularly with certain wiring in sepa
rate or common raceways, with certain functions connected to 
one or another system or branch, or with certain provisions 
for automatically or manually delayed restoration of power 
from the alternate (emergency) source of power. 

AA.2.1 Electrical systems can be suhject to the occurrence of 
electrical fires. Grounding systems, overcurrent protective de
vices, and other subjects discussed in this standard could be 
intended for fire prevention as well as other purposes. This 
aspect of electrical systems is the primary focus of other NFPA 
standards and will not be emphasized herein. 

AA.3.2.2 For additional wiring requirements for anesthetiz
ing locations, see 13.4.1. 

AA.3.2.2.1 At the time of installation of regular voltage wir
ing, steps should be taken to ensure that the insulation on 
each conductor intended to be energized, or on quiet 
grounds, has not been damaged in the process of installation. 
When disconnected and unenergized, the resistance should 
be at least 20 megohms when measured with an ohmmeter 
having an open-circuit test voltage of at least 500 V de. 

Consideration should be given to providing reasonable ac
cessibility to branch-circuit switching and overcurrent protec-

tion devices by the hospital staff in the patient care area. Con
sideration should also be given to providing labels ,It each 
receptacle and on installed equipment as to the location and 
identity of the distribution panel serving that power outlet or 
equipment, especially where the location or identity might not 
be readily apparent. 

AA.3.2.2.1.1 The requirement that branch circuits be feci 
from not more than one distribution panel was introduced for 
several reasons. A general principle is to minimize possible 
potential differences between the grounding pins of recep
tacles in one area by bringing the grounding conductors to a 
common point. A specific reason is to simplify maintenance by 
making it easier to find the source for the receptacles in a 
room. This is particularly a problem in hospitals where emer
gency conditions might require rapid restoration of power. 

AA.3.2.2.2.2 This requirement is usually met by appropriate 
mounting hardware and not by wirejumpers. 

AA.3.2.2.3 The requirement for groullding interconnection 
between the normal and essential power systems follows the 
pJ-inciple of minimizing possible potential differences be
tween the grounding pins of receptacles in one area by bring
ing the grounding conductors to a common point. 

AA.3.2.2A.l Within tlle constraint, of the equipment pro
vided, consideration should he given to coordinating circuit 
breakers, fuses, and other overcurrent protective devices so that 
power interruption in that part of the circuit thal precedes the 
interrupting device closest to a lilUlt is not likely to occur. 

AA.3.2.2A.2 Listed Class A ground-fault circuit interrupters 
trip when a fault current to ground is 6 rnA or more. 

AA.3.2.2.6 For additional requirements for receptacles in 
anesthetizing locations, see 1:).4.1.2.6. 

AA.3.2.2.6.1 It is best, if possible, to employ only one type of 
receptacle (standard three-prong type) for as many recep
tacles being served by the same line voltage to avoid the inabil
ity to connect life-support equipment in emergencies. The 
straight-blade, three-prong receptacle is now permitted in all 
locations in a hospital. Previously, special receptacles were 
specified in operating room locations and have caused com
patibility problems. 

AA.3.2.2.7.1 Care should be taken in specifying such a quiet 
grounding system because the grounding impedance is con
trolled only by the grounding wires and does not benefit from 
any conduit or building structure in parallel with it. 

AA.3.2.2.7.3 Special grounding methods could be required 
in patient vicinities immediately adjacent to rooms containing 
high-power or high-frequency equipment that causes electri
cal interference with monitors or other electromedical de
vices. In extreme cases, electromagnetic induction can cause 
the voltage limits of 4.3.3.1 to be exceeded. 

Electromagnetic interference problems can be due to a va
riety of causes, some simple, others complex. Such problems 
are best solved one at a time. In some locations, grounding of 
stretchers, examining tables, or beel frames will be helpful. 
Where necessary, a patient equipment grounding point 
should be installed. This can usually be accomplished even 
after completion of construction by installing a receptacle 
faceplate fitted with grounding posts. Special grounding wires 
should not be llsed unless they are found to be essentjal for a 
particular location because they can interfere with patient 
care procedures or present trip hazards. 
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AA.3.2.2.8.1 Moistttre can reduce the contact resistance of the 
body, and electrical insulation is more subject to failure. 

AA.3.2.6 Patient protection is provided primarily by an ad
equate grounding system. The ungrounded secondalY of the 
isolation u'ansformer reduces the cross-sectional area of 
grounding conductors necessary to protect the patient against 
voltage resulting from fault current by reducing the maximum 
current in case of a single probable fault: in the grounding 
system. The line isolation monitor is used to provide warning 
\~hen a single fault occurs. Excessive current in the grounding 
conductors will not result in a hazard to the patient unless a 
second fault occurs. If the current in the grounding system 
does not exceed 10 mA, even under fault conditions, the volt
age ,[cross 9.84 ft (3 m) of No. 12 AWG wire will not exceed 
0.2 rnV, and the voltage across 9.84 ft (3 m) of No. 18 AWe 
grounding conductor in a flexible cord will not exceed 0.8 mV 
Allowing 0.1 IllV across each connector, the voltage between 
two pieces of patient-connected equipment will not exceed 
2 mY. 

The reference grounding point is intended to ensure that all 
electrically conductive surfaces of the building stmcture, which 
could receive heavy fault currents from ordinary (grounded) cil~ 
cuits, are grounded in a manner to bypass these heavy currents 
from the operating room. 

AA.3.2.6.2.1 It is desirable to limit the size of the isolation 
transf()rmer to [0 kVA or less and to use conductor insulation 
with low leakage to meet the impedance requirements. Keep
ing br,mch circuits short and using insulation with a dielectric 
constant less than 3.5 and insulation resistance constant 
greater than 6100 megohmmeters (20,000 megohm-ft) at 
(~OOF (Hi°C) reduces leakage from line to ground. 

To correct milliammeter reading to line impedance use the 
following equation: 

where: 

.. (. ) V x[OO 
Lme Impedance In ohms = --

[ 

V = isolated power system voltage 
[ = milliammeter reading made during impedance 

test 

AA.3.2.6.3.1 Protection for the patient is provided primarily 
by a grounding system. The ungrounded secondary of the iso
lation transformer ['educes the maximum current in the 
grollllding system in case of a single fault between either iso
lated power conductor and ground. The line isolation moni
tOI' provides warning when a single fault occurs, or when ex
cessivel), low impedance to ground develops, which might 
expose the patient to an unsafe condition should an addi
tional fault OCClIL Excessive current in the grounding conduc
tors will not result from a iirst fault. A hazard exists if a second 
Lltdt OCCllrs before the first fault is cleared. 

AA.3.2.6.3.3 It is desirable to reduce this monitor hazard cur
rent provided this reduction results in an increased "not alarm" 
threshold value for the fault hazard current. 

AA.3.2.6.3A The line isolation monitor can be a composite 
unit, with a sensing section cabled to a separate display panel 
section, on which the alarm and test functions are located, if 
the two sections are within the same electric enclosure. 

AA.3.3.1.1 In a conventional grounded power distribution 
system, one of the line conductors is deliberately grounded, 
usuall), at sOllie distribution panel or the service entrance. 
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This grounded conductor is identified as the neutral conduc
tor. The other line conductor (or conductors) is (are) the 
high side of the line. The loads to be served by this distribution 
system are fed by the high and neutral conductors. 

In addition to the high and neutral conductors, a ground
ing conductor is provided. One end is connected to the neu
tral at the point where the neutral is grounded, and the other 
endleacls out to the connected loads. For purposes here, the 
load connection point will be considered to be a convenience 
receptacle, with the grounding conductor terminating at the 
grounding terminal of that receptacle. 

This grounding conductor can be a separate wire running 
from the receptacle back to the remote grounding connection 
(where it joins the neutral conductor). If that separate con
ductor does not make any intermediate ground contacts be
tween the receptacle and the remote ground, then the imped
ance of the connection between the receptacle and the 
remote ground is primarily the resistance of the grounding 
conductor itself and is, therefore, predictable. 

If, however, the receptacle is also interconnected with the 
remote ground point by metallic conduit or other metallic 
building structures, the impedance of the circuit between re
ceptacle and remote ground is not easily predictable, nor is it 
easy to measure accurately, although one can be sure that the 
impedance will be less than that of the grounding wire itself 
because of the additional parallel paths. 

Fortunately, as \.vill become apparent in the following para
graphs, the absolute value of the apparent impedance between 
the grounding contact of an outlet and the remote ground point 
need not be known or measured with great accuracy. 

Ideally, and under no-fault conditions, the grounding sys
tem described earlier is supposed to be carrying no current at 
all. If that were true, then no voltage differences would be 
found between exposed conductive surJaces of any electrical 
appliances that were grounded to the grounding contacts of 
the receptacles that powered them. Similarly, there would be 
no voltage differences between these appliances and any other 
exposed metal surface that was also interconnected with the 
grounding system, provided that no currents were flowing in 
that interconnection. 

Ideal conditions, however, do not prevail, and even when 
there are no "faults" within an appliance, residual "leakage" 
current does flow in the grounding conductor of each of the 
appliances, producing a voltage difference between the chas
sis of that appliance and the grounding contact of the recep
tacle that feeds it. Furthermore, this current can produce volt
age differences among other appliances plugged into various 
receptacles on the system. 

Fortunately, these leakage currents are small, and for rea
sonably low grounding-circuit impedances, the resulting volt
age differences are entirely negligible. 

If, however, a breakdown of insulation between the high 
side of the line and the chassis of an appliance should occur, 
the leakage condition becomes a EmIt condition, the magni
tude of which is limited by the nature ofthe breakdown or, in 
the case of a dead short circuit in the appliance, the magni
tude of the fault current is limited only by the residual resis
tance of the appliance power cord conductors and that of the 
power distribution system. 

In the event of such a short circuit, the impedance of the 
grounding circuit, as measured between the grounding contact 
of the receptacle that teeds the defective appliance and the re
mote ground point where the neutral and grounding conductors 
are joined, should be so small that a large enough fault current 
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will flow to ensure a rapid breaking of the circuit by the overcur~ 
rent protective device that serves that receptacle. 

For a 20-A branch circuit, a fault current of 40 or more am
peres would be required to ensure a rapid opening of the 
branch-circuit overcurrentcprotective device. This corresponds 
to a circuit impedance of 3 ohms or less, of which the grounding 
system should contribute I ohm or less. 

During the time this large fault current flows in the 
grounding system, the chassis of the defective appliance is 
raised many volts above other grounded surfaces in the same 
vicinity. The hazard represented by this condition is mini
mized by the fact that it exists for only a short time, and unless 
a patient simultaneously contacts both the defective appliance 
and some other grounded surface during this short time inter
val, there is no hazard. Furthermore, the magnitude of an 
applied voltage required to produce a serious shock hazard 
increases as its duration decreases, so the rapidity with which 
tbe circuit is interrupted helps reduce shock hazard even if 
such a patient contact should occur. 

If, however, the defect in the appliance is not such as to 
cause an immediate circuit interruption, then the effect of this 
intermediate level of fault current 011 the voltages appearing 
on various exposed conductive surfaces in the patient care 
vicinity should be considered. 

Because all of this fault current flows in the grounding con
ductor of the defective appliance's power cord, the first effect 
is to raise the potential of this appliance above that of the 
receptacle that feeds it by an amount proportional to the 
power cord grounding conductor resistance. This resistance is 
required to be less than 0.15 ohm, so fault currents of 20 A or 
less, which will not trip the branch-circuit overcurrent
protective device, will raise the potential of the defective appli
ance above the grounding contact of its supply receptacle by 
only 3 V or less. This value is not hazardous for casual contacts. 

The fault current that enters the grounding system at the 
grounding contact of any receptacle in the patient care vicinity 
could affect the potential at the grounding contacts of all the 
other receptacles, and, more importantly, it could produce sigc 

nificant voltage differences between them and other grounded 
smiaces, such as exposed piping and building structures. 

If one grounded point is picked as a reference (a plumbing 
fixture in or near the patient care vicinity, for example), and 
then the voltage difference is measured between that refer
ence and the grounding contact of a receptacle, produced by 
driving some known current into that contact, a direct mea
sure of the effectiveness of the grounding system within the 
patient care vicinity is obtained. The "figure of merit" can be 
stated as so many volts per ampere of fault current. The ratio 
volts per ampere is, of course, impedance; but because the 
exact path taken by the fault current is not known, and be
cause the way in which the reference point is interconnected 
with the grounding system is not known, it cannot be stated 
that this value is the impedance between the receptacle and 
some specific point, stich as the joining of the neutral and 
grounding conductors. But it can be stated that this measured 
value of "effective impedance" is indicative of the effectiveness 
with which the grounding system minimizes voltage dif1er
ences between supposedly grounded objects in the patient 
care vicinity that are produced by ground faults in appliances 
used in that vicinity. This impedance, which characterizes the 
ability of the grounding system to maintain nearly equipoten
tial conditions within the patient care vicinity, is of prime im
pOl'tance in assessing shock hazard; but this impedance is not 
necessarily the same as the impedance between receptacle 

and remote ground point, which controls the magnitude of 
the short-circuit current involved in tripping the hranch
circuit overcurrent-protective device. 

Fault currenL~ on the grounding svstem can also come from 
neutral-to-ground faults, ~vhich pe~mit some current to flow in 
the neutral and some in the ground. This type ort~lllit is often the 
cause of interference on EEG and ECG equipment. It is often not 
recognized easily because, except for 60-Hz interft~rence, the 
equipment works perfectly properly. I t is most. easily f()uncl by 
causing a substantial change in the line-to-line load and noting 
changes in the ground-to-rdtTence voltage. 

AA.3.3.1.1.4 The grounding system (reterence grolll1cl and 
conduit) is to he tested as an integral system. Lifting of grounds 
fi·om receptacles and fixed equipment. is not required or recom
mended felr the performance of this test. 

AA.3.3.1.3 Effective grounding to safelv handle both fault 
and leakage currents l~equires f~)llowing the requirements of 
both Ch,lpter 4 of NFPA 99 and Article 250 of NFPA 70, Na
tional Electrical Cod!!, having good workmanship, and using 
some techniques that are not in these documents. 

The performance of the grounding system is made efkctive 
through the existence of the green grounding wire, the metal 
raceway, and all of the other building metal. Measurements have 
shown that it is the metal raceway and building steel that provide 
most of the effective grounding path of less than 10 milliohms at 
the receptacle, including plug-to-receptacle impedance. The 
green grounding wire becomes a backup, not a prim;uy ground
ing path performer. 

Good practice calls [or each receptacle to have a good 
jumper grounding connection to the metal raceway at the re
ceptacle location in addition to having the green grounding 
wire connecting these points to the grollnding bus in the dis
tribution panel. Good workmanship includes seeing that 
these grounding connections arc tight at each receptacle and 
that all metal raceway joints are secllre and tight. 

The voltage difference measurernen Ls listed in 4 .~.~.1.3 in 
connection with power dist.ribution grounding systems should 
ideally be made with an oscilloscope or spectrum analyzer in 
order to observe and measure components of leakage current 
and voltage differences at all frequencies. 

For routine testing, such instruments could be inconve
nient. An alternative is to use a metcring system that weighs 
the contribution to the meter reading of the v<lrious compo
nents of the signal being measured in ,lCcordance with their 
probable physiological efltxL. 

A meter specifically designed fCll' this purpose would have an 
impedance of approximately 1000 ohms, and a frequency chal~ 
acteristic that was flat tol kHz, dropped at the rate of 20 decibels 
per decade to 100 kHz, and then remained flat to l MHz or 
higher. This f'·equency response char,lcteristic could be achieved 
by proper design of the internal circuib or the amplifier that 
probably precedes the indicating instrument or by appropriate 
choice ofa feedback network around the amplifier. These details 
are, of course, left to the instrument designer. 

If a meter specifically designed for these measurements is 
not available, a general-purpose laboratory millivoltmeter can 
be adapted for the purpose by adding ,I frequcncy response
shaping network ahead of the meter. One such suggested net
work is shown in Figure A.4.~.~.I.~(a). 

The circuit shown in Figure A.4.3.3.1.~(a) is especially ap
plicable to measurements of leakage current, where the cur
rent being measured is derived from a circuit whose source 
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irnpedance is high compared to 1000 ohms. Under these condi
tions, the voltage developed across the millivoltmeter will be pro
portionalto the irnpedance of the network. The network imped
ance will be 1000 ohms at low frequencies and 10 ohms at high 
frequencies, and the transition between these two values will oc
cur in the fi'equency range between 1 kHz and 100 kHz. 

i1kg-t> 0-----"",------"",----0---, 

Input 
of 

test load 

1000 Q 

0.15 ,I F 

10 Q Millivolt meter 

4-o-----6-------~----o-~ 

ilkg = Leakage current being measured 

FIGURE AA.3.3.1.3(a) Circuit Used to Measure Leakage 
Current with High Source Impedance. 

The basic low-frequency sensitivity will be I millivolt (mV) of 
meter reading for each I milliampere (mA) of leakage current. 

The millivoltmeter's own input impedance needs to be very 
large compared to 1000 ohms (100 kilohms), and the meter 
should have a flat frequency response to well beyond 100 kHz. 
(If the meter impedance is lower than 100 kilohms, then the 
IOOO-ohm resistor can be raised to a higher value, such that 
the impedance of that resistor in parallel with the meter will 
still be 1000 oh ms.) 

The circuit in Figure A.4.3.3.1.3(a) can be used for the voltage 
dillcrence rne,lsuremenls required in Section 4.5, but, because 
the source impedance will be very low compared to 1000 ohms, 
the frequency response of the measurement system will remain 
flaL If any high-h'equency componenl), produced, for example, 
by pickup from nearby radio frequency transmitters, appear on 
the circuit being measured, then they will not be attenuated and 
the meter reading will be higher than it should be. 

For meter readings below any prescribed limits, this pos
sible error is of no consequence. For borderline cases it 
could be significant. To avoid this uncertaintv when making 
vol tage-d i fl'erencc mcasurem en ts, a sl igh t1y I~ore elaborat~ 
version ora frequency response-shaping network is given ill 
Figurc A.4.3.3.1.3(b). 

Hcre the source being measured is separated from the fre
quency response-shaping netwurk by the combinatjon of the 
900-ohm and l OO-ohm resistors. The fi'equency response char
acteristic is now independent of the circuit being tested. 

900 n 

Input 
of 

test load 

1400 Q 

100n 

0.10 
IlF 

15 Q Millivolt meter 

.-o-------~~----------~~----~~~ 
i'kg = Leakage current being measured 

FIGURE AA.3.3.1.3(b) Circuit Used to Measure Leakage 
Current with Low Source Impedance. 
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This independence is achievcd, however, at a loss in signal 
delivered to the millivoltmeter. The basic low-frequency sensi
tivity of this metering circuit is I millivolt. of meter reading for 
10 pA of leakage current or, on ,l voltage basis, I m V of met.er 
reading for 10 mV at the input terminals of the network. 

The millivoltmeter should have an input impedance of 
150 kilohms and a frequency response Jlat to well beyond 
100 kHz. 

For either of the suggested networks, the resistors and capaci
tors should be mounted in a metal container close to the milli
voltmeter to avoid stray pickup by the leads going to the meter. 

AA.3.3.1.4 It is not the intent that each receptacle be tested. 
It is intended that compliance be demonstrated through ran
dom testjng. The 10 percent random testing should include a 
mixture of both normal and emergcncy receptacles. 

AA.3A Administration is in conjunction with 4.3.4.1, Mainte
nance and Testing oYEleCLrical System. 

AA.3A.2.1 Although several approachcs to documentation ex
ist in hospitals, the minimum acceptable documentation should 
convey what was tested, when it was tested, and whether it per
formed successfully. Adopting a system of exception reporting 
can be the most eHicient f(xm of recorclkeeping for routine re
checks of equipment or systems and thereby minimize techni
cians' time in recording the value of each measurement taken. 
For example, once a test protocol is established, which simply 
means testing the equipment or system consistent with Chap
ter 4, the only item (value) thal needs to be recorded is what 
failure or what deviatjon ti'om the requirements of the chapter 
was detected when a corrective action (repair) was undertaken. 
This approach can serve to eliminate, fur example, the need to 
keep individual room sheels to record measured resulL> on each 
receptacle or to record mcasurell1ent values of all types of leak
age current tesL~. 

AAA. 1. 1.1 Connection 10 Dual Source o/Nrrrmal Power. For the 
greatest assurance of continuitv of electrical service, the nor
~al source should consist of 'two separate full-capacity ser
vices, each independent of the other. Such services should be 
selected and inslalled with full recognition of local hazards of 
interrupt jon, such as icing and flooding. 

Where more than one full-capacity service is installed, they 
should be connected ill such a manner that one will pick up 
the load automatically upon loss of the other, and so arranged 
that the load of the emergency and equipment systems will be 
transferred to the alternate source (generator set) only when 
both utilitv sel-vices are deenergized, unless this arrangement 
is impractical and waived by th~ authorilY havingjuris~liction. 
Such sel-vices should be interlocked in such a manner as to 
prevent paralleling of utility services on either primary or sec
ondary voltage levels. 

Note that in any installation where it is possible to parallel 
utility supply circuits, for example, to prevent interruption of 
sel-vice when switching f)'om one utility source to another, it is 
imperative to consult. the power companies afkcted as to 
problems of synchronization. 

Facilities whose normal sonrce of power is supplied by two 
or more separate central-station-fCd sel-vices (dual sources of 
normal power) experience greater reliability than those with 
only a sing'le feed . 

Installation o/GenemtorSets. For aclditionalmaterial on die
sel engines, see Diesel I~'ngines .firr Use with Generators to SU.jJjJly 
Emergenl.Y and Short '/{:rm le'leetric F'mon; National Research 
Council Publication 1132 (seeAnlwx G). 
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AAA. 1. 1. 1.2(5) Careful consideration should be given to the 
location of the spaces housing the components of the essentjal 
electrical system to minimize interruptions caused by natural 
forces common to the area (e.g., storms, floods, or earth
quakes, or hazards created by adjoining structures or activi
ties). Consideration should also be given to the possible inter
ruption of normal electrical services resulting from similar 
causes as well as possible disruption of normal electrical ser
vice due to internal wiring and equipment failures. 

Consideration should be given to the physical separation of 
the main feeders of the essential electrical system from the 
normal wiring of the facility to prevent possible simultaneous 
destruction as a result of a local catastrophe. 

In selecting electrical distribution arrangements and compo
nent5 for the essential electrical system, high priority should be 
given to achieving maximum continuity of the electrical supply 
to the load, Higher consideration should be given to achieving 
maximum reliability of the alternate power source and it~ feeders 
rather than protection of such equipment, provided the protec
tion is not required to prevent a greater threat to human life such 
as fire, explosion, electrocution, and so forth, than would be 
caused by the lack of essential electrical supply. 

AAA.l.L7.3 The intent of this subparagraph is as follows: 

(1) Contiguous or same site non hospital buildings can be served 
by the generating equipment. However, such loads should 
not compromise the integrity of the system serving the hos
pital. Thus, any such contiguous or same site nonhospital 
buildings can be served by the generating equipment only if 
the transfer means operates in accordance with this subpara
graph. 

(2) Within a hospital building, 4.4.2.2.2.3(9) allows "additional" 
loads on the critical branch and 4.4.2.2.35(9) allows "other 
equipment" on the equipment system in order to provide 
limited flexibility to a facility to add one or two loads not 
otherwise listed in 4.4.2.2.2,3(1) through 4.4.2.2.2.3(8), or 
4.4.2.2.3.4, or 4.4.2.2.:1.5 (I) through 4.4.2.2.35 (9) to a criti
cal branch panel or an equipment system panel. This allow
ance is to prevent the need for an additional panel to serve a 
small number of selected circuits in a particular area. These 
sections are not intended to allow large blocks of loads not 
listed in these sections to be on the critical branch or equip
ment system. The intent of the division of the essential sys
tem loads into systems and branches is to ensure maximum 
reliability of service to loads considered essential. Every addi
tional load placed onto a syst.em somewhat increases t.he 
probability of a failure on the system that threatens the integ
rity of service to the balance of loads served by the system. 
Therefore, while "additional" loads and "other equipment" 
can be placed onto the critical branch and equipment sys
tem in very limited situations, where a facility wants to put 
large blocks of loads not listed in 4.4.2.2.2.3( I) through 
4.4.2.2,2.3(8), or 4.4.2,2.3.4, or 4.4.2.2.:1.5(1) through 
4.4.2.2.35(9) onto the generating equipment, the facility 
can do so, but only by designating these large blocks of loads 
as "optional loads" and by complying with 4.4.1.1.7.:1. 

A.4.4.1.1.9 It is the intent of this subparagraph to mandate 
generator sizing based upon actual demand likely to be pro
duced by the connected load of the essential electrical sys
tem(s) at anyone time. It is not the intent that generator 
sizing be based upon connectecl load or feeder calculation 
procedures described in NFPA 70, National Electrical Code. De
mand calculatjons should be based upon prudent demand 
factors and historical data. 

AAA.1.1.12.1 During operation, EPS and related equipment 
reject considerable heat that needs to be removed by proper 
ventilation or air-cooling. In some cases, outdoor installations 
rely on natural air circulation, but enclosed instalLltions need 
properly sized, properly positioned ventilation hlCilities, to 
prevent recirculation of cooling air. The optilllum position o/' 
air~supply louvers and radiat.or air discharge is on opposite 
walls, both to the out.doors. [110: A.7.7.1] 

AAA.I.1.17.1 As a supplement (0 h'lrd-wirccl ,tlarm annun
ciations, it is permissible to have Level I and Level 2 EI'S and 
ATS functjons monitored oflsite. Monitoring stations can in
clude pagers, cell phones, and internet-conneClcd devices. 

AAA.2 It should be emphasized that the type of system se
lected and its area and type of cover,lgc should be appropriate 
to the medical procedures being perform cd in the [~lcility. For 
example, a battery-operated emergency light that switches 
"on" when normal power is interrupted and an aitcrllatc 
source of power for suction equipment, along with the imme
diate availability of some portable hand-held lightjng, would 
be advisable where oral and rnaxillol;lcial surgery (e.g., extrac
tion of impacted teeth) is performed. On the other hand, in 
dental ollices where simple extraction, restoratjve, prosthetjc, 
or hygienic procedures are perforrned, only remote corridor 
ligh ting for purposes of egress wendd be sullicien t. Ernergency 
power for equipment would not be necessary. As with oral sur
gery locations, a surgical clinic requiring use or lil'e support or 
emergency devices such as suction machines, ventilators, cau
tel-izers, or defibrillators would require both emergency light 
and power. 

AAA.2.1.4.1(A) Where specialloac1s require lIlore rapid de
tection of power loss, underfrequency monitoring also might 
be provided. Upon frequency decay below the lower limit nec
essary for proper operation of the loads, the Uans[cr switch 
should automatically initiate transl'er to the alternate source. 
(SeeA.6.2.15 o./NFPA 110.) [110:A.6.2.2.1] 

AAA.2.1.4.1(A)(2) See 6.2.5 and (j.2.7 of NFPA 110. [110: 
A.6.2.2,1 (2) J 

AAA.2.1.4.3 Authorized personnel should be available and 
Lllniliar with manual operation of the transfer switch and 
should be capable of determining the adequacy of the alter
nate source of power prior to manllal trans/'er. [110: A.6.2.4] 

AAA.2.1.4A For most applications, a nominal delay 0[' I scc
ond is adequate. The time r1eLly should be short enough so 
that the generator can start and be on the line wit.hin t.he tirne 
specifIed for the type classificat.ion. [11 0: A.6.2.!J] 

AAA.2.1.4.7 It is recommended that. t.he tjmer for delay on 
retransfer t.o the primalY source be set for gO minutes. The 
:lO-minute recommendation is t.o establish a "normalized" en
gine temperature, when it is bendicial [()r the enginc. 
NFPA 70, N(llional/~le(:I)i(,'(tl Corie, establishes ;l minimulll time 
requirement of 15 minutes. [110: A.6.2.8] 

AAA,2.1.4.12 For maintenance purposes, consideration 
should be given to a transfer switch counter. [110: A.(i.2.1 :1] 

AAA.2.1.4.14 Automatic transfer switches (ATS) can be pro
vided with accessOl-Y controls that. provide a signal to operat.e 
remote motor controls that disconnect. motors prior to trans
fer, and to reconnect them after transfer when the residual 
voltage has been substantially reduced. Another rnethod is t.o 
provide inphase monitors within the ATS in order to prevent 
retransfer to the primary source until both sources are nearly 
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synchronized. A thirdl1leLhod is to use a programmed neutral 
position transfer switch. See Section 230.95(B) of NFPA 70, 
Nnlim1l/.11,'{mlriw{ Code. [11 0: A.6.2.15J 

AAA.2.1.4.1S Standards for nonautomatic transfer switches 
are similar to those for automatic transfer switches, as defined 
in '1.3.7. I and 3.3.7.3 of NFPA J 10, Stanriardj(rr Emergency and 
Slfl'luLby /Yower Systems, with the omission of automatic controls. 
[110:A.(5.2.161 

AAA.2.1.7.3 Consideration should be given to the elrect that 
load interruption could have Oil the load during maintenance 
and service or the transfer switch. 

AAA.2.2.1 Type I essential electrical systems are comprised of 
two separate systems capable of supplying a limited amount of 
lighting and power service that is considered essential for life 
safety and effective f~lCility operation during the time the normal 
elecu'ical service is intermpted kJr any reason. These two systems 
are the emergency system and the equipment system. 

AAA.2.2.2.2(4) Departmental installations such as digital di
;ding systems Irscd fix intradepartmental communications 
coufd have impaired use during a failure of electrical service 
to the area. [n the event of such failure, those systems that 
have lighted selector buttons in the base of the telephone in
stnllnent or in the desk units known as "director seL~" will be 
out of service to the extent that the lights will not function and 
that the buzzer used to indicate incoming calls will be si
lenced. The LIck of electrical energy will not prevent the use of 
telephones for olltgoing calls, but incoming calls will not be 
signaled, nor will intercommunicating calls be signaled. This 
communication f~lilure should be taken into consideration in 
planning essential electrical systems. 

AAA.2.2.2.3 It is recommended that facility amhorities give 
consideration to providing and properly maintaining auto
matic battery-powered lighting units or systems to provide 
minimal task illumillation in operating rooms, delivery rooms, 
and certain special-procedure radioloh'Y rooms where the loss 
of lighting dlle to f:lilure of the essential electrical system 
could callse severe and immediate danger to a patient uncler
going surgery or an invasive radiographic procedure. 

AAA.2.2.2.3(7) Departmental installations such as digital di
aling systems used fur intradepartmental communications 
could have impaired use during a failure of electrical service 
to the area. In the e\'ent of such Llilure, those systems that 
have lighted selector buttons in the base of the telephone ill
strument or in the desk units known as "director sets" will be 
out of service to the extent that r.he lig'hts \vill not function ane! 
that the buzzer used to indicate incoming calls will be si
lenced. The lack or electrical energy willllot prevent the use of 
telephones for outgoing calls, but incoming calls will not be 
signaled, nor will intercomJllunicating calls be signaled. This 
communication bilure should be taken into consideration in 
planning essential electrical systems. 

AAA.2.2.3A The equipment in 4.4.2.2.3.4( I) t.hrough 
4.4.:2.:2.3.4(3) can be arranged for sequential delayed
automatic connectio]] to the alternate power source to pre
vent overloading the generator where engineering studies in
dicate t.hat it is necessary. 

AAA.2.2.3.S For elevator cab lighting control, and signal sys
tem requirements, see 4.4.:2.2.2.2(6). 

In instances where interruption of normal power would 
result in other elevators stopping between floors, throw-over 

2005 Edition 

facilities shall be provided to allow the t.emporary operation of 
any elevator for the release of patients or other persons who 
are confined bet.ween 1100rs. 

AAA.2.2.3.S(2) The outside design temperature is based on 
the 971h percent design value as shown ill Chapter 24 of the 
ASHRAE Handbook o/Furula-numtals. 

AAA.2.2.3.S(9) Consideration should be given to selected 
equipment in kitchens. laundries, and radiology rooms anel to 

selected central refrigeration. 

It is desirable that, where heavy internrpt.ion currents can 
be anticipated, the transfer load be reduced by the usc ofmul
tiple transfer devices. Elevator feeders, fiJr instance, might be 
less hazardous to electrical continuity if thev are fed through 
an individual transfer device. 

AAA.2.2A.l See NFPA 70, Natio17all,'lertriwl Coile, lar installa
tion requirements. 

AAA.2.2A.2(B) If color is used to identify these receptacles, 
the same color should be used t.hroughout the facility. 

AAAA.1.1.2(A) When indications such as the issuance of 
storm warnings indicate that power outages might be likely, 
good practice recommends the wanning' up of generator set.s 
by a regular exercise period. Operation of generator sets for 
short intervals should be avoided, particulai'ly with compres
sion ignition engines, since it is harmful to the engines. 

Records of changes to the essential electrical system should be 
maintained so that the actual demand likely to be produced by 
the connected load will be witbin the available capacity. 

AAAA.1.2.1 Main and feeder circuit breakers should be pe
riodically tested under simulated overload trip condit.ions to 
ensure reliability (IEf! C.4.2). 

AA.S.2.2.1 Type 2 essential electrical systems are comprised 
of two separate systems capable of supplying a limited amount 
of lighting and power service that is considered essential for 
the protect.ion of life anel safety and effective operation or t.he 
institution during the time normal electrical service is inter
rupted far any reason. These two separate systems ,Ire the 
emergency system and the critical system. 

The number of transfer swit.ches to be used shall be based 
upon reliability, design, ,md load considerations. Each branch 
of the emergency system and each critical system shall have 
one or more transfer switches. One transf'cr switch sball be 
permitted to serve one or more branches or systems in a hKil
ity with a maximum demand on the essential electrical system 
of 150 kYA (l20 kW). 

AA.5.2.2.2(4) Departmental installations sllch as digital dial
ing systems used for intradepartmental comlllunications 
could have impaired use during a f~lilure of electrical service 
to the area. In the event of sLlch f~lilu]'e, those systems that 
have lighted selector buttons in the base of the telephone in
strument or in the desk units known as "director set.s" will he 
out of service to the extent that the lights will not. function and 
that the buzzer used to indicate incoming calls will be si
lenced. The lack of electrical energy will not prcven t the use of 
telephones for outgoing calls, but. incoming calls will not be 
signaled, nor will int.ercommunicating calls be signaled. This 
communication failure should be taken illlO consideration in 
planning essential electrical systems. 

AA.S.2.2.3A Other selected equipment. can be served by t.he 
critical system. 
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Note that consideration should be given to selected equip
ment in kitchens and laundries, and to selected central refrig
eration. 

It is desirable that, where heavy interruption currents can 
be anticipated, the transfer load be reduced by the use ofmul
tiple transfer devices. Elevator feeders, for instance, might be 
less hazardous to electrical continuity if they are fed through 
an individual transfer device. 

AA.5.2.2.3A(A)(I) The outside design temperature is based 
on the 97 112 percent design value as shown in Chapter 24 ofthe 
ASHRAE Handbook ofFunrlamenta/s. 

AA.5.2.2.3.4(B) For elevator cab lighting, control, and signal 
system requirements, see 4.5.2.2.2(6). 

AA.5.2.2A.I See NFPA 70, National ElectncaZ Corle, for installa
tion requirements. 

AA.5.2.2A.2 If color is used to identify these receptacles, the 
same color should be used throughout the f~1Cility. 

AA.6.2.2.1 Type 3 essential electrical systems are comprised 
of a system capable of supplying a limited amount of lighting 

t 
8 

D.C. 

v~ 

~ 
I 

Either 

+ 

The point at which the diagram 
transitions to the next portion 
of the system. 

A pressure indicator. A gauge type 
is shown, but other types are permitted. 

A demand check to allow 
disconnection of the device without 
shutting down of the system. 

A quarter turn ball valve. The type 
shown is used for ease of recognition, 
but other configurations are permissible. 

Items shown in dashed format 
indicate alternative arrangements or 
components required only conditionally. 

A relief valve vent piped to outside. 

A relief valve. 

A pressure regulator. 

A switch or sensor connected to the 
alarm panel(s). 

Either of two valve types: a ball valve 
or a check valve. 

A union or other means to disassemble 
components. (Note: These are not illustrated 
in every location where they can be required.) 

FIGURE A.5.l.3 Legend for Typical Levell Source Drawings. 

and power service that is considered essential for life safety 
and orderly cessation of procedure during the time normal 
electrical service is interrupted for any reason. 

A.4.6.2.2.3.2 If color is used to identify these receptacles, the 
same color should be llsed throughout the facility. 

A.5.l.I Section 5.1 covers requirements for Level I piped gas 
and vacuum systems; Section 5.2 covers Level 2 piped gas and 
vacuum systems; Section 5.3 covers Level 3 piped gas and 
vacuum systems. Laboratory systems are no longer covered by 
Chapter 5 (2002 edition). 

A.5.l.l.2 These requirements do not restrict the distribution 
of other inert gases through piping systems. 

A.5.l.3 See Figure A.5.1.3. Level I source drawings in this 
annex are representational, demonstrating a possible arrange
ment of components required by the text. The diagrams are 
not intended to imply method, materials of construction, or 
more than one of many possible and equally compliant ar
rangements. Alternative arrangements are permitted if they 
meet the intent of the text. Listed paragl'aphs may lIot be the 
only paragraphs that apply. 

/ , 
The wall of the source enclosure. 

A check valve. The valve flows in the direction 
of the point. 

A high-pressure valve. The technology of the 
valve is not specified. 

A "pigtail" for connecting cylinders to the header. 
Can be rigid or flexible, depending on the gas 
and pressure. 

A liquid vessel for containing cryogenic liquefied gas. 

A vaporizer for converting cryogenic liquefied 
gas from liquid to gas state. 

A filter. 
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A.5.1.3.1.1 Regulations of the U.S. Department of Transpor
tation (formerly U.S. Interstate Commerce Commission) out
line specifications for transportation of explosives and danger
OllS articles (49 CFR 171-190). Tn Canada, the regulations of 
the Canadian Transport Commission, Union Station, Ottawa, 
Ontario, apply. 

A_5.1.3.3 The bulk supply system should be installed on a site 
that has been prepared to meet the requirements of NFPA 50, 
Stanrimd .lin' Bulk Oxygen Systems at Consumer Site.l; or CGA G-8.1, 
Strmr/rmljilr Nitronl Oxide Systems at Consum!!r Sites. Storage un i t (s) , 
reserve, pressure regulation, and signal actuating switch (es) are 
components of the supply system. Shutoff valves, piping from the 
site, and decnic wiring' from a signal switch(es) to the ma5ter 
signal panels are component5 of the piping system. 

The bulk supply system is normally installed on the site by the 
owner of this equipment. It. is the responsibility of the owner or 
the organization responsible for the operation and maintenance 
of the bulk supply system to ensure that all components of the 
supply system -main supply, reserve supply, supply system signal 
actuating switch(es), and delivery pressure regulation equip
ment - il.lIlc:tion propedy betcJI-e the system is put in service. 

A.5.1.3.3.2 Electric wiring and equipment in storage rooms for 
oxygen and nitrous oxide are not required to be explosion proof. 

A.5.1.3.4 See Figure A.5.1.3.4. A fClllr-valve bypass alTangement 
is iliustr'lted. Three-way valves are permitted in lieu of the four 
valves shown. 

A.5.1.3.4.2 Prohibited uses of medical gases include fueling 
torches, blowing down or drying any equipment such as lab 
equipment, endoscopy or other scopes, or any other purposes. 

Source valve 
(See 5.1.4.4.) 

D.C. 

~ 
Line pressure 

alarm switch/sensor 

Line 
pressure 
Indicator 

D.C. 

~ 

. (Not required in some 
_~.#~~:~_ cases) (See 5.1.4.5.) 

Wall of source enclosure ~
""' ___ '" - -M-a-i~1~~'~hutoff valve 

CD 
. CD (Note: Location of items 

" <.' .. j .... ,';: " downstream of the source 
, valve can vary. Refer to the 

text.) 

<::} ;~~i~~~~~(? ,'----~ V 

_~~:. ••• - Pressure relief valve(s) 

V--<--- ••• 

-'~I~;{:~ 

FIGURE A.5.1.3.4 Typical Arrangement for Line Controls at 
Pressure Sources. 
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Also prohibited is using the oxygen or medical air to raise, lower, 
or otherwise operate booms or other devices in operating rooms 
(ORs) or other areas. 

A.5.1.3.4.4 Components include but are not limited to con
tainers, valves, valve seats, lubl-icanLs, fittings, gaskets, and in
terconnecting equipment including hose. Easily ignitable ma
terials should be avoided. 

Compatibility involves both combustibility and ease of igni
tion. Materials that burn in air will burn violently in pure oxy
gen at normal pressure and explosively in pressurized oxygen. 
Also, many materials that do not burn in air will do so in pure 
oxygen, particularly under pressure. Metals for containers and 
piping have to be carefully selected, e1epending on service 
conditions. The variolls steels are acceptable for many applica
tions, but some service conditions can call for other materials 
(usually copper or its alloys) because of their greater resis
tance to ignition and lower rate of combustion. 

Similarly, materials that can be ignited in air have lower 
ignition energies in oxygen. Many such materials can be ig
nited by friction at a valve seat or stem packing or by adiabatic 
compression produced when oxygen at high pressure is rap
ielly introduced into a syst.em initially at low pressure. 

A.5.1.3.4.9 See FigureA5.1.3.4.9(a) and FigureA.5.1.3.4.9(b). 
Connection to the gas outlet connection is illustrated. If the liq
uid outlet connection were Llsed, an external vaporizer could be 
required. 

Cylinders 

Header check valve 

Header pressure regulator 

Header contents indicator 

\ 

\ 

'f)~ 
\ Cylinder leads ), 

Intermediate 

Cylinder lead 
connection 
(CGA fitting 
per CGA V-1) 

FIGUREA.5.1.3.4.9(a) Header for Gas in Cylinders. 



ANNEXA 99-137 

Header pressure indicator check valve 

Filter Header valve 

v 
Header "l1li': 
pressure relief -N..""4I----"Il!II"--...,.r----'Gas-specific Ji:""" ooo",d'," 

Cylinder leads 

Cylinders 

FIGURE A.5.1.3.4.9(b) Header for Cryogenic Gas in Con
tainers. 

1-----------------
1 Final line controls ~ 1 

(See 5.1.3.4.) 

Changeover alarm switch/sensor Automating 

Intermediate 
relief valve 

~-

~"'1::, 

U 

FIGURE A.5.1.3.4.l 0 Manifold for Gas Cylinders. 

control(s) 

A.5.1.3.4.9(1) The appropriat.e number of cylinders shollid 
be determined after considerat.ion of delivery schedules, 
proximity of the facility to alternate Sll pplies, and the emer
gency plan. 

A.5.1.3.4.10 See FigllreA.!J.1.3.4.IO. 

A.5.1.3.4.12 See Figure A.5.1.3.4.12. 

A.5.1.3.4.13 For bulk oxygen systems, see NFPA !'lO, Standard 
for Bulk Oxygen Systems at Consumer Sites. See Fi gure A.!'i.1 .3.4.13. 
Two possible choices of reserves arc illllstrat.ed. Bot.h are not 
required. 

A.5.1.3.4.14 See Figure A.5.1.3.4.14. 

If the relief valve on the emergency oxygen con nection is 
moved to downstream from the check valve in the emer
gency oxygen line, connect it to the system with a dernand 
check fitting. 
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Reserve header 

I : 
I : 
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'ot,,::-W 
relief valve 

Alternating 
control(s) 

Reserve in use 
alarm switch/sensor 

Changeover alarm 
switch/sensor 

Primary/secondary headers 

FIGURE A.5.1.3.4.12 Typical Source of Supply for Cryogenic Gas in Containers. 
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,-------------1 
Reserve tank pressure 

/ switch/sensor 
Bulk liquid reserve 
(See 5.1.3.4.13.) 

/ 

Reserve contents 
indicator and switch/sensor 

,/ 

-----------------, 

Final line controls 
(See 5.1.3.4.) 

1 

I 

I 

" " 

Economizer 

---------' 

v I{ 

Reserve in use alarm 
switch/sensor 

1 

L 

/ 

/ 

Check valve 

Intermediate "'~~I-_+-_______ ---.a..---....... _________ .., 
relief valve 

Main 

Either 

Check valve Primary/secondary supplies 

, , 

4-, ,,, 
,', 

.--.-oJ ..... , 
1/1\\\ 

\! I, '} 
~!:t'l 

, 
\ 

, -, 
I , , , , , , , , 

I , , , , , 
, I I , , , 

-----------J -~-
\ j" ....... , ,- ... "( , 
I .-,,.--, \ 

I " 1 L ~ __ ', , ____ ' 
_ 1--/ ___ ~ _____ ,_~ . 

r-----------

Gas cylinder reserve 
(See 5.1.3.4.13.) 

FIGURE A.5.1.3.4.13 Typical Source of Supply for Cryogenic Gas in Bulk. 
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v.++-..... 

Inlet isolation valve 

Connection point 
Check valves 

Line 
pressure 
indicator 

____ ~~ ____ ~[~~------ •• >-__ ~ __ ~b-____ b-__ 

Line pressure 
alarm switch/sensor 

FIGURE A.5.1.3.4.14 Emergency Oxygen Supply Connection. 

A.5.1.3.5 Air supplied from on-site compressor and associ· 
ated air treatment systems (as opposed to medical air USP 
supplied in cylinders) that complies with the specified limits is 
considered medical air. Hydrocarbon carryover from the com· 
pressor into the pipeline distribution system could be detri· 
mental to the safety of the end user and to the integrity of the 
piping systelll. Mixing of air and oxygen is a common clinical 
practice, and the hazards of fIre are increased if the air is con· 
taminated. Compliance with these limits is thus considered 
important to fire and patient safety. The fJuality oflocal ambi
ent air should he determined prior to its selection for com
pressors and air treatment equipment. See Figure A.5.l.2).5. 

A.5.1.3.5.1 Supply systems f()r medical air using compressors 
draw air of the hest available fJuality from a source of clean 
10cciI <Imbient air; add no contamillants in the form ofparticu
late matter, odor, or other gases; dry, filter, regulate, and sup
ply that air only via the medical air piping distribution system 
for usc exclusively in the application of human respiration. 

The utilization of an air treatment system is the joint re
sponsibility of the system designer, hospital clinical and engi
neerillg st<lns, and the authority having jurisdiction. Different 
types of" compressors have characteristics that affect the selec
tion or the type of air treatment system. Some air treatmenl 
systems impose an additional load upon the compressors that 
has to be accoullted f"or in the sizing of the system (usable 
capacity). The compressor duty cycle has to be chosen in ac
cordance with the manuf~lcturer's recommendation. 

The type of" air compressor and air condition at the intake 
will govern the type of" fIlter provided for the air compressor 
supply system. All fIlters should be examined quarterly for the 
presence of liquids or excessive particulates and replaced ac
cording to the manufacturer's instructions. 

One procedure f()r reaching a decision on the fJuality of 
the medical air is the following: 

(I) Test at the intake and at ule sample connection valve. 
(2) If the two purities agree within the limits of accuracy of 

the test, the compressor system can be accepted. 
C)) If the air is found to exceed the values for medical com

pressed air as defIned in 5.1.2).5.1, the r~lcility can elect to 
install purification apparatus for the contaminants in 
qucstion. 
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A.5.1.3.5.2 It is the intent that the medical air piping distri
bution system support only the intended need for breathable 
air for such items as intermittent positive pressure breathing 
(JPPB) and long-term respiratory assistance needs, anesthesia 
machines, and so forth. The system is not intended to be used 
to provide engineering, maintenance, and cfJuipment needs 
for general hospital support lise. It is the intent that the life 
safety nature of the medical air be protected by a system dedi
cated solely for its specific use. 

As a compressed air supply source, a medical air compres
sor should not be used to supply air for other purposes be
cause such usc could increase service interruptions, reduce 
service life, and introducc additional opportunities for con
tamination. 

A.5.1.3.5.3 Sec Figure A.5.1.2).5. 

A.5.1.3.5.4.1 Examples of 5.1.2).5.4.1 (I) are liguid ring and 
permanently scaled bearing compressors. 

An example of 5.1.2).5.4.1 (2) is an extended head recipro
cating compressor with an atmospheric vent between the com
pression chamber and the crankcase. 

An example of 5.l.2).5.4.1 (3) is a rotating clement com
pressor with the compression chamber being nonlubricated 
and separated from the lubricated gears by at least one shaft 
seal with an atmospheric vent on both sides. The vent on the 
lubricated side is provided with a gravity drain to atmosphere. 

A.5.1.3.5.10 Other functions can be added at the request of 
the facility, such as low water pressure, and so forth. 

A.5.1.3.5.11.4 A typical example of valving the receiver is 
shown in Figure A . .5.l.2).,'l.ll.4. 

A.5.1.3.5.11.6 The two configurations are equally acceptable. 
The components can be arranged in either of the arrange
ments shown in Figure A.5.1.3.5.ll.6. 

A.5.1.3.6 See Figure A.5.1.2).6. 

A.5.1.3.7 A functioning WAGD system will permit the facility 
to comply with occupational safety refJuirements by prevent
ing the accumulation of waste anesthetic gases in the work 
environment. 

WAGD using an HVAC (i.e., heating, ventilation, and air 
conditioning) system are not within the scope of Chapter 5. 

Flammable and nonflammable gases are known to be in
compatible with some seals and piping used in medical
surgical vacuum systems. If waste anesthetic gas disposal is to 
be included as part of the medical-surgical vacuum system, it 
should be recognized that this activity might causc deteriora
tion of the vacuum system. The station inlet performance tests 
outlined in 5.1.12.2).10 are extremely important in maintain
ing the integrity of the medical-surgical vacuum system, and 
they should be made at more frequent intervals if waste anes
thetic gas disposal is included in the vacuum system. 

A.5.1.3.7.1 Interfaces are provided with overpressure, under
pressure, overflow, and underflow compensation to ensure 
the breathing circuit is isolated from the WAGD system. 

A.5.1.3.8 See Figure A.5.I.2).8. 

A.5.1.3.8.5 Drawing intake air from outside in compliance 
with 5.1.2).5.12) is recommended. 
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pressure 
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Pressure 

DP. , Dew point Note 1: See also Figure A.5.1.3.5.11.6 for 
arrangement of control components. 

Pressure switch -~ regulator 

[j Filter with 
.. change indicator 

iii Vibration isolator 

Note 2: Unions or other disconnect means can be 
required for maintenance and/or replacement of 
each component. 

~ A compressor that adds 
; no oil to the air 

FIGURE A.S.1.3.S Elements of a Typical Duplex Medical Air Compressor Source System (Levell Gas Systems). 

A.S.1.4 See Figure A.!l.I.4. 
Area alarms are required in critical care locations (ex

amples include intensive care units, coronary care units, an
giography laboratories. cardiac catherization laboratories, 
postanesthesia recovery rooms. and emergency rooms) and 
anesthetizing locations (examples include operating rooms 
and delively rooms). Refer to definitions for these areas. 

A.S.1.4.S The presence of a main line shutofTvalve is optional 
where the source valve can equally or more eifectively perform 
the same functjon. An example is a case where the source is 
within the building orjust on the outside of the building and 

therefore there would be no great distance separating the two 
valves. A source that was physically separ~ltc from the building 
would require both valves to assure the intervening piping 
could be controlled. 

A.5.l.5 Station outlets/inlets should be located at all appro
priate height above the floor to prcvent physical damage to 
equipment attached to the outlet. 

A.S.1.6 Manulilctured assembly examples include headwalls, 
columns, ceiling columns, ceiling hung pendants, movablc 
track systems, and so forth. See Figure A.5.I.fi. 
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Bypass operation using 
3 two-port valves 

HEALTH CARE FACILITIES 

Bypass operation using 
1 two-port valve 

1 three-port valve 

FIGURE A.5.1.3.5.11.4 Receiver Valving Arrangement. 

Dryers Filters Regulators 

Dryers Filters Regulators 

FIGURE A.5.1.3.5.11.6 Alternate Valving Sequences for Line Controls in Medical Air. 
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FIGURE A.5.1.3.6 Elements of a Typical Duplex Vacuum Source System (Levell Vacuum Systems). 

99-l4:~ 

2005 Edition 



99-144 

» -, 
, , 
, 

,..-- .... , 
I ,"',..... '\ .-1 1 
L _,lot- -: --_-1 __ t,l __ ~r:. _ (1..1- J 

\_ \ .... __ ; I ~ 

Inlet ',', Isolation 
isolation '- - ~ valve 
means Compressor(s) 

(valve shown) 

» 

v 

I_~\- ___ ~-I - , 
I, 

. : I ,L. I 
Automatic , ... - - \ .... -
trap and drain ~,J J --L_ , 

v 

c5 Ball valve 

N Check valve 

CD Pressure 
indicator 

t Demand check n 
LJ 

_~ Pressure regulator D.P. 

Automatic 
trap and 
drain 

Pressure 
relief 
valve 

Filter with 
change 
indicator 

Dew point 

HEALTH CARE FACILITIES 
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Note: Unions or other disconnect means can be 
required for maintenance and/or replacement of 
each component. 

FIGURE A.S.1.3.8 Elements of Typical Instrument Air Source. 
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Future valve 
(See 5.1.4.10.) 

Areaalarm 4 
switch/sensor(1 ) 

(See 5. 1.9.3.) 0 
D.C. 

~--~r~----------~-----
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Note: Single service valves are shown, 
but multiple zones can branch off a 
single service valve. 

Service valve 
(See 5.1.4.7.) I 

Outlet(s)/inlet(s) 0 o Outlet(s)/inlet(s) 

'-----' valve 
(See 5.1.4.B.) 

Critical areas (such as intensive care) Noncritical areas (such as general patient rooms) 

Line 
pressure 
indicator 

(See 5. I.B.) 

Riser 

Riser valve(s) 
(See 5.1.4.6.) 4 

Areaalarm 

O 
switch/sensor(2) 
(See 5.1.9.3.) 

D.C. 

~U~~--~----~------------------L---~L~~--~ 
Main line 

Source or 
main valve 

(See 5.1.4.4 
and 5.1.4.5.) ~ Indicates a valve that must be secured 

Service valve 
(See 5.1.4.7.) 

Zone valve 
(See 5.1.4.B.) 

Note: Drawing is representational, demonstrating a possible arrangement of components 
required by the text. The diagram is not intended to imply a method, materials of 
construction, or more than one of many possible and equally compliant arrangements. 
Alternative arrangements are permitted if they meet the intent of the text. Listed 
paragraphs may not be the only paragraphs that apply. 

1. Area alarms are required in critical care locations (examples may include intensive care units, 
coronary care units, angiography laboratories, cardiac catheterization laboratories, post anesthesia 
recovery rooms, and emergency rooms) and anesthetizing locations (examples may include 
operating rooms and delivery rooms). Refer to definitions for these areas. 

2. Locations for switches/sensors are not affected by the presense of service or in-line 
valves (5.1.4.7.5, 5.1.4.9.2). 

FIGURE A.5.1.4 Arrangement of Pipeline Components. 

Anesthetizing areas 

o 
Outlet(s)/ 
inlet(s) 
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C
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13 
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Braze 
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I 
I 
I 
I 
I 
I 
I 
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I 
I 

__ .J 

Secondary 1 

check 

Primary ~ .. ;: , ...• 
CheCk" 

{User} :.ll.: 
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adapter ... 

I 
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I 

__ J 

FIGURE A.5.1.6 Terminals in Manufactured Assemblies. 

A.5.1.7 It is the intent that surface-mounted medical gas rail 
systems would be permitted in individual patient rooms but 
would not be allowed to go directly through room walls to 
adjacent patient rooms. However, it is the intent to allow 
surface-mounted medical gas rails to be used in a given critical 
care area where there can be a partition separating certain 
patien t care functions, essentially leaving the system within the 
given critical care area. As an example, two adjacent patient 
rooms outside of a critical care unit would not be permitted to 
have a surface-mounted medical gas rail interconnect between 
the two rooms through the wall. However, in a nursery where 
there might be one or two segregated areas for isolation, a 
medical gas rail system supplying more than one isolation 
room, but within the nursery area, would be permitted to be 
interconnected with the nursel), system. 

A.5.1.7.9 Typical plating would be nickel plating over copper 
or brass per Federal Specification QQ-N290, Class I, Type 7. 

A.5.1.9 See Figure A.5. 1.4. 

A.5.1.9.2 See Table A.5.1.9.2. 

Table A.5.1.9.2 Requirements for Levell Master Alarms for Gas and Vacuum Systems 

Alarm Condition 

Nitrogen main line 
pressure high 

Nitrogen Jnaill line 
pressure low 

Nitrogen changeover to 

secondary supply 
Carbon dioxide main 

line pressure high 
Carbon dioxide main 

line pressure low 
Carbon dioxide 

changeover to 
secondary supply 

Medical air main line 
pressure high 

Medical air 111ain line 
pressure low 

Medical air changcover 
to secundary supply 

Medical air dew point 
high 
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Manifold for 
Gas Cylinders 
w/o Reserve 
(5.1.3.4.10) 

:'.1.9.2.4 (7) 

'1.1.9.2.4(7) 

:'.1.3.4.IO.() 
0.1.9.2.4( I) 
0.1.9.2.4(7) 

:).I.~J.2.4(7) 

:'.1.3.4.10.6 
:'.1.9.2.4(1) 

0.1.9.2.4(7) 

:'.1.9.2.4 (7) 

:'.1.3.4.10.6 
:'.1.9.2.4( I) 

Manifold for 
Cryogenic Cryog-enic 

Liquid Bulk 
Cylinders wi wi Cryogenic 

Reserve Reserve 
(5.1.3.4.12) (5.1.3.4.13) 

Cryogenic 
Bulk 

wi Cylinder 
Reserve 

(5.1.3.4.13) 

Medical Air 
Compressors 

(5.1.3.5) 

5.1.9.2.4(7) 

5.1.9.2.4(7) 

:'.1.35.15(1) 
:'.1.9.2.4( 10) 

Medical-
Instrument Surgical 

Air Vacuum WAGD 
Compressors Pumps Producers 

(5.1.3.8) (5.1.3.6) (5.1.3.7) 



Table A.5.1.9.2 Continued 

Alarm Condition 

Oxygen lnain line 
pressure high 

Oxygen main line 
pressure low 

Oxygen changeover to 
secondary supply 

Oxygen main supply less 
than one day 
(low contents) 

Oxygen reserve in use 

Oxygen reserve supply 
less than one day 
(low contcnts) 

Oxygen reserve pressure 
low (not functional) 

Nitrous oxide main line 
pressure high 

Nitrous oxide main line 
pressure low 

Nitrolls oxide 
changcover to 
secondary supply 

Nitrous oxide main 
supply less than one 
day (low contents) 

Nitrous oxide reserve in 
use 

Nitrous oxide reserve 
supply less t.han one 
day (low contents) 

Nitrous oxide reserve 
pressure low 
(not functional) 

Medical-surgical main 
Ii n c vac U LlIil lenv 

WAGD main line 
vacuum knv 

Local alarm 

Instrument air main line 
pressure high 

lnst.nltnent air lllain line 
pressure low 

Instrument air dew 
point high 

Instrument air cylinder 
resc rve in lise 
(if' provided) 

Instrument air cylinder 
reserve Jess than one 
hour supply 

Manifold for 
Gas Cylinders 
w/o Reserve 
(5.1.3.4.10) 

5.1.9.2.4(7) 

.5.1.9.2.4(7) 

5.1.3.4.10.6 
Ci.1.9.2.4(l ) 

5.1.9.2.4(7) 

.5.1.9.24(7) 

5.1.:0.4.10.6 
5.1.9.2.4( I) 
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Manifold for 
Cryogenic Cryogenic 

Liquid Bulk 
Cylinders w / w / Cryogenic 

Reserve Reserve 
(5.1.3.4.12) (5.1.3.4.13) 

5.1.9.2.4(7) 5.1.9.2.4(7) 

5.1.9.2.4(7) 5.1.9.2.4(7) 

5.1.3.4.12.9(1) 5.1.3.4.13.6(5) 
5.1.9.2.4(1 ) 5.1.9.2.4(1 ) 

5.1.3.4.13.6(l ) 
5.1.9.2.4(2) 

5.1.3.4.12.9(;1) 5.1.3.4.13.6(2) 
5.1.3.4.15.5 5.1.9.2.4(3) 
5.1.9.2.4(3) 
5.1.3.4.12.9( 4) ;').1.3.4.13.6(3) 
.5.1.9.2.4(5) 5.1.9.2.4(.5) 

5.1.3.4.ll.6( 4) 
5.1.9.2.4(6) 

.5.1.9.2.4(7) 5.1.9.2.4(7) 

5.1.9.2.4(7) 5.1.9.2.4(7) 

5.1.'1.4.12.9(1) 5. U.4.1 %(5) 
5.1.9.2.4(1 ) 5.1.9.2.4( l) 

5.1.3.4.13.6(1 ) 
5.1.9.2.4(2) 

5.1.H.12.9(3) 5.1.3.4.13.6(2) 
5. !.:l.4.1.').5 5.1.9.2.4(3) 
5.1.9.2.4(3) 
5.1.34.12.9(4) 5.1.H.13.6(3) 
5.1.9.2.4(5) 5.1.9.2.4(5) 

5.1.'1.'1.13.6(4) 
5.1.9.2.4(6) 

Cryogenic 
Bulk 

w/Cylinder Medical Air 
Reserve Compressors 

(5.1.3.4.13) (5.1.3.5) 

5.1.9.2.4(7) 

5.1.9.2.4(7) 

5.1.3.4.13.6(5) 
'-'.1.9.2.4(1 ) 
5.1.3.4.13.6(1 ) 
5.1.9.2.4(2) 

5.1.3.4.13.6(2) 
5.1.3.4.1.5.5 
5.1.9.2.4(3) 

5.1.9.2.4(7) 

5.1.9.2.4(7) 

.5.1.3.4.13.6(5) 
5.1.9.2.4( I) 

5.J.3.4.13.6(1) 
5.1.9.2.4(2) 

.5.1.3.4.13.6(2) 
5.1.3.4.1.5.5 
5.1.9.2.4(3) 

5.1.3.5.14 
5.1.9.2.4(9) 
5.1.9.5.2 

Instrument 
Air 

Compressors 
(5.1.3.8) 

5.1.3.8.10 
5.1.9.2.4(9) 

5.1.9.5.2 

.5.1.9.2.4(7) 

5.1.9.2.4(7) 

5.1.3.8.10.1 
5.1.9.2.4( [2) 

5.1.'1.8.10.2 (1) 

5.1.'1.8.10.2(2) 

99-147 

Medical-
Surgical 
Vacuum WAGD 
Pumps Producers 

(5.1.3.6) (5.1.3.7) 

5.1.9.2.4(H) 

''>.1.9.2.4(8) 

S.1.3.6.8 S.l.g.7.4 
iU.9.2.4(9) 5.1.9.2.4(9) 
.5.1.95.2 5. I. 9.Ci. 2 
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Table A.5.1.9.3 Requirements for Levell Area Alanns 

Alann Condition 

High line pressure 
(for each gas piped to the area) 

Low line pressure 
(for each gas piped to the area) 

Low medical-surgical vacuum 
(if piped to the area) 

Low WACD vacuum 
(if piped to the area) 

A.5.1.9.3 Sec Table A5.1.9.3. 

Paragraph Number of 
Requirement 

5.1.9.3 
5.1.9.3.1 
5.1.9.;3.2 
5.1.9.3.4 
5.1.9.3 

5.1.9.3.1 
5.1.9.3.2 
5.1.9.3.4 
.5.1.9.3 

5.1.9.3.1 
5.1 .9.3.3 
5.1.9.3.4 
5.1.9.3 

5.1.9.3.l 
5.1.9.3.3 
5.1.9.3.4 

A.5.1.9.3.4(1) This signal is intended to provide immediate 
warning for loss of, or increase in, system pressure for each 
individual vital life support and critical care area. 

A.5.1.9.3.4(2) This signal is intended to plUvide immediate 
warning lilr loss of, or increase in, system pressure for all anes
thetizing locations supplied from a single branch line - not 
f,x each individual operating or delivery room. 

A.5.1.9.5 Activatjon of any ofthe warning signals should imme
diately be repOJ'ted to the department of the f~lcility responsible 
lill' the medical gas piping system involved. If the medical gas is 
supplied from a bulk supply system, the owner or the organiza
tion responsible for the operation and maintenance of that sys
tem, usually t.he supplier, should also be notified. As much detail 
as possible should be provided. Sec Table A5.l.95. 

A.5.1.10.1.4 Operatjon of piped medical gas systems at gauge 
pressures in excess of 1280 kPa (l85 psi) involves certain re
strictions because of the limitations in materials. 

A.5.1.10.3.1 A distinction is made between deep-socket 
solder~joint fIttings (ASME 1311').22) and those having shallow 
sockets for brazing (ASME 1316.50). The use of shallow-socket 
brazing fittings improves the quality of the brazement without 
decreasing its strength, particularly in larger sizes, which arc 
diHlcult to heat. See l:lble /\'5.1.1 0.3.1 for socket depths con
forming to ASME B 16.50. The installer can use ASME B 16.50 
fittings (if available) or have the sockets on ASME 13 16.22 fIt
tings cut down to ASME B 16.50 depths. Where shallow-socket 
fittings are used for tIle medical gas piping, care should be 
taker; to avoid their use in other piping systems where joints 
could be soldered instead of brned. 

A.5.1.10.5.5 The intent is to provide an oxygen-free atmo
sphere within the tubing and to prevent the formation of cop
per oxide scale during brazing. This is accomplished by filling 
the piping with a low-volume flow of low-pressure inert gas. 

A.5.1.1O.5.5.12 This is to assure a qualityjoint and to prevent 
the formation of copper oxide on the inside and outside sur
bces ofthejoinL 
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A.5.1.10.6.5 Cas mixtures arc commonly used in CTA\Vau
togenous fusion welding. The identification of a gas mixture 
as "75He 25Ar" is a common industty term to define a com
mercially available grade from gas suppliers. Should test weld
ing results lead to questions about the mixture percentage or 
gas quality, another bottle should be suhstiLllted and test welds 
performed. 

A.5.1.12 All testing should be completed beJore putting a 
new piping system, or an addition to an existing system, into 
service. Test procedures and the results of all tests should be 
rnade pan of the permanent records of the I~lcility of which 
the piping system forms it part. They should show the room 
and area designations, dates of the tests, and name(s) of per
sons conducting the tests. 

A.5.1.12.3.2 This is the final pressure test of the cOlTlpletely 
installed system and is intended to locate any leaks that would 
be more likely to occur at lower pressllre, for example, leaks in 
station outlet valve seals. 

A.5.1.12.3.11(3) Thc commillee recognizes that current 
clinical practjce is to use analyzers that might not he able to 
analyze oxygen to current U.S.P. rel]uircments 01'99 percent, 
and that these analyzers frequently have all error of up to 
3 percent. 

A.5.1.13 All cylinders cOJltaining cOlllpt'essed gases, such as 
anest.hetic gases, oxygen, or other gases used for medicinal 
purposes, whether these gases are flalllmable or not, should 
comply with the specifications and be maintained in accor
dance with regulations of the U.S. Department of Trans por
tation. 

Cylinder and container temperatures greater than 52°(: 
(125°F) can result in excessive pressure increase. Pressure re
lief devices are sensitive to temperature and pressure. When 
relief devices actuate, contents are discharged. 

A.5.1.13.1.4 Vacuulll systems from station inlets to the ex
haust discharge should be considered contaminated unless 
proven otherwise. Methods exist to disinkct the system or por
tions thereof. 

Clogging of regulators, li)r example, with lint, debris, or 
dried body fluids, reduces vacuum system pc r f<:Jrtn an ce. 

A.5.2.1 Section 5.1 covers requirements ji)r Level I piped gas 
and vacuum systems; Section :).2 covers Level 2 piped gas and 
vacuum systems; Section 5.3 covers Level 3 piped gas and 
vacuum systems. Laboratory systems are no longer covered by 
Chapter 5 (2002 edition). 

A.5.3 A Level 3 vacuum system is not intended for Level I 
medical-surgical vacuum applications. A Level 3 wet piping 
system is designed to accollllllodate liquid, air-gas, and sol
ids through the service inlet. A Level 3 dry piping system is 
designed to accommodate air-gas only through the service 
inlet, with liquids and solids being trapped before entering 
the system. 

A.5.3.1 Section 5.1 covers requirements for Levell piped gas 
and vacuum systems; Section 5.2 covers Level 2 piped gas and 
vacuum systems; Section 5.3 covers Level :3 piped gas and 
vacuum systems. Laboratory systems arc no longer covered by 
Ch<lpter 5 (2002 edition). 
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Table A.5.1.9.5 Requirements for Levell Local Alarms 

Alarm Condition 

Backup (lag) compressor in 
operation 

Backup (lag) medical-surg-ical 
vaCllurn pUl11P in operation 

Backup (lag) WAGD producer 
in operation 

Backup (lag-) instrument air 
compressor in operatioll 

Carbon monoxide high 

High discharge air 
temperature 

High water in receiver 

High water in separator 

Medical air dew point hig-h 

Instrument air clew point high 

Oil-less 
(Sealed bearing) 

5.1.3.5.4.1(1) 

5.1.3 .. 1.14.5 
'>.1.9.5.4(1) 

5.1.3..1.15(2) 
5.1.9.5(2) 

.5.1.3.5.14.3 
5.1.95.4(9) 
5.1.3.5.14.1 
5.1.9.54(7) 

5.1.3.!U5(1) 
.5.1.9.54(3) 

Oil-Free 
(separated) 

5.1.3.5.4.1(2) 

.5.1.3.5.14.5 
5.1.9.5.4(1 ) 

.5.1.3.5.15(2) 
5.1.9.5(2) 

'>.1.3.5.14.4( I) 
5.1.9.5.4(9) 
5.1.3.5.14.1 
5.1.95.4(7) 

5.1.3..1.15(1) 
5.1.9.5.4(3) 

Table A.5.1.10.3.1 Socket Depths for ASME B16.50 Brazing 
Fittings 

Tube Size 
(in.) 

!I, (% 0.0.) 
% ('I" 0.0.) 
Y:!(%O.O.) 

V, ('0< 0.0.) 
1 (l'lH O.D.) 

1'1<, (1%0.0.) 
I'I~ (I%O.D.) 
2 (2'1H O.D.) 

2'1" (2% 0.0.) 
3 (3YH 0.0.) 

4 (4'1HO.D.) 
5 (S'IH O.D.) 
6 (6Y, O.D.) 

Socket Depth 
(in.) 

0.1 7 
0.2 
0.22 
0.25 
0.28 
0.31 
0.34 
0.40 
0.47 
0.53 
0.64 
0.73 
0.83 

A.5.3.3.2 When the storage/supply enclosure is remote from 
the single treatment facility, it should be locked for security 
reasons to prevent tampering. Access should be only via autho
rized staff or fire department. When the enclosure is within 
the single treatment facility, it is left to the discretion of the 
single treatment f~lcility management as to whether greater 
benefit is achieved by immediate access or by security. An en
closure with direct access from a public hallway should be 
locked. If the door to the enclosure opens onto an exit access 
corriclor, see 5.1.3.3.3.1 (F). See Figure A.5.3.3.2. 

A.5.3.3,4,4 See Figure A.5.3.3.4.4 for an illustration of single 
treatment locations. 

Medical Air Compressors 

Liquid Ring 
(water-sealed) 
5.1.3.5.4.1(1) 

5.1.3.5.14.5 
5.1.9.5A( 1) 

5.1.3.5.15(2) 
5.1.9.5(2) 

:"i.1.35.14.1 
5.1.9.5.4(7) 
5.1.3.5.14.2 
5.1.9.5.4(8) 
5.U.!i.15( I) 
1).1.9.5.4(3) 

Instrument Air 
Compressors 

5.1.3.8.10.1 (I) 
5.1.9.54(1) 

.5.1.3.8.10.1 (2) 
5.1.9.5.4(6) 

Use points 

Storage 

Hall 

Use points 

Storage 

Use points !-

Storage -

Medical-Surgical WAGD 
Vacuum Pumps Producers 

5.1.3.6.8 
'-'.1.9.5.4( 4) 

5.1.3.7.4.1 
5.1.:>.7.4.4 
1).1.95.4(5) 

Example of storage not 
remote; locking not required 

Example of remote storage 
adjacent to use pOints but 
access to storage is from hall; 
locking required 

Example of remote storage; 
storage on different level; 
locking required 

FIGURE A.5.3.3.2 Examples of Storage/Supply Enclosures. 
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Use paints 

Use points 
location 1 

Use points 
location 2 

Examples of Single Treatment Facilities 

Use points Use 
points 

;0-
/-"-\ 

I \ 
I I 

Use paints 

~/~ \ 
Balcony but access 
is totally within 
treatment facility. 

Examples of Two Treatment Facilities 

Hall 

Use 
Use point 1 point 2 

'"m,l, of "dj""~ 
operation but access 
is from outside hallway. 

Use pOints 

ENT 

Use points 

Example of two-level 
operation - access 
is from outside stairs. 

Example of across-the-hall 

FI G URE A.5.3.3.4.4 Examples of Single Treatment Locations. 

A.5.3.3.4.4.2 [I' the supply system is within the confines of a 
single treatment f~lcility. a simple manual tr<lnsfer is permis
sible. Only high/low pressure alarms are required. The gase, 
are to be manifolded so a quick manual transfer is possible 
withollt life-threatening consequences. 

However, if the supply system is remote, a prompt transfer 
uf gases becomes more difficult. [t could require transcending 
one or ill ore /lights o I' stairs and/ or going to a remote location 
on the same flo"or. Uncler these situations an automatic system 
is required. 

A.5.3.3.4.4.4 The installation of a supply serving more than 
one single treatment. Elcility creates by its very nature a remote 
loc<ltion relative to the other bcility. Because more than one 
practice could be involved, the transfer of oxygen and nitrom 
oxide gases is to be automatically achieved. 

A.5.3.3.5 Level;) compressed air and nitrogen gas systems 
are lIsed primarily to drive gas-powered power devices. See 
Figure A.:).;).:).!'i for an illllstr,ition of this type of system. 
Sirnilar applicatiolls are in podiatry and plastic surgery. Ex
<IInples of these are air Ilsed to drive turbine-powered drill, 
and air used to dry teeth and gllillS. Some dental hand 
pieces have ,\11 internal sell~contained air return system, 
while other hand pieces discharge air into the atmosphere. 
Some discharge a mixture of air and water. Nitrogen is of
ten piped as an alternate or reserve supply to the compres
sor systern. 

The applicatioll of dental compressed air is not used for 
life-support purposes such as respirators, IPPB machines, an
algesia, anesthesia, and so forth. Air discharged into the oral 
cavity is incidental and not a prirmuy source of air to sustain 
lik. However, if there is a coincident use of dental air for pro
viding respiratol), support, the requirements of dental air will 
be superseded by those of the respiratory support, and the 
compressed air system has to produce the higher quality. 
medical compressed air as defined in Chapter ;). This could 
affect the selection or a compressor. 
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I 

Nitrogen manifold 
system \ 

I 
I 

I I 
I I / 
I / ' 
I ,,/- /1 :/ /[; 

I I 

: Shown with regulators / / 
: (pigtails and high pressure / / 
I manifold acceptable) _/ / 
\ ----------- M 

/ Receiver, pressure 
/ relief valve ~ 

: Compressor head 
I pressure relief 

! valve j 
I Inlet 
I : f--: 
I ~ _I 

\ 
I~ 
I I 
II I 
1 ~--

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
\ 
I 
\ 
I 
I 
I 
I 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ 

" \ 

I 
I Gauge 

\'\\"'" 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Flex 
connection 

Dryer 

Receiver 

I 
I 

\ 
I 

I 
I 
I 
I 
I 
I 
I 
I 
IL,..,--...,J~ 
\ , 

compressor 

Manual, automatic, 
or drain plug is 
acceptable. 

r -- - --, 
I I 
I I 

l_?'p!~o_n_s_J 
Notes: 1. Dotted lines indicate optional items. ------------

~ 
0 
*. 

lQJ 
~ 
<> 

2. Either the nitrogen system or the air compressor system 
is primary and the other is optional. 

Moisture indicator ~ Utility center 

Filter(s) @] Oil monitor, system 
test location 

Check valve 
0 Service outlet 

Gas outlet station 

* Shutoff valve 
Automatic drain 

Drain plug 

FIGURE A.5.3.3.5 Level 3 Gas-Powered Devices Supply 
System. 

A dental compressed 'lir system should not be used to provide 
power Jor an aircpowered evacuation system without specilic at
tention paid t.o the discharge of t.he evacuat.ed gases and liquids. 
A,.n open discharge of evacuated gases into the general environ
ment of an operatory could compromise the quality of breathing 
air in the t.reatment bcility.Air discharge should be vented to the 
outside of the building through a dedicated venL 

An air-powered evacuat.ion system might require signifi
cant quantities of air to operat.e. 

Manuhlclurer's recommendalions should be 1()\Jowecl re
garding proper sizing ofthe air compressor. Inadequate sizing 
can result in overheating, premature compressor failures, and 
inadequate operating pressures and flows. 

A.5.3.3.5.2 Compressed-air quality can be comprumised and 
expected life of system components can be shortened if an 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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undersized system is installed. Manufacturer's recommenda
tions should be followed regarding proper sizing of the air 
compressor(s) . 

A.5.3.3.5.5 A color dew point monitor downstream of the re
ceiver indicating the quality of air coming into the receiver is 
desirable. 

A color dew point monitor in the main treatment facility is 
appropriate to help the staff promptly identify when the sys
tem is being degraded with air of a dew point higher than is 
acceptable. 

The design of the color monitor should be such that the 
normal tolerance of variations will limit the maximum mois
ture at 39°F at a gauge pressure of 100 psi (3.9°C at 690 kPa) at 
activation. 

A.5.3.3.5.7 The environmental air source for the compressor 
inlet should take into consideration possible contamination 
by particulates, concentrations of biological waste contami
nants, ozone hom nearby brush-type electric motors, and ex
haust fumes from engines. 

Air taken from an outside atmosphere could cause harmful 
condensation problems in the compressor. Long runs of inlet 
tube should also be avoided as it will degrade compressor per
formance. The compressor manufacturer's recommendations 
should be followed regarding appropriate pipe size to prevent 
possible degradation of system performance. 

A dental air compressor and dental vacuum system can be 
in the same equipment room as long as the inlet for the dental 
air compressor does not draw air from a room or space con
taining an open discharge for the dental vacuum system. 

Atmospheric air in an operatolY can have traces of mercury 
vapor and other contaminants. A compressor inlet location 
that would draw its supply directly from an operatory should 
be avoided. 

A.5.3.3.5.S If nitrogen is used as a backup supply to a com
pressed gas system, the nitrogen operating pressure should be 
regulated so as not to exceed the operating pressure of the 
Level 3 compressed air system. 

A.5.3.3.5.S.6 The cubic feet (or cubic meters) of stored nitro
gen gas is not restricted. 

A.5.3.3.6 A Level 3 vacuum system is not intended for Level I 
vacuum applications. A wet piping system is designed to accom
modate liquid, air-gas, and solids through the service inlet. A dry 
piping system is designed to accommodate air-gas only through 
the service inlet. [Liquid(s) and solid(s) are trapped before en
tering the service inlet.] See Figure A.5.3.3.6(a) through Fig
ureA.5.3.3.6(d). 

A.5.3.3.6.3 Improper design will permit gas pressure to build 
up in the ventilation system and might blow the trap on liquid 
seals. See Figure A.5.3.3.6.3(a) and Figure A.5.3.3.6.3(b). 

A.5.3.3.6.4.S Care should be taken to ensure the dual exhaust 
systems do not develop excessive back pressure when using a 
common exhaust line. 

A.5.3.4 See Figure A.5.3.4 for diagrams showing emergency 
shutoff valve locations. Should a fire occur at night or when 
the facility is not in use, fire fighters should not be confronted 
with a potential pressurized gas source that could feed the fire 
and cause extensive damage and risk of life. Good economics 
also dictate that when the system is not in use, the leakage of 
gas through hose, couplings, and so forth, can be minimized if 
the system is shut off and portable equipment disconnected. 

A.5.3.5 Service outlets can be recessed or otherwise protected 
from damage. 

A.5.3.5.2 This configuration will ensure that the required 
pressure and flow meet the secondary equipment manufactur
er's requirements. 

A.5.3.10.7.5 The intent is to provide an oxygen-free atrno
sphere within the tubing and to prevent the formation of cop
per oxide scale during brazing. This is accomplished by filling 
the piping with a low-volume flow of low-pressure inert gas. 

A.5.3.10.10.3 One of the major concerns is the cross
connection of piping systems of different gases. The reason 
for different sizes is to prevent cross-connections, not for 
capacity concerns. 

A.5.3.12.3.10(3)(b) The committee recognizes that current 
clinical practice is to use analyzers that might not be able to 
analyze oxygen to current U.S.P. requirements of 99 percent, 
and that these analyzers frequently have an error of up to 
3 percent. 

A.6.1 The application of requirements contained in this chap
ter for specific lypes of health care facilities can be found in 
Chapters J 3 through 19. 

A.6.4 For additional distribution requirements, see NFPA 90A, 
Standard j(1r the installation olAir-Conriitioning and Ventilating Sys
tems, and NFPA 9013, Standard/or the installation o/WrrmAir Heating 
and A ir-Conditioning Systems. 

A.6.4. 1. I Advantages claimed for humidity include avoid
ance of hypothermia in patients, especially during long opera
tive procedures; the fact that floating particulate matter in
creases in conditions oflow relative humidity; and the {act that 
the incidence of wound infections can be minimized following 
procedures performed in those operating rooms in which the 
relative humidity is maintained at the level of 50 to 55 percent. 

A.6.4.2.I Prevalent practice when laboratories are provided 
with supply and exhaust ventilation is to design the fume hood 
exhaust as an integral part of the balanced ventilating system, 
so that the fume hood exhaust is in constant operation. 

A.6.4.2.3 The discharge side of fume hood exhaust fans is 
under positive pressure and often leaks toxic fumes into the 
surrounding environment; therefore, all fume hood exhaust 
fans should be installed outdoors, and not inside penthouses 
or other mechanical equipment enclosures that have to be 
frequented by maintenance and service personnel. 

A.6.4.3.I Biological safety cabinets (BSC) that are vented to 
the outside share some characteristics with chemical fume 
hoods. The interiors of each are at negative pressure with re
spect to the ambient environment. BSC are not in tended to be 
used for protection from exothermic or potentially explosive 
chemical reactions. [See HHS Publication No. (CDC) 93-8395, 
Biosa/ety in Microbiolo/"rical and Biomedical Laboratories, j(Jr a de
scrijJtion o/BSC and their ventilating requirements.} 

A.6.4.3.3 See NFPA 80 I, Standard for Fire Proteelion j(Jr F(l(:ilities 
Handling Radioactive Matenals, for related information. 

A.6.4.3.4.2 The qualified person can be a staff member of the 
facility. 

A.6.6.2 Warning signs should include, or reference, informa
tion on hazards, and on the changing, handling, and disposal 
of filters. 
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[2] Vacuum relief valve ~+ Check valve 

[Q1 Inlet station * Pipe isolators 

~ Service inlet 0 Vacuum gauge 

Note: Dotted lines indicate optional items. 
'Does not have to be below floor. 

Issl 
H2O 

§J 

HEALTH CARE FACILITIES 

, __ -lr------"-----'~~t~l~~ 
1 1 

: Air/liquid! 
:separator: 
1 ) 

"-T---
To drain' [Refer to 
Figure A.5.3.3.6.3(a}.] 

Solids separator 

Water supply 

Utility center 

FIGURE A.5.3.3.6(a} Typical Level 3 Wet or Dry Piping Systems with Single Vacuum Pump Source . 

r------ -----
1 

: 
1 

1 

1 

1 

1 

1 

i Options 
l_J~_~~~~ ________________ _ 

~ Vacuum relief valve ~~ 
[Q1 Inlet station * 
~ Service inlet 0 

Check valve 

Pipe isolators 

Vacuum gauge 

Note: Dotted lines indicate optional items. 
'Does not have to be below floor. 

....--__ ---lr 

To drain' [Refer to 
Figure A.5.3.3.6.3(a}.] 

Isolators 

Solids separator 

H20 Water supply 

J u.c.J Utility center 

FIGURE A.5.3.3.6(b} Typical Level 3 Wet or Dry Piping System with Duplex Vacuum Source 
with Air/Liquid Separator. 

i--: Separator 
: : flush 

"T~Vicer----'--''---'----, 

--, 
1 

1 

1 

1 

1 
1 

1 
1 

1 
1 

1 Options: 
: To drain : 

"'--1)---
1 
1 

Waste 
holding 

tank 

L _________________________ i 
To drain' [Refer to 
Figure A.5.3.3.6.3(a}.] 

J u.c.J Utility center 

[2] Vacuum relief valve 

[Q1 Inlet station 

~ Service inlet 

Note: Dotted lines indicates optional items. 
'Does not have to be below floor. 

~ • Check valve 

o Vacuum gauge 

-Flexible 
connectors 

Isolators 

* Pipe isolators 

FIGURE A.5.3.3.6(c} Typical Level 3 Wet or Dry Piping System with Single Vacuum Source. 
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Options 

--, , , 
I , 
, 
, 
, 
, , , , , 

, To drain : L _________________________ I 
To drain" [Refer to 
Figure A.5.3.3.6.3(a).] 

I u.c·1 Utility center [Q] Inlet station 

[y] Vacuum relief valve ~ Service inlet 

Note: Dotted lines indicates optional items. 
"Does not have to be below floor. 

:t ~ Check valve 

o Vacuum gauge 

;.0--- Flexible 
connectors 

Isolators 

* Pipe isolators 

FIGURE A.5.3.3.6(d) Typical Level 3 Wet or Dry Piping System with Duplex Vacuum Source 
with Waste Holding Tank. 

To the vacuum 
pump(s) 

Tank flushing 
device 

Water 
inlet-

From the 
operatories 

Waste 
holding 

tank 

L __ J Optional locations 

-+ 

N Drain check valve 

II Optional separator 

Vent to the plumbing system 
: - - - - - - - - - i - - - - - - - - - - - - - - - - -> 

Drainage system 

FIGURE A.5.3.3.6.3(a) Drainage from a Gravity Drained Liq
uid Collector Tank. 

Exhaust to 
outside 

~L 

Exhaust from 
vacuum pump 

-Vi- Check valve 

Typ. 

<>- Optional drain plug 

II Optional separator 

Note: Dotted lines indicate optional items. 

Vent to the 
plumbing system 

,--- - --- ---------» 

Drainage system 

FIGURE A.5.3.3.6.3(b) Drainage from a Positive Discharge 
Vacuum Pump through an Air /Liquid Separator. 
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Use points 

Single treatment facility with manual emergency cutoff 

Use points 

Single treatment facility with remote shutoff at cylinder 

Emergency shutoff 

Remote 
actuator~ 
panel I 

Use points : 

Emergency shutoff 

Remote 
~ actuator 

I panel 
I 
I 

Use points 

\... ____ J ____ _ 

I 
I 

Two single treatment facilities require individual emergency 
shutoff valves even with remote actuator shutoff at supply. 

FIGURE A.5.3.4 Valves in Level 3 Facilities. 

Electric 
solenoid 
shutoff 
valves 

Electric 
solenoid 
shutoff 
valves 

A.7.1 The application of requirements contained in this 
chapter for specific types of health care facilities can be found 
in Chapters 13 through 19. 

A.7.2.2.2.1.1 I-land cleaning dispensers or other flammable 
liquids should not be placed in corridors, means of egress, or 
other areas not located within the patient room. NFPA 101, 
[4; Sa/ely Corle, Chapter ]8 and 19.75, prohibits combustible 
decorations and similar items from being in heath care occu
pancies. 

A.8.1 The application of requirements contained in this 
chapter for specific types of health care facilities can be found 
in Chapters 13,14,17,18,19, and 21. 

This chapter originated from a concern about electrical 
safety in the hospital. It resulted in NFPA 76B-1980, Safe V,e of 
Eledlicity in Patient Care Areas 0/ Ho.ljJitaLI (incorporated into 
NFPA99 in 1984). 

This chapter states the basic electrical safety performance 
criteria for patient care areas to be followed by personnel. 
Chapter 10 provides performance criteria for manufacturers 
of appliances. Chapter 4 provides pelformance criteria for the 
installation implementation requirements contained in Ar
ticle 517 of NFPA 70, National/c'leelTienl Corle. The purpose of 
these chapters is the practical safeguarding of patients and 
stall from the hazards arising from the use of electricity in 
medical diagnosis and therapy. 
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The material in this annex, as it relates to electrical safety 
(see A.4.1 and A.8.1), interprets some of the basic criteria by 
presenting different methodologies and alternative proce
dures to achieve the level of safety defined by the criteria. 

A. 8.4. 1.2.4.2(2) Whole-body hyperthermia/hypothermia units 
should be powered from a separate branch circuit:. 

A.8.4.1.2.4.2(4) See Chapter 4 for criteria of receptacles. 

A.8.4.1.2.4.3(2) The disconnection means is permitted only 
to facilitate replacement; as such, ceiling drop cords can not 
be disconnected for alternative usage. See Chapter 4 for crite
ria of receptacles. 

A.8.4.1.2.5(2) For policy on the use of extension cords, see 
8.5.2.1.7.1. 

A.8.4.1.3.2 There are several methods for measuring ground
wire resistance accurately. Three examples are described as 
follows and shown in Figure A.8.4.1.3.2(a) through Fig
ure A.8.4.1.3.2( c): 

(1) 7luo-Wire Resistance '/i;chnique. A known curren t is fed through 
the unknown resistance. A high-input-impedance voltmeter 
measures the voltage drop across the resistance and R is cal
culated as V/1. This technique measures the lead resistance 
in sClies with the unknown resistance. When the unknown 
resistance is a ground wire (less than 0.15 ohm), the lead 
resistance is appreciable. This is accounted for by shorting 
the lead wires together and "zeroing" the voltmeter. The ac
tual resistance in effect subtracts out the lead wire resistance. 
In order for this technique to be rea50nably accurate for 
measuring ground wires, an active high-impedance millivolt
meter has to be used. 

(2) Four-Win, Resistanr:e ](;chnique. This technique is very similar to 
the two-wire resistance technique. The difference is that the 
known current is fed to the resistance to be measured 
through a pair ofleads separate from the pair ofleads to the 
voltmeter. The voltmeter is measuring the true voltage 
across the resistance to be measured regardless of the resis
tance of the measuring leads. This method eliminates the 
need for zeroing out the measuring lead resistance. 

(3) AC Oummt Method. This technique utilizes a step-down 
transformer of known voltage output to feed current 
through the ground wire and measure the current that 
flows. The impedance of the ground wire is then calcu
lated by Ohm's Law. 

Note that the internal impedance of the measuring circuit 
has to be established with the test leads shorted. This value 
needs to be subtracted from the test measurement. 

A.8.4.1.3.3 For complex leakage current waveforms, a single 
reading from an appropriate metering system can represent 
the physiologically effective value of the composite waveform, 
provided that the contribution of each component to the total 
reading is weighted in accordance with 8.4.1.3.3 or 10.2.13.3. 

Resistance 
to be 
measured 

FIGURE A.8.4.1.3.2(a) Two-Wire Resistance Technique. 
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Current 
source 

-1-

v J ~e~~stance 
measured 

'--------L-4 

High 
impedance 
voltmeter 

'-----------~ 

FIGURE A.8.4.1.3.2(b) Four-Wire Resistance Technique. 

ac ammeter 

=::JIlL 
FIGURE A.8.4.1.3.2(c) AC Current Method. 

This "weighting" can be achieved by a frequency response
shaping network that precedes a flat-response meter, or by a 
meter whose own frequency response characteristic matches 
8.4.1.3.3 or 10.2.13.3. 

If the required performance is obtained by a meter with 
integral response shaping properties, then that meter should 
have a constant input resistance of I (JOO ohms. (A high-input
impedance meter can be L1sed by shunting a JOOO-ohm resistor 
across the meter's input terminals.) 

If, howevC]', the required fi-equency response is obtained by 
a network that precedes an otherwise flat-response meter, 
then the input impedance of the network should be 1000 
ohms ± 10 percent, over the frequency range from 0 to I MHz, 
and the frequency response of the network-meter combina
tion should be substantially independent. of the impedance of 
the signal source. 

For maximulll chassis leakage current allowed (i.e., 300 pAl 
below I kHz, this network will yield the limiting currentofl 0 mA 
above ,10 kHz. 

A suggested input network is shown in Figure A8.4.1.3.S. 

10,000 ohms 

1000 ohms 
0.05 microfarad Millivolt meter 

100 ohms 

FIGURE A.8.4.1.3.3 Leakage Current Measurements (1.0 
milJivolt meter reading corresponds to input current of 1.0 
microampere) . 

A.8.4.1.3.3.2 This test is not valid when performed on the 
load side of all isolation transformer or an isobted power sys
tem because the values obtained will be falsely low. 

A.8.4.1.3.3.3 The limit.s for nonsinusoidal periodic, modu
lated, and transient wavcfcJrJl1S remain to be determined. 

For complex leakage-current waveforms, a single reading 
from an appropriate rneteri ng system can represen t the physi
ologically effective value of the composite waveform, provided 
that the contributjon of each component to the total reading 
is weighted ill accordance with 8.4.1.;:;.3.3. This weighting can 

be achieved by a frequency response-shaping network that 
precedes a Hat-response meter, or by a meter whose own 
frequency-response characteristic matches 8.4.1.:1.3.5). 

A.8.4.l.3.5.1 Where existing equipment exceeds 500 [lA, meth
ods to reduce leakage current, such as the addition of small iso
lation transformers to that device, or methods that providc 
equivalent safety by adding redundant equipment ground are 
permissible. 

A.8.4.1.3.6.1 Although the chassis leakage current value is 
300 pA., patient leaclleakage current limit for non-isolated in
put has been intentionally limited to 100 pA. This decision is 
in recognition of the need for a greater level of electrical 
safety f()r those portions of devices that make direct electrical 
patient COil nection. 

A.8.4.2.2.2 As a guideline, 500 pA is recommended as the 
maximum allowable leakage current limit for laboratory 
equipment. 

A.8.4.2.2.2.5 Electrical equipment has bccn a frequcnt source 
of ignition of flammable concentrations of gases and vapors 
when combustible and flammable liquids and gases have been 
used in or near equipment. not designed or sal(: f()!' such LIse. 
''''hile general and special vent.ilation willllsllally prevent the ac
cumulation or Jlammab1c concentrations or gases and vapors in 
health care laborato)'ies, the hazards should be recognized. Rec
ommended practice is to evaluate at least annually what cnrnhlls
tible and 11 am mabie liquids and gases are being used in the labo
ratory, what electrical equipment is exposed to flammable vapors 
and gases routinely or under reasonably foreseeable circum
stances, whether special listed and labeled electrical equipment 
is available andjustified, or whether equivalent sakty can be pro
vided more economically and practically by ventilation or qUem
tity limitations. 

As an educationalmcasure in laboratories that have many 
personnel and electrical devices and that handle combustible 
or flammable liquids in containers larger than I.G9 oz (50 ml), 
electrical equipment not listed or labeled i()r usc in hazardous 
atmospheres should be marked with precautional'y signs or 
labels with a legend such as the following: 

May ignite flammable vapors or gases. Not sale f(:))' usc with 
exposed organic liquids with flash point temperatures below 
I OOOF (37.8°C) (or the temperature of the high-limit cutofr if the 
equipment is designed f()r heating, e.g., oil bath or hot plate). 

A.8.5.2.1.4 The 500-mY limit is based on physiological values. 
Since the actual voltages normally measured in modern con
struction are usually less than 10 mY with nominal construc
tion, voltages exceeding 20 mY might indicate a deteriorating 
con clition and should be investigated. 

The 4()-ll1V limit is based on physiolog'ical values. Since the 
actual voltages normally measured in modern construction 
are usually less than 10 mV with nominal construction, volt
ages exceeding 20 mY might indicate a deteriorating condi
tion and should be investigated. 

A.8.5.2.1.8 When delivering energy, stich appliances can de
viate fi'om these requirements only to the extent essential f(:))' 

their intended clinical function. 

Appliances that intentionally or that can inadvertently ap
ply electrical energy to the patient or to components in con
tact with the patient require special safety considerations. 
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Since there is a wide range of power levels, output frequen
cies, and purposes of appliances that apply electricity directly 
to patients or to patient-connected devices, it is not feasible to 
cite them in detail. 

A-8_S_2_l.9(S) The bcility might wish to reference compliance 
with this chapter and Chapter lOon its purchasing document. 

A-8_S.2.l.10 Consideration should be given to requiring the 
vendor to sell parL~ to the individual or group designated by the 
hospiLaI to service the equipment following the warranty period. 

A.8.S.2.4.1 For further information, see manufacturer re
quirements for equipment used within the site of intentional 
expulsion in 10.2.9.3. 

A.8.S.2.4.S For further information, see manubcturer re
quirements for equipment used in oxygen delivery equipment 
in Section 10.2. 

The usc of electrical equipment in spaces where there is a 
high oxygen content is a matter of concern because of the fire 
hazard. I t is particularly a problem where the oxygen is "pure," 
that is, SO-90 percent, because materials not very flammable 
in ordinary air become extremely flammable in pure oxygen. 

In medical practice, particularly in surgery, patients are of
ten given supplemental oxygen, via respirator, anesthesia ma
chines, and so forth. Such supplements can range b'om room 
air to 100 percent oxygen. Clearly, different levels of protec
tion are needed. 

This standard addresses the problem by defining three ele
ments of the situation: 

(1) Kind o/Ah: An oxygen-enriched atmosphere (OEA) is air 
that ranges from slightly enriched (23.5 percent rather 
than 21 percent) to total oxygen (lOO percent). 

(2) Kind O/'A/'/Hlrrll'us. Oxygen delivery equipment (ODE) is a 
device to deliver an OEA to a patient. 

(3) Kind 01 SjJru·li. A site of intentional expulsion (SJE) is a 
small volume where oxygen that has been delivered to the 
patient is discharged to the ambient air. 

When an OEAis within an ODE, it is much more likely to have 
a high concentration ofoxygell. Paragraph 10.2.9.3 therefore ad
vises manuf~lcturers, and A.S.5.2.4.5 advises users, of precautions 
to take to reduce the fire hazard. Paragraph 10.2.9.3 lists four 
ways of attacking the problem. Note that an OEA can be created 
not only in a vent.ilator or oxygen tubing, but also in an oxygen 
tent or incubator. Special precautions should be Laken. 

At the other extreme of hazard is a space in the open air, the 
SIE. This space is defmed as within 12 in. (30.5 cm) of the ex
haust port, because, in most inSLances, dilution to ambient levels 
occurs within a few inches of the port; 12 in. (30.5 cm) provides 
an adequate safety IiclCLOr. Paragraph 10.2.9.3 provides guidance 
to minimize this hazard by requiring that only those parts of the 
apparatus that are intended to be within the SIE are of concern. 
Even these, such as nurse call buttons, leads, and so forth, do not 
necessarily need to be listed for use in OEA because they usually 
conform to provisions of subparagraph (d), that is, they do not 
have hot sud~lCes and they meet the requirements of Fig
ure 10.2.9.3(a) through Figure IO.2.9.3(f). 

The intent ofA.S.5.2.4.5 is to advise users to specify appli
ances that meet higher requirements where the hazard is 
higher, but not to overspecify where the hazard is minimal. 
Thus, as they are ordinarily used, nurse call buttons, pillow 
speakers, and so forth, do not need to be listed for use in 
oxygen-enriched atmospheres. 
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Note, however, that these requirements apply only to the 
intended usc. The user should exercise vigilance to guard 
against an unintended use or an accidental failure, which can 
vastly increase the hazard. 

A.S.S.2.4.6 Where possible, combustible materials such as 
hair, fabric, and paper should be removed from the vicinity 
of where the energy is delivered. Water-soluble surgicaljelly 
has been shown to dramatically reduce the combustibility of 
these materials. 

A.8.S.2.S.1 One reason for requiring testing of all electrical 
equipment used in the laboratory is to provide minimum as
surance against electrical macroshock hazards. 

A.8.S.2.S.2 Most laboratory fires involve biomedical or other 
electronic equipment failures. The most common ignition fac
tors are short circuits or ground faults. Electrical wire or cable 
insulation is the material most likely to first ignite in a clinical 
laboratory fire. (See Hoeltge, G.A., Miller, A., Klein, HR., Hamlin, 
W B., "A ccidental fires in clinicallabomtories. ") 

A.8.S.3.l.2 Although several approaches to documentation ex
ist in hospitals, the minimum accepLable documentation should 
convey what was tested, when it was testeel, and whether it per
formed successfully. Adopting a system of exception reporting 
can be the most eflicient form of recordkeeping for routine re
checks of equipment or systems and thereby minimize techni
cians' time in recording the value of each measurement Laken. 
For example, once a test protocol is established, which simply 
means testing the equipment or system consistent with Chap
ter S, the only item (value) that needs to be recorded is what 
failure or what deviation from the requirements of the chapter 
was detected when a corrective action (repair) was underLaken. 
This approach can serve to eliminate, for example, the need to 
keep individual room sheets to record measured results on each 
recepLacle or to record measurement values of all types of leak
age curren t tests. 

A.8.S.S.l "Personnel" includes physicians, nurses, nursing as
sistants, engineers, and technicians. 

A.9.l The application ofrequiremenL~ conLained in this chap
ter for specific types of health care facilities can be found in 
Chapters 6, 13, 14, 17, 18, 19, and 21. 

A.9.l.l Respiratory therapy is an allied health specialty em
ployed with medical direction in the treatment, management, 
control, diagnostic evaluation, and care of patients with deficien
cies and abnormalities of the cardiopulmonary system. (Courtesy 
of the American Association for Respiratory Therapy, 1720 Regal 
Row, Dallas, TX 75235.) 

Respiratory therapy includes the therapeutic use of the fol
lowing: medical gases and administration apparatus, environ
mental control systems, humidification, aerosols, medications, 
ventilatolY support, broncho-pulmonary drainage, pulmonaq 
rehabilitation, cardiopulmonary resuscitation, and ai/way man
agement. (Courtesy of the American Association for Respiratory 
Therapy, 1720 Regal Row, Dallas, TX 75235.) 

There is a continual need for human diligence in the estab
lishment and maintenance of safe practices for respiratory 
therapy. It is essential for personnel having responsibility for 
respiratory therapy to establish and enforce appropriate pro
grams to fulfill provisions of this chapter. 

It is the responsibility of the administrative and profes
sional staff of a hospital, or safety director if one is appointed, 
to adopt and enforce appropriate regulations for a hospital. In 
other health care facilities, responsibility could be assigned to 
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a safety director or other responsible person, who is, in turn, 
responsible to the administration. 

In instjtutions having a respiratory therapy service, it is rec
ommended that this sClvice be directly responsible for the 
administration of Chapter 9. Hazards can be mitigated only 
when there is continual recognition and understanding. 

A.9.1.3 See Chapter 20. 

A.9.3.9 It is particularly important that the intermixing of 
oxidizing and I1ammable gases under pressure be scrupu
lously avoided. Such mixing may result in a violent explosion. 

A.9.5.I.l If' the sole source of supply of nonflammable medi
cal gases, such as nitrous oxide and oxygen, is a system of 
cylinders attached directly to and supported by the device 
(such as a gas anesthesia apparatus) used to administer these 
gases, it is recommended that two cylinders of each gas be 
attached to the administering device. 

A.9.5.I.2 The Pin-lndex Safety System consists of a combina
tion of' two pins projecting from the yoke assembly of the ap
par<ltus and so positioned as LO fit into matching holes drilled 
into the cylinder valves. It is intended to provide against the 
possibility of error in attaching the flush-type valves, with 
which gas cylinders and other sources of gas supply are 
equipped, to gas apparatus having yoke connections. 

A.9.5.I.4 Fabricatioll specificat.ions are contained in CGA V-I 
(ANSI B:j7.1 ), Stanrimdji)I' Corn/lfl'.lseri (;as Cylirul£:r Vidlill Outlet and 
Inff:! CrmnNIio/ls. Connection No. 860 shown in that. document. 
illustrates the systcm. Connection Nos. 870 (Oxygen, Medical), 
880 (Oxygen-Carbon Dioxide Mixture), 890 (Oxygen-Helium 
Mixture), 900 (Ethylene), 910 (Nitrous Oxide), 920 (Cyclopro
pane), 930 (Helium), and 940 (Carbon Dioxide) are f()]' specific 
medical gases and gas mixtures and utilize the basic dimensions 
of Connection 860. 

A.9.6.I.1.2 Patients and hospital personnel in the area of ad
ministration should be advised of respiratory therapy hazards 
and regulations. 

Visitors should be cautioned of these hazards through the 
prominent posting of signs (see 9.4.4). 

A.9.6.1.1.3 Such toys have been associated with fire incidents 
in health care f~lcilities. 

A suggested text for precautionary signs for oxygen tent 
canopies and oxygen hoods used in pediatric nursing units is 
t.he following: ' 

CAUTION: OXYGEl\' IN USE 
ONLY TOYS APPROVED BY NURSES 

MAY BE GIVEN TO CHILD 

A.9.6.2.1.1 "Personnel" typically includes physicians, nurses, 
nursing assistants, respiratOlY therapists, engineers, techni
cians, and others. 

A.9.6.3.2 Precautiolliuy signs should be at least21 cm x 28 em 
(8 in. x II in.) in size. 

Any material that can burn in air will burn more rapidly in 
the presence of oxygen. 

Special signs and additional precautionary measures should 
be employed whenever foreign languages present a communica
t.ion problem. (SrleFigumA.9.6.J.2.) 

Anv material that can burn in air will burn more rapidlv in 
the p,:esence of oxygen. No elcctrical equipment. is allo;ved 
within an oxygen enclosure or wit.hin 15 m (5 ft) of it.. 

CAUTION 

OXYGEN IN USE 
NO SMOKING 

NO OPEN FLAMES 

FIGURE A.9.6.3.2 A Suggested Minimum Text for Precau
tionary Signs. 

A.9.7.3.1 Use of so-called nonsparking wrenches and tools is 
not necessary. 

A.9.8.7(3) Suction collection hottles that are used as part of' 
patient treatment equipment should be equipped with an ovel C 

flow shutofT device t.o prevent canyover of fluids into equipment 
or the piping system. It is recommended that a separate vacuum 
trap with shutoff be used between the sllct.ion collect jon botLle 
and the vacuum system station inlet. 

A.9.8.9 The test can be conducted using a rot.ollleter or other 
flow-measuring device, and a vacuum gauge, where both de
vices are fitted with the appropriate statjorl- inlet connector. 

The test procedure will be to measure the flow with the 
station inlet wide open while simultaneously measuring t.he 
vacuum level at. an adjacent wall station inlet or ot.her station 
inlet on the same branch line. 

It is recognized that this criterion might not be met by 
some existing systems. It is the responsibility orracility person
nel, based on past experience and use, to determine the ac
ceptable alternate performance criterion If))' their system (s). 

A.IO.I The application of requirements contained in this 
chapter for specific types of health care (~lcililies Can be found 
in Chapters 13 through 19. 

A.IO.2 It is the intent that Section 10.2 should not be used by 
authorities having jurisdiction over health care bcilities to limit 
health care facilities' purchases to patient-care-related electrical 
appliances meeting these requirements. Rather, it is the intent to 
encourage equipment manuf~lcturers to conduct the specified 
tests in order to ensure state-ol~tlle-art. electrical sakty in their 
patient-care-related electrical appliances. Similarly, it is not the 
intent of the Technical Committee to require health care f~lcili
ties to conduct tests using these manutlcturer requirements to 
verify t.hat their patient-cafe-related electrical appliances are in 
conformance with the requiremenLs of this chapter. In this re
spect, it is the intent of the Committee that health care f~lcilitjes 
perfc)rm only those tests specified in 8.4.1. 

A.IO.2.2.1 Hospital grade listing is acceptable but not required. 

A.IO.2.2.1.1 See Sections 410.56, 410.57, and 410.58 or 
NFPA 70, National Electrical Code. 

A.IO.2.2.2.I.2 "Hard Selvice" cord is preferable where the cord 
can be sul<iect to mechanical abuse. Acord length of 3.1 m (lOft.) 
is recommended for general locations, and 5.5 m (18 ft) for op
erating rooms, but can be of a difkrent. length if'designed ffJl' a 
specific location. See Table 400.4 of NFPA 70, National r;ledriml 
Code. 

A.IO.2.2.2.4.1 See Sections 200.2 through 200.10 of NFPA 70, 
Nationall';lectriwi Cor/r,. 
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A.IO.2.2.2.4.2 See Exception No.2 to Section 210.5(B) of 
NFPA 70, National Eledrica.l Corle. 

A.IO.2.3.2 Size and location are the main criteria used in 
determining what is not likely to become energized and thus 
exempted from the bonding and grounding requirements. 
Items such as screws, nameplat.es, hinges, metal trim, handles, 
and other hardware are unlikely to become energized because 
of their size. If they are sufficiently isolated from internal 
sources they need not be grounded. 

Also, it is unnecessary for exposed conductive surfaces to be 
grounded separately with individual or looped grounding wires 
i"e by reliable contact or connection with other grounded metal 
portions (frame), these surfaces can maintain ground. 

A.IO.2.3.6 It is recommended that a listed overcurrent protec
tive device be used in the power input circuit of all appliances. 

A.IO.2.4.2 The purpose of these requirements is to prevent 
interchanging connectors in any manner that permits the in
advertent delivery of a hazardous current to a patient. 

A.IO.2.5 The design of an appliance in tended for life support 
should minimize the effects on performance of transient, line 
voltage variations, or other electrical interference. The design 
of all appliances should minimize the production ofline varia
tions and transients. 

A.IO.2.6.3 Preference should be given to the use of replace
able sealed canisters of chemicals. 

A.IO.2.7.2 See also NFPA 53, Recommended Practice on Materi
als, f~'ljuil)"//urnL, and Systems Userl in Oxygen-EnrirhedAtmosjJheres. 

A.IO.2.9.1.1 This can be accomplished by using a signal trans
mission system that is isolated from ground or presents a high 
impedance to ground; that employs a common signal ground
ing wire between appliances served from the same reference 
grounding point; that employs an additional grounding path 
between the common signal grounding wire and reference 
grounding point in the patient vicinity; or by other means 
intended to reduce potential differences in the patient care 
vicinity due to grounding currents to a safe level. 

A.IO.2.9.2.1 When delivering energy, such appliances can devi
ate from these requirernenL5 only to the extent essential for their 
intended clinical function. Appliances that intentionally or that 
could inadvertently apply electrical energy to the patient or to 
components in contact with the patient require special safety 
considerations. Since there is a wide range of power levels, out
put frequencies, and purposes of appliances that apply electricity 
directly to patients or to patient-connected devices, it is not fea
sible to cite them in detail. 

A.IO.2.9.2.2.1 Electrically powered transducers include pres
sure transducers, flowmetcrs, endoscopes, and so forth. The 
electrical energy is not intended to be applied to the patient 
but to a device that contacts the patient. 

A.IO.2.9.2.2.3 Assessment of physiologic functions by electric 
impedance measurements usually requires direct contact with 
the patient and injection of electric current. 

A.IO.2.9.2.2.4 Electrotherapeutic devices include devices for 
electrosleep, e1ectroanesthesia, and electroshock. 

A.IO.2.9.2.2.5 See Annex D for information on electrosurgi
cal devices. 
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Electrosurgery uses high levels of continuous or pulsed ra
dio frequency power. It presents some unique hazards. It: gen
erates sparks with the attendant ignition hazard. It generates 
radio frequency interference that could obstruct monitoring. 
It can cause burns at inadvertent ground return paths if its 
return circuit is inadequate. Demodulation products could 
contain components t.hat cause fibrillation or st.imulation. DC 
monitoring currents can cause chemical burns. Capacitive or 
inductive coupling can occur. 

Electrosurgical unit outpllt circuits are commonly designated 
as isolated or ground-referenced on the basis of their isolation at 
their operating (RF) frequency. No assumption about isolation at 
60 Hz should be made unless the device is specifically labeled as 
having an "isolated patient circuit (60 Hz)," in which case the 
device is to conform to the requirements of lO.2.13.5.3. 

A.1O.2.9.2.2.6 Cardiac defibrillation applies high-voltage, 
short-duration pulses to the patient. 

A.IO.2.11 Monitoring of cardiac activity is crucial to effective 
defibrillation. 

A.IO.2.12 This subsection is concerned with the patient who 
has either of two types of direct electrical connections to the 
heart. The obvious and most hazardous conductor comprises 
a wire in contact with the heart. muscle. This can be a pace
maker electrode, a guide wire, or a transthoracic or implanted 
electrode. The second type of conductor is a liquid column 
contained within a nonconductive catheter with the internal 
end in the heart. 

A.IO.2.12.1.2 The user is required to have a policy to protect 
pacing leads with external terminals from potentially hazard
ous contact with conductive surfaces (see 8.5.2.1.5). 

A.IO.2.12.2.1 Aliquid catheter system can consist of the cath
eter itself, pressure transducers, electronic appliances, and as
sociated accessories. 

A.IO.2.12.3 Although contrast injectors are not intended to 
apply electrical energy to t.he patient, they could deliver cur
rent from the power source and also could generate transient 
voltages large enough to be hazardous. 

A.IO.2.13.1 This section describes tests by manufacturers for 
the safe operation of an appliance. The tests in this subsection 
are in addition to the design requirements of the entire Sec
tion 10.2. Tests that are potentially destructive need only be 
performed by the manufacturer to ensure design compliance 
for new appliances. 

A.IO.2.13.3 For complex leakage current waveforms, a single 
reading from an appropriate metering system can represent 
the physiologically effective value of the composite waveform, 
provided that the contribution of each com ponen t to the total 
reading is weighted in accordance with 8.4.1.3.3 or 10.2.13.3. 

This "weighting" can be achieved by a frequency-response
shaping network that precedes a flat-response meter, or by a 
meter whose own frequency response characteristic matches 
8.4.1.3.3 or 10.2.13.3. 

If the required performance is obtained by a meter with 
integral response shaping properties, then that meter should 
have a constant input resistance of 1000 ohms. (A high-in put
impedance meter can be used by shunting a 1 OOO-ohm resistor 
across the meter's input terminals.) 

If, however, the required frequency response is obtained by a 
network that precedes an otherwise flat-response meter, then the 
input impedance of the network should be J 000 ohms ± 10 per-
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cent, over the fi'equency range from 0 to ] MHz, and the fre
quency response of the network-meter combination should be 
substantially independent of the impedance of the signal source. 

For maximum chassis leakage current allowed (i.e., 300 flA) 
below 1 kHz, this network will yield the limitingcurrentoflO rnA 
above 30 kHz. 

A suggested input network is shown in Figure A.IO.2.13.3. 
These currents usually derive from the line power by resistive 

paths, or capacitive or inductive coupling. However, they also in
clude current, from other sources generated within the appli
ance and are measured by the tests described in Chapter 10. 

These leakage current limits are based on acute events, for 
example, sensation, duration tetany, or ventricular fibrilla
tion. Appliance design should aim to reduce such current as 
much as possible. In properly grounded appliances, maxi
mum chassis leakage current is in the grounding conductor 
and not through the patient. 

These tests are not known to be adequate where currents 
(such as dc or high frequency) are introduced into the patient 
for long periods and where low-level dfects have to be consid
ered. (See also 8.4.1.3.3.) 

10,000 ohms 

1000 ohms 
0.05 microfarad Millivolt meter 

100 ohms 

FIGURE A.IO.2.13.3 Leakage Current Measurements (1.0 mil
livolt meter reading corresponds to input current of 1.0 microam
pere). 

A.IO.2.13.3.2 The limits fClr nonsinusoidal periodic, modu
lated, and transient waveforms remain to be determined. 

For complex leakage current waveforms, a single reading 
from an appropriate metering system can represent the physi
ologically effective value of the composite waveform, provided 
that the contribution of each component to the total reading 
is weighted in accordance with 10.2.13.3.2. 

A.IO.2.13.4.3 The chassis leakage current limits given in 
10.2.13.4.3 and in other paragraphs, combined with the 
grounding wire requirements, are based on a concept of two 
layers of protection. Either the limited leakage current or an 
intact grounding system will provide protection. However, it is 
generally agreed that not only with medical equipment but 
also with conventional appliances, there should be two levels 
of protection. This means that both safeguards will have to hlil 
before the subject is at hazard. 

For general application (household appliances) the leak
age current limit is generally set at 500 pA at 60 Hz. The limit 
of 500 }lA is based on the work of Dalziel and others that indi
cates that different individuals in the general population will 
exhibit responses to electrical shock at differing levels. A small 
percentage, perhaps 5 percent, will react to a current level of 
500 }tA with an involuntary movement that could trigger a 
secondary accident. Some individuals are sensitive to an elec
tric shock sensation as low as ] 00 pA. A reasonable compro
mise seems to be to set the limit at 500 for the general public. 
It should be noted that in 8.4.2.2.1, this is the limit for 
household-type appliances. 

References for this material can be found in Annex G. 

For equipment in the patient care vicinity it seems reasonable 
to reduce this limit to 300 ~tA, because of the special circum
stances involved in hospitals. Some of these bctors are as follow: 

(1) Some patients could be wet or have some other low-
impedance connection to the ground. For this reason, 
the assumption usually made for the general public that 
they are moderately insulated from ground is not valid. 

(2) Patients are sick, tend to be unresponsive, Lend to be ob
tunded, and might not be able to perform the evasive 
maneuvers that an alert adult would perform when expe
riencing an electrical shock. 

(3) The nature of the patient's illness could exacerbate the 
response to electric shock. 

(4) Hospital patients are increasingly in close proximity to 
more and more electrical equipment. 

(5) Hospital equipment is subject to industrial-type abuse. It is 
handled roughly, is sometimes wet, and is sometimes not 
properly maintained. All of this increases the probability of 
deterioration and consequent increase in leakage. 

(6) The economics of the problem has been considered. The 
medical appliance industry has responded to the require
ment for 300 pA maximum leakage by designing equip
ment within that limit. It has been shown to be feasible 
and not unduly uneconomical. In the few cases where, for 
technical reasons, it is impractical to reach these limits, 
other solutions are available. 

(7) It should be emphasized that the reduced leakage-current 
limit is not based on clear technical evidence but repre
sents considered opinion. Therefore, if a particular appli
ance has a leakage current somewhat above 300 ~lA, it is 
not implied that it is dangerously unsafe. It does indicate 
that such an appliance should be examined to determine 
whether there is a reason for the higher leakage. If the 
leakage cannot be reduced it can be compensated for by 
more-intensive preventive maintenance to ensure that the 
grounding conductor is intact. 

(8) It should be further noted that the shock hazards pro
duced by these cllrrent levels apply to external contacts; 
that is, body surface ECG lead or a skin contact with the 
chassis of an appliance. These current values do not apply 
to intracardiac leads. For such leads, the hazard is not 
startle, involuntary muscular motion, or "let-go." It is 
frank fibrillation of the heart, and is caused at levels a 
factor of lOOO below those necessary to cause fibrillation 
by external contacts. It is impractical to provide protec
tion to the patient who has an intracardiac lead by means 
of the control of chassis leakage current, isolated power 
systems, ground fault interrupter circuits, or other similar 
external devices. Protection for such patients can be 
achieved only by the protection of the intracardiac lead. 
This is discussed in 8.5.2. J .5. For such patients the limit of 
sLlch leads has been placed at 10 ~lA with the ground in
tact (i.e., under normal conditions). Again there is a 
safety factor involved. The lower limit of luzardous cur
rents seems to be about 100 pA at 60 Hz. A safety factor of 
10 has been established because of most of the reasons 
just noted and because of the following: 
(a) Patients with intracardiac leads are usually ones 

whose hearts are already injeopardy. 
(b) Such patients llsually have even more electrical 

equipment near them than does the average patient. 
(c) It has been shown to be economically quite feasible to 

maintain such leads at a limit of I () pA with the 
ground intact (i.e., under normal conditions). 
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A.II.I The application of requirements contained in this 
chapter for specilic types of health care facilities can be found 
in Chapters b, 13, ]4, 17, and 18. 

Some considerations in determining which documel1l 
(NFPA 99 or NFPA 4:")) should be consulted first when de
signing or operating a laboratory in a health care f~lcility 
(i.e., those laboratories under the jurisdiction of it health 
care facility as defined in Chapter 3 of NFPA 99) are shown 
in Table All.1 Crahle A.l.3.2 in NFPA 45-1996, Standard on 
Fire Protection .fin Laboratories Using Chemica.!s, and Sections 
I.] and 11.1 in NFPA 99-20(2). Sections 1.1 and 11.1 in 
NFPA 99-2002 should be reviewed in conjunction with the 
table. 

Table A.II.I Using NFPA Documents for Laboratories in 
Health Care Facilities 

Location of Laboratory 

Laboratol"y in bldg. with inpatients 
Laboratol"y in bldg. with outpatient~ 

incapable of selI~preservation 
Laboratory in a bldg. with outpatients 

capable of selt~preservation 

Primary Reference 
Document 

99 
99 

45 

A.n.1.1 Bef()I-e a hazardous chemical is ordered, controls 
should be established to ensure that adequate facilities and 
procedures are available for receiving storing using and dis
posing of the material. Information' ~ourcesLinclmi~ the fol
lowing: 

NFPA 49, f-/awrdo'Us ChemiwJs Data 

N FPA 325, Guide to Fin: H azarri Pro/Jerties o/Ftammable Liquid\, 
Gw·e.l; and Voilltile Solids 

NFPA 491, Guide to Hazardous Chemical Reactions 
Note that NFPA49 and NFPA325 are available in the NFPA 

publication Pin: Protection Guide to Hazardous j\1.aterinls, 12th 
edit.ion, J 997. 

Class IA and lB llammable liquids in glass containers larger 
than the I qt (0.9[ L) size should be transported in suitable 
containers of suf1icient size to hold the contents of the glass 
containers. 

A.II.1.3 Although NFPA 45 provides basic requirements and 
guidance for laboratory design, fire separation and sprinkle!' 
requirements are more stringent for laboratories in health 
care facilities. In addition, NFPA 99 has more stringent and 
realistic limitatjons of quantities of flammable liquids in labo
ratories, requires hood discharge above the rooC allows valves 
on emergency water supplies, encourages laboratory safety 
program activit.ies, and recommends placement of flammable 
gas cylinders olltside of the laboratory. 

A.11.2.1.1.3 A safety check of the health care facility laborCl
tory by designated laboratory personnel should be made prior 
to leaving the facility unattended. 

A.11.2.1.3A LaboratOl"y personnel should be thoroughly in
doctrinat.ed in procedures to follow in cases of clothing fire,. 
The single most important instruction, one that should be 
stresseclulltil it becomes second nature to all personnel, is to 
immediately drop to the floor and roll. All personnel should 
recognize that, ill case of ignition of another person's cloth
ing, they should immediately knock that person to the floor 
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and roll that person around to smother the flames. Too often 
a person will panic if his or her clothing ignites and will run, 
resulting in more severe, often fatal burn injuries. 

It should be emphasized that safety showers or fire blankets 
are of secondar"y importance. They should be used only when 
immediately at hand. It should also be recognized that rolling 
on the tloor not only smothers the lire, but also helps to keep 
names out of the victim's LIce and reduce inhalation of smoke. 

Improper use of fire blankets can increase the severity of 
smoke and fire injuries if the blanket funnels smoke towards 
the face or if the blanket is not removed after the flames have 
been extinguished. 

A.l1.2.1.4.3 Interruption of essential services is not required. 

A.I1.3.1 The types of construction are defined in NFPA 220, 
Standard OT/. TytJes oj" Building Constrw·lion. Also, for a discussion 
offire-resistive construction and fire resistance of building ma
terials and construction assemblies, see the NFPA FiTe Protection 
f-/andbook. For intormation on the fire resistancc, installation, 
and maintenance of fire doors, see NFPA 80, Standard/or Fire 
Doms and Fire Windows. 

A.l1.3.1.1 NFPA 45 provides basic requirements and guidance 
for laboratory design, but fire separation and sprinkler require
ments are more stringent for laboratories in health care filCilitjes. 
In addition, NFPA 99 requires hood discharge above the roof, 
allows valves on emergency water supplies, and has other specitic 
requiremenLs based on the unique nature of L1cilitjes for care of 
patients who rnight be incapable of self~preselvation. 

A.l1.3.2.1 A door to an adjoining laboratory work area is con
sidered to be a second access to an exit. 

A.II.3A Subsect.ion 6.4.3 gives ventilation requirements that 
are specific for laboratories in health care f~lcilities and are in 
addition to the basic laboratory ventilation requirements con
tained in Chapter 6 of NFPA 45. 

A.llA.2.1 Tissue processors that operate as a closed system 
contain ignitible vapor hazards within the processor and thus 
do not pose a hazard requiring a 1.52 m (5 tt) separation. 

A.llA.2.2 One method of safeguarding unattended processes 
is to place the equipment in a pan large enough to contain any 
spilled materials, preferably within a hJme hood protected by 
some form of automatic tire extinguishment or detect jon. 

A.II.S Examination of laboratory fire records demonstrates 
the extra vulnerability of premises with substantial amounts of 
combustible contents. The use of noncombustible shelving, 
benches, and furniture will reduce production of smoke and 
damage to facilities, with substantial savings where expensive 
laboratory equipment is present, even in sprinklered areas. 

Self~contained breathing apparatus should be considered 
for equipping personnel for rescue operations in areas with 
special fire hazards. Training is requircd tix effective use of 
such equipment. It is desirable to coordinate equipment and 
training with local fire department personnel. 

A.Il.S.I Where there is a need to reduce equipment damage 
and facilitate return to service, consideration should be given to 
an approved gascous agent total flooding system in laboratories. 

The hazard level of a laboratory is considered severe if quan
tities of flammable, combustible, or hafardolls materials are 
present that are capable of sustaining a fire condition of suffi
cient magnitude to breach a I-hour fire separation. 
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To determine the combustible content or heat potential of 
flammable or combustible materials capable of breaching or 
penetrating a I-hour-rated fire separation, one method is in
cluded in the] 9th edition of the NFP.~ Fire Pratertion Handbook, 
where formulas and tables for calculating the equivalence of time 
versus fire severity are given. Specific reference is made to Sec
tion 12.5, Confinement of Fire in Buildings, and Tables A.], A.2, 
and A.3 for heat of combustion (Btu/lb) for materials common 
to laboratories. 

Note that the weights of combustible contents in Tables 
]2.5.], ]2.5.2, and 12.5.3 are those of ordinary combustible 
materials taken at 8000 Btu/lb. For converting ~ther than or
dinary combustibles to pounds per square foot (psf) , divide 
the total Btu value by 8000/Btu/lb. 

The method described, it should be noted, is only one of sev
eral methods fOr calculating the hazard level of a laboratory with 
regard to combustibles breaching a I-hour fire separation. 

TableA.ll.5.] can be used as a guide in making the deter
mination of the combustible content or heat potential of flam
mable or combustible materials capable of breaching or pen
etrating a I-hour-rated fire separation. 

Table A.l1.5.1 Guide for Determining Fire Separation 
Rating 

Hazard 

Wall Rating Not Severe 

Less than 1 hour Automatic fire 
extinguishing 

1 hour 

2 hour 

system required 
No automatic fire 

extinguishing 
system required 

No automatic fire 
extinguishing 
system required 

Severe 

Not allowed 

Automatic fire 
extinguishing 
system required 

No automatic fire 
extinguishing 
system required 

A.11.6 Showers should be controlled by a nonautomatic shut
off device. Although a self-closing shower valve (favored by 
most designers) would minimize flooding of the building if, 
for example, the shower were maliciously activated, it does not 
afford maximum help to the injured user. Since a person 
would have to use one hand to keep the valve open, etforts to 
remove clothing or wipe away offending materials would be 
greatly hampered. 

Although emergency showers are rarely used, their use 
when necessary can mean the difference between superficial 
burns and serious disfigurement, or loss of life. In some cases 
where such showers have not been activated for long periods, 
they have been found inoperative. It is essential that emer
gency showers be provided and tested from time to time to 
determine that their valves are in good operating condition. 
Advance planning needs to be made to handle the water that 
will flow in a test. 

Floor drains in areas of hospitals and other health care 
facilities are likely to dry out if the floors are not wet-mopped 
regularly, and dry traps can permit passage of gases, vapors, 
odors, and vermin. Since a floor drain will be of great value if a 
safety shower is used, resulting in the release of several hun
dred gallons of water, it is recommended that floor drains be 

fllled with water regularly, or in new construction that some 
plumbing be provided to fill the traps manually, automatically, 
or incidentally by plumbing design. 

Another consideration is to be sure that all holes in floor 
slabs that have not been sealed around pipes to prevent the 
passage of smoke be so sealed, and in a manner that will pre
vent water Ii'om tlowing to lower floors from the disch'lrge of 
an emergency shower or sprinkler head. 

Wall-mounted portable eye wash stations do not contain an 
adequate supply of water for the 15-minute flushing recom
mended by chemical manufacturers. 

A.11.7.2 Plastic containers are sometimes llsed to avoid 
breakage problems posed by glass containers or contamina
tion problems with metal containers. Plastic containers need 
to be chosen with particular attention to their compatibility 
with the liquid to be containecl. For example, polyethylene 
containers are generally unsuitable for aldehydes, ketones, es
ters, higher molecular-weight alcohols, benzene, toluene, vari
ous oils, silicone fluids, and halogenated hydrocarbons. In <ld
dition to labeling containers for identification of contents, it is 
important to label plastic containers for identification of their 
constituent materials to avoid misllse. 

In some cases, listed or labeled stainless steel or tin-lined 
safety containers otter a solution to contamination problems. 

A.l1.7.2.1 Table A.ll.7.2.1 is a portion of Table 4.2.3 in 
NFPA 30, Flarmnable and Cmnlnl.ltible Liquids Codl!. NFPA 45 pro
vides more specific guidance for use of flammable and com
bustible liquids in laboratories, in addition to basic require
ments set forth in NFPA 30. 

Table A.ll. 7 .2.1 Maximum Allowable Size of Containers and 
Portable Tanks 

Container Type 

Glass 
Metal 

(other than 
DOT drums) 
or approved 
plastic 

Safety cans 

Flammable Liquids 

Class Class Class 
IA IE IC 

I pt I qt I gal 
J gal 5 gal 5 gal 

2 gal 5 gal :) gal 

Combustible 
Liquids 

Class Class 
II III 

I gal 5 gal 
5 gal !1 gal 

:) gal !) gal 

For SI units: I pt = 0.49 L; I ql = 0.91) L: I gal = 3.8 L. 

A.11.7.2.3 The goal is to keep the fuelloacl to a limit that is as 
low as is practicable. In no case should excessive amounts be 
stored. Cons tan t effort needs to be exerted to prevel1l the 
overstocking of hazardous chemicals. The laboratory manager 
can help keep stocks at a safe level by encolll'aging small and 
more frequent requisitions, by developing a reliable stock in
ventory system, by assuring convenient and prompt deliveries 
from the central stock room, by selecting brands that are the 
most popular and not necessarily the cheapest, and by discour
aging (except perhaps for large-scale resea rch-type projects) 
the practice of purchasing the largest containers, including 
bulk supplies in 55 gal (208.2 L) drums. 
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A.II. 7.2.6 Walk-in T/wnnal-Conlmllnl Boxes. Procedures likely to 
result in toxic or flammable atmospheres should be discouraged 
within "walk-in" refrigerators or other types of temperature
controlled boxes. A warning sign such as the following should be 
posted on every box: 

DANGER 
NOT EXPLOSIONPROOF 

NOT VENTILATED 
GROUND ALL ELECTRICAL EQUIPMENT 

DO NOT STORE DRY ICE 

New boxes should include at least the tiJllowing features: 

(I) A latch that can be released by a person inside the box 
when the door is locked from the outside 

(2) Latch and door frames designed to allow actuation un-
der all conditions of freezing 

C~) A floor with a nonconductive surface 
(4) Neoprene matting to insulate up to 10,000 V 
(5) A view-window in the door 
(6) An independently circuited high-temperature thermo

stat and alarm (for warm boxes) 
(7) Vaporproof duplex electrical receptacles 
(8) An alarm that can be heard throughout the occupied 

work area and an alarm button at the inside door frame 
that will keep operating after actuation 

(9) Conduits sealed (in cold boxes) in a manner to prevent 
accumulation of water vapor such as in the globe protec
tors of the light fixtures 

(10) Adjustable exhaust vent ancl air intake of at least IS CFM 
for general ventilation, with provisions for installing a 
Ilexihle hose and miniature canopy in a manner to pro
vide local ventilation at a specific work site. As explosion
proof laboratory apparatus becomes available, it should 
be substituted for less sare equipment Llsed in enclosed 
thermal-control boxes. 

Non-\#d/i-in n,,/i-igemlors. The usc of domestic reh'igerators for 
the storage 0[· typical laboratOlY solvents presents a significant 
hazard 1.0 tile laboratCJlY work area. Refrigerator temperatures 
are almost universally higher than the flash points of the f1am
mabie liquids most often stored in them. In addition to vapor 
accumulation, a domestic reti'igerator contains readily available 
ignition sources, such as tjlermostats, light switches, and heater 
strips, all within or exposing the refrigerated storage compart
mellt. Furthermore, the compressor and its circuits are typically 
located at the bottom of the unit, where vapors from flammable 
liquid spills or leaks can easily accumulate. 

Explosionproof refrigeration equipment is designed to pro
tect against ignition of nallllllable vapors both inside and outside 
the rdi'igerated storage compartment. This type is intended and 
recolllmended fiJr environments such as pilot plants or labora
tory work areas where all electrical equipment is required to be 
explosionprooL 

The design concepts of the flammable material storage re
frigerators are based on the typical laboratory environment. 
The primary intent is to eliminate ignition of vapors inside the 
storage compartment from sources also within the compart
ment. [n addition, flammable material storage refrigerators 
incorporate sLlch design features as thresholds, self-closing 
latch doors, friction 1,ltches or magnetic door gaskets, and spe
cial methods for the inner shell. All of these features are in
tended to control or limit the loss potential should an exother
mic reaction occur wit.hin the storage compartment. Finally, 
the compressor and its circuits and controls are often located 
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at the top of the unit to further reduce the potential for igni
tion of floor-level vapors. In general, the design features of a 
commercially available tlammable material storage refrigera
tor are such that they provide several safeguards not available 
through modification of domestic models. 

Every laboratOty refi'igerator should be clearly labeled to indi
cate whether or not it is acceptable for storage offlammable ma
terials. lntemallaboratory procedures should ensure that labora
tOly refrigerators are being properly used. The following are 
examples of labels that can be used on laboratory refrigerators: 

DO NOT STORE FLAMMABLE SOLVENTS 
in this refi'igerator 

NOTICE 
This is not an "explosion proof" refrigerator, but it has 

been designed to permit storage of materials 
producing flammable vapors. Containers should be 

well stoppered or tightly closed. 

A.I1.7.5 Because disposal techniques for various hazardous 
materials produced in hospital research involve complicated 
problems, they cannot be adequately discussed herein. Such 
materials include the toxic product of mixing sodium cyanide 
and acids in the drain system; nuisance or alarming odors such 
as produced by mercaptans or lutidine; violently water
reactive solids or liquids like phosphoric anhydride and thio
nyl chloride; potential explosives like picric acid; strong oxi
dizers like perchloric acid; and radioactive, pathogenic, 
corrosive, or potent.ially harmful wastes, such as television pic
ture tubes, syringes, and aerosol cans. 

Many chemicals can be disposed of at the bench through 
the ingenuity of the chemist, such as the reacting of small 
quantities of potassium with tertiary butyl alcohol. 

Flammable and combustible liquids that are miscible with 
water in all proportions can be flushed down a drain within a 
laboratory room in quantities not exceeding I pt (0.45 L), 
thoroughly mixed with at least 3 gal (11.4 L) of cold water. 
This precaution for minimizing flammable vapor concentra
tions in building drains could be unacceptable to pollution
control authorities. 

Vaporization should not be used for routine disposal of 
liquids. 

Drain lines and traps from laboratOlY benches, safety showers, 
hood noors, mechanical equipment rooms, storage rooms, and 
so forth, should have water added at regular intervals to assure 
lhat traps will not be the source of flammable or toxic vapor re
lease. Where seU~priming traps are provided, an annual inspec
tion for proper operation should be made. Addition of mineral 
oil or similar liquids is sometimes used to reduce evaporation of 
water from traps. 

A.U.S Comprehensive discussions of the goals and proce
dures to provide safe working condit.ions in clinical laborato
ries are available from the National Committee for Clinical 
LaboratolY Standards. 

A.U.S.I For adequate laboratory safety. car·eful maintenance 
and watchfulness are imperative. 

A.U.S.I.l This individual can be the safety officer for the 
health care facility or can be a specifically designated labora
tory safety officer. 

A.Il.S.I.2 Regulations should be adopted for routine house
keeping and laboratory cleanup practices. 
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The laboratory safety officer should make periodic inspec
tions of the laboratOlypremises to determine that electric 
cords in use are of adequate conductor size with safe insula
tion and that circuits are not overloaded through the use of 
multiple taps. 

Several good laboratory safety checklists are available, such 
as the one developed by the College of American Pathologists 
Inspection and Accredi tation Program (see Annex G). The labo
ratory safety officer could augment or modify one of these for 
his or her own facility if he or she so wished. 

A.ll.8.1.4 Information sources for safe handling, storage, 
and emergency response to spills or fires in hazardous materi
als include NFPA 49, Hazardous Chem.icals Datn. 

A.l1.8.2.1 The identification system of NFPA 704, Standard 
Systemfbr the Identijication 0Jthe Hazards ofMaterialsfor bnergenr;y 
Re.sjHmse, can be used on doors leading to laboratories as well 
as on doors of approved flammable liquid storage cabinetry 
and on doors of refrigerators. (See C. J 1.2.3.) 

A.ll.S.2.3 Examples of severe or unusual hazards that might 
require signage include, but are not limited to, biohazards, radio
active chemicals, carcinogens. mutagens, teratogens, and high 
energy lasers. 

A.ll.1O.2.6 The precautions outlined in CGA P-l, Saje Han
dling oj Cornlnesserl Gases in Container:" and CGA P-2, ChILTrU;teris
tirs and Safe Handling afMedical Gases, should be observed. (See 
Annex B.) These publications cover such items as moving and 
storage of cylinders, labeling, withdrawing of cylinder con
tents, and handling of leaking cylinders. Cryogenic fluids are 
to be used only in containers designed for the purpose, such 
as a double-walled thermos bottle. 

Caps are to be replaced promptly after each use to prevent 
the solidification of atmospheric water vapor in the pouring 
neck, which otherwise could convert a safe cylinder into a po
tential bomb. 

Protective clothing and eye shields should be used to prevent 
burns from issuing gases or spilled liquids. Effects of flammable 
and oxidizing properties are intense and demand special fire 
protection measures and handling. Inadvertent saturation of 
clothing by oxygen or spills on asphalt Homing, for example, 
require prompt and accurate corrective measures. Ample ventila
tion is needed to prevent hazardous concentrations, for ex
ample, of nitrogen, which could cause asphyxiation. For rOUline 
cooling operations, liquid air or oxygen should never be used as 
substitutes (or liquid nitrogen. 

A.11.11.2.1 Piping systems supplying medical gases to patients 
should be reserved exclusively for that purpose so as to protect 
the patients (i-om administration of gas other than that intended 
for tlleir use. Therefore laboratory gas piping systems should not 
be used to pipe gas ftl! use by hospital patients. This warning is 
also intended to apply to piping systems intended to supply gas to 
patients witllin a laboratory facility. Such a system should not be 
used to supply laboratory equipment other than that directly in
volved with the patient procedure. 

A.1l.11.3.2 Any laboratory (such as for analysis, research, or 
teaching) in a hospital that is used Jor purposes other than 
direct support of patient therapy should preferably have its 
own self~supporting vacuum system, independent of the 
medical-surgical vacuum system. A small laboratory in patient 
care areas used in direct support ofpatient therapy should not 
be required to be connected directly to the receiver or have 

fluid traps, scrubbers, and so forth, separate f'rom the rest of 
the medical-surgical vacuum system. 

A.12.1 Such bcilities include, but are not limited to, hospitals, 
clinics, convalescent or nursing homes, and first-aid stations (di
saster receiving stations). Such hlcilities could be /()Imally desig
nated by a government authority as disaster treatment centers. 
Such filciIities would not normally include doctors' or dentists' 
offices, medicallahoratories, or school nurseries, Ilnless sllch b
cilities are used for treatment of disaster victims. National bioter
rorism preparedness e!forts call fi)r the lise of'schools and other 
large public facilities to provide f~lcilities fllr mass imll1unization. 

Table A.12.1 illustrates how the various components of this 
chapter relate to either the day-to-day emergency manage
ment program or the emergency operations plan or EOP. 

Table A.12.1 How NFPA 99 Chapter 12 Elements Relate to 
the Emergency Management Program (EMP) or the 
Emergency Operations Plan (EOP) 

NFPA 99 Chapter 12 

12.1 Applicability 

12.2 

12.:3 

Responsibilities 
12.2.1 Authority Having 

Jllfisdiction 
12.2.2 Senior Management 
12.2.3 Emergency 

Management Committee 

General Requirements 
12.~.1 Declaration of 

Emergency 
12.~.2 Activation of Plan 
12.:3.3 Com ponen ts 
12.3.3.1 Personnel 

1 den ti fica tion 
12.3.~.2 Continuity of 

Essential Systems 
12.~.~.3 Staff Management 
12.~.3.4 Patient Management 
12.3.3.5 Logistics 
12.~.~.6 Security 
12.3.3.7 Public Albirs 
12.~.3.8 Operational RecovelY 
12.3.3.9 Staff Education 
12.3.3.10 Drills 

EMP 

x 

X 

x 
X 

X 
X 

EOP 

X 

X 

X 

X 

X 
X 
X 
X 
X 
X 

A.12.1.2 An emergency management program (f<)l'Jnerly 
known as a disaster plan or internal! external plan) encompasses 
activities across f<)llr phases: mitigation, preparedness, response, 
and reco\'ery. Mitigation activities are those designed to reduce 
or eliminate tlle impact of hazards. Preparedness activities in
clude those that build organizational and individual capabilities 
to deal with disasters. Response activities include <Ill necess~lIy 

actions to stop ongoing negative e!fects ofa disaster, (mel recovclY 
activities are those that restore the organization. iLs employees, 
and the community back to normal. 

The Joint Commission for the Accredit<ltion of Healthcare 
Organizations OCAHO) has incorporated Comprehensive 
Emergency Management as a central theme of its emergency 
management standards. See Annex G /cll'jCAI-JO publications. 
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NFPA J 600, StandaTll on lJisaster/Ernerp;ency lVlarwgtmumt and 
Bu.siness Contin.'IIit)' Pmgmms, is an internationally accepted 
framework ror an cmergency program. NFPA 99, Chapter 12 
rccognizcs this ovcrall structure and provide~ additional infor
mation useful to health care organizations. Table A 12.1.2 il
lustrates the relationship between the elements of NFPA 99, 
Chapler 12 and NFPA 1600. 

Table A.12.1.2 How NFPA 99 Chapter 12 Relates to 
NFPA 1600 

NFPA 1600 

Introduction 
Scope 
Purpose 

Program Managemen t 
Policy 

Program Coordinator 
Program Cornmiu.ee 
Program Assessment 

Program Elements 
General 
Laws and Authorities 
I-Iazard IdellLificatioll .md 

Risk Asscssment 
Hazard M.lIlagement 

(Mitigation) 
Resource Man'lgement 

Planning 

Direction, Control, and 
Coordination 

Communications and 
Warning 

Opera tjons ,mel Proceelul'Cs 

Log·istics and Facilities 
Training 
Exercises, Evalua tions, anel 

Corrective Anions 
Public Eclucatjon and 

Illforillation 
Finance and Administration 

NFPA 99 Chapter 12 

12.1.1 Applicability 
12.1.2 Framework 

12.2.1 Authority Having 
Jurisdiction 

12.2.2 Senior Management 
12.2.3 EM Committee 
12.2.3 EM Committee 

A. 12.3.1 Hazard 
Identification 

A.12.3.3.5 Resource 
Assessment 

12.3.3 Emergency 
Management Plan 

A 12.2.3 Incident Command 
System 

A.12.3.3.2 (7) 
Commun ications 

12.3.3.1 Identification of 
Personnel 

12.3.3.2 Continuity of 
Essential Systcms 

12.3.3.3 Staff Management 
12.3.3.4 Patient Management 
12.3.3.6 Security 
12.3.3.10 Operational 

Recovery 
12.3.3.5 Logistics 
12.3.3.8 StaIY Education 
12.3.3.9 Drills 

12.3.3.7 Public A1hlirs 

A.12.2.1 Inti mc of disaster all persons are subject to certain 
constraints or authorities not present during normal circum
stances. The emergency operations plans written by a health 
Care Lteilitv should be reviewed and coordinated with such 
authorities'so as to prevent confusion. Such authorities in
clucie, but are not limited to, civil authorities (such as a fIre 
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department, policc department, public health department, or 
emergency medical service councils), Centers fClr Disease 
Control, Federal Bureau of Investigation, and emergency 
management or military authorities. See Annex G for publica
tions explaining how the out-of~hospital response is organized 
to multiple, and mass, casualty incidents. 

Further, an authority havingjurisdiction can impose upon the 
senior management of the bcility the responsibility for partici
pating in a community cmergency management program. 

A.12.2.3 The membership of the EMC should include a chair
person, the emergency program coordinator, and representa
tivcs from key areas within the organization, such as the adminis
tration otlice, physicians, nursing, infection control, facilities 
engineering, safety/industrial hygiene, purchasing/liscal, seCLI
rity, and other critical operating unit managers. 

A.12.2.3.1 The emergency management committee should 
base the entity's program on a hazards vulnerability analysis 
(HVA). The HV:A.. determines whcther the following types of 
hazards are applicable and the impacts each might have on 
mission critical systems: 

(I) Natural disasters 
(2) Technological/industrial disasters 
(3) Civil/political disasters 

For further information on how to conduct the HVA, sec 
NFPA 1600, Standard Cfn DisasteljEJIlfrll.'m.GY Management and 
Bu.siness Continu.ity Programs, and othcr publications listed in 
Annex G. See G 12.3.S fi)r descriptions of sample protocols for 
common hazards. 

A.12.2.3.2 The incident command system (ICS) (also referred 
to as the incident management system, or 1MS) is a system having 
an identified chain or command that adapb to any emergency 
event. The rcs consists of eight key clement>: common terminol
ogy, integrated communications, modular organization, unified 
command structure, manageable span of control, consolidated 
action plans, comprehensive resourcc management, and pre
designated incident facilities. These allow emergency responders 
from hospitals and aU involved organizations to respond to an 
incident and be familiar with the management concepts and ter~ 
minolos'Y of other responders. It also LlCilitates the request and 
processing of mutual aid requests. 

A widely accepted structure of an lCS is illustrated in Fig
lIre A.12.2.3.2. 

A policy group consists or senior m,ll1agers constituted to 
provide decisions related to items or incident decisions not in 
the emergency management program. 

The command staff consists of the incident commander 
and support staff. This support stall consists of thc public in
formation otlicer, liaison oflicer, and safety offIcer. 

In addition to the command stall~ there arc four sections, 
each with a section chief responding directly to the incident 
commander: plans section, logistics section, operations sec
tion, and finance section. 

Due to the nature ora health care facility, one deviation from 
the traditional lCS is made to show a line of medical control. 
Note the advisory position of tlle "medical staff officer." 

A.12.3.1 In emergency situations that occur without warning 
and impact the facility, staff at the scene of the problem are 
expected to follow established protocols to protect life, notity 
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Health Care Model Emergency 
Organization 

FIGUREA.12.2.3.2 Health Care Model Emergency Organiza
tion. 

others, and conserve property. Senior management can estab
lish an Incident Command Post (ICP) near the scene, or sup
port one that is established by responding public safety agen
cies. In emergency situations with warning or whose impacts 
require extended periods to resolve, senior management re
port to the fitcility's Emergency Operations Center (EOC). 
Not all incidents require an EOG 

Both the ICP and the EOC provide centralized locations 
for information collection, display, coordination, documenta
tion, and dissemination. When both are established, the ICP 
focuses on tactical activities currently underway, and the EOC 
focuses on strategies for the next operational period(s), re
source issues, etc. 

See Annex G for publications on the Incident Command 
(Management) System. 

A.12.3.2 By basing the planning of health care emergency 
management on realistic conceptual events, the program re
flects those issues or events that are predictable for the envi
ronment the organization operates in. Thus, such conceptual 
planning should focus on issues, such as severe weather typical 
in that locale; situations that can occur due to close proximity 
of industrial or transportation com plexes; or earthquake pos
sibilities due to local seismic activity. Planning for these events 
should also focus on the capacity of the health care organiza
tion to provide services in such an emergency. Capacity thresh
olds are different for all facilities, but have to do with issues 
such as the availability of emergency departments, operating 
suites and operating beds, as well as logistical response and 
facility utilities. Planning should also incorporate knowledge 
available in the disaster research about how individuals, small 
groups, organizations, communities and socielies behave dur
ing emergencies and disasters. See Annex G for information 
sources on disaster research. There is no way to plan for all 
possible emergencies, but by focusing on logical conceptual 
events and operating capacity thresholds, the health care or
ganization can develop realistic plans as well as guidelines for 
staff to activate those plans. 

A.12.3.3.1 Where feasible, photo identifications or other 
means to assure positive identification should be used. 

Visitor and crowd control create the problem of distin
guishing staff from visitors. Such idcl1liJication should be is
sued to all facility personnel, including volunteer personnel 
who might be utilized in disaster functions. 

Note that care should be taken to assure that identification 
cards are recalled whenever personnel terminate association 
with the health care facility. 

Members of the news media should be asked to wear some 
means of identification, such as the press card, on their out5ide 
garment5 so that they are readily identifiable by security guards 
controlling access to the f~lCility or certain areas therein. Clergy 
also will frequently accompany casualties or arrive later {()r visita
tions and require some means of identification. 

A.12.3.3.2 For essential building systems, consideration should 
be given to the installation of exterior building connectors to 
allow for the attachment of port~lble emergency utility Illodules. 

Water storage systems should be inventoried ;lIlri protected 
to the greatest extent possible. 

A.12.3.3.2(1) See Sections 4.4, 4.5, and 4.6 for types of essen
tial electrical systems for health care bcilities. 

A.12.3.3.2(7) Emergency internal and external conlmunic:t
tion systems should be established to j~lcilitate conlIllunicatjon 
with security forces and other authoritjes having jurisdiction 
as well as internal patient care and service units in the event 
normal communication methods are rendered inoperalive. 

The basic form of commttnic<ttion in a disaster is the tele
phone system. As part of the contingency plan LO maintain 
communication, a plan for restoring telephone systems or us
ing alternate systems is necessary. Typically, the first line of 
internal defense for a system outage is strategically placed 
power-failure telephones that are designed to continue to 
function in the event of system failure. Plans for external out
ages and load control should include the use of pay phones 
that have first priority status in external system restoration. 

Contingency plans should also contain strategies ((Ir the 
use of raelio-frequency communications to supplement land
line usage. The plan should include a means to distribute and 
use two-way radio cOlllmunication throughout the bcility. A 
plan for the incorporation and use of amateur radio operators 
should also be considered. 

It should be recognized that single-channel radio COIIHIlII

nication is less desirable than telephone system restoration 
due to the limited number of messages that can be managed. 
Cellular telephones, although useful in some disaster situa
tions, should not be considered a contingency having high 
reliability due to their vulnerability to load control schemes of 
telephone companies. Portable e-mail devices, satellite tele
phones and audio- and vicleo-conferencing services are IIseful 
tools to link key staff and organizations. 

A.12.3.3.3 Management of staff and employees allows f(lr the 
best and most effective use of the entity's human resources 
during disaster operations. Consideration should be given to 
both personnel on-hand alld those that can be alerted. Specili
cally, stafl management includes the following: 

(1) Assignment of roles and responsibilities 
(2) Method for identifying human resource needs to include 

status of families 
(3) Method for recalling personnel and augmenting stafl 
(4) Management: of space (housing, day care, etc.) 
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(:'i) Managemen t of stalT transportation 
(6) Critical illcident stress dehriefing (Many case histories show 

that not only victims bllt also rescuers and treatment! 
h'\!1c1lcr stalf bear serious emotional or even mental scars 
from their trallm,ltic experiences. Emergency room and am
bulance stair can also benefit from such help when stress has 
bcen aCllte) 

A.12.3.3.4 The plans should focus also on modification or 
discontinuation ofnunessential patient services, control of pa
tient information, and admission/discharge and transfer of 
patients. Emcrgellcy transfer plans need to consider the 
proper handlillg of patient personal property and medical 
records that will accompany the patient as well as assurance of 
continuity or quality Glre. Evaluation of space, patient trans
port resources, and a process to ensure patient location infor
mation should be included. 

A.12.3.3.5 It will be essenti,tl to assess these kinds of resources 
currently avaiLlblc within the health care facility itself, and 
within the local community as a whole. Community sources 
ident.ification can be effectively peri()fmed by the local disas
ter council, through Lhe cooperation of local hospitals indi
vidually or collectively through local hospital associations, 
nursing homes, clinics, and other olltpatient facilities, retail 
pharmacies, wholes<lle drug suppliers, ambulance services, 
and local medical-surgical suppliers and their warehouses. 

Knowing t.he location and amount of in-hollse ancllocally 
avaiLlble medical and other supply sources, a given health 
carl' LtciliLy could then desire to stockpile such additiomtl 
critiGtI material and supplies as could be needecl to effectively 
cope with the disaster siLllaLion. Stockpiling of emergency sup
plies in carts should be considered as they facilitate stock rota
Lion of oULdated supplies, provide a locally secured environ
ment, and are easily n:locaLed to alternate site locations both 
within and outside the j~lcility. 

Sec Annex G for infomlation about mutual aid and the 
Emergency Ma nagemen L Assistance Compact. 

A.12.3.3.6 Prior to a disaster, j~lCilities should formally coordi
nate their security needs with local law enflJrcement agencies. 

The health care institution will find it necessary to share its 
emergency oper,l1ions plans wit.h local law enforcement agen
cies, or beLl.cr still involve them in the process of planning for 
security support during disasters. The information should at 
least include availability of parking for stafr, patients, and visi
tors, and norl1lal vehicular, emergency vehicular, and pedes
trian trallic How paLLerns in and around the facility. The extent 
of the security and trallic control problems for any given 
health care [~lcility will depend upon its geographical location, 
physiGt! arrangemenL, availability of visitor parking areas, 
number of entrances, and so forth. 

Crowd Cuntwl. Visitors can be expected to increase in num
ber with the severity of the disaster. They should not be al
lowed to disrupt the disaster functioning of the facility. Ideally, 
a visitor's reception center should be established away hom 
the main facility itself, particularly in major disasters. Volun
teer personnel such as Red Cross, Explorer Scouts, or other 
helpers GIn be utilized as li<risons between the visitors and the 
health care j~lcility itself. 

Vehir.IIJrlY 'f)YIIJl(; ContTo/. Arrangement for vehicular traffic con
trol into and on the Llcility premises should be made in the disas
ter planning periocl. [1. will be necessary to direct ambulances and 
other emergency vehicles carrying casualties to triage areas or the 
emergencv room entrance, and to direct incoming and outgoing 
vehicies c:rrying people, s1lpplies, and eqllipme~l. Chart<; ~ho,~-
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ing traffic t\ow and indicating entrances to be used, evacuation 
routes to be followed, and so forth, should be prepared and in
cluded in the emergency operations plan. Parking arrangements 
should not be overlooked. 

Internal Seru:rlLy ({uri '/hl/lie Control. Internal security and traffic 
control are best. conducted by facility trained personnel, that is, 
regular health care facility secUlily f()rces, with reinforcement'; as 
necessary. Potential additional assistance from the local law en
forcement agencies should be coordinated in the disaster plan
ning phase. Upon activation of the emergency operations plan, 
security guards should be stationed at all unlocked entrances and 
exit'; to the extent possible. Entrance to the f~lCility should be 
restricted to personnel bearing staff iclentification cards .md to 
casualties. In the case of major access corridors bet.ween key areas 
of the facility, pedestrian traffic should be restricted to one side of 
the corridor, keeping one side of the corridor fi'ee for movement 
of casualties. Tralfic flow charts Jar internal traflic should also be 
prepared in the planning phase, as is the case with external traffic 
control. 

Otlu:rConsideratio11.S. The following should also be considered: 

(1) Notification protocols 
(2) Response criteria 
(3) Maintaining sensitive <lI'eas secul'ity 
(4) Safeguarding property / equipmen t 
(5) Backup communication 
(6) Maintaining critical security systems 
(7) Alternate site security 
(8) Security to!from evacuated/alternate sites 
(9) Security at evacuated faciliLies 

A.12.3.3.7 Because of the intense public interest in disaster 
casualties, news media representatives should be given as 
much consideration as the situation will permit. Ideally, news 
media personnel should be provided with a reception area, 
with access to telephone communication and, if possible, an 
expediter who, though not permitted to act. as spokesman for 
news releases, could provide other assistance to these individu
als. News media personnel should not be allowed into the 
health care facility without proper identification. To alert ofl~ 
duty health care stafr and for reassuring the public, use of 
broadcast media should be planned. Media representatives 
should be requested to wear some means of identification for 
security purposes. 

A.12.3.3.8 Recovery measures could involve a simple reposi
tioning of stafj~ equipment, supplies, and infi)fmation sel" 
vices; or recovery could demand extensive cleanup and repair. 
It can, under certain circumstances, identity opportunities for 
structural and nOll structural mitigation efforts. Filing of loss 
claims might require special approaches. 

Health care facilities should have access to cash or nego
tiable instruments to procure immediately needed supplies. 

A.12.3.3.10 Experiences show the importance of drills to re
hearse the implement.ation of all elements of a specific response 
including the entity's role in the community, space management, 
staff management, and patient management activities. 

To consider an exercise a drill, the fllllowing aspects alT 
typically incorporated and documented: a general overview of 
the scenario, activation of the disaster plan, evaluation of all 
involved participants/departments, a critique session follow
ing the drill, and any identified follow-up training to correct 
or improve any deficiencies. See Annex G for publications on 
exercise design, management and evaluation. 
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A.13.2 It is understood that the individuals who are responsible 
will vary from one hospital to another, although in most cases the 
hospital's administration exercises the concomitant authority. It 
is further recognized that fulfillment of this responsibility fre
quently occurs by means of delegating appropriate authority to 
staff, consultant~, architecb, engineers, and others. 

A.13.3.5.1(3)(e) It is the intent to provide a simple, safe pip
ing system for small Ltcilities. Although the number of use 
points could be a consideration, it was felt that actual gas use is 
a more accurate indicator of complexity. Applications involv
ing a storage in excess of 85 m" (3000 ft:l) would have a com
plexity warranting installation in accordance with the provi
sions of Level I patient gas distribution systems. 

Although the principal intent is to provide simple installa
tions for single treatment filcilities, numerous applications ex
ist where a remote use point creates essentially a second treat
ment facility or where the supply system might be shared by 
another health care professional such as other dentist, podia
trist, oral surgeon, or general medicine practitioner. The addi
tion of another treatment facility re'1uires incremental safety 
precautions. 

A maximum of two single treatment facilities also approxi
mates the limit with which a 85 m'l (3000 ft'l) supply system can 
provide [143 m" (5000 ft") when liquid oxygen is used]. 

It is acknowledged that older user analgesia equipment has 
offered a nitrous oxide lockout device that requires a mini
mum of3 L/min oxygen flow. However, a reasonable percent
age of older equipment without this safety feature is in daily 
use. The storage and piping system is based upon the potential 
use, either initially or subsequently, of one of the older style 
analgesia equipment. in one of t.he single treatment facilities. 
The quantity 01'85 m:1 (3000 ft:1

), or 143 m" (5000 ft'l) ifliquid 
oxygen storage, is to be taken as the t.otal combined storage of 
gases if there is more than one supply system in the single 
t.reatment facility. 

A.13.3.6 See 13.4. I for requirements for anesthetizing loca
tions, and 13.3.8.2 and 13.3.11 for requirements for laboratories. 

A.13.3.S.1 The requirements of Chapter 8 apply to all electri
cal appliances. Chapter 8 requirements and procedures are 
intended to be implemented by the hospital to evaluate exist
ing equipment or to evaluate new equipment. as part of rou
tine incoming inspection procedures for all appliances in pa
tient care areas. (Sr:e 8.4.1 (Lnd 8.4.2.2.1.) 

A.13.3.S.2 See 8.4.2.2.2 for performance criteria; see 8.5.2.5 
for policies. 

A.13.3.1I NFPA 45, Standard on Fire Protection jill' LaliomtmifS 
Ul'ingChernicais, establishes basic requirements for alliaborato
ries using chemicals, but important additional requirements 
are contained in Chapter 11 and in Chapters 5,6, and 8. 

A.13.4 This is in addition to any applicable requirements in 
Section 13.3. 

A.13.4.1.1.3 In determining whether existing construction or 
equipment does or does not constitute a hazard to life, due 
consideration should be given to the record of incidents or 
accidents of the facility in question and whether equipment 
used in the facility is subject to documented preventive main
tenance. Absence of incidents and accidents, and the exist
ence of a well-documented preventive maintenance program 
covering all electrical equipment used in anesthetizing loca
tions in the facility, indicates that minimal hazard to life exists. 

For example, isolated power systems would not be required in 
existing anesthetizing locations in health care f;lcilitics meeting 
the above criteria. " 

The hazards involved in the usc of inhalation anesthet.ic 
agents can be successfully mitigated only when all of the areas 
of hazard are fully recognized by all personnel, and when the 
physical protection provided is complete and is augmented by 
attention to detail by all personnel of administration and 
maintenance having any responsibility for the functioning of 
anesthetizing locations. Since 13.4.1.1 and 13.4.1.2 are ex
pected to be used as a text by those responsible for the mitiga
tion of associated hazards, the requirements set fort.h herein 
are frequently accompanied by explanatory text. 

Responsibility for t.he maintenance of safe conditions ,md 
practices in anesthetizing locations falls mutually upon the 
governing body of the hospital, all physicians llsing the anes
thetizing locations, the administration of the hospital, and 
those responsible for hospital licensing, accredit.ing, or other 
approval programs. 

A.13.4.1.1.4.2 Use of such hazard symbols is particularly im
portant in the operating suite and in gas and volatile liquid 
storage facilities. 

A.13.4.1.2.2.3 Some tinctures and solutions of disinfecting 
agents can be flammable, and can be used improperly during 
surgical procedures. Tipping containers, accidental spillage, 
and the pouring of excessive amounts of such flammable 
agents on patients expose thcm to injury in the event. of acci
dental ignition of the flammable solvent. 

A.13.4.1.2.4 Physical safeguards built int.o the anesthetizing 
locations or storage areas will not provide prot.ection unless 
safe practices are followed and good maintenance is provided. 

A.13.4.1.2.6.5 For purposes of 13.4.1, anesthet.ic induction 
rooms are considered part of the operating room or rooms 
served by the induction rooms. 

A.14.3.5.1(3)(c) It is the intent to provide a simple, sate pip
ing syst.em for small facilities. Although the number of use 
points could be a consideration, it. was felt that act.ual gas use is 
a more accurate indicator or complexity. Applicat.ions involv
ing a storage in excess of 8.5 m" (3000 n:\) would have a com
plexity warranting installation in accordance with the provi
sions of Level I patient gas distribution systems. 

Although the principal intent is t.o provide simple installa
tions for single treatment facilities, numerous applications ex
ist where a remote use point creates essentially a second tre,lt
ment facility or where the supply system might be shared by 
another health care professional such as other dent.ist, podia
trist, oral surgeon, or general medicine practit.ioner. The addi
tion of another treatment L1Cility requires increment.al sakty 
precautions. 

A maximum of two single treatment. f~lcilities also approxi
mates t.he limit with which a 8:"J m:1 (3000 n:l) supply system can 
provide [143 m'l (5000 ft "') when liquid oxygen is used]. 

It is acknowledged that older user analgesia equipment has 
offered a nitrous oxide lockout device that: re'1uires a mini
mum of 3 L/min oxygen flow. However, a reasonable percent
age of older equipment without. this safety feature is in daily 
use. The storage and piping system is based upon the potent.ial 
use, either initially or subsequently, of one of t.he older style 
analgesia equipment in one of the single t.reatment bcilities. 
The quantity of85 m" (3000 ft:l), or 143 mO>, (5000 n:l) ifliquid 
oxygen storage, is to be taken as the total combined storage of 
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gases iF there is more than one supply system in the single 
treatmellt f;lCility. 

A.17.3.5.1(3)(c) It is the intent to provide a simple, safe pip
ing system for small facilities. Although the number of use 
points could be a consideration, it was felt that actual gas use is 
a more accurate indicator of complexity. Applications involv
ing a SLOrage in excess of 85 m:l (3000 tY') would have a com
plexity warranting installation in accordance with the provi
sions of Level I patient gas distribution systems. 

Although the principal intent is to provide simple installa
t.ions for single treatment t~lcilities, numerous applications ex
ist where a remote lise point creates essentially a second treat
ment 1~lcility or where the supply system might be shared by 
another healt.h care professional such as other dentist, podia
trist, oral surgeon, or general medicine practitioner. The addi
tion of another treatment f;lcility requires incremental safety 
precautions. 

A maximum of' two single treatment facilities also approxi
mates the limit with which a 85 m:1 (3000 ft.:)) supply system can 
provide [143 m:\ (5000 ft: ' ) when liquid oxygen is used]. 

It is acknowledged that older user analgesia equipment has 
offered a nitrous oxide lockout device that requires a mini
mum of:~ L/rnin oxygen Ilow. However, a reasonable percent
age of older equipment without this safety feature is in daily 
use. The storage and piping system is based upon the potential 
use, either inilially or subsequently, of one 0(' the older style 
analgesia equipment in one of the single treatment facilities. 
The quantity of851ll~ (::1000 tY'), or 143 m'l (5000 fell ifliquid 
oxygen storage, is to be taken as the total combined storage of 
gasc:s if there is 11I0re than one supply system in the single 
treatment [lcility. 

A.17.3.11 This is in addition to other nursing home require
ments listed in SectioJl 17.3. 

A.IS.3.5.1(3)(c) It is the intent to provide a simple, safe pip
ing system lor small bcilities. Although the number of use 
points could be a consideration, it was felt that actual gas use is 
a more accurate indicator of complexity. Applications involv
ing a storage in excess of 85 m'l (3000 j,(l) would have a com
plexity warranting installation in accordance with the provi
siclIIs of Level I patient gas distribution systems. 

Although the principal intent is to provide simple installa
tions (11' single treatment facilities, numerous applications ex
ist where a remote use point creates essentially a second treat
ment t~lcility or where the supply system might be shared by 
another health care professional such as other dentist, podia
trist, oral surgeon, or general medicine practitioner. The addi
tion of another treatment hlcility requires incremental safety 
preca utions. 

A maximum of two single treatment facilities also approxi
mates the limit with which a 8:) rn'l (3000 ft~) supply system can 
provide ([ 14:1 m'\ (5000 ft :\) when liquid oxygen is used]. 

I t is acknowledged that older lIser analgesia equipment has 
oHered a nitrous oxide lockout device that requires a mini
murn 01'::1 L/min oxygen flow. However, a reasonable percent
age of older equipment without this safety feature is in daily 
lise. The storage and piping system is based upon the potential 
use, either initially or subsequently, of one of the older style 
analgesia equipment in one of the single treatment facilities. 
The quantity 01'85 m:1 (:1000 f{l) , or 143 m" (5000 re') ifliquid 
oxygen storage, is to be taken as the total combined storage of 
gases if there is more than one supply system in the single 
treatment Lrcility. 
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A.IS.3.11 This is in addition to other limited care facility re
quirements listed in Section 18.:1. 

A,19.1 As part of the current decentralization of health care 
modalities, traditionally the province of hospitals, patients are 
being treated at home using electrical and gas appliances that, 
ifused in a health care facility, would come under the purview 
of this standard. 

A.20.1.4 Chapter 20 does not apply to respiratory therapy 
employing oxygen-enriched atmospheres at ambient pres
sures. See Chapter 9. 

A,20.1.5.2 Chambers designed for animal experimentation 
but equipped for access of personnel to care for the animals 
are classified as Class A for the purpose of Chapter 20. 

A.20.2.1.1.1 For guidance on minimum construction require
ments, depending on occupancy classification, see NFPA 101, Lift: 
Safety Codi,. 

A.20.2.1.1.5 Characteristics of building construction housing 
hyperbaric chambers and ancillary facilities are no less impor
tant to safety from fire hazards than are the characteristics of 
the hyperbaric chambers themselves. It is conceivable that a 
fire emergency occurring immediately outside a chamber, 
given sufficient fuel, could seriously endanger the life or lives 
of those inside the chamber. Since the service bcilities such as 
compressors, cooling equipment, reserve air supply, oxygen, 
and so forth, will in all probability be within the same building, 
these will also need protection while in themselves supplying 
lite-maintaining service to those inside. 

A.20.2.1.2.2 In addition to the functions of building protec
tion, the chamber room sprinkler system should be designed 
to ensure a degree of protection to chamber operators and 
occupants who likely will not be able to immediately evacuate 
the premises in the event of a fire. 

A,20.2.2.1 Other chapters in NFPA 99 contain many require
ments that could appear to relate to hyperbaric facilities but 
could be inappropriate. The requirements of other chapters 
in NFPA 99 should be applied to hyperbaric facilities only 
where specifically invoked by this chapter. 

A.20.2.2.5.2 Many commercial sound-deadening materials 
that might be flame resistant are porolls and will absorb water 
from activation ofthe fire-suppression system and retain odor. 
Metallic panels that contain a large quantit.y of small holes or 
are made of wire mesh and are installed about 1 in. (2.5 cm) 
away from the chamber wall can be used to form an acoustic 
baffie. These panels should be made from corrosive-resistant 
materials such as stainless steel or aluminum and can be 
painted in accordance with 20.2.2.5.1. 

A.20.2.2.6 Prudent design considerations suggest that at least 
50 percent excess pass-through capacity be provided, for fu
ture use, given the difficulty of adding pass-throughs to the 
chamber after it is constructed and tested. 

A.20.2.4.1.2 Experience and practice can dictate the need 
for a threshold ventilation rate in excess of the minimum 
specified for sanitary reasons. It is recommended that consid
eration be given, if necessary, to the use of odor filters in the 
chamber circulation system as a means of keeping sanitary 
ventilation rate requirements to a minimum. 

A,20.2.4.2.1 If intakes are located where it could be possible 
for maintenance to be conducted in the immediate vicinity, a 
warning sign should be posted. 
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A.20.2.4.3.2 Subsection 13.4.1 specifies a desirable tempera
ture of 200C (68°F). It is impractical to maintain such a tem
perature during pressurization, but efforts should be made in 
the design and operation of thermal con trol systems to main
tain the temperature as close to 22°C (75°F) as possible. The 
air-handling system of all Class A chambers should be capable 
of maintaining relative humidity in the range of 50 to 70 per
cent during stable depth operations. 

The tJ1ermal control system should be designed to maintain 
the temperature below 29°C (85°F) during pressurization, ifpos
sible, and above 19°C (65°F) during depressurization, if possible. 

A.20.2.4.4.1 Ventilation can be provided by closed or open 
circuit systems. 

A.20.2.4.5.3 The in ten t of this requiremen t is to allow facility 
staff to evacuate the facility and avoid breathing contaminated 
air. This requirement can be met using either a self-contained 
breathing apparatus, smoke hood with integral filter/air sup
ply, or similar technology. 

The number of uniLs available should be adequate to meet 
facility staJIing. 

The breathing duration of the personal protection devices 
should be predicated upon the time necessary for evacuation 
of the facility. 

Facility evacuation time should be determined during fire 
drills conducted by the hyperbaric bcility. 

A.20.2.5.1.4 This requirement does not preclude the use of 
an alarm system affording direct fire department contact. 

A.20.2.5.1.5 Experience has shown that fire blankets, portable 
carbon dioxide extinguishers, and other methodology intended 
to "snuff out" fires by excluding air are not effective in controlling 
fires in oxygen-enriched atmospheres. Valuable time can be lost 
in attempting to use such devices. 

A.20.2.5.2.4 More than one control station could be required 
in a compartment (lock) depending on its size. 

A.20.2.5.2.6 Experience has shown that when water is dis
charged through conventional sprinkler heads into a hyper
baric atmosphere, t.he spray angle is reduced because of in
creased resistance to water droplet movement in the denser 
atmosphere. This is so even though the water pressure differ
ential is maintained above chamber pressure. Therefore, it is 
necessary to compensate by increasing the number of sprin
kler heads. It is recommended that spray coverage tests be 
conducted at maximum chamber pressure. 

Some chamber configurations, such as small .. diameter hori
zontal cylinders, could have a velY tiny "floor," or even no floor at 
all. For horizontal cylinder chambers and spherical chambers, 
"floor level" should be taken to mean the level at y;. diameter 
below the chamber centerline or actual "floor level," whichever 
gives the larger floor area. 

A.20.2.5.4.2 Additional detectors are recommended to avoid 
"blind" areas if the chamber contains compartmentation. 

A.20.2.5.5 The primary focus for the semiannual test of a water
based extinguishing system is to ensure water flow through the 
system (i.e., inspector's test). Other vitally important benefits are 
the activation of water flow devices, alarm appliances, and notifi
cation and annunciator systems. 

A.20.2.7.1.4.1 It is recommended that system design be such 
that electric motors not be located inside the chamber. 

A.20.2.7.3 This subsection contains requirements fOI' the safe 
use of electrical equipment in the hyperbaric, oxygen-enriched 
environment of the Class A chamber. 

A.20.2.7.3.10 It should be recognized that. interruption of 
any powered circuit, even of very low voltage, could prod lice a 
spark sufficient to ignite a flammable agent. 

A.20.2.7.3.11.1 It is recommended that. all control swit.ching 
functions inside the chamber be accomplished using intrinsi
cally safe circuits that control power and control circuits lo
cated outside of the chamber. 

A.20.2.7.3.12 It is the intention of this paragraph t.hat. equip
ment used in the chamber be incapable of igniting, by heat
ing, any material or fabric that could come into contact with 
the surface of the equipment. 

A.20.2.7.3.15 It is strongly recommended that high-intensity 
local task lighting be accomplished using through-hull fiber 
optic lights. Many high-intensity lights will not meet the t.em
perature requirements specified in this subparagraph. 

A.20.2.7.3.16.1 The requirement f()l' isolation fmm mains sup
ply in (1) is not the same as the reqllirement in 20.2.7.4.2 that 
circuits supplying power to portable utilization equipment inside 
the chamber be isolated, monitored, and alarmed. 

It is recommended that intrinsically safe sensors and con-
trols be used whenever possible. . 

A.20.2.7.3.17 These requiremenL'i are only the minimulll re
quirements for electrical safety. There are many ot.her sakt.y con
cerns that should be addressed on a case-by-case basis. Meeting 
the requiremenl~ of this subparagraph does not indicate that 
proper device performance will occur in the hyperbaric environ
ment, and that the device v.~ll be safe for use with patjents. 

A.20.2.7.5.2 It is necessary that these circuits be protected 
from exposure to water from the roolll sprinkler system pro
tecting the chamber housing in the event of a fire in the vicin
ity of the chamber while it is in operation. 

A.20.2.8.2 Intercommunications equipment is mandatory 
for safe operation of a hyperbaric Llcility. 

A.20.2.8.2.1 It is recommended that multiple compartment 
(lock) Class A chambers be equipped with multiple channel 
systems, and that, in addition, a sound-powerecl telephone or 
surveillance microphone be furnished. 

A.20.2.8.6 The purity of the various gas supplies should be 
assured. It is recommended that air be sampled at the air in
take location at times when the intake air is likely to have maxi
mum impurities (e.g., when vehicles or statiomllY engines up
wind of the intake are running). 

A purity statement for any C1yogenic or high pressure cylin
der gas should be supplied by the vendor. 

Gas cylinder purity statements should be cross referenced, 
where possible, with tJle delivered gas. 

For additional verification, some filCilities have installed 
sampling ports for monitoring oxygen and other gases. 

A.20.2.8.6.2 CGA Grade D permits quantities of hydrocarbons 
and water in air. In piping systems where air and oxygen might be 
used interchangeably, hydrocarbon buildup can occur and in
crease the risk of fire when oxygen is used. There is also a con
cern about pneumatic components being klllled ,md function
ally impaired by hydrocarbons or water from compressed air. 
Ideally, there should be no condensed hydrocarbons in an oxy
gen system and no liquid water in pneumatic control systems. 
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A.20.2.S.7 The frequency of sucb monitoring should depend 
on the location of the air intake relative to potential sources of 
con tamination. 

A.20.2.S.S It is recommended that information about tbe sta
tus of an anesthetized or othenvise monitored patient be 
transmitted to t.he inside chamber at.tendants via the inter
commllnicat.ions syst.em. As an alt.ernat.ive, the monitor indica
tors ell1 be placed adjacent to a chamber viewport (or view
ports) for direct observation by inside personnel. 

A.20.3.1.2 The hazards involved in the use of hyperbaric fa
cilities can be mitigated sllccessflJ!ly only when all ofthe areas 
of hazard are fully recognized by all personnel and when the 
physical protection provided is complete and is augmented by 
attention to detail by all personnel of administration and 
maintenance having any responsibilit.y for the functioning of 
the hyperbaric facility. Since Section 20.3 is expected to be 
used as a text by those responsible for the mitigation of haz
ards of hyperbaric f~lcilities, the requirements set forth are 
frequently accompanied by explanatory text. 

A.20.3.1.3.2 The complexity of hyperbaric chambers is such 
that one person should be designated chamber operator, such 
as one in a position of responsible authority. Before starting a 
hyperbaric run, this person should acknowledge, in writing, in 
an appropriate log, the purpose of the run or test, duties of all 
personnel involved, and a statement that he or she is satisfied 
with the condition of all equipment. Exceptions should be 
itemized in the statement. 

Saf<::ty, operational, and maintenance criteria of other organi
zations are published, fe)r example, in the Undersea & HypeJc 
baric Medical Suciety Safety Committee documenL~ and the 
Compressed GasA~sociation pamphlets, and should be reviewed 
by the safety director. The safety director should Serve on the 
health care f~ICility safety committee. 

Due to a conJlict of responsibility, the same individual should 
not. selve as both Medical Director and Safety Director. 

A.20.3.1.3.3 It is incumbent upon the governing body to in
sist that rules and regulations with respect to practices and 
conduct in hyperbaric facilities, including qualifications and 
training of hyperbaric personnel, be adopted by the medical 
or administrative staff of the institution, and that regulations 
for inspection and maintenance are in use by the administra
tjve, maintenance, and ancillary (and in the case ofa hospital, 
nursing and other pmfessional) personnel. 

In meeting its responsibilities for safe practices in hyperbaric 
Elcilitjes, t.he administration of the facility should adopt or corre
late regulations and standard operating procedures to ensure 
that both the physical qualities and the operating maintenance 
methods pertaining to hyperbaric facilities meet the standards 
set in Chapter 20. The controls adopted should cover the con
duct of personnel in and around hyperbaric facilities and the 
apparel and footwear allowed. They should cover periodic in
spection of static-dissipating materials and of all e1ecuical equip
ment, including testing of ground contact indicators. 

A.20.3.1.3.4 It is recommended that training of hyperbaric 
chamber personnel be closely monitored, following the guide
lines and publications of the Undersea & Hyperbaric Medical 
Society, Baromedical Nurses Association, and the National 
Board of' Diving and Hyperbaric Medical Technology. 

A.20.3.1.3.5 In the case of a hyperbaric facility located in a 
hospital, hospital licensing and other approval bodies, in 
meeting their responsibilities to the public, should include in 
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their inspections not only compliance with requirements for 
physical installations in hyperbaric facilities, but also compli
ance with the requirements set forth in Section 20.3. 

A.20.3.1.4.1 It is recommended that all personnel, including 
trainees and those involved in the operation and maintenance of 
hyperbaric facilities, and including professional personnel and 
(in the case of hospitc,ls) others involved in the direct care of 
patients undergoing hyperbaric therapy, be familiar with Chap
ter 20. Personnel concerned should maintain proficiency in the 
matters of life and fire safety by periodic review of this chapter, as 
well as any other pertinent material. 

Positive measures are necessary to acquaint all personnel 
with the rules and regulations established and to assure en
forcement. Training and discipline are necessary. 

A.20.3. 1.4.4. 1 All full and part-time personnel should receive 
training in emergency management appropriate to their job 
description. 

A.20.3.1.4.5 A calm reaction (without panic) to an emergency 
situation can be expected only if the recommendations are [amil-

, iar to and rehearsed by all concerned. 

A.20.3.1.4.6 A suggested outline for emergency action in the 
case of fire is contained in C.20.2. 

A.20.3.l.S.1 The immediate vicinity of the chamber is de
fined as the area around the cham ber from which activation of 
the flame detector can occur. Flame detectors can be prema
turely activated by certain radiation sources. 

A.20.3.1.5.2.2(2) Allowable quantities for (2) can be deter
mined hom the chamber volume, flammable agent vapor den
sity, and lower explosive limit (LEL). Experience has shown 
that increased pressure has little effect on LEL for a given 
flammable gas and oxygen concentration. A safety factor of 10 
is recommended. Flammable liquids should be confined to 
nonbreakable, nonspill containers. 

SamjJit: Determination. Example of Limiting Quantity of flam-
mable Agent Substance: Isopropyl alcohol (2-propanol) 

LEL = 2%/vol. (irrespective of chamber pressure) 
Vapor density = 2.1 relative to air 
Liquid density = 7S6 giL 
Air density = 0.075 Ib/ft" at STP 
The limiting case occurs at the lowest ambient pressure, 

that is, 1 atmosphere: 

Alcohol vapor density at LEL = 0.02 x 2.1 x 0.075 
= 0.00315 Ib/ft~ 
= 1.43 gift" 

For a relatively small 500 re' chamber, this implies: 
1.43 x 500 = 715 g alcohol vapor at LEL 
Using a safety factor of 10 to account for uneven vapor 

concentrations gives 71.5 g = 9] ml alcohol. 
One could conclude that even 90 ml of alcohol is more 

than would be needed for almost any medical procedure. The 
above calculation also does not account for the mitigating ef 
fect of ventilation. 

Many "inert" halogenated compounds have been found to 
act explosively in the presence of metals, even under normal 
atmospheric conditions, despite the fact that the halogen 
compound itself does not ignite in oxygen, or, in the case of 
solids such as polytetrafluoroethylene, is self~extinguishing. 
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Apparently these materials arc strong oxidizers whether as 
gases, liquids (solvents, greases), or solids (electrical insula
tion, fabric, or coatings). Some halogenated hydrocarbons 
that will not burn in the presence of low-pressure oxygen will 
ignite and continue to burn in high-pressure oxygen. Custom
arily, Class A chambers maintain internal oxygen concentra
tion that does not exceed 235 percent. 

Parts of this chapter deal with the elements required to be 
incorporated into the structure of the chamber to reduce the 
possibility of electrostatic spark discharges, which are a pos
sible cause of ignition in hyperbaric atmospheres. The elimi
nation of static charges is dependent on the vigilance of ad
ministrative activities in materials, purchase, maintenance 
supervision, and periodic inspect.ion and t.esting. It cannot be 
emphasized too strongly that an incomplete chain of precau
tions generallv will increase the electrostatic hazard. For ex
ample', condu~tive flooring can contribute to the hazard un
less all personnel wear conductive shoes, all objects in the 
room are electrically continuous with the floor, and humidity 
is maintained. 

The limitations on the use in the cham her of alcohol and 
other agents that emiL flammable vapors in 20.3.1.5.2.2 should 
be strictly observed and such rest.rictions should be promi
nently posted. 

A.20.3.1.5.3 The Ilumber of occupants of the chamber 
should be kept to the minimum number necessary to carry out 
the procedure. 

A.20.3.1.5,4 It is recommended that all charnber personnel 
should wear garments of the overall or jumpsuit type, com
pletely covering all skin areas possible, and as tighttitting as 
possible. It can be impractical to clothe some patients (de
pending upon their disease or the site of any operation) in 
such garments. Hospital gowns of f1ame-resistant textile 
should be employed in such a case. 

A.20.3.2.1.6 The use of paper should be kept to an absolut.e 
minimum in hyperbaric chambers. 

A.20.3.2.2 Users should be aware that many items if ignited 
in pressurized oxygen-enriched atmospheres are not self
extinguishing. Iron alloys, aluminum, and stainless steel are, 
to various degrees, in that category as well as human skin, 
muscle, and hit, and plastic tubing such as polyvinyl chloride 
(Tygon@). Testing for oxygen compatibility is very compli
cated. Very little data exist and many standards still have to be 
determined. Suppliers do not normally have f~lcilities for test
ing their products in controlled atmospheres, especially high
pressure oxygen. Both static conditions and impact conditions 
are applicable. Selrignition temperatures normally are un
known in special atmospheres. 

A.20.3.2.5 See A.20.3.2.2. 

A.20.3.2.6 Radiation equipment, whether infrared or roent
gen ray, can make hyperbaric chambers even more hazardous. 

A.20.3.3,4 Quantities of oxygen stored in the chamber 
should be kept to a minimum. 

A.20.3.6 The elimination of static charges is dependent on 
the vigilance of administrative supervision of materials pur
chased, maintenance, and periodic inspection and testing. 

A.20.3.6.2.l The requirements ofE.6.6.S apply. 

A.20.3.6.2.2.l Ferrous metals can cause such sparking, as can 
magnesium or magnesium alloys if contact is made with rusted 
steel. 

• 

A.20.3.6.2.3 Conductive accessories can include belting, rub
ber accessories, plastics, covers, and sheeting. For Illore inkH"
mation see E.G.6.S, Reduction in Electrostatic I-lazard, in An
nex E. 

A.20.3.6.2,4 Materials containing rubber deteriorate rapidly 
in oxygen-enriched atmospheres. 

A.20.3.6.4 It is absolutely essential that all ;treas of, and com
ponents associated with, the hyperbaric chamber be kept me
ticulously free of grease, lint, dirt, and dust. 

Annex B Nature of Hazards 

This annex is not ajJarl o/lhemruin!'l7z(!uts o/llzis NFfYA rio(,llnwnl 
Irlll is induderlfi!T in/orrnalionaI1J1L1jJoses ouly. 

B.l Electrical Systems Hazards. The hazards attendant to t.he 
use of electricity include electrical shock, thernlal injwy, and 
interruption of power. 

R.1.l Fire and Explosions. Electrical systellls can be sllbject to 
the occurrence of electrical fires. Grounding systellls, ovcr
current protective devices, and other subjects discussed in this 
standard could be intended for fire prevention as well as ot.her 
purposes. This aspect of electrical syst.ems is the primary f()eus 
of other NFPA standards and will not. be emphasized herein. 

B.1.2 Shock. 

B.1.2.1 General. The major concern in this chapt.er is electric 
shock resulting from degradation or some type of Elillire 
within normally safe electrical appliances or the Llcility's elec
trical distribution system. The defect cOlild be in the wiring, in 
a component, or the result of deteriorating insulat.ion. The 
f~lilure could he caused by mechanical abuse or hj1 improper 
use of the equipment. 

Hospital service presents lin usually severe environmental 
stress to equipment, similar t.o [Ltrd industrial me. Appli;tnces 
are frequently subject.ed to large mechanical stresses in the 
course of being transported arollnd t.he f~tcility. Patients and 
staff, part.icularly those in operating rooms, critical care areas, 
clinical laboratories and some physical therapy areas, are fre
quently sllrrounded by exposed, electrically grounded con
ductive surf~1Ces that increase the risk of" seriolls injury in the 
event of certain types of electrical f~tilure. 

ElectTicity passing through the body can stimulate excitable 
tissue, causing pain, involuntalY muscle contractions, convul
siems, or ventricular fibrillation. Also, elect.ricity can calise t.issue 
necrosis due to heat, chemical im balance, or arcing. The dkct of 
electricity depends upon the applied voltage, the~ magnitude of 
the current, the duration of application, whether the current is 
direct or alternating, the frequency or the current, and the size 
and locat.ion of the elect.rodes at which the current enters and 
leaves the body. The conductivity and dielectric strength of the 
skin is often a fact.or in determining the outcome of contact with 
electrified conductors. 

Electrocution resulting from contact with equipment COII

nected to ordinary branch circuit (i .e., less than 2:;0 Y a t about 
60 Hz) is usually,~ consequence of sustained ventricular fibril
lation. When applied directly to the hean, voltages 01" less than 
100 mY rms, 60 Hz can cause sustained ventricular fibrillation 
and death. 

B.1.2.2 Control. Control of electric shock hazard requires the 
limitation of electric current that might flow in an ekctric 
circuit involving the patient's body and is accol1lplished 
through a variety of alternative approaches. 
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B.1.2.2.1 Shock Prevention. See Figure 8.1.2.2.1 (3). Since elec
tric shock results hom the cifect of an electric current flowing 
t.hrough a part of t.he human body, the following three condi
tions should be satisfied simultaneously before a patient or staff 
member Gill be shocked: 

(I) One part of the body in contact with a conductive surface 
(Point I) 

(2) A different part of the salTle body in contact with a second 
conductive surface (Point 2) 

O~) A voltage source that will drive current through the body 
between those two points of contact (Point 3) 

In the gener,d case, six or seven independent and sepa
rable f~lctors should combine simultaneously to satisfy these 
three conditjolls. [See Fig'uTe B.l.2.2./(b).J 

CD 

® 

FIGURE B.1.2.2.1(a) The Three Basic Conditions Required 
to Produce an Electric Shock. 

Several separate t;\ctors should be analyzed when evaluat
ing a potential electric shock hazard. The following numbers 
refer to points in Figure B.I.2.2.1 (b): 

(I) The likelihood that a piece or line-powered equipment 
will be within reach of the patient 

(2) The possibilityofdirectexposureofa "live" J IO-Vconduc
tor through a damaged line cord or attachment plug. The 
likelihood that the equipment will have exposed metal 
parts that. through some reasonably credible accident 
could become "live" 

(3) The likelihood that equipment is accidentally damaged or 
malfunctions in some way and the metal becomes "live," that 
is, electriiied 

(4) The likelihood of the exposed metal parts not being 
grounded or accidentally becoming ungrounded 

(5) The likelihood that the patient (or member of staff, or 
visitor) will make good contact with this exposed, poten
tially live surface 

(6) The likelihood that a second exposed conductive surface 
that is, or that. could through a reasonably credible event 
become, grounded is also within reach 
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FIGURE B.1.2.2.1(b) General Factors That Should Be Con
sidered When Analyzing Electrical Safety. 

(7) The likelihood that the patient (or member of staff, or 
visitor) will make good contact with this grounded, or po
tentially grounded, surface 

(8) The probability that the resultant current flow will be suf
ficient to cause an injury 

The chance of a patient actually sustaining an electric 
shock is a product of the likelihood that each of the events in 
(1) through (8) will occur. If the likelihood of occurrence of 
anyone event is very close to zero, then the risk of electric 
shock will be very close to zero. Put another way, six or seven 
links in a chain need to be intact in order for a shock to be 
sustained. If anyone link call be made extremely weak, by design 
or operating procedure, the chance of receiving a shock will be 
minimal. 

Working to minimize the occurrence of one factor (i.e., 
one safety factor) can achieve one layer of protection. A sec
ond layer of protection is achieved by working to make the 
chance of occurrence of a second factor in the overall chain 
also very close to zero. However, extending this process to 
minimize the occurrence of all factors can lead to overdesign, 
overspecification, and less than cost-effective utilization of re
sources to control any problem. 

Consider briefly each of the component factors. First, more 
could be done operationally to ensure that the minimum 
amount of line-powered equipment is within reach of the pa
tient. Second, equipment that does not have a significant 
amoun t of exposed metal is to be preferred. Third, the staff 
should be instructed to report all obviously damaged equipment, 
even if it is still functional. Fourth, all grounding circuits should 
be tested frequently. Fifth, minimize the amount of grounded 
metal that is within reach of the patient. Avoid when possible 
attaching any grounded leads directly to the patient. Do not de-
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liberatcly ground any metal part, such as a curtain rail or a metal 
cabinet, that cannot become accidentally "live." Insulate the pa
tient from ground as much as possible. 

In consideration of these objectives, four basic principles 
can be examined to avoid electric shock: 

(1) Shock prevention by insulating and enclosing 
(2) Shock prevention by grounding 
(3) Shock prevention by device design 
(4) Shock prevention through user procedures 

B.1.2.2.2 Shock Prevention by Insulation and Enclosure. Physi
cal provisions should be made to prevent personal hazardous 
contact between energized conductors or between an ener
gized conductor and ground. 

B.1.2.2.2.1 Noninsulated current-carrying conductors, which 
could produce hazarclous currents, should be protected from 
contact through suitable enclosure. 

B.1.2.2.2.2 Energized conductors, which could produce haz
ardous curren!:; when not in protective enclosures, should be 
insulated by materials suitable to the voltage ann environment. 

In orcler to minimize the probability of completing a haz
ardous circuit, exposed conductive surfaces not likely to be 
energized from internal sources should not be intentionally 
grounded. Insulated covering of such surf~lces is desirable. 

Note that past measures recommended by earlier editions 
of NFPA standards and other standards associat.ed with equi
potential grounding and bonding of "dead metal" served to 
increase the likelihood that a patient or stalf member would 
complete an undesirable pathway for electric shock. 

Also note that this principle does not intend to mandate 
construction of an insulated environment, but rather to avoid 
intentional grounding of otherwise dead metal surf~lces. 

B.1.2.2.3 Shock Prevention by Grounding. A grounding system 
lor hwlt currents should be supplied for two reasons: to mini
mize the fraction of the fault current that might flow through 
an individual during the EmIt condition and to operate over
current devices in order to minimize the possibility of damage 
and fire. This grounding system should also be utilized to pro
vide a safe path j()r leakage curren ts. 

B.1.2.2.3.1 Unless doubly insulated, each line-powered elec
trical appliance within the patient care vicinity should have it 

grounding wire, which normally carries the leakage current 
directly to ground, in the same power cable as the energized 
conduct.ors. 

B.1.2.2.3.2 Each receptacle for line-powered electrical appli
ances should provide a low-impedance grounding connection 
and path. 

B.1.2.2.4 Shock Prevention by Device Design. Leakage current 
should be minimized. New device designs should not inten
tionally provide a low-impedance path at 60 Hz from patient 
to ground. 

B.1.2.2.5 Shock Prevention Through User Procedures. A total 
electrical safety program incorporates the best features of de
sign, manufacture, inspection, maintenance, and operation. 
The design should be such that limited departures from ideal 
conditions of maintenance and use will not cause unreason
able risks. 

Where existing equipment that cloes not meet new
equipment requiremenL<; is to be used, such use is permissible if 
procedures of use and maintenance can establish an equivalent 
level of safety. 

User procedures should include the establishment of the 
following: 

(1) A policy to prohibit the connection of non isolated input 
equipment to externalized intracardiac electrodes 

(2) User educat.ional and training programs 
(3) A test.ing and routine maintenance program 

B.1.3 Thennal. (Reserved) 

B.l.4 Interruption of Power. 

B.1.4.1 General. Medical and nursing sciences are becoming 
progressively more dependent. on electrical apparatus for the 
preservation of life ofhospitalizec1 patients. For example, year 
by year more cardiac operations are performed, in some of 
which the patient's life depends on artificial circulation of the 
blood. In other operations, life is sustained by means of elec
trical impulses that stimulat.e and reglll,lte heart act.ion. In still 
others, slIction developed by electrical means is routinely re
lied on to remove body Iluids andl1lllcus that. might otherwise 
cause slillocation. In another sense, lighting is needed in st.ra
tegic areas in order that precise procedures Gin bc GlITied 
out, and power is needed to safeguard such vi tal services as 
refrigerated stores held in t.issue, bone, and blood banks. 

Interruption of normal elect.rical service in healt.h care E1-
cilities can be caused by cat.astrophes such as storms, floods, 
lires, earthquakes, or explosions; by !-;rillires of t.he systems su p
plying electrical power; or by incidents within the I~lcility. For 
all such situations, electrical systems should be planned to 
limit internal disruption and to provide for continuity of"vital 
services at all t.imes. Outages might be corrected in secollds or 
might require hours lor correction. This indicat.es t.hat the 
system or protection needs to he designed to cope wit.h the 
longest probable outage. 

Selecting vital areas and functions considered to be essen
tial, designing safeguards to ensure continuity in these cir
cuits, and maintaining the electrical and mechanical compo
nents of such essential services so that they will work when 
called on are complex problems that warrant st.andardized 
guidance for regulating agencies, governing boards, and ad
ministrators of health care bcilities and architects and engi
neers concerned with their construction. Such guidance is ol~ 
ferecl in Chapter 4. 

Chapter 4 is predicated on the basic principle of achieving 
dependability. It is intended to recognize the diIJerent degrees of 
reliability that can result fi'om valying approaches t.o elect.rical 
design. Therefore, its requirement, have been developed to al
low Lhe designer the flexibility needed to achieve a reliable elec
trical system. 

B.1.4.2 Need to Maintain Power. Interruption oft.he supply of 
electric power in a Llcility can be a hazard. Implementation of 
t.he requiremenls of Chapter 4 selves t.o maint,lin the required 
level of continuity and quality of electrical power for pat.ient 
care electrical appliances. 

B.l.5 RF Interference. See Annex D. 

B.2 Gas and Vacuum System Hazards. 

B.2.1 Gas Systems. Oxygen and nitrous oxide, the gases nor
mally Llsed Lor relative analgesia and as components of general 
anesthesia, are strong oxidizing gases, and individually or as a 
mixture, support combustion quite readily. 

Inhalation gases or vapors introduce fire, chemical, me
chanical, and electrical hazards that are all interrelated. Any 
mixture of inhalation gases will support combustion. In an 
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oxygen-enriched atmosphere, materials that are flammable 
and combustible in air ignite more easily and burn more vig
orollsly. Combustible materials t.hat could be found near pa
tients who are to receive respirat.ory therapy include hair oils, 
oil-based lubricants, skin lotions, facial tissues, clothing, bed 
linen, t.ent. canopies, rubber and plastic articles, gas supply and 
suction tubing, ether, alcohols, and acetone. 

A particular hazard exists when oxygen or nitrous oxide 
equipment becomes cont.alllinated with oil, grease, or other 
co III bustible lila terials. Such con taminan ts will ignite readily 
and burn more rapidly in the presellce of high oxygen con
centrations and make it easier to ignite less combustible mate
rials with which they come in contact.. 

Any mixture of breathing gases used in respiratory therapy 
will support combustion. In an oxygen-enriched atmosphere, 
mat.erials that are combustible and flammable in air ignite 
more easily and burn more vigorouslv. Materials not. normally 
considere~1 to be combustible ~:an be ~o in an oxygen-enriched 
aunosphere. 

An oxygen-enriched atmosphere normally exists in an oxygen 
tent, croup tent, incubator, and sirnilar devices when supplemen
tal oxygen is being employed in them. These devices are de
signed to maintain a concentration of oxygen higber than that 
[(HlIld in the 'ttJl1osphere. 

A hazard exists if eit her oxvgen or nitrous oxide leaks into a 
closed space, creating an oXY~~Il-enriched atmosphere. 

Oxygen-enriched atmospheres can exist in the immediate v1-
cinity of all oxygen administration equipment. (See Chapter 3jiJr 
the definilion o/Sile o/Intenlional F,xjm[\"ion.) 

The tr,lIlsfer of liquid oxygen from one container to an
other container can create an oxygen-enriched atmosphere 
within the vicinity of the containers. If oxygen is supplied by a 
container that stores the oxygen as a liquid, there will be a 
small amount of oxygen vellled into the vicinity of the con
tainer after a period of nonuse of the equipment. Larger 
amounts of oxygen will be vented if the container is acciden
tally tipped over or placed on its side. This venting can create 
an oxygen-enriched atmosphere if the container is stored in a 
confined space. 

A hazard exists if improper components are employed to 
connect equipment containing pressurized oxygen or nitrous 
oxide during respiratory therapy administration. 

The occurrence of a fire requires the presence of com
bustible or flammable materials, an atmosphere of oxygen 
or other oxidizing agents, and a source of ignition. Com
bustible materials can be unavoidably present when oxygen 
is being administered, but flammable liquids and gases and 
ignition sources are avoidable. 

Sources of ignition include not only the usual ones in orcli
nary atillospheres, but others that become significant hazards 
in oxygen-enriched atmospheres such as the following: 

(I) Open flames, burning tobacco, and electric radiant heat
ers are sources orignition. 

(2) The discharge of ,[ cardiac defibrillator can serve as a source 
of ignition. 

(3) Arcing and excessive temperatures in electrical equip
ment are sources of ignition. Electrically powered oxygen 
apparat.us and electrical equipment intended for use in 
an oxygen-enriched atmosphere are sources of ignition If 
electrical defects are present. 

(4) Electrical equipment not conforming to the require
ments of 8.5.2.4.1, which can include, but is not limited 
to, electric razors, electric bed con troIs, hair dryers, re-

2005 Edition 

mote television controls, and telephone handsets, can 
create a source of ignition if introduced into an oxygen
enriched atmosphere. 

(5) A static discharge having an energy content that can be gen
erated under normal conditions in respiratory therapy will 
not constitute an ignition source as long as easily ignited 
substances (such as alcohols, acetone, oils, greases, or lo
tions) are not present. 

(6) Rapid opening of cylinder valves can cause sudden increase 
in downstream gas pressure and temperature caused by the 
adiabatic heat of recompression with consequent ignition of 
combustible materials in contact with the hot gas down
stream, including the valve seat. Sudden compression or re
compression of a ga5 to high pressure can generate large 
increase in temperature [up to 1093°C (20000F)] that can 
ignite any organic material present, including grease. (See 
also NFPA 5:1, Recom.rnended Pmr:tice on Materia[l, Kf'uipm.ent, 
and Syslern\' VIEd in Oxygrm.-Enriduxl Atrnospheres.) 

B.2.2 Medical-Surgical Vacuum Systems. There are potential 
fire and explosion hazards associated with medical gas central 
piping systems and medical-surgical vacuum systems. The 
various components are usually not independent isolated 
components, but are parts of a larger system dedicated to total 
patient care and safety. 

Many of these components are covered by existing stan
dards to minimize the fire, explosive, and patient safety haz
ard. The potential for mistaken interconnection with oxi
dizing gases and for under-capacity requiring extended 
overheated operation all present potential hazards or com
pound other hazardollS conditions that should be properly 
addressed. Although the potential for these problems ex
ists, the Piping Committee on Medical Gas and Vacuum Sys
tems is unaware of the actual occurrence of any significant 
fire-related hazards with medical-surgical vacuum systems. 

There are also potential hazards to patients in the un
planned shutdown or failure of the systems secondary to a fire 
and/ or the inability of the system to provide adequate levels of 
performance uncler normal or emergency situations. There is 
also the potential for mistaken interconnection with pressur
ized nonflammable medical gas systems. 

B.2.3 Waste Anesthetic Gas Disposal. There are poten tial fire 
and explosion hazards associated with the gases that are re
moved from the anesthesia machine by the WA.GD system. 
These gases typically include oxygen, nitrous oxide, and halo
genated anesthetics. There are also potentjal hazards to pa
tients and staff resulting from exposure to these gases or from 
improper interface between the very low pressures in the 
breathing circuit and the high vacuum present in some WAGD 
systems. There is also the hazard of interconnection between 
the WAGD system and the other medical gas systems, and es
pecially the medical-surgical vacuum system. 

Any mixture of breathing gases used in respiratory therapy 
will support combust.ion. In an oxygen-enriched atmosphere, 
materials that are combustible and flammable in air ignite 
more easily and burn more vigorously. Materials not normally 
considered to be combustible can be so in an oxvgen-enriched 
atmosphere. ' C 

B.2.3.1 Toxicity During Respiratory Therapy Administration. 
Chemical hazards can be associated with the presence of re
sidual sterilant in high-pressure equipment. 

Some breathing mixtures can decompose in contact with 
hot surfaces and produce toxic or flammable substances. 
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Smoldering combustion of flammable substances can oc
cur with the production of significant amounts of toxic gases 
and fumes. 

B.2.3.2 Safety (Mechanical Injury, Cross-Connection, and So 
Forth). A large amount of energy is stored in a cylinder of 
compressed gas. If the valve of a cylinder is struck (or strikes 
something else) hard enough to break off the valve, the con
tents of the cylinder could be discharged with sufficient force 
to impart dangerous reactive movement to the cylinder. 

B.2.3.3 Mechanical Hazards During Respiratory Therapy Ad
ministration. Cylinders and containers can be heavy and bulky 
and can cause personal injury or property damage (including 
to the cylinder or container) if improperly handled. In cold 
climates, cylinders or containers stored outdoors or in un
heated ventilated rooms can become extremely cold. A haz
ardous situation could develop if these cylinders or containers 
are heated. 

Improper maintenance, handling, or assembly of equip
ment can result in personal injury, property damage, or fire. 

A hazardous condi tion exists if cylinders or con tainers are 
improperly located so that they can become overheated or 
tipped over. If a container is tipped over or placed on its side, 
liquid oxygen could be spilled. The liquid can cause frostbite 
on contact with skin. 

A hazardous condition exists if there is improper labeling 
of cylinders or con tainers or inattention to the manufacturer's 
label or instructions. 

A hazardous condition exists if care is not exercised in mak
ing slip-on and other interchangeable connections when set
ting up equipment. 

Safety features, including relief devices, valves, and connec
tions, are provided in equipment and gas supply systems. Alter
ing or circumventing these safety features by means of adapt
ers creates a hazardous condition. 

Extreme danger to life and property can result when com
pressed gases are mixed or transferred from one cylinder to an
other. A hazardous condition exists if devices, such as fixed or 
adjustable orifices and metering valves, are directly connected to 
cylinders or systems without a pressure-reducing regulator. 

Hazardous conditions are created when pressure-reducing 
regulators or gauges are defective. 

B.2.3A Manufactured Assemblies. Specific hazards associated 
with manufactured assemblies are the same as those listed 
above as well as additional hazards resulting from improper 
assembly, separation and leakage resulting from hidden semi
permanent connections, improper connection resulting in 
cross-connection, and blockage and flow problems resulting 
from damage to hose, and so forth. 

B.3 Environmental System Hazards. See Electrical Systems Haz
ards (Section B.I) and Gas Equipment Hazards (Section B.6). 

BA Flammability of Materials Hazards. 

BA.l Flammable Materials. (Reserved) 

BA.2 Toxicity of Products of Combustion. Many substances, 
when subjected to a fire, undergo a chemical change resulting 
in a new toxic product. This is especially true of many plastic 
substances. Many highly toxic combustion products can cause 
sudden unconsciousness, cardiovascular collapse, and severe 
injury or death, even though the person injured is relatively 
remote from the fire. These combustion products have been 

found to cause injury after passing through halls, ventilating 
systems, and even electrical conduit. 

BA.3 Chemical BUnls. (Reserved) 

BA,4 Safety. (Reserved) 

BA.5 Radioactivity. (Reserved) 

B.5 Electrical Equipment Hazards. See Section H.I for related 
electrical hazards. 

B.5.l Fire and Explosion. Transmission of electricity generates 
heal. The normal operating temperature ora device is a function 
of material and design. Equipment or wiring {;lLllu; can cause 
abnormal temperature increases. These abnormalternperatures 
can cause fire and explosions. Use of oxygen or other oxidizing 
agents lowers ignition temperatures. Normal operating tempera
tures of equipment not designed for use in oxygen-enriched at
mospheres can cause fires if used in oxygen-enriched atmo
spheres. See B.6.l.l4 for other ignition hazards. 

B.5.2 Electrical Shock. 

B.5.2.1 Elimination of Shock Hazards. 

B.5.2.1.1 Personnel are cautionecl to be aware of the hazards 
presented by defective or improperly employed electrical 
equipment (see 13.5.2.2) and to avoid the use of defective elec
trical equipment (see 8.5.2.2.4). 

B.5.2.1.2 Adequate grounding for electrical equipment is an 
important safeguard against fire and electric shock (see 4.3.3.1 
and 8. 4. 1.2.1.1). 

B.5.2.2 Effects of Moisture. Moisture, in the form of liquids, 
vapors, or mists, can degrade insulation to the point where fire, 
equipment malfunction, and electric shock hazard become a 
threat. Moisture can enter equipme11l as a result of defective 
seals, leaks, or inadvertent spillage. Vessels containing liquids 
should not be placed on electrical equipment. See 4.~.2.2.8. 

B.5.3 BUnls. 

B.5.3.l Heated Surfaces. Sustained skin conl<lct with sud~lces 
of equipment that have temperatures in excess of' 42°C (107°F) 
can cause burns. Caution is required when exposing patient'i to 
warmed surfaces, particularly when the patients are helpless. 

B.5.3.2 High-frequency electromagnetic fields, particularly 
those from electrosurgical generators and from lasers, are 
used to intentionally destroy tissue. Inadvertent burns, or igni
tion of combustible materials, is a hazard. See Annex D. 

B.5,4 Interruption of Power. (Reserved) 

B.5.5 RF Interference. See Annex D. 

B.5.6 Mechanical I~ury. (Reserved) 

B.6 Gas Equipment Hazards. See Electrical Systems I-Iaz
ards (Section B.1) for electrical hazards associated with gas 
equipment. 

B.6.1 Fire and Explosions. 

B.6.1.1 Oxygen and nitrous oxide, the gases normally used 
for relative analgesia and as components of general anesthe
sia, are strong oxidizing gases and individually or as a mixture 
support combustion quite readily. 

B.6.1.2 Inhalation gases or vapors introduce fire, chemical, 
mechanical, and electrical hazards that are all interrelated. 
Any mixture of inhalation gases will support combustion. In 
an oxygen-enriched atmosphere, materials that are flammable 
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and combustible in air ignite more easilv and burn more vig
orously. The materials lh'at cottld be four:d on or near patients 
include hair oils, oil-based lubricants, skin lotions, clothing, 
linens, paper, rubber, alcohols, acetone, and some plastics. 

B.6.1.3 A hazard exists ifany of the components of an oxygen 
or nit.rolls oxide supply syst.em become contaminated with oil 
or grease. 

B.6.1.4 Sources of ignit.ion can include open flames, burning 
tobacco, electric heating coils, defective electrical equipment, 
and adiabatic heating of gases. 

Sudden compression or recompression of a gas to high pres
sure can generate large increase in temperature [up to I093°C 
(2000°F)] that can ignite any organic material present, including 
grease. (See a.l\'() NFPA 53, Remrmru:nded Pmctice on Malerlrtl" Equ,ij}
"IIlPnt, and Systems Used in Oxygen-EnricherlAtmmjlheres.) 

B.6.1.5 A hazard exists if ei ther oxygen or nitrous oxide leaks 
into a closed space, creating an oxygen-enriched atmosphere. 

B.6.1.6 A hazard exists if improper components are employed 
t.o connect efjuipment containing pressurized oxygen or nitrous 
oxide. 

B.6.1.7 The occurrence of a fire is dependent on the pres
ence of combustible or flammable materials, an atmo
sphere of oxygen or other oxidizing agents, and a source of 
ignit.ion. Whe'n combustible materials are present and oxy
gen is being <ldminislered, flammable liquids and gases and 
ignition sources are to be avoided. 

B.6.1.8 Any mixture of breathing gases used in respiratory 
therapy will support combustion. In an oxygen-enriched at
mosphere, materials that are combustible and flammable in 
air ignite more easily and burn more vigorously. Materials not 
normally considered to be combustible change t.heir charac
teristics in an oxygen-enricbed atmosphere. 

B.6.1.9 Combustible materials t.hat could be found near pa
tients who are to receive respiratory therapy include hair oils, 
oil-based lubricant.s, skin lulions, facial tissues, clothing, bed 
linen, tent canopies, rubber and plastic articles, gas-supply 
and sliction tubing, ether, alcohols, and acetone. 

B.6.1.10 A particular hazard exists when oxygen equipment 
becomes contaminated with oil, grease, or other combustible 
materials. Such contaminants will ignite readily and burn 
more rapidly in the presence of high oxygen concentrations 
and make it easier to ignite less combustible materials with 
which they come in contact. 

B.6.1.11 An oxygen-enriched atmosphere normally exists in 
an oxygen tent, croup tent, incubator, and similar devices 
when supplemental oxygen is being employed in them. These 
devices are designed to maint.ain a concentration of oxygen 
higher than that found in the atmosphere. 

Oxygen-enriched atmosphere exists in the immediate vi
cinity of all oxygen administration equipment. (Set! al\O 
3.3.170, Site ojfntentiorw/ K'<jmlsion, and A.3.3.170.) 

B.6.1.12 The transfer oflifjuid oxygen from one container to 

another container can create an oxygen-enriched atmosphere 
within t.he vicinity of the containers. 

B.6.1.13 If oxygen is supplied by a container that stores the 
oxygen as a liquid, there will be a small amount of oxygen vented 
into the vicinity of the container after a period of nonuse of the 
equipment. Larger amounts of oxygen will be vented if the con
tainer is accidentally tipped over or placed on its side. This vent-
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ing may create an oxygen-enriched atmosphere if the cont.ainer 
is stored in a conti ned space. 

B.6.1.14 Sources of ignition include not only the usual ones 
in ordinary atmospheres, but others that become significant 
hazards in oxygen-enriched atmospheres (see 13.6.1.7 and 
B. 6.1.8) such as the following: 

(1) Open flames 
(2) Burning tobacco 
(3) Electric radian theaters 
(4) The discharge of a cardiac defibrillator 
(5) Arcing and excessive temperatures in electrical equipment 
(6) Electrically powered oxygen apparatus and electrical 

equipment intended for use in an oxygen-enriched atmo
sphere if electrical defects are present 

(7) Electrical equipment not conforming to the require
ments of 8.5.2.4.1, which includes, but. is not limited to, 
the following: 

(a) Electric razors 
(b) Electric bed con trois 
(c) Hair dryers 
(d) Remote television controls and telephone handsets if 

introduced into an oxygen-enriched atmosphere (st!e 
8.5.2.4.1 ) 

(8) Rapid opening of cylinder valves, which can cause sudden 
increase in downstream gas pressure and temperature 
caused by the adiabatic heat of recompression, with con
sequent ignition of combustible materials in contact with 
the hot gas downstream, including the valve seat 

A static discharge having an energy content that can be 
generated under normal conditions in respiratory therapy 
will not constit.ute an ignition source as long as easily ig
nited substances (such as alcohols, acetone, oils, greases, or 
lotions) are not present. 

B.6.2 Toxicity. 

B.6.2.1 Chemical hazards can be associated with the pres
ence of residual sterilant in high-pressure equipment. 

B.6.2.2 Some breathing mixtures decompose when in con
tact with heat and produce toxic or flammable substances (see 
9.6.1 ). 

B.6.2.3 Smoldering combustion of substances may produce 
toxic gases and fumes. 

B.6.3 Mechanical. 

B.6.3.1 A large amount of energy is stored in a cylinder of 
compressed gas. If the valve of a cylinder is struck (or strikes 
something else) hard enough to break off the valve, the con
tents of the cylinder could be discharged with sufficient force 
to impart dangerous reactive movement to t.he cylinder. 

B.6.3.2 Cylinders and containers can be heavy and bulky and 
can cause personal injury or properly damage (including to 
the cylinder or container) if improperly handled. Tn cold cli
mates, cylinders or containers stored outdoors or in unheated 
ventilated rooms can become extremely cold [see 9. 7.2.4( 11) 
and 9.7.2.1 (3)}. A hazardous situation could develop if these 
cylinders or containers are heated [see 9. 7.2.4( JO)}. 

B.6.3.3 Improper maintenance, handling, or assembly of 
equipment can result in personal injury, properly damage, 
or fire. 
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B.6.3A A hazardous condition exist.s if cylinders or cont.ain
ers are improperly located so that they become overheated or 
tipped over. If a container is tipped over or placed on its side, 
liquid oxygen could be spilled. The liquid can cause frostbite 
on contact with skin. 

B.6.3.5 A hazardous condition exists if there is improper la
beling of cylinders or containers or inattention to the manu
facturer's label or instructions. 

B.6.3.6 A hazardous condition exists if care is not exercised 
in making slip-on and other interchangeable connections 
when setting up equipment. 

B.6.3.7 Safety features, including relief devices, valves, and 
connections, are provided in equipment and gas supply sys
tems. Altering or circumventing these safety features by means 
of adapters creates a hazardous condition. 

B.6.3.8 Extreme danger to life and property can result when 
compressed gases are mixed or transferred from one cylinder 
to another. 

B.6.3.9 A hazardous condition exists if devices, such ,LS fixed or 
adjustable orifices anclmetering valves, are directly connected to 
cylinders or systems without a pressure-reducing regulator. 

B.6.3.l0 Hazardous conditions are created when pressure
reducing regulators or gauges are defective. 

B.6A Electric Shock. See 8.5.2 for additional information. 

B.7 Hyperbaric Hazards. Chapter 20 for the use of hyperbaric 
facilities is intended to provide protection against fire, explo
sion, and other hazards wit.hout unduly limiting the activities 
of professional personnel involved in patient (in the case of 
hospitals) or other care. This principle, without minimizing 
the hazards, recognizes that professional personnel shall be 
guided by all of the hazards to life that are inherent in and 
around hyperbaric t.reatment procedures. 

B.7.l Potential hazards involved in the design, construc
tion, operation, and maintenance of hyperbaric LLcilities 
are formidable. 

B.7.2 The navies of the world have established an enviable 
safety record in their use of hyperbaric facilities for deep-sea
diving research, training, and operations. A knowledge of t.his 
safely record should not lull hyperbaric personnel into a Lllse 
sense of security, however. The potential hazards remain. 
Where civilian personnel - patients, experimental subjects, 
and chamber attendants - are involved, an appreciation of 
these hazards and their mitigation becomes even more impor
tant. For a discussion of hazards, see information in C.20. 

Annex C Additional Explanatory Notes 
to Chapters 1-20 

This annex is not aj)(lrt of the n:quirruumls ofthis NFPA document 
hut is inducledfor in/mmationaljJwlJoses only. 

C.I Reserved. 

C.2 Reserved. 

C.3 Reserved. 

CA Additional Information on Chapter 4. 

CA.I Typical Hospital Wiring Arrangement. See Figure C.4.1. 
Separate transfer switches for each branch, as shown, are re
quired only if dictated by load considerations. Smaller facili
ties can be served by a single transfer swit.ch. 

CA.2 Maintenance Guide for an Essential Electrical System. 
This generalized maintenance guide is provided to assist ad
ministrative, supervisoly, and operating personnel in estab
lishing and evaluating maintenance programs for emergency 
electric generating systems. See Figure C.4.2. 

Full capacity normal power sources Alternate source generator 

Transformer 

@ Generator 

Overcurrent device with 

General 
power 
and 

lighting 

Normally open secondary 
tie overcurrent device 
automatic throwover 

recommended 

Nondelayed -+ 
0 

General 
power 
and 

lighting 

restoration-
automatic /' 

Delayed 
restoration- Delayed 

0 ..... Gritical 
branch 

Life safety 
branch 0 switching mechanism (OeD) automatic restoration-

~ 
or manual automatic 

Automatic transfer switch 

~ Automatic or manual transfer I, Equipment ,I, Emergency 
·1 device system system 

FIGURE C.4.l Typical Hospital Wiring Arrangement. 
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MAINTENANCE GUIDE 

Monthly 

a. Testing of generator sets and transfer switches under 
load and operating temperature conditions at least 
every 30 days. A 30-minute exercise period is an 
absolute minimum, or the engine manufacturer's 
recommendations should be followed. 

b. Permanently record all available instrument readings 
during the monthly test. 

c. During the monthly test, check the following system 
or systems applicable to your installation: 

Natural Gas or Liquid Petroleum Gas System: 
C] Operation of solenoids and regulators 
o Condition of all hoses and pipes 
o Fuel quantity 

Gasoline Fuel System: 
o Main tank fuel level 
o Operation of system 

Diesel Fuel System: 
[) Main tank fuel level 
[) Day tank fuel level 

o Operation offuel supply pump and controls 

Turbine Prime Movers: 
rJ Follow manufacturer's recommended maintenance 

procedure 

Engine Cooling System: 
o Coolant level 
IJ Rust inhibitor in coolant 
o Antifreeze in coolant (if applicable) 
o Adequate cooling water to heat exchangers 
IJ Adequate fresh air to engine and radiators 
IJ Condition of fan and alternator belts 
D Squeeze and check condition of hose and connections 
o Functioning of coolant heater (if installed) 

Engine Lubricating System: 
D Lubricating oil level 
IJ Crankcase breather not restricted 
o Appearance oflubricating oil 
o Correct lubricating oil available to replenish 

or change 
IJ Operation of lubricating oil heater (if installed) 
IJ Oil pressure correct 

Engine Electrical Starting System: 
o Battery terminals clean and tight 
o Add distilled water to maintain proper electrolyte 

level 
D Battery charging rate 
D Battery trickle charging circuit operating properly 
IJ Spare batteries charged if provided 

© 2005 National Fire Protection Association 

Engine Compressed Air Starting System: 
o Air compressor operating properly 
o Air compressor lubricating oil level 
o Spare compressed air tanks full 
o Main compressed air tanks full 
o Drain water from compressed air tanks 

Engine Exhaust System: 
o Condensate trap drained 
o No exhaust leaks 
[} Exhaust not restricted 
o All connections tight 

Transfer Switch: 
o Inside clean and free of foreign matter 
o No unusual sounds 
o Terminals and connectors normal color 
o Condition of all wiring insulation 
o All covers tight 
o Doors securely closed 

General: 
o Any unusual condition of vibration, deterioration, 

leakage, or high surface temperatures or noise 
o Maintenance manuals, service log, basic service tools, 

jumpers, and supplies readily available 
o Check and record the time intervals of the various 

increments of the automatic start-up and shutdown 
sequences 

[} Overall cleanliness of room 
o No unnecessary items in room 

d. After the monthly test: Take prompt action to correct all 
improper conditions indicated during test. Check that the 
standby system is set for automatic start and load transfer. 

Quarterly 

a. On generator sets: 

Engine Electrical Starting System: 
o Check battery electrolyte specific gravity 
o Check battery cap vents 

Engine Lubricating System: 
D Check lubricating oil (or have analyzed if part of an 

engineered lube oil program) 

b. Fuel System: 
o Drain water from fuel filters (if applicable) 
o Drain water from day tank (if applicable) 
o Check fuel gages and drain water from main 

fuel tanks 
D Inspect all main fuel tank vents 

(NFPA 99, 1 of 2) 

FIGURE CA.2 Maintenance Guide for an Essential Electrical System. 
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MAINTENANCE GUIDE (Continued) 

Semiannually 

a. On generator sets: 

Engine Lubricating System: 
o Change oil filter (if sufficient hours) 
o Clean crankcase breather 

Fuel System: 
o General inspection of all components 
o Change fuel filter 
r:J Change or clean air filter 

Governor: 
o Check all linkages and ball joints 
o Check oil level (if applicable) 
o Observe for unusual oil leakage 

Generator: 
o Check brush length and pressure 
o Check appearance of slip rings and clean if necessary 
o Blowout with clean, dry compressed air 

Engine Safety Controls: 
o Check operation of all engine-operating alarms and 

safety shutdown devices (generator not under load 
during this check) 

Annually 

a. On generator sets: 

Fuel System: 

Diesel: 
o Analyze fuel for condition (replace if required) 

Gasoline: 
o Replace fuel 

Natural Gas or Liquefied Petroleum Gas: 
CJ Examine all supply tanks, fittings, and lines 

Lubricating Systems: 
o Change oil 
o Change oil filter 
o Replace carburetor air filter 

Cooling System: 

o Check condition and rod-out heat exchangers 
if necessary 

o Change coolant on closed systems 
o Clean exterior of all radiators 

o Check all engine water pumps and circulating pumps 
o Examine all duct work for looseness 

o Clean and check motor-operated louvers 
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FIGURE C.4.2 Continued 

Exhaust System: 
o Check condition of mufflers, exhaust lines, supports, 

and connections 

Ignition System: 
o Spark ignition engines 
f.J Replace points and plugs 
o Check ignition timing 
CJ Check condition of all ignition leads 

Generator: 
o Clean generator windings 
o Check generator bearings 
o Measure and record resistance readings of generator 

windings using insulation tester (megger) 

Engine Control: 
o General cleaning 
o Check appearance of all components 
o Check meters 

b. Transfer Switch: 
o Inspect transfer switch and make repairs or 

replacements if indicated 

c. On main switchgear and generator switchgear: 
o Operate every circuit breaker manually 
o Visually check bus bars, bracing, and feeder 

connections for cleanliness and signs of overheating 

Every Three Years 

a. System Controls: 
o Reevaluate the settings of the voltage sensing and 

time delay relays 

b. Main Switchgear and Generator Switchgear: 
o Determine whether changes to the electrical supply 

system have been made that require a revision of 
the main circuit breaker, fuse, or current-limiting 
bus duct coordination. 

o Calibrate and load test main circuit breakers. Spot
check bus bar bolts and supports for tightness. Obtain 
and record insulation tester readings on bus bars and 
circuit breakers. Obtain and record insulation tester 
readings on internal distribution feeders. 

Periodically 

a. Prime Mover Overhaul: 
o Each prime mover should have a periodic overhaul 

in compliance with the manufacturer's 
recommendation or as conditions warrant. 

b. Connected Load: 
o Update the record of demand and connected load 

and check for potential overload. 

(NFPA 99, 2 of 2) 
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C.4.3 Suggested Fonnat for Listing Functions to Be Served by 
the Essential Electrical System in a Hospital. It may be advan
tageolls, in listing the specific functions for a given construc
tion project or building review, to list them, at the outset, by 
geographical location within the project, in order to ensure 
comprehensive coverage. Every room or space should be re
viewed for possible inclusion of the following: 

(I) Lighting (partial or all) 
(2) Receptacles (some or all) 
(3) Permanently wired electrical (lpparatus 

The f(mnat suggested herein is olkred as a convenient tool, 
not only Il)r identifying all functions to be served and their re
spective time intervals illr being reenergized by the alternate 
electric source, but also for documenting other functions that 
were considered, discussed, and excluded as nonessential. This 
I,Lst column is considered worthy of attention. (See Figure C. 4.3.) It 
llIay be that the hospital engineer or the reviewing authority will 
wish to keep Oil file a final copy of the list, which would be the 
basis fix the electric,1 engineer's detailed engineering design. 

Although this suggested formaL is intended for use by a 
hospital it may, with suitable changes, be useful for other 
health care facilities. 

C.5 Additional Infonnation on Chapter 5. Numbers in brack
ets refer to parclgraphs in Chapter 5 of text. 

C.5.1 Initial Testing of Nonflammable Medical Piped Gas 
Systems (Levell Systems). 

Essential Electrical Systems 

Hospital _____________ _ Date ____ _ 

Emergency Equipment 
system system 

Room Room Function life Non-safety Critical Delayed Delayed 
no. name served' branch branch auto!* manual essential 

, Indicate precise lighting, receptacles, and/or equipment. Use a separate line 
for each function. 

.. Indicate time interval. 

FIGURE C.4.3 Essential Electrical Systems. 
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C.5.1.1 [5.1.3.4.6.1] The pressure relief valve, set at .'iO per
cent above normal line pressure, should be tested to assure 
proper function prior to lise of the system for patient care. 

C.5.1.2 [5.1.3.5.2] The proper functioning of the safety valve, 
automatic drain, pressure gauge, and high-water-Ievel sensor 
should be verified before the system is put into service. 

C.5.1.3 [5.1.9.2.4; 5.1.3.4.10, 5.1.3.4.12, and 5.1.3.4.13] 
Changeover Warning Signal. 

(I) Start a flow of gas from an outlet of the piping system. 
(2) Close t.he sh utoff valve or cylinder valves on the primary 

supply of the manifcJld !see Figum A.5. 1.3.4. 9(a) and h,guTP 
A.5. 1.3.4. 9(b)1, or the primary unit ofthe alternating bulk 
supply to simulate its depletion (see Figure A.5.1.3.4.13). 
Changeover should be made to the secondary supply or 
the alternate bulk unit. 

(3) Check main-line pressure gauge to ensure maintenance 
of the desired pressure. 

(4) Check signal panels f(lI activation of the proper changeover 
signal. 

(5) Silence the audible signal; visual signal should remain. 
(6) Open the valves closed in St.ep (2). Close the valve on the 

secondary supply or alternate bulk unit. \"fhen changeover 
back to original primary supply has occurred, reopen the 
valve. This will reinstate system to its original status. 

(7) Check signal panels for deactivation of warning signals. 
(8) Stop flow of gas from the piping system. 

C.5.1.4 [5.1.9.2.4; 5.1.3.4.10, 5.1.3.4.12, and 5.1.3.4.13] 
Reserve-In-Use Warning Signal. 

(I) Start a flow of gas from the piping system. 
(2) Close the proper shutoff valves to simulate depletion of 

the operating supply. Reserve should begin to supply the 
piping system. 

(3) Check t.he main-line pressure gauge. Pressure should re
main at the desired level. 

(4) Check the master signal panels to determine that the 
reserve-in-use signals have been activated. 

(5) Silence the audible signal. Visual signal should remain. 
(6) Open the sh utoff valves closed in Step (2). 
(7) Check master signal panels for deactivation of the warn-

ing signals. 
(8) Stop the flow of gas frolll the piping system. 

C.5.1.5 [5.1.9.2.4; 5.1.3.4.12, 5.1.3.4.13, 5.1.3.4.15, and 
5.1.3.8.2.3] Reserve Supply Low. 

(1) Start a flow of gas from the piping system. 
(2) Close all operating supply shutoff valves (to use pressure 

from the reserve). 
(3) Close the reserve supply shutoff valve or, if necessary, the 

reserve cylinder valves, depencling on the exact location 
of the actuating switch (to recluce pressure on the actuat
ing switch, simulating loss of reserve). 

(4) Open the operating supply valves closed in Step (2) (so 
that only the "reseIve low" signal should be activated). 

(5) Check the master signal panels for activation of the 
proper signal. 

(6) Silence the audible signal. Visual signal should remain. 
(7) Open reserve supply valve or cylinder valves closed in 

Step (3). 
(8) Check master signal panels for deactivatjon of the warn

ing signals. 
(9) Stop now of gas from the piping system . 

Note on Liquid Bulk Resr:rves. This lype of reserve requires an 
actuating switch on the contents gauge and another actuating 
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switch for the gas pressure being maintained in the reserve 
unit. Reduced contents or gas pressure in the reserve unit 
would indicate less than a day's supply in reserve. 

Simulation of these conditions requires the assistance of 
the owner or the organization responsible for the operation 
and maintenance of the supply system as it will vary for differ
ent styles of storage units. 

C.5.1.6 [5.1.9.2.4] High or Low Pressure in Piping System. 
Initial test of the area alarms covered in 5.1.9.3 can be done at 
the same time. 

(1) Increase the pressure in the plpmg system to the high
pressure signal point (20 percent above normal pressure). 

(2) Check all master signal panels (and area signals) to en
sure that the properly labeled warning signal is activated; 
also check main-line pressure gauge and area gauges to 
ensure their function. 

(3) Silence the audible signal. Visual signal should remain. 
(4) Reduce piping system pressure to the normal. A flow 

from the system is required to lower the pressure and 
permit reacljustment of the line regulator. 

(5) Check all signal panels for deactivation of the signals. 
(6) Close main-line shutoff valve. 
(7) Continue the flow from the system until pressure is 

reduced to the low-pressure signal point (20 percent 
below normal). 

(8) Check all signal panels for activation of the properly la
beled warning signal; also check main-line gauge and 
area pressure gauges to ensure their function. 

(9) Silence the audible signal. Visual signal should remain. 
(10) Open main-line shutoff valve. 
(11) Check main-line gauge for proper line pressure. 
(l2) Check all signal panels for deactivation ofwarnillg signals. 

C.5.I.7 [5.1.9.3] This signal should be initially tested at the 
time the tests of C.5.1.6 are performed. 

C.5.2 Retesting and Maintenance of Nonflammable Medical 
Piped Gas Systems (Levell Systems). 

C.5.2.1 [5.1.3.4.10] These systems should be checked daily 
to assure that proper pressure is maintained and that the 
changeover signal has not malfunctioned. Periodic retest
ing of the routine changeover signal is not necessary as it 
will normally be activated on a regular basis. 

C.5.2.2 [5.1.3.4.12] These systems should be checked daily to 
assure that proper pressure is maintained and that the 
changeover signal has not malfunctioned. Periodic retesting 
of the routine changeover signal is not required. Annual re
testing of the operation of the reserve and activation of the 
reserve-in-use signal should be performed. 

C.5.2.3 [5.1.3.4.12] If the system has an actuating switch and 
signal to monitor the contents of the reserve, it should be 
retested annually. 

C.5.2.4 [5.1.3.4.13] Maintenance and periodic testing of the 
bulk system is the responsibility of the owner or the organiza
tion responsible for the operation and maintenance of that 
system. 

The staff of the facility should check the supply system daily 
to ensure that medical gas is ordered when the contents gauge 
drops to the reorder level designated by the supplier. Piping 
system pressure gauges anc! other gauges designated by the 
supplier should be checked regularly, and gradual variation, 
either increases or decreases, from the normal range should 

be reported to the supplier. These variations might indicate 
the need for corrective action. 

Periodic testing of the master signal panel system, other 
than the routine changeover signal, should be performed. Re
quest assistance from the supplier or detailed instruction if 
readjustment of bulk supply controls is necessary to complete 
these tests. 

C.5.2.5 [5.1.8.2.3] The main-line pressure gauge should be 
checked daily to ensure the continued presence of the desired 
pressure. Variation, either increases or decreases, should be 
investigated and corrected. 

C.5.2.6 [5.1.3.5.15] Quarterly rechecking of the location of 
the air intake should be made to ensure that it continues to be 
a satisfactory source for medical compressed air. 

C.5.2.7 [5.1.3.5.14] Proper functioning of the pressure gauge 
and high-water-level sensor should be checked at least annu
ally. Check the receiver drain daily to determine if an excessive 
quantity of condensed water has accumulated in the receiver. 

C.5.2.8 [5.1.3.5] An important item required for operation of 
any medical compressed air supply system is a comprehensive 
preventive maintenance program. Worn parts on reciprocat
ing compressors can cause high discharge temperatures re
sulting in an increase of contaminants in the discharge gas. 
Adsorber beds, if not changed at specified time intervals, can 
become saturated and lose their effectiveness. It is important 
that all components of the system be maintained in accor
dance with the manufacturers' recommendations. It is impor
tant that any instrumentation, including analytical equip
ment, be calibrated routinely and maintained in operating 
order. Proper functioning of the dew point sensor should be 
checked at least annually. 

C.5.2.9 [5.1.9] When test buttons are provided with signal 
panels, activation of the audible and visual signals should be 
performed on a regular basis (monthly). 

C.5.2.10 [5.1.9.2.4] Changeover Warning Signals. As these are 
routine signals that are activated and deactivated at frequent 
intervals, there is no need for retesting UNLESS they fail. If 
the reserve-in-use signal is activated because both units of the 
operating supply are depleted without the prior activation of 
the changeover signal, it should be repaired and retested. 

C.5.2.11 [5.1.9.2.4] Reserve-In-Use Warning Signal. All com
ponents of this warning signal system should be retested annu
ally in accordance with Steps (2) through (7) of the procedure 
given in C.5.1.4. Audible and visual signals should be tested 
periodically during the year (monthly). 

C.5.2.12 [5.1. 9.2.4] Reserve Supply Low (Down to an Average 
One-Day Supply) High-Pressure Cylinder or Liquid Reserve. 
All components of these signal warning systems should be re
tested annually in accordance with Steps (2) through (8) of 
the procedure given in C.5.1.5. If test buttons are provided, 
audible and visual signals should be periodically tested 
throughout the year (monthly). 

C.5.2.13 [5.1.9.2.4] The medical compressed air system alarms 
in 5.1.3.5.14 should be checked at least annually. 

C.5.2.14 [5.1.8.2.2(1)] This pressure gauge should be checked 
on a daily basis to ensure proper piping system pressure. A 
change, increase or decrease, if noted, can give evidence that 
maintenance is required on the line pressure regulator and 
could thus avoid a problem. 
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C.5.2.15 [5.1.9] Annual retesting of all components of warn
ing systems, if it can be done without changing piping system 
line pressure, should be performed. 

C.5.2.16 [5.1.9] If test buttons are provided, the retesting of 
audible and visual alarm indicators should be performed 
monthly. 

C.5.2.17 [5.1.4] Shutoff valves should be periodically checked 
for external leakage by means of a test solution or other equally 
e1Tective means of leak detection safe for use with oxygen. 

C.5.2.1S [5.1.5] Station outlets should be periodically checked 
for leakage and flow. Instructions of the manufacturer should be 
followed in making this examination. 

e.5.3 Oxygen Service-Related Documents. The following 
publications can be used for technical reference: 

( I) ASTM G 63, Stmulrmi Guiriejilr Evaluating Nonrnetallic l'vla
tmials .fin· Oxygen Service 

(2) ASTM G 88, ,Standrmi G1lidejilr Designing Systems jilT Oxygen 
Set1Jice 

(3) ASTM G 93, Pmctice faT Cleaning Methods and Cleanliness 
Lll1Ilils fOT Material and l~·fjuipment Used in Oxygen-EnTiched 
Envimnnwnts 

(4) ASTM G S14, Standard GuidefoT Evaluating Metals for Oxygen 
Semi!:!! 

C.6 Reserved. 

C.7 Reserved. 

C.S Reserved. 

e.9 Additional Infonnation on Chapter 9. 

C.9.1 Medical Safeguards, Respiratory Therapy. 

C.9.I.I General. 

C.9.I.l.1 Personnel setting up, operating, and maintaining 
respiratory therapy equipment, including suction apparatus, 
should l~lmiliarize themselves with the problems of the use of 
each individual unit.. 

C.9.I.I.2 Personnel must be aware of the exact location of 
equipment in storage to facilitate emergency use. 

C.9.I.1.3 Suct.ion tubing employed in a hazardous location is 
to be electrically conductive. 

C.9.2 Glossary of Respiratory Therapy Tenninology. 

C.9.2.1 Arrhythmia. Irregulari ty of heartbeats. 

C.9.2.2 Asphyxia. SufTocation from lack of oxygen and an ac
cumulat.ion of carbon dioxide. 

C.9.2.3 Aspiration. Removal of accumulated mucus by suction. 

C.9.2.4 Bronchi. The two primary divisions of the trachea. 

C.9.2.5 CPAP. Continuous positive airway pressure. 

C.9.2.6 CPR. Cardiopulmonary resuscitation. 

C.9.2.7 Croup Tent. Equipment utilized to provide environ
mental control inside a canopy in relation to oxygen concen
tration, temperature, humidity, and filtered gas. 

e.9.2.8 Cyanosis. A bluish discoloration of skin and mucus 
membranes clue to excessive concentration of reduced hemo
globin in the blood. 

C.9.2.9 Defibrillate. Use of electrical shock to synchronize 
heart activity. 

2005 Edition 

C.9.2.10 Diffusion. Transfer of gases across the alveolar capil
lary membrane. 

C.9.2.11 EKG, ECG. Electrocardiogram. 

e.9.2.12 Hemoglobin. The chemical compound in red blood 
cells that carries oxygen. 

C.9.2.13 Hypoxia. An abnormally decrc,lscd supply or con
centration of oxygen. 

C.9.2.14 IMV. Intermittent mandatory ventilation. 

e.9.2.15 IPPB. Intermittent positive pressllre breathing. 

C.9.2.16 PEEP. Positive end expir<ttOly pressure. 

C.9.2.17 Respiration. The exchange by diffusion of gases be
tween the alveoli, the blood, and the tissue. 

C.9.2.1S RLF. A disease ent.ity of the premature inEmt: causing 
blindness. 

C.9.2.19 Thorax. The chest; the upper part of the trunk be
tween the neck and the abdomen. 

C.9.2.20 Trachea. The windpipe le<tding from t.he larYllx to 
the bronchi. 

C.9.2.21 Ultrasonic Nebulizer. A device that produces sound 
waves that are utilizeclto brcak up water into aerosol particles. 

C.9.2.22 Ventilation. Movement of air int.o and out uft.he lungs. 

C.9.2.23 Ventilator. Machine used to support or assist non
breat.hing or inadequately breathing p<ltienL 

C.9.3 Suggested Fire Response, Respiratory Therapy. Sug
gested procedure in the event of fire involving respiratory 
therapy apparatus. 

C.9.3.1 General. Fires in oxygen-enriched atmospheres spread 
rapidly, generate intense heat, <tnd produce large volumes of 
heated and potentially toxic gases. Because of the immediate 
threat to patients and personnel, as well as the damage t.o equip
ment and possible spread to the structure of the building, it is 
important that all personnel be aware of the steps necessary to 
save life, to preserve limb, anc!, within reason, to extinguish or 
contain the fire. 

C.9.3.2 Steps to Take in Event of Fire . 

C.9.3.2.1 The following steps are recommended in the event 
of a tire, in the approximate order of importance: 

(1) Remove the patient or palien ts immediately exposed 
from the site of the fire if t.heir hair and clothing arc 
not burning; if they are burning, extinguish the names. 
(See G9.3.4 and e.9.3.5.) 

(2) Sound the fire alarm by whatever mode the hospital lire 
plan provides. 

(3) Close off the supply of oxygen to the therapy apparatus 
involved if this step can be accomplished without injury to 
personnel. (See e.9.3.3.) 

(4) Carry out any other steps specified in the lire plan of the 
hospital. For example: 
(a) Remove patients threatened by the lire 
(b) Close doors leading to the site of the fire 
(c) Attempt to extinguish or contain the lire (See C. 9.3.4.) 
(d) Direct fire fighters to the site of the fire 
(e) Take whatever steps necessary to protect or evacuate 

patients ill adjacent areas 
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C.9.3.3 Closing Off of Oxygen Supply. 

C.9.3.3.1 In the event of a fire involving respiratory therapy 
equipment connected to an oxygen station outlet, the zone 
valve supplying that station is to be closed. 

C.9.3.3.1.1 All personnel are cautioned to be aware of the 
hazard of such a step to other patients receiving oxygen sup
plied through the same zone valve. Steps should be taken to 
minimize such hazards, realizing that closing the valve is of 
foremost importance, 

C.9.3.3.2 In the case of oxygen therapy apparatus supplied by 
a cylinder or container of oxygen, it is desirable to close the 
valve of the cylinder or container, provided that such closure 
can be accomplished without injury to personnel. 

Note t.hat metallic components of regulators and valves can 
become exceedingly hot if exposed to flame, Personnel are 
cautioned not to use their bare hands to effect closure. 

C.9.3.4 Extinguishment or Containment of Fire. 

C.9.3.4.1 Fire originating in or involving respiratory therapy 
apparatus generally involves combustibles such as rubber, 
plastic, linen, blankets, and the like. Water or water-based ex
tinguishing agents are most effective in such fires. 

C.9.3.4.1.1 Precautions should be observed if electrical equip
ment is adjacent to or involved in the fire, because of the danger 
of electrocution of personnel if streams of water contact live 
115-V circuits. 

C.9.3.4.1.2 Before attempting to fight sLlch a fire with water 
or a watel~based extinguishing agent, such electrical appara
tus should be disconnected from the supply outlet, or the sup
ply circuit deenergized at the circuit panel. 

C.9.3.4.1.3 If such deenergization cannot be accomplished, 
water should not be employed. (See C. 9,3.4.2.) 

C.9.3.4.2 Fires involving or adjacent to electrical equipment 
with live circuits can be fought with extinguishers suitable for 
Class C fires, in accordance with NFPA 10, Standardfor Portable 
Fire Fxtingl1i,lhers. 

Note that chemical extinguishers are not effective against 
fires in oxygen-enriched atmospheres unless the source of 
oxygen is shut off. See C.9.3.3 for closing off oxygen supply. 

C.9.3.5 Protection of Patients and Personnel. 

C.9.3.5.1 Because of the intense heat generated, serious and 
even tHaI burns of the skin or of the lungs from inhaling 
heated gases are possible sequelae to the oxygen-enriched
atmosphere fire, Thus, it is essential that patients be removed 
from the site of the fire whenever practical. 

Note that where a nonam bulatory patient is connected to a 
burning piece of therapy equipment, it might be more practi
cal as the initial step to remove the equipment and/ or extin
guish the fire than to remove the patient. 

C.9.3.5.2 The large quantities of noxious gases produced con
stitute a threat to life from asphyxia, beyond the thermal burn 
problem. 

C.9.3.S.2.1 Personnel are cautioned not to remain in the fire 
area after patients are evacuated if quantities of gaseous com
bustion products are present. 

C.9.3.6 Indoctrination of Personnel. 

C.9.3.6.1 It is highly desirable that personnel involved in the 
care of patient" including nurses, aides, ward secretaries, and 

physicians, irrespective of whether or not they are involved in 
respiratory therapy practices, be thoroughly indoctrinated in 
all aspects of fire safety, including the following: 

(I) The location of zone valves of nonflammable medical gas 
systems where employed, and the station outlets con
trolled by each valve. 

(2) The location of electrical service boxes, and the areas 
served thereby. 

(3) The location of fire extinguishers, indications for their 
use, and techniques for their application. 

(4) The recommended methods of evacuating patient" and 
routes by which such evacuation is accomplished most expe
ditiously. Reference should be made to the facility's fIre plan. 

(5) The steps involved in carrying out the fire plan of the 
hospital. 

(6) The location of fire alarm boxes, or knowledge of other 
methods, for summoning the local fire department. 

C.9.4 T)pical Gas Cylinders. See Table C.I3.5. 

C.IO Reserved. 

C.II Additional Information on Chapter II. 

C.n.I Fire Incidents in Laboratories. The following descrip
tions of laboratory fires are selected from previous editions of 
NFPA 99 and from the National Fire Incident Reporting Sys
tem data base. 

C.I1.1.l Iowa, October 1980. A hospital fire, originating in a 
second-floor pathology laboratory, occurred when electrical 
wires arced and ignited cloth towels placed under beakers. 
The beakers contained tissue samples, alcohol, and formalde
hyde. The contents of the beakers caused the fire to spread to 
other larger containers of chemicals in the lab. 

There was a 20- to 30-minute delay in detection of this fire 
because there was no automatic smoke detection equipment 
in the laboratory, Smoke detectors in the air ducts located in 
the hallways did operate when the smoke filtered out of the 
lab, There was no automatic sprinkler system, 

No other specifics were reported as to the cause of the elec
trical arcing, 

Direct property damage was estimated at $20,000, 

c.n.1.2 Pennsylvania, December 1980. Asmall fire, of electri
cal nature, broke out in a hospitallaboratorJ'. The fire involved 
a condensate drip tray that was used to dissipate water from a 
refrigerator unit. The probable fire scenario was that a short 
circuit resulted from the aging rubber insulation of the cord. 
The unit is always left "on." 

No direct property damage was reported for this fire. There 
were no automatic sprink.lers in the lab area of the hospilc'1l. 
There were heat detectors in the area, but no smoke detectors. 
The fire generated large amounts of smoke. 

C.I1.1.3 Rhode Island, October 1981. A fire occurred in a 
blood bank/donor lab in a hospi tal. A patien t was lying on 
one of three contour couches in the donor room giving 
blood, The technician pushed a button to raise the couch, 
then heard a pop, and saw flames and smoke corning from the 
couch. The technician tried unsuccessfully to extinguish the fire 
with a portable fire extinguisher. 

A supervisor pulled the manual pull station and the fire 
department arrived within 3 minutes. 

One civilian and one fire fighter were injured in the fire, 
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There was extensive smoke and soot damage in the area. 
Direct property damage was estimated at $12,000. The fire 
occurred in an unsprinklered building. 

The cause of the fire was determined to be a short circuit in 
the wiring in the motor of the couch. 

C.ll.1.4 New Jersey, April 1982. A small hospital fire occurred 
in a processing laboratory where tissue samples are cut and 
mounted in metal or polypropylene cassettes and then run 
through a processor. In the processor, the mounted samples are 
dipped in a series of baths. The cassettes were stored in polysty
rene cabinets. 

The cause of the fire was undetermined. Damage was con
fined to a 6-ft~ area in the corner of the tissue lab. The fronts 
of the cassette cabinets suffered partial melting and some cas
settes had the paraffin melted. It was estimated that 80 percent 
of the specimen cassettes were intact and salvageable. 

Total direct property damage was estimated at $70,000 and 
business interruption at $4,000. 

Asingle sprinkler head operated and ext.inguished t.he fire. 
The waterflow alarm was received by the hospital switchboard 
and the municipal dispatching service. 

C.ll.1.5 Massachusetts, April 1982. A tissue laboratory in a 
hospital was the scene of a fire that resulted in $50,000 in 
direct property damage. An additional $50,000 was lost due to 
business interruption. 

The tissue lab was locat.ed in the pathology area of the lab 
building and housed 11 tissue processing machines. Eight of 
the machines were used to dehydrate tissue samples in a xy
lene concentrated solution or an alcohol solution. 

When a technician left the room at 5: 15 p.m., all the ma
chines were functioning properly. Twenty minutes later, a wa
terflow and smoke detection alarm was received at the com
mand center with direct transmission to the fire department. 
Two sprinkler heads helped control the fire. The fire was ex
tinguished by the tire department using a 1 Y~-in. hand line 
from an interior standpipe. The fire was attributed to thejam
ming of one of the baskets of a processing machine as it was 
being moved from one carriage to another. The motor failed 
to shut down as it should have, overheated, and eventually 
ignited the flammable xylene and alcohol solutions. 

C.l1.1.6 Tennessee, May 1984. The overheating of xylene in
side a distiller located in the hospital lab resulted in a fire. Appal~ 
ently, the escaping tlammable vapors were ignited by ordinary 
electrical equipment in the room. Prompt and effective auto
matic sprinkler activation helped minimize fire damage. 

The fire occurred in a fourth flool' histology lab. Among 
the contents of the lab were small xylene stills for reclaiming 
Llsed solvent, and also tissue processing equipment. A techni
cian had filled the distiller with xylene. Some time later, an
other person working in the area of the distiller noticed that 
an odor was coming from the unit and that the solution had a 
brown color to it. This employee left to find someone to in
spect the distiller. This employee returned with another 
worker to find a grayish haze around the console. Just after 
leaving the room, the employees saw smoke coming from un
der the door. A "Code Red" was sounded and the lab was 
evacuated. The technician who originally was running the ma
chine returned at the sound of the alarm and tried to turn off 
the instrument by crawling on the floor, but was unable to do 
so because of the smoke and smell of xylene. 

Property loss was estimated at $150,000, and business inter
ruption resulted in an additional $15,000. 
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C.l1.l.7 Florida, December 1985. A tire broke out in a hospi
tal pathology lab and resulted in $100,000 in property dam
age, and an additional $2,000 in business interruption. The 
pathology lab analyzes tissue samples from patients. These 
samples are preserved in an embedding center using paraffin 
as the preserving agent. 

The cause of the fire was determined to be the failure of a 
thermostat that controls the temperature of the heating ele
ment that melts the paraffin in the tissue embedding center. 

The fire damaged two tissue-embedding centers, an ultra
sonic cleaner, two light fixtures, a wood wall cabinet, as well as 
damaging the wall and ceiling. Microscopes, computer tenni
nals, measuring equipment, and tissue slides and samples 
were among the items damaged by smoke and soot. The fire 
damage was confined to the lab. 

An employee smelled smoke coming from the lab and no
ticed that the lab door was hot. A security guard was called 
immediately and pulled the alarm at a manual station in the 
hallway. The fire department extinguished the fire with dry 
chemicals and an inside hose stream located in the hallway. 
There were no heat or smoke detectors inside the pathology 
lab. The building was unsprinklered. 

C.ll.l.8 New York, April 1988. A hospital laboratory was the 
scene of a $250,000 fire. The fire started when a professor was 
sterilizing a pair of scissors using the "flaming" procedure. 
The "t1aming" method involves dipping an item into alcohol 
and then burning off that alcohol with a Bunsen burner. The 
professor carried out the procedure once, then t.ried to do it a 
second time because he thought he had contaminated t.he 
scissors. During the second attempt, the alcohol he dipped the 
scissors into ignited because the scissors were still hot. The 
container of alcohol was dropped and the fire spread to 
nearby combustibles, including other flammable liquids. 

A security guard noticed the fire and immediately pulled 
the alarm signaling the fire departmen t. and hospital fire bri
gade. The fire department responded promptly and extin
guished the fire. 

There were no automatic sprinklers in the fire area. Three 
civilians were injured in the fire. 

C.ll.l.9 California, April 1989. The thermostat of a low
temperature lab oven (incubator) malfunctioned, causing the 
oven to overheat. The unit heated to approximately 200 de
grees overnight, causing a smoldering fire. An employee dis
covered the fire in the sixth-Hoor laboratory in the medical cen
ter when he arrived early to work. His first action was to shut off 
the incubator, after which he called the fire department. 

Fire destroyed the contents of the incubator, and the incu
bator itself needed repairs due to exposure to dry powder 
agent. Smoke damage also occurred in the lab and hallway. 
Property damage was estimated at $1,000. 

An alar!l1 sounded after the fire department had used an 
extinguisher on the fire. The type of alarm was not reported. 

C.ll.l.l0 California, November 1989. Four [ire fighters were 
iruured at a fire in a pathology lab at a multi-story hospital 
medical center when they were exposed t.o toxic chemical de
bris and human tissue. The fire originat.ed in a stainless steel 
cabinet that had two glass-windowed doors. There were two 
pieces of equipment in the cabinet that were used to process 
tissue by dipping trays of tissues into a series of containers. The 
machines were about 20 years old. 
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The official cause of the fire was listed as a malfunction
ing piece of electrically powered lab equipment igniting 
volatile flammable liquid. The exact point of failure could 
not be determined. 

Automatic detection equipment was present and operated. 
There was no automatic sprinkler system present in the lab. 
Direct property loss was estimated at $325,000. No estimates 
were given for business interruption. 

C.I1.1.Il Michigan, March 19B1. A building that housed vari
ous analytical research and development laboratories was the 
scene of a $60,000 fire. The laboratory involved in the fire was 
used essentially for liquid and gas chromatography. 

The fire occurred when solvent leakage inside, or adjacent 
to, a liquid chromatograph ignited from an electrical source. 
Apparently, a small amount of solvent was spilled for up to 
2.S minutes and subsequently ignited. The fire burned 
through a plastic tube feeding a waste solvent container on 
a shelf. The spilled waste solvent intensified the fire. Liquid 
chromatography uses solvents of methanol and iso-octane. 

An employee first heard a crackling and then saw flames at 
the base of the liquid chromatography instrument. Employees 
immediately attacked the fire with a dry chemical fire extin
guisher. Also, two sprinkler heads operated, limiting the spread 
of fire within the laboratory. The fire department received a wa
terflow alarm, a manual fire alarm box, and several phone calls. 
Fire fighters found the fire nearly out on arrival because of sprin
kler activation and consumption of the spilled liquid. 

C.Il.1.12 Virginia,June 19B1. A small fire occurred in a labora
tory that manuf;lCtures interferon. During this process, red and 
white blood cells are separated, and the white cells are placed in 
beakers with nutrients. A virus is introduced to the white cell cul
tures, which then produce the interferon. A centrifuge is used to 
separate the interferon fi'om the white cells. The process is car
ried out in a small refrigerated room isolated from other areas by 
insulated metal panel walls and ceiling. 

In the early afternoon, an employee stabilized a magnetic 
stirring rod that had been banging the side of one of the glass 
beakers. 

Minutes later, personnel noticed smoke and fire within the 
refrigerated room and immediately extinguished the fires 
with extinguishers. The fire department also was notified. 

Alcohol spilling onto the electrical parts of the magnetic 
stirrer caused the fire. The spilling was caused by inadequate 
supervision of the magnetic stirrer. 

The fire resulted in $235,000 in direct property damage 
and an additional $40,000 in business interruption. Metal 
walls and ceiling panels, some laboratory equipment, and an 
unknown quantity of interferon were destroyed or damaged 
in the fire. 

There were no aut.omatic detection or suppression systems 
in the building. There were manual pull stations and portable 
ext.inguishers. 

C.Il.1.I3 Tissue Processor Fire. Operated 24 hours per day, 
but unattended from 11 p.m. to 7 a.m., a tissue processor was 
sllspected of causing $200,000 damage because the incident 
occurred after 11 p.m. and there were no detectors or auto
matic extinguishing equipment in the laboratory. Flammable 
liquids in glass containers stored in an open shelf below the 
equipment contributed to the int.ensity of the fire. 

Aside from damage to t.he laboratory, electrical cables in 
the corridor near the incident shorted and caused power to be 
interrupted in the hospital. Fire doors closed, but the fire 
alarm was not sounded. 

C.l1.1.14 Hot Plate Fires. Acetone, being poured at the sink 
in a patient treatment lab, was ignited by a nearby hot plate 
that had just been tumed off. The technician dropped the 
container, which was metal and which, fort.unately, fell in an 
upright position. The patient was saf(~ly evacuated, but the fire 
was intense enough to melt the sweated water pipe fittings of 
the window ventilator. 

Petroleum ether caught fire while a chemist was pouring it in 
a hune hood fi'om its large glass container- presllmably ignited 
by a nearby hot plate that had recently been turned off. He 
dropped the glass container on the floor andl~1ll from the room. 
The bottle broke; ignition caused enough pressure to blow open 
the lab escape hatch and slam the entrance door shut. 

C.Il.1.IS Refrigerator Explosion. Eighty ml of diazomel.hane 
dissolved in ether detonated in it domestic-t.ype refrigerator. 
The door blew open, the frame bowed out, and the plastic 
lining ignited, causing a heavy blanket of soot to be deposited 
far down the adjoining corridor. (See 11.7.2.5.) 

C.l1.1.16 Pressure Filter Fire. At an eastern hospital phar
macy, a fire-conscious technician prepared for pressure fil
tering of SO gal (220 L) of isopropyl alcohol by placing a 
towel on a table adjacent to the pump; in the event of fire 
he planned to smother flames of alcohol inadvertently 
spilled on his person. As he attempted to turn on the pump, 
the defective switch ignited alcohol on his hands. Instinc
tively, he reached for the towel as he had previously re
hearsed in his mind but, in doing so, he tripped over the 
hose that was conducting alcohol by gravity from a large 
open kettle to the suction side of the pump. The hose 
slipped from its fittings, thereby dumping 50 gal (220 L) of 
the flaming solvent onto the floor. He escaped with minor 
injuries, but the pharmacy was destroyed. (lYLtny fires are 
intensified by an unfortunate sequence of minor unsafe 
practices that in themselves seem almost. too insignifican t to 
worry about.) 

C.ll.1.17 Water Bath Fire. When the thermostat on a water 
bath malfunctioned, the bath overheated, causing the <LClylic lid 
to sag and contact the heater elemenL<;. A tire resulted. Heater 
equipment should always be protected by overtcmperature shut
oils. (Based on DuPont Saji1ty New.I,June 14, 1965.) 

C.11.1.1B Peroxide Explosion. A distillatjon apparatus ex
ploded within a lab fume hood. It was caused by the detona
tion of the residual peroxide. The drawn sash prevented in
jury, although the electric mantle was torn to shreds. The 
investigator was using "some isopropyl ether," which had been 
kept in a clear glass bottle. He allowed the distillation to con
tinue to dryness. 

Investigators should become more aware of the nature 
of ether peroxide formations. Dioxane and ethyl and iso
propyl ethers are the most common offenders. Age, sun
light, air space above liquid, and clear glass containers help 
to create these explosive peroxides. Test frequently for per
oxide; filter out peroxides through a column of 80 mesh 
Alorco activated alumina, as suggested by Dasler and Bauer, 
lnrl. Eng. Chem. Anal., Ed. 18,52 (1964). Never leave distil
lations unattended. 
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C.l1.2 Related Definitions, Laboratories. The following defi
nitions are taken from other NFPAdocuments and are critical 
to the understanding of Chapter 11. 

C.l1.2.1 The following definitions are taken from NFPA 30, 
Flammable and Combustible Liquids Code: 

Flammable Liquid. Any liquid that has a closed-cup flash 
point below lOO°F (37.8°C), as determined by the test proce
dures and apparatus set forth in 1.7.4.1 through] .7.4.4. Flam
mable liquids are classified as Class I as follows: Class J Liquid 
- any liquid that has a closed-cup flash point below lOO°F 
(37.8°C) and a Reid vapor pressure not exceeding 40 psia 
(2068.6 mm Hg) at 1000F (37.8°C), as determined byASTM D 
323, Standard Method 0/ Test for Vapor Pressure ofPetroleu.m Prod
ucts (Reid Method). Class I liquids are further classified as fol
lows: (I) Class IA liquids - those liquids that have flash points 
below 73°F (22.8°C) and boiling points below 100°F (37.8°C); 
(2) Class IB liquids - those liquids that have flash points be
low nOF (22.8°C) and boiling points at or above lOO°F 
(37.8°C); (3) Class IC liquids - those liquids that have flash 
points at or above 73°F (22.8°C), but below 1000F (37.8°C). 
[30:3.3.25.2J 

Combustible Liquid. Any liquid that has a closed-cup flash 
point at or above 100°F (37.8°C), as determined by the test 

Table C.l1.2.3.1 Degrees of Health Hazards 

Degree of Hazard* 

4 - Materials that, under emergency conditions, can be lethal. 

3 - Materials that, under emergency conditions, can cause serious 
or permanent injury. 
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procedures and apparatus set forth in 1.7.4.1 through 1.7.4.4. 
Combustible liquids are classified as Class II or Class HI as 
follows: (1) Class Il Liquid - any liquid that has a Dash point at 
or above 100°F (37.SOC) and below 140°F (60'C); (2) Class 
lilA - any liquid that has a flash point at or above 140°F 
(600C), but below 200°F (93°C); (3) Class JffE - any liquid 
that has a flash point at or above 200°F (93 D C). [30:3.3.25.1 J 

C.l1.2.2 The following definition is also taken from NFPA30, 
Flammable and Combustible Liquids Corle: 

Flash Point. The minimum temperature of a liquid at which 
sutlicient vapor is given off to form an ignitible mixture with 
the air, near the surface of the liquid or within the vessel used, 
as determined by the appropriate test procedure and appara
tus specified in 1.7.4. [30:3.3.16] 

C.ll.2.3 The following definitions are based on NFPA 704, 
Standard System Jbr the Identi/ication of the J-f azarris 0/ MaterialsjiJr 
Emergency Response. 

C.l1.2.3.1 Health Hazard. A health hazard is any property of a 
material that, either directly or indirectly, can cause injury or in
capacitation, either temporary or permanent, from exposure by 
contact, inhalation, or ingestion. Table C.J 1.2.3.1 is extracted 
from NFPA 704 ancl defines degrees of health hazard. 

Criteria 

Gases whose LC50 for acute inhalation toxicity is less than or 
equal to 1000 parts per million (ppm). 

Any liquid whose saturated vapor concentration at 20°C (68°F) 
is equal to or greater than ten times its LCe,o for acute inhalation 
toxicity, if its LC50 is less than or equal to 1000 ppm. 

Dusts and mists whose LC50 for acute inhalation t.oxicity is less 
than or equal to 0.5 milligrams per liter (mg/L). 

Materials whose LD50 for acute dermal toxicity is less than or 
equal to 40 milligrams per kilogram (mg/kg). 

Materials whose LD"o for acute oral toxicity is less than or equal 
to 5 mg/kg. 

Gases whose LC50 for acute inhalation toxicity is greater than 
1000 ppm but less tllan or equal to 3000 ppm. 

Any liquid whose saturated vapor concentration at 20°C (68°F) 
is equal to or greater than its LC,,() for acute inhalation toxicity, 
if its LC50 is less than or equal to 3000 ppm and that does not 
meet tlle criteria for degree of hazard 4. 

Dusts and mists whose LC50 for acute inhalation toxicity is 
greater than 0.5 mg/L but less than or equal to 2 mg/L. 

Materials whose LD,,,o for acute dermal toxicity is greater than 
40 mg/kg but less than or equal to 200 mg/kg. 

Materials that are corrosive to the respiratory tract. 

Materials that are corrosive to the eye or cause irreversible 
corneal opacity. 

Materials that are corrosive to skin. 

Cryogenic gases that cause frostbite and irreversible tissue 
damage. 
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Table C.l1.2.3.1 Continued 

Degree of Hazard* 

3 - Materials that, under emergency conditions, can cause 
serious or permanent injury 

2 - Materials that, under emergency conditions, can cause 
temporary incapacitatjon or residual injury. 

1 - Materials that, ullcler emergencv conditions, can cause 
significant irritation. " 

0- Materials that, under emergency conditions, would offer no 
hazard beyond that of ordinary combustible materials. 

Criteria 

Compressed liquefied gases with boiling points at or below 
-55°C (-66.5°F) that cause frostbite and irreversible tissue 
damage. 

Materials whose LDso for acute oral toxicity is greater than 
5 mg/kg but less than or equal to 50 mg/kg. 

Gases whose LC,·,o for acute inhalation toxicity is greater than 
;l000 ppm but less than or equal to 5000 ppm. 

Any liquid whose saturated vapor concentration at 20°C 
(68°F) is equal to or greater than one-fifth its LG·,o for acute 
inhalation toxicity, if its LC"o is less than or equal to 50 on 
ppm and that does not meet the criteria for either degree of 
hazard ;l or degree of hazard 4. 

Dusts and mists whose LCc,o for acute inhalation toxicity is 
greater than 2 mg/L but less than or equal to 1 () mg/L. 

Materials whose L,D"o for acute dermal toxicity is greater than 
200 mg/kg but less than or equal to 1O00 Il1g/kg. 

Compressed liquefied gases with boiling points between 
-30°C (-22°F) and -55°C (-66SF) that can cause severe 
tissue damage, depending on duration of exposure. 

Materials that are respiratory irritants. 

Materials that cause severe but reversible irritation to the eyes 
or Iacrimators. 

Materials that arc primary skin irritants or sensitizers. 

Materials whose LD"o for acute oral toxicity is greater than 
50 mg/kg but less than or equal to 500 mg/kg. 

Gases and vapors whose LC"o for acute inhalation toxicity is 
greater than 5000 ppm but less than or equal to 10,000 ppm. 

Dusts and mists whose LC"o for acute inhalation toxicity is 
greater than 10 mg/L but less than or equal to 200 mg/L. 

Materials whose LD"o for acute dermal toxicity is greater than 
lOOO mg/kg but less than or equal to 2000 mg/kg. 

Materials that cause slight to moderate irritation to the 
respiratolY tract, eyes, and skin. 

Materials whose LDso for acute oral toxicity is greater than 
.500 mg/kg but less than or equal to 20()() mg/kg. 

Gases and vapors whose LC"o for acute inhalation toxicity is 
greater than 10,000 ppm. 

Dusts and mists whose LC"o for acute inhalation toxicity is 
greater than 200 mg/L. 

Materials whose LD"o for acute dermal toxicity is greater than 
20nO mg/kg. 

Materials whose LD"o for acute oral toxicity is greater than 
2000 mg/kg. 

Materials that are essentially nonirritating to the respiratory 
tract, eyes, and skin. 

"'For each degree or hazard, the critcri'l arc listed in a priority order hased upon the likelihood of exposure. 
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C.I1.2.3.2 Flammability Hazard. Flammability describes the 
degree of susceptibility of materials to burning. The form or 
condition of the material, as well as its inherent properties, 

Table C.I1.2.3.2 Degrees of Flammability Hazards 

Degree of Hazard 

4 - Materials that will rapidly or completely vaporize at 
atmospheric pressure and normal ambient temperature or 
that are readily dispersed in air and will burn readily. 

3 - Liquids and solids that can be ignited under almost all 
ambient temperatulT conditions. Materials in this degree 
produce hazardous atmospheres with air under almost all 
ambient temperatures or, though unaffected by ambient 
temperatures, are readily ignited under almost all conditions. 

2 - Materials that must be moderately heated or exposed to 
relatively high ambient temperatures before ignition can 
occur. Materials in this degree would not under normal 
conditions form hazardous atmospheres with air, but under 
high ambient temperatures or under moderate heating could 
release vapor in sufficient quantities to produce hazardous 
atmospheres with air. 

2005 Edition 

affects its flammability. Table C.ll.2.3.2 is extracted from 
NFPA 704 and defines degrees of flammability hazard. 

Criteria 

Flammable gases. 

Flammable cryogenic materials. 

Any liquid or gaseous material that is liquid while under 
pressure and has a flash point below 22.8°C (73°F) and a 
boiling point below 37.8°C (100°F) (i.e., Class lA liquids). 

Materials that ignite spontaneously when exposed to air. 

Solids containing greater than 0.5 percent by weight of a 
flammable or combustible solvent are rated by the closed cup 
flash point of the solvent. 

Liquids having a flash point below 22.8°C (73°F) and having a 
boiling point at or above 37.8°C (lOO°F) and those liquids 
having a flash point at or above 22.8°C (73°F) and below 
37.8°C (lOO°F) (i.e., Class IB and Class IC liquids). 

Materials that on account of their physical form or 
environmental conditions can form explosive mixtures with 
air and that are readily dispersed in air. 

Flammable or combustible dusts with representative diameter 
less than 420 microns (40 mesh). 

Materials that burn with extreme rapidity, usually by reason of 
self~contained oxygen (e.g., dry nitrocellulose and many 
organic peroxides) . 

Solids containing greater than 0.5 percent by weight of a 
flammable or combustible solvent are rated by the closed cup 
flash point of the solvent. 

Liquids having a flash point at or above 37.8°C (JOO°F) and 
below 93.4°C (200°F) (i.e., Class II and Class IlIA liquids). 

Solid materials in the form of powders or coarse dusts of 
representative diameter between 420 microns (40 mesh) and 
2 mm (10 mesh) that burn rapidly but that generally do not 
form explosive mixtures with air. 

Solid materials in a fibrous or shredded form that burn 
rapidly and create flash fire hazards, such as cotton, sisal, and 
hemp. 

Solids and semisolids that readily give off flammable vapors. 

Solids containing greater than 0.5 percent by weight of a 
flammable or combustible solvent are rated by the closed cup 
flash point of the solvent. 
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Table C.l1.2.3.2 Continued 

Degree of Hazard 

1 - Materials that must be preheated before ignition can occur. 
Materials in this degree require considerable preheating, 
under all ambient temperature conditions, before ignition 
and combustion can OCCllr. 

0- Materials that will not burn under typical fire conditions, 
including intrinsically noncombustible materials such as 
concrete, stone, and sand. 

C.l1.2.3.3 Reactivity (Instability) Hazards. Reactivity describes 
the ability of a material to chemically react with other stable or 
unstable materials. For purposes of this hazard identification sys
tem, the other material is water, if reaction with water releases 
energy. Reactions with common materials other than water can 
release energy violently, but are beyond the scope of this iden6fi
cation system. 

Unstable materials are those tbat, in t.he pure state or as 
commercially produced, will vigorously polymerize, decom
pose, or condense, become sclf~reactive, or undergo other vio
len t chemical changes. 

Stable materials are those that normally have the capacity 
to resist cbanges in their chemical composition, despite expo
sure to air, water, and heat encountered in fire emergencies. 
Table C.ll.2.3.3 is extracted from NFPA 704 and defines de
grees of reactivity (instability) hazards. 

C.12 Additional Infonnation on Chapter 12. 

C.12.1 Emergency Management Program Development. For 
those new to the emergency management field, and/or for 
those seeking to re-structure an existing program, a sample 
program development process is illustrated in Figure C.12.l. 

Criteria 

Materials that will burn in air when exposed to a temperature 
of SIS.SoC (ISOO°F) for a period of S minutes in accordance 
with Annex D [ofNFPA 704J. 

Liquids, solids, and semisolids having a flash point at or above 
93.4°C (2000F) (i.e., Class IIIB liquids). 

Liquids with a flash point greater than :)!SOC (9S0F) that do 
not sustain combustion when tested llsing the iVlelhod of 
Testingjilr Sustained Cmnbustibilit)" per 49 CFR 173, Appendix 
H or the UN Reco'm'mrmrirltions o'n the Trml.l!JOrt oflJangerous 
Goods, Model Fiegulations, II th revised edit jon, and the related 
Manual of Tests and Oriteria, 3rcl revised edi tion, 

Liquids with a flash point greater than 35°C (c)5'F) in a 
water-miscible solution or dispersion with a water 
noncom bustible liquid/solid con ten t of more than Wi percen t 
by weight. 

Liquids that have no fire point when tested by ASTM D 92, 
Stanri(lni '[est Methodj(Jr nash and Fire Points Ii)' Clrmi!lmui Open 
Cut), up to the boiling point of the liquid or up to a 
temperature at which the sample being tested shows an 
obvious physical change, 

Combustible pellets with a representative diameter greater 
than 2 mm (10 mesh). 

Most ordinary combustible materials. 

Solids containing greater than 05 percent by weight of a 
flammable or combustible solvent are rated by the closed cup 
flash point of the solvent. 

Materials that. will not burn in air when exposed to a 
temperature of SI fioC (1500°F) f(Jr a period of [) minutes in 
accordance with Annex D [ofNFPA 704]. 

C.12.1.1 Program Development Steps and Activities. 

C.12.1.1.1 Designate the Emergency Management Committee 
(EMC), Identify Operating Unit Roles, and Assign Responsi
bilities. The EMC is a multi-disciplinary committee estab
lished to coordinate and oversee the emergency manage
ment program, and have a close relationship with the Safety 
Committee. 

The functions of the EMe include defining the role of the 
organization in the community wide emergency management 
program; conducting/reviewing a Hazard Vulnerability Analysis 
(I-IVA) which addresses all hazards thai threaten the Llcility; 
developing/reviewing Standard Operating Procedures (SOPs) 
that address hazards identified in the HVA; developing/ 
reyjewing the emergency operations plan and coordinate it. with 
other health care organizations in t.he comlllllllity wide emer
gency management program; assigning roles and responsibilities 
of operating unit managers and key operat.ors/managers; over
seeing the development and maintenance or the EMP; ensuring 
that all employees have received appropriate training; conduct
ing an annual evaluation ofthe efkctiveness of the progrcul1, and 
ensuring a telephone roster of key personnel responsible fix 
critical operations is kept current 
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Table C.l1.2.3.3 Degrees of Instability Hazards 

Degree of Hazard 

4 - Materials that in themselves are readily capable of 
detonation or explosive decomposition or explosive reaction 
at normal temperatures and pressures. 

3 - Materials that in themselves are capable of detonation or 
explosive decomposition or explosive reaction, but that 
require a strong initiating source or that must be heated 
under confinement before initiation. 

2 - Materials that readily undergo violent chemical change at 
elevated temperatures and pressures. 

1 - Materials that in themselves are normallv stable, but that 
can become unstable at elevated temperat{lres and pressures. 

Criteria 

Materials that are sensitive to localized thermal or mechanical 
shock at normal temperatures and pressures. 

Materials that have an instantaneous power density (product 
of heat of reaction and reaction rate) at 250°C (482°F) of 
1000 W / mL or greater. 

Materials that have an instantaneous power density (product 
of heat of reaction and reaction rate) at 250°C (482°F) at or 
above 100 W /mL and below 1000 W /mL. 

Materials that are sensitive to thermal or mechanical shock at 
elevated temperatures and pressures. 

Materials that have an instantaneous power density (product 
of heat of reaction and reaction rate) at 2.S0°C (482°F) at or 
above 10 W/mL and below 100W/mL. 

Materials that have an instantaneous power density (product 
of heat of reaction and reaction rate) at 2500C (482°F) at or 
above O.OJ W /mL and below lOW /mL. 

0- Materials that in themselves are normally stable, even under Materials that have an instantaneous power density (product 
Jire conditions. . of heat of reaction and reaction rate) at 250°C (482°F) below 

O.Ol W/mL. 
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FIGURE C.12.1 Emergency Management Program Development Process. 
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C.12.1.1.2 Conduct a Hazard Vulnerability Analysis (HVA) 
and Complete Operating Unit Templates. The HVA is a system
atic approach to assessing the probability and consequence of 
hazards, threats and event~ that might affect the continued op
eration of the health care facility and surrounding community. 
Figure C.12.J, 1.2(a) illustrates a sample HVA fonnat. 

The emergency management committee oversees the HVA 
process to ensure that all major threats to the facility are ac
counted for and assessed. Input to the HVA by operating unit 
managers is very important. Once a list of priority hazards, 
threats and events has been compiled, managers should com
plete an operating unit template t()r their particular service or 
department. Some threats to individual operating units are so 
severe that they might interrupt the continuity of critical op
erations in the facility. The operating unit template is a unit
level contingency plan, useful in staff education, drills, and 
actual events, Figure C.12.1.1.2(b) shows a sample operating 
unit template. 

C.12.1.1.3 Review the Hazard Vulnerability Analysis (HVA) 
and Detennine Priorities for Developing Standard Operating 
Procedures (SOPs). Using the input submitted by operating 
unit managers, the committee must prioritize threats/events 
and develop a list of SOPs that must be developed to address 
those hazards. Figure C.12. 1.1.3 displays a sam pie Standard 
Operating Procedure format. 

C.12.1.1.4 Implement Mitigation and Preparedness Strate
gies. Using the SOPs developed for prioritized threats/events, 
develop and implement actions that will eliminate or reduce 
the impact of adverse events to the L1Cility and build capabili
ties to manage them. The committee should review the SOPs 
to identify resources needed for mitigation and preparedness, 
develop cost estimates or resources required, and submit the 
resource request to the Director for funding, The committee 
is responsible for tracking mitigation and preparedness plan
ning activities until completed, 

C.12.1.1.5 Report Results of Mitigation and Preparedness Ac
tivities to the Emergency Management Committee. Operating 
unit managers and the emergency program coordinator 
should regularly report results of mitigation and preparedness 
activities to the committee. Reports should include mitigation 
activities taken that e1fectively reduced or eliminated adverse 
impacts to the facility; mitigation activities that did not reduce 
or eliminate adverse impacts to the bcility operation; and rec
ommendations for mitigation and preparedness activities, 
budget, and timelines, 

C.12.1.1.6 Develop, Publish and Distribute the Emergency 
Operations Plan (EOP). NFPA 1600, Standa:rd on Dims II:!'! 
Emergency Managrmuml and Business Conlinuity Programs, Section 
3.6, describes four types of planning: strategic administrative 
(preparedness) planning, mitigation planning, recovery plan
ning, and emergency operations planning. 

The Federal Emergency Management Agency, now pan of 
the Department of Homeland Security, issues guidance on the 
development of emergency operations plans, or EOPs, The EOP 
is designed to address all hazards and it accomplishes this 
through its organization by functions, not departments, haLards, 
or individuals, Flexibility is a key feature of this type of format, as 
only the functions needed to address the problems are activated, 
not the entire plan. This type of EOP format (a Basic Plan and 
Functional Annexes) is that used by communities, states, and the 
Federal Response Plan. (See Annex G, !nfrmnaliorwl lv:frmmres,) 

C.12.1.1.7 Train Staff on the Emergency Operations Plan 
(EOP). See 12.3.3.8. 

C.12.1.1.8 Test and Evaluate the Emergency Operations Plan 
in Response to a Drill or Actual Event. See 12,;3,3.9, 

C.12.1.1.9 Conduct an Annual Review of the Effectiveness of 
the Emergency Management Program. See NFPA 1600 lor addi
tional information on program evaluat.ion and corrective actions, 

C.12.2 Personnel Notification and Recall. Medical staIr, key 
personnel, and other personnel needed will be notified and 
recalled as required. In order to relieve switchboard conges
tion, it is desirable to utilize a pyramidal system to recall incli
viduals who are olT duty or otherwise out of the f~lcility, Under 
the pyramidal system, an individual who has been notified will 
notify two other individuals, who in turn will each notil-y two 
other individuals, and so on, A current copy of the notification 
and recall roster, with current home and on-call telephone 
numbers, will be maintained at the hospital switchboard at all 
times. Tn case the pyramidal system is to be utilized, each indi
vidual involved in the system has to maintain a current copy of 
the roster at all times, in order that each knows whom they are 
to notify and the telephone numbers concerned. It is essent.ial 
that key personnel rosters be kept current.. 

C.12.3 Special Considerations and Protocols. 

C.12.3.1 Fire and Explosion. In the event that the health care 
f~tcility need not be complet.ely evacuated immediately, the ac
tions steW should take when they are alerted to a fire are detailed 
in Sections 18.7, 19.7,20.7, and 21.7 ofNFPA 101, Lijf: Snjfdy Code, 

C.12.3.2 Severe Stonn. The warning system operated by the 
National Oceanic and Atmospheric Administration will, in 
most cases, provide adequate time to permit the health care 
f~1Cility to take certain precautions, and if disaster appears in
evitable, to activate the Health Care Emergency Management 
Plan in advance of the disaster event. Assllming evacuaLion is 
not feasible, some precaut.ions include the following: 

(1) Draw all shades and close all drapes as protection against 
shattering glass. 

(2) Lower all patient beds to the low position, wherever possible, 
(3) Place blankets on patients/residents. 
(4) Close all doors and windows. 
(5) Bri ng indoors those lawn objects that could become missiles, 
(6) Remove all articles from window ledges. 
(7) Relocate patients/residents to windowless hallways or 

rooms. 

C.12.3.3 Evacuation. Evacuation can be partial or t.otal. It might 
involve moving from one story to another, one lateral section or 
wing to another, or moving out of the structure, Even partial 
evacuations can involve all categories ofpatienLS; where t.hese are 
people who would not routinely be moved, extraorclinalY mea
sures might be required to support lire. It is also necesscuy to 
ensure movement of supplies in conjunction with any evacua
tion, Decisions to evacuate might be made as a result. of internal 
problems or under menace of engulfing external threats. In all 
cases, the following considerations govern: 

(I) Move to pre-designated areas, whether in the I~tcility, 

nearby, or in remote zones, Evacuation directives will nor
mally indicate destinations. Note that it is recommended 
to predesign a mutual aid evacuation plan with other 
health care facilities in the community, (See Annex C, U.S, 
Governmenl Publication 3152, HosjJilals and Cmfn/tunily Emerc 

gency !visjJOnSe-Wfwt you Neerllo Know, on lhe subjecl o/heallh 
mil! cornrnunily mutual aid ([nd elHlC'lwlion jJZann/>ng.) 
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Severity Classification - Low, Moderate, High 

Human Property Operational 
Probability Impact Impact Impact Rank 

Likelihood 
this will occur Possibility of Physical losses Interruption Score of 2 or higher in any 

Type of Event within 1 year death or injury and damage of services category requires a SOP 

O=NIA O=NIA O=NIA O=NIA 
1 =Low 1 =Low 1 =Low 1 =Low 
2 = Moderate 2= Moderate 2= Moderate 2 = Moderate 

Score 3= High 3= High 3= High 3=High SOP required - yes or no? 

(hazard type) 

© 2005 National Fire Protection Association NFPA 99 (p. 1 of 1) 

FIGURE C.12.1.1.2(a) Sample Hazards Vulnerability Analysis (HVA) Format. 
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Operating Unit: ________________ _ Operating Unit Manager: ________________ _ 

Contact for 
If this mission critical system 

Mission Critical Potential Assistance Mitigation 
is interrupted, then: 

System Problems in Preparing Actions Assess situation for: Action required: 

(Lighting) 

(Electrical Power) 

(Steam Distribution) 

(HVAC) 

(Room or Hood Exhaust) 

(Water Delivery) 

(Waste Stream) 

(Communications) 

© 2005 National Fire Protection Association NFPA 99 (p. 1 of 1) 

FIGURE C.12.1.1.2(b) Sample Operating Unit Template. 
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(Name of facility) 

Standard Operating Procedure #: _____________________ _ 
(Date) 

SUBJECT: ____________________________ ~------~--------------------------------
(Insert Hazard, Threat, or Event Name) 

1. Description of hazard, threat, or event: __________________________________ _ 

2. Impact on mission critical systems: ___________________________________ __ 

3. Operating units and key personnel with responsihility: __________________________ _ 

4. Mitigation and Preparedness Activities 

a. Hazard reduction strategies and resource issues: _____________________________ _ 

b. Preparedness strategies and resource issues: _____________________________ _ 

5, Response and Recovery Activities 

a. Hazard control strategies and resource issues: ______________________________ _ 

b, Hazard monitoring strategies: _____________________________________ _ 

c. Recovery strategies and resource issues: ________________________________ __ 

6, Notification Procedures 
a.lnternal: ______________________________________________ _ 

b.External: ___________________________________________ _ 

7. Specialized staff training: _______________________________________ __ 

8. References and further assistance: __________________________________ _ 

9. Review date: ___________________________________________ _ 

(Name) (PositionfTitie) 

© 2005 National Fire Protection Association (NFPA 99, p. 1 of 1) 

FIGURE C.12.1.1.3 Sample Standard Operating Procedure Format. 
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(2) Ensure movement of equipment, supplies, and medical 
records to accompany or meet patients and stalf in the 
new location. 

(3) Execute predetermined stafIing plans. Some stalf will ac
company patients; others will rendezvous in the new loca
tion. Maintenance of shifts is more complex than normal, 
especially when some hard-to-move patients stay behind 
in the threatened location, and when staff might be sepa
rated from their own relocated families. 

(4) Protection of patients and staff (during and after move
ment) against the threatening environment has to be 
provided. 

(5) Planning has to consider transportation arrangements 
and patient tracking. 

C.12.3.4 High Profile. Admission of a high-profile person to a 
health care facility in an emergency creates two sets of prob
lems that might require partial activation of the Health Care 
Emergency Management Plan. These problems are security 
and reception of news media. 

C.12.3.4.1 Security. Provision of security forces in this situa
tion might be provided by a governmental agency or private 
security forces. However, activation of facility security forces 
might be required to prevent hordes of curious onlookers 
from entering facility work areas and interfering with routine 
facility functioning. Routine visiting privileges and rontine vis
iting hours might need to be suspended in parts of the facility. 

C.12.3.4.2 Reception of News Media. The news media recep
tion plans will need to be activated. In this instance, additional 
communications to the news reception center will be re
quired. Additional telephones and telephone lines can be in
stalled on an emergency basis on request to the local tele
phone company. 

C.12.3.5 Other Protocols as Deemed Desirable. These should 
follow a number of additional protocols for internal disasters, 
to be determined by the hazards vulnerability analysis. 

C.12.3.6 Activation of Emergency Utility Resources. In the plan
ning phase, backup utility resources will have been stockpiled 
and arrangements made for mutual aid when required. Such 
utilities include electrical power, water, and fuel. Through prior 
coordination with the local office of emergency preparedness or 
fire department, mobile generators and auxiliary pumps can be 
obtained in the internal disaster situation. Through these same 
sources arrangements could be made to supply water tank trucks. 
Obviously, sllch planning is in addition to routine planning, in 
which all health care Llcilities maintain emergency electrical 
power and, in those areas requiring central heating in winter, 
backup supplies of oil, coal, or gas. Priorities for use of available 
power (e.g., air circulation but not air conditioning) have to be 
determined. Sanitation requirements can become overriding in 
prolonged disasters, and even an ordinary strike by garbage col
lectors can cause difficulties. 

C.12.3.7 Civil Disturbance. Large-scale civil disturbances in re
cent years have shown that health care facilities and their person
nel are not immune to the direct efkcts of human violence in 
such disturbances. Hospitals in large urban areas have to make 
special provisions in their disaster plans to ensure the physical 
safety of their employees in transit from the hospital exit to and 
from a secure means of transportation to their homes. In ex
treme cases it might be necessary to house employees within the 
health care facility itself during such civil disturbances. Examples 
of direct attacks or sniping are extremely rare. 

Another aspect of civil disturbances not to be overlooked 
in Llcility security planning is the possibility that a given health 
care f~lCility might have to admit and treat large numbers of 
prisoners during such emergencies; however, security guards 
for such patients will normally be provided hy the local police 
department. 

C.12.3.8 Bomb Threats. The disaster potential inherent in 
the telephoned bomb threat warrants inclusion of this disaster 
contingency in the Health Care Emergency Managemellt 
Plan. Experience has shown that bcility personnel have to ac
company police or military bomb demolition personnel in 
searching for the suspected bomb, because speed is of the 
essence and only individuals familiar with a given area can 
rapidly spot unLuniliar or suspicious objects or condition in 
the area. This is particularly true in health care facilities. The 
hcility switchboard operator has to be provided with a check
list to be kept available at all times, in order to obtain as much 
information as possible from the caller concerning the IOC1-

tion of the supposed bomb, time of detollation. and other 
essential data, which have to be considered in deciding 
whether or not to evacuate all or part of the Llcility. 

C.12.3.9 Radioactive Contamination. Emergency management 
planning has to consider the possibility 01' radioactive malerials 
being released from nuclear reactors or transportatioll accident'>, 
act, of terrorism, as well as hom internal spills. These incidents 
could require that health care staff ancl patjenls be sheltered. 
Shelter areas can be selected in existing structures and should 
be planned for during the design of new f~lcilities or additions. 
Similarly, plans also have to consider radiation dose control 
and decontamination of victims or staff personnel and public 
safety in connect jon with nuclear accidents or incidents such 
as reactor excursions. 

C.12.3.10 Hazardous Materials. There are at least three major 
sources of concern with regard t.o nonradioactive hazardous 
materials not related to the illlentionaluse of chemical agents 
to harm people (see 'Weapons oj'Mass Destru.ction, C. 12.3. 12). 
The first is the possibility of a large spill or venting of hazard
ous materials near the facility; this is especially likely near ma
jor rail or trnck shipping routes, near pipelines, or near heavy 
manufacturing plants. Second, every facility contains within its 
boundaries valJ'ing amounts of such materials, especially in 
the laboratolJ' and custodial areas. A spill of a highly volatile 
chemical can quickly contaminate an entire struct.ure by way 
of the air ducts. Finally, contaminated patients can pose a risk 
to staff, though on a more localized basis. Usually removal of 
their clothing will reduce the risk materially. Tn any case, staff has 
to be prepared to seek advice on unknown hazards. This type of 
advice is not usually available from poison centers, but rather 
Ii'om a cenD'al referral, such as CHEMTREC, and its toll-/i'ee 
emergency information service Humber (800-424-9:300). 

See Annex G for publications concerning hazardous mate
rials regulations and reports on various types of chemical pro
lective equipment. 

C.12.3.11 Volcanic Eruptions. Allhough most of the direct ef
fects of a volcanic eruption are covered in other protocols for 
disasters (fire, explosion, etc.), it is necessary to make special 
provisions for functioning in areas of heavy to moderate ash 
fall. This hazard can exist hundreds of miles downwind from 
the eruption. 

Volcanic ash is actually finely pulverized rock blown out of 
the volcano. Outside the area of direct damage, the ash varies 
from a fine powder to a coarse sand. General housekeeping 
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measures can exclude much ash. It should be noted, however, 
that. people move about. freely during and after ash fall. 

Ash f~lll presents the following four problems for health 
care Jilcilit.ies: 

(I) People require cleanup (brushing, vacuuming) before en
t.ering the building. 

(2) Electromechanical and automotive equipment and air
filtering systems require special care because of the highly 
abrasive and fine penet.ration nature of the ash. 

(:\) Increased flow of patient.s with respiratory complaints can 
he expected. 

(4) Eye protection is required for people who have to be out in 
t.he dust. (No contact lenses should be worn; goggles arc 
suggested.) Dust masks are available that arc approved by 
the National Institute for Occupational Safety and Health 
(NIOSH) and arc marked TC-21 plus other digits. 

C.12.3.12 Weapons of Mass Destruction. Weapons of McLSS De
struction or WMD are defined as any weapon or device that lS 

intended, or has t.he capability, to cause death or serious bodily 
injury t.o a signilic<lm number of people through the release, dis
semination, or impact of': toxic or poisonous chemicals or their 
precursors; a disease organism; or radiation or radioactivity. A 
complet.e index of chemical, biological, and radiological agenLs 
and treatment recommendations can be found at the following 
web site: http://www.bLCdc.gov/agent/index.asp. 

Many federal department.s and agencies are involved in 
supporting WMD preparedness and response activities at the 
State and local level. The Department of Health and Human 
Services manages two cooperative grant programs adminis
tered by the Centers for Disease Control and Prevention 
(CDC) and t.he Health Resources Services Administration 
(HRSA). These programs arc aimed at enhancing the readi
ness of the public health and hospital system (see thejiJllowing 
web linli jiJT (l descrijJtion oj" these initiatives: hUt):! /www.bt.cilc.gov/ 
jJlanning/continu.atioTiguirianr:e/jJdjl (J.r:iiviiie.\~ attachments. jJdf ) 

The Department of Justice maintains a help line (1-800-
368-6498) offering technicLl assistance in nonemergency 
cases providing information on the following subjects: detec
tion equipment; personal protective equipment; decontami
nation systerns and methods; physical properties ofWMD ma
terials; signs and symptoms of WMD exposure; treatment of 
exposure to WM D materials; toxicology information; leder'll 
response assets; and applicable laws and regulations. For re
poning act.u<lI or potential acts of terrorism, health care facili
ties should contact their local or slate health departments. 
The National Response Center (1-800-424-8802) can link call
ers to technical experts. 

See Annex G for publications relating to WMD prepared
ness for health systems. 

C.l3 Additional Information on Chapter 13. 

C.13.1 Nature of Hazards - Anesthetizing Locations. 

C.l3.I.l General. The environment of the modern operating 
room poses numerous hazards, even in those rooms in which 
llammable agents are prohibited. 

C.13.I.2 Hazards Present in All Anesthetizing Locations. 

C.13.1.2.1 Electric Shock and Spark Hazards - High
Frequency Burn. 

C.13.1.2.1.1 When a human bodv becomes the connecting 
link between two points of an elect~ic system that are at dine~
ent electric potentials, the person is likely to suffer an electric 
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shock or high-frequency burns. When there is a highly con
ductive pathway from outside the body to the heart or great 
vessels, small electric currents could cause ventricular fibrilla
tion. If a conductive material bridges two points of an electric 
system that are different electric potentials, the contact is 
likely to create a spark or an arc and intense heating of one or 
more of the conductors involved. 

C.13.I.2.I.2 Electric equipment that is defective or has a faulty 
ground produces a definite shock hazarcl if connected to conven
tional grounded electric circuits and employed in the presence 
of purposely conductive Hooring, as inst~llled in corridors adja
cent to operating rooms, or wet flooring as might be encoun
tered in sterilizing or scrub rooms during use. 

C.13.I.2.I.3 Improper use of the high-frequency eleclrosur
gical unit, alone or in combination with certain items of medi
cal monitoring equipment, can cause serious high-frequency 
burns to the patien t or to personnel. (See A unex D, The SaFe UWc 
oj1-figh-Frerrwmey I,'leetrieit)' in Health Cam Facilities.) 

C.13.1.2.2 Toxicologic Hazards. 

C.13.1.2.2.1 The use of some modern nonflammable inhala
tion anesthetic agents with high-ilow techniques and in the 
absence of venting of the exhaled gases to the atmosphere can 
create low-grade toxicity in personnel who work regularly in 
the operating room (see 1:'.3.5). 

C.13.I.2.3 Mechanical Hazards. 

C.13.1.2.3.1 A large amount of energy is stored in a cylinder 
of compressed gas. If the valve of a cylinder is struck (or strikes 
something else) hard enough to break oil the valve, the con
tents of the cylinder can be discharged with sumcientforce to 
impart dangerous reactive movement to the cylinder. 

C.13.1.2.3.2 A hazard exists when hospital personnel attempt 
to transfer the contents of one compressed gas cylinder into 
another. 

C.13.I.3 Hazards Related to the Use of Flammable Sub
stances. 

C.13.1.3.1 Flammable Anesthetic Agents. 

C.13.1.3.1.1 The use of flammable anesthetic agents is at
tended by considerable fire and explosion risk because these 
agents form flammable mixtures with air, oxygen, or nitrous 
oxide. In many cases, these mixtures are violently explosive. 
Fatal accidents have resulted from explosions of such mixtures 
during anesthesia. 

C.13.1.3.I.2 The following inhalation agents are considered 
flammable during conditions or clinical use in anesthesia: cv-
clopropane, diediyl ether, ethyl chloride, and ethylene. ' 

The flammability of a compound can be reduced by substitu
tion of a halogen (fluorine, chlorine, or bromine) for hydrogen 
at one or more positions in the molecular structure. Several inha
lational anesthetics are thus halogenated. Halogenated agents 
are not necessarily nonflammable under all conditions. 

Conflicting reports in the literature as to flammability lim
its probably represent differences in experimentallechniques. 
Both the nature of the source of ignition and the configura
tion of the test chamber are critical. Some agents can be ig
nited only under optimal conditions never duplicated in clini
cal anesthesia. In one study, igni tion of chloroform in oxygen 
could be obtained only in a closed steel bomb with a fuse 
producing an ignition temperature of 1093°C to J 649°C 
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(2000°F to 3000°F) and with a chloroform concentration of 
20 percent to 25 percent. 

Trichloroethylene, used in concentrations higher than rec
ommended, is flammable in oxygen and nitrous oxide. Meth
oxyflurane is nonflammable in concentrations obtainable at 
ro~m temperature; however, a heated vaporizer can produce 
flammable mixtures. 

Halothane, enflurane, and isoflurane are nonflammable 
under almost all conditions encountered in clinical anesthe
sia. High concen trations of nitrous oxide increase the range of 
flammability. Given laboratOlY conditions employing a closed 
tube, zero humidity, and sufficient ignition energy (far greater 
than that obtainable from incidental static electricity) it is pos
sible to ignite a mixture of 4.75 percent halothane in 30 per
cen t oxygen provided the balance of the atmosphere is nitrous 
oxide. If the oxygen concentration in a mixture with nitrous 
oxide is allowed to fall to 20 percent, 3.2.5 percent halothane is 
flammable. In these same nitrous oxide-oxygen atmospheres, 
the corresponding minimal flammable concentrations of en
flurane are 5.75 percent and 4.25 percent, respectively, and of 
isofluorane, 7.0 percent and 5.25 percent. (See Cruir:e, 1974.) 

The fact that halothane has for years been widely employed 
without significant problems relating to flammability suggests 
that the data in the preceding paragraph are of more theoreti
cal than practical concern. 

C.13.1.3.1.3 The use of closed rebreathing systems for the 
administration of flammable anesthetic agents normally tends 
to restrict the region likely to be hazardous. To secure a rea
sOluble measure of protection, however, it has been found 
necessalY to apply certain basic safeguards in any room in 
which these agents are used. 

C.13.1.3.2 Flammable Medicaments, Including Aerosol Prod
ucts. 

C.13.1.3.2.1 Medicaments, including those dispersed as aero
sols, frequently are used in anesthetizing locations [or germi
cidal purposes, for affixing plastic surgical drape materials, for 
preparation of wound dressings, or for other purposes. 

C.13.1.3.2.2 A particular hazard is created if cautery or high
frequency electrosurgical equipment is employed following 
use of a flammable medicament for preparation of the skin 
(see G.13.1.3.2./), since the liquid remaining on the skin or 
vapors pocket.ed within the surgical drapes can be ignited. 

C.13.1.3.3 Sources of Ignition. 

C.13.1.3.3.1 Pot.ential sources of ignition of flammable anes
thetics in anest.hetizing locations include all of the following: 

(1) Fixed electric equi pmen t 
(2) Portable electric equipment 
(3) Accumulation of st.atic electricity 
(4) Electrosurgical equipment 
(5) Open flames and heated objects above the ignition tem

perature of the flammable gases in use. 

Other potential sources of ignition are percussion sparks, 
ignition of oxidizing and flammable gases from accidental 
mixing under pressure (9.3.9), and ignition from improper 
handling of oxygen cylinders (9.4.3.3,9.4.3.5, and 9.7.2). 

The Technical Committee on Anesthesia Services is cognizant 
of suggestions that the detonation of ether peroxides formed by 
the oxidation of ether over a period of time can be a cause of 
explosions in anesthesia machines. Frequent emptying of the 

ether bottle and cleaning of the ether evaporator inside anesthe
tizing locations is a simple and desirable precaution. 

Many types of hospital construct jon aHord reasonable pro
tection against lightning hazards. However, because o[ the 
storage and use of combustible anesthetic ,lgents, the in
creased protection otTered by the installation of I igh tn ing rods 
might be desirable for some types of buildings, partjcularly 
those of wood (frame) construction in outlying areas. Light
ning protection, if installed, should conform to the require
ments of NFPA 780, Stanriarrlj(n the Installa.tion olUp:htning Pm
tection Systems. 

C.13.1.3.3.2 Experience indicates that the ignition of flam
mable mixtures by electrostatic spark is a great hazard. Elec
trostatic charges can accumulate on personnel and metallic 
equipment. Electrostatic charges can set up dangerous poten
tial differences only when separated by materials that are elec
trically nonconducting. Such insulators act as barriers to the 
free movement of such charges, preventing the equalizatjon 
of potential differences. A spaTk discharge can take place only 
when there is no other available path of gt'eater conductivity 
by which this equalization can be efTected. Such a spark can 
ignite a flammable mixture of gases. 

C.13.1.3.3.3 In many cases, the hazards of electric shock and 
electrostatic discharge coexist. Measures to mitigate one haz
ani might. enhance the other, however. It is necessary, there
fore, to weigh both hazards in recommending precautionaty 
measures for either. 

C.13.1.3.3.4 An obvious and, hence, less frequent cause of 
the ignition of flammable anesthetic agents is by open flame 
or hot materials at or above the ignition temperature of t.he 
agents. The lowest ignition temperature in air of any of tbe 
anesthetic agent, mentioned in C.13.1.:\. 1.2 is that of diethyl 
ether: 180°C (365°F). The most effective safegmrd against 
this source of ignition is a constant: vigilance on the part: e)f the 
operating room personnel to prevent the introductjon of 
sources of f1ames and hot objects into the anesthetizing loca
tions (see Z 3.4. J. 2. 3). 

C.13.1.4 Hazards that Can Be Present in Nonflammable Anes
thetizing Locations. 

C.13.1.4.1 Electrostatic Hazard. 

C.13.1.4.1.1 Conductive 1l00l-ing is not a requirement for 
nonflammable anesthetizing locations. The uncontrolled use 
of static-producing materials in such locations, however, can 
lead to any of the following: 

(1) Electrost.atic discharge through sensitive components of 
electronic equipment, causing equipment failure 

(2) Inadvertent use of these materials in flammable anesthe
tizing locations where mixed f~lcilities exist (see definition ol 
Mixed Facility in 1~·.1.6) 

(3) Impaired eHiciency because of electrostatic clinging 
(4) The involuntary movement of personnel subject to elec

trostatic discharges 

C.13.1.4.2 Hazard of Flammable Substances. 

C.13.1.4.2.1 Nonflammable anesthetizing locations are nei
ther designed nor equipped for the use of any flammable sub
stances, be they inhalation anesthetic agents or medicaments 
containing benzene, acetone, or the like. A hazardous sirua
tion is created any time any such flammable substance is inad
vertentlv or intentionally introduced into a nonflammable 
anesthe~izing location (s;e alm G./3./.J.2). 
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C.13.1.S Hazards that Can Be Present in Mixed Facilities. 

C.13.l.S.1 Mixed facilities contain both flammable and non
flamlllable anesthetizing locations. Movable furniture, por
table equipment, and conductive accessories intended for sole 
use in nonflammable anesthetizing locations might be intro
duced inadvertently into a flammable anesthetizing location, 
with the att.endant dangers of' ignition of flammable gas mix
tures from electrical or electrostatic sparks. 

C.13.1.S.2 Personnel working in mixed facilities might not 
take the proper precautions in reference to wearing apparel 
and the use of conductive grounding devices when entering 
Jlammable anesthetizing locations. 

C.13.l.S.3 A particular hazard exists if regulations (see E,8) 
are not adopted, posted, and complied with or if the anesthe
tizing locations are not identified as noted in E.6. 7.5. 

C.13.2 Related Hazards and Safeguards, Anesthetizing 
Locations. 

C.13.2.1 General. 

C.13.2.1.1 The gas ,1Ilesthesia apparatus and anesthetic ven
tilators constitute essential items (in most cases) for the ad
rninistration of inhalation anesthesia. The safe use of these 
devices is predicated upon their cleanliness and proper func
tion, as well as an understanding of their proper operation, 
maintenance, and repair. 

C.13.2.2 Selection of a Gas Anesthesia Apparatus. 

C.13.2.2.1 The individual selecting a gas anesthesia appara
tus, either for initial purchase or for application in a given 
case, should be certain that the apparatus is the proper one 
ii)r the given application or applications and that it is in good 
repair. See GI3.::!.3, Suggested Method for Ensuring Proper 
DelivtTy of Oxygen and Nitrous (hide; C.13.2.4, Disposable 
Masks, Bags, Tubing, and Bellows; and G13.2.5, Decontamina
tion and Routine Cleaning of Reusable Items. 

C.13.2.3 Suggested Method for Ensuring Proper Delivery of 
Oxygen and Nitrous Oxide. 

C.13.2.3.1 This method is recommended to prevent delivery 
of a gas different from that indicated by the flowmeters and to 
detect mixing of gases inside the machine that can result in 
delivel), of dangerous gas mixtures to the patient. Both of the 
following materials are needed: 

(I) 91.5 crn ("I rt) of anesthesia delivel)' hose 
(::!) An accurate oxygen meter, analyzer, or detector (see 9.5. J). 

This device can be of the paramagnetic, platinum electrode, 
gas chromatographic, or mass spectrometer type. 

C.13.2.3.2 Detailed steps of a method of testing anesthesia 
machines to ,1SSlIIT the absence of hazard due to crossed con
nections between oxygen and nitrous oxide follow. 

C.13.2.3.2.1 Premises. It is reasonable to conclude that no 
hazardous cross-connections or cross-leakages are present if 
gas from the unly source available is delivered by only those 
valves intended for that gas, and that no gas is delivered by 
those valves when their intended source is unavailable, but 
other sources are available. 

It is not necessary to know the composition of a gas in order 
to deterrnine the extent. of the circuit it supplies. 

The operation of the oxygen circuit is independent, but 
the oper<ltion of some or all of the other circuits might be at 
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least panially dependent on the operability of the oxygen cir
cuit, for example, fail-safe valves. 

C.13.2.3.2.2 Method. All anesthesia machines have at least 
one source of oxygen. Th is can be a large cylinder, one or two 
small cylinders, or a pipeline supply. Some machines have two 
sllch sources, and a verv few have all three. Each should be 
tested separately. Proce~d as follows: 

(1) Disconnect all gas sources and open all needle valves and 
flush valves until all gas has stopped flowing from the ma
chine outlet. Then close all needle valves and flush valves. 
Be certain that all cylinder pressure gauges read zero. 
Connect an oxygen cylinder to an oxygen hanger yoke 
and open the cylinder valve. Pressure must rise in the cor
responding oxygen pressure gauge only. Close the cylin
der valve. 

(2) Repeat Step (1) exactly for each oxygen hanger yoke, in
cluding any fed by high-pressure lines (i'om large cylin
ders. Leave the cylinder in the last hanger yoke tested, 
with the cylinder valve open. 

(3) Open in succession and leave open all the needle valves for 
gases other than oxygen. Briefly open any flush valve for a 
gas other than oxygen. No flow should occur at the machine 
outlet. An easy way to test for gas flow is to simply place the 
machine outlet tube in a glass of water and observe bub
bling. Stand clear when /lush valves are operated. 

(4) Open and close in sllccession each of the oxygen needle 
valves, including any that provide an independent source 
of oxygen for vaporizers, and the oxygen flush valve. Flow 
should occur at the associated flowmeter or the machine 
outlet each time a valve is opened. 

(.5) If the machine is equipped for a pipeline oxygen supply, 
close the oxygen cylinder valve and open the oxygen flush 
valve. When gas stops f10wing at the machine outlet, close 
the flush valve and all needle valves and connect the oxy
gen pipeline inlet to an oxygen pipeline outlet with the 
oxygen supply hose. Then repeat Steps (3) and (4). 

(6) Since it is now established that oxygen is delivered to the 
oxygen needle and flush valves, and is not delivered to any 
other needle or flush valve, it remains to be determined 
that oxygen and oxygen alone is also available to perform 
any other function for which it is essential. A valve that 
shuts off the supply of any other gas to the appropriate 
needle valve in the event of oxygen supply pressure fail
ure, commonly called a "fail-safe" valve, performs such a 
function. It should be tested as follows: 

(a) Disconnect the pipeline supply and open the oxygen 
flush valve until flow stops at the machine outlet, then 
close the Hush valve. Install a cylinder of nitrous oxide 
in one hanger yoke, open the cylinder valve, and note 
the pressure on all cylinder pressure gauges. Only the 
nitrous oxide gauge should show any pressure. 

(b) Open in succession and leave open all the needle 
valves for gas other than nitrous oxide. Briefly open 
any flush valve for a gas other than nitrous oxide. No 
flow should occur at the machine outlet, nor at any 
flowmeter. 
Note that an easy way to test for gas flow is to simply 
place the machine outlet tube in a glass of water and 
observe bubbling. Stand clear when /lush valves are 
operated. 

(c) Open and close in succession each of the nitrous ox
ide needle valves and nitrous oxide flush valves. If any 
delivers flow, all should do so. 
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(d) If neit.her the nitrous oxide needle valves nor the ni
trous oxide flush valve delivers flow, open the oxygen 
cylinder valve and repeat Steps (b) and (c). Each ni
trous oxide needle valve and flush valve should de
liver now to the machine outlet. 

(e) Close the nitrous oxide cylinder valve and open a ni
trous oxide needle valve until all gas stops flowing, 
then remove the nitrous oxide cylinder and close the 
needle valve. Repeat Steps (a) through (d) using any 
other nitrous oxide voke. 

(£) If the machine is eq~lipped for a pipeline nitrous ox
ide supply, close the nitroLls oxide cylinder valve and 
open a nitrous oxide needle valve until all gas stops 
flowing, then close all needle valves and flush valves. 
Connect the nitrous oxide pipeline inlet to a nitrous 
oxide pipeline outlet with the nitrous oxide supply 
hose. Then repeat Steps (b) through (d). 

C.13.2.4 Disposable Masks, Bags, Tubing, and Bellows. 

C.13.2.4.1 It is well-recognized that newer technologies often 
lead to the introduction of new equipment and techniques, 
which in turn might lead to new hazards, or the potentiation of 
old ones. For example, the use of disposable and nondistensible 
conductive accessories potentiate the hazards of excessive airway 
pressures. These componenLs should be employed only when it is 
assured that system pressure cannot become excessive. 

C.13.2.4.1.1 Many plastic items are combustible. Most of these 
materials will emit. toxic compounds when subjected to thermal 
decomposition. Special care has to be exercised during storage, 
use, and disposal of these items in order to preclude accidental 
ignition. Due consideration has to be given to on-site storage of 
trash prior to removal from the operating suite. The presence of 
these items on the hospit.al premises contributes significantly to 
tlle solid waste disposal problem facing the modern hospital. 

C.13.2.4.1.2 The Technical Committee on Gas Delivery Equip
ment recommends that purchasing policies of an institution, as 
well as the practices of individual physicians and nurses, take into 
consideration the Illulrjple problems posed by plastic items, and 
limit purchases and lise of them to those items deemed essential 
for the proper fill1ction of the institution. 

C.13.2.5 Decontamination and Routine Cleaning of Reusable 
Items. 

C.13.2.5.1 Under certain circumstances, infectious organisms 
can be cultured from the breathing passages of ventilators, anes
thesia valves, absorbers, tubing, bags, masks, and connectors. 
Some of these organisms can remain viable for many days. Al
though evidence that cross-infection from such sources can and 
does occur is very scanty, it is suggested that the user of such 
equipment consider implementation of one of the following 
methods. Mechanical cleansing with soap and water should pre
cede sterilization. Alternative approaches to routine cleansing in
clude the following: 

(1) Mechanical cleansing with soap and water, followed by air 
drying in a stream of compressed air 

(2) Mechanical cleansing with soap and water, followed by 
exposure to a preparation such as dial de hyde solution 

(3) Mechanical cleansing with soap and water, followed by 
ethylene oxide, steam, or dry heat sterilization 

C.13.2.5.2 Following gross contamination, the step outlined 
in C.13.2.5.1 (2) or C.13.2.!'i. J (3) should be employed. 

Note that whenever ethylene oxide or dialdehyde is used, 
care has to be taken to ensure complete removal of residuals. 

Also note that recommendat.ions for cleansing ami steril
ization supplied by the manuf;\cturer of the item of equip
ment should be followed. 

C.13.2.5.2.1 External contamination of the gas anesthesia ap
paratus, ventilator, and other equipment employed on and 
around the patient at least at weekly intervals, as well as immedi
ately after use in an infectious case, is likewise recoillmended. 

C.13.3 Text of Suggested Signs and Posters for Inhalation 
Anesthetizing Locations. See Figure C.13.3. 

C.13.4 Suggested Procedures in the Event of a Fire or Explo
sion, Anesthetizing Locations. 

C.13.4.1 General. Fires in hospitals pose unique problems filr 
hospital personnel, patients, anc! fire service personnel. I-Ios
pitals store and use relatively large quantities of flarmnable 
and combustible substances. Oxygen-enriched atmospheres 
are often employed in medical therapy and are utilized rou
tinely during administration of anesthesia. The presence of 
flammable and combustible substances and oxygen-enriched 
atmospheres under the same roof with nonambulatory pa
tients presents an extra-hazardous situation. All hospital per
sonnel should understand the steps to take to save life, pre
serve limb, and contain smoke and/or limit fire until the fire 
department arrives. It is recOlllmended that the procedures 
delineated herein, or similar ones, become a part of the fire 
safety regulations of every hospital. 

C.13.4.2 Steps to Take in the Event of a Fire or Explosion. 

C.13.4.2.1 The following steps, listed in the approximate or
der of their importance, should be taken by all personnel, 
should fire occur. Ifan explosion occurs. and it is not followed 
by fire, follow the procedure outlined under G13.4.2.2. If a 
fire follows an explosion, proceed as follows: 

(1) Remove the immediately exposed patient or patjents 
from the site of the fire, if their hair or clothing is not. 
burning. If they are burning, extinguish the flames (see 
C.13.4.4 and C./3.4.5). 

(2) Sound the fire alarm by whatever mode t.he hospital fire 
plan provides. 
Note that it is assumed that each hospital has a fire plan, 
prepared in consultation with representatives of the local 
fire department. In such a plan, immediate notification of 
the local fire department is essential. 

(3) Close off the supply of oxygen, nitrous oxide, anc! air to 
any equipment involved, if this step can be accomplished 
without injury to personnel (see GU. 4.3). 

(4) Close doors to contain smoke anc! isolate fire. 
(5) Remove patients threatened by the fire. 
(6) Attempt to extinguish or contain the fire (SN! G/3.4.4). 
(7) Direct the fire fighters to the site of the fire. 
(8) Take whatever steps are necessary to protect or evacuate 

patients in adjacent areas. 

Note that in the event ofa fire in an operat.ing room while 
an operative procedure on an anesthet.ized patient is in 
progress, it might be necessary to extinguish the fire prior t.o 
removing the patient fi-om the room. 

Note also that during an operation, it can be more hazard
ous to move patients than to attempt to extinguish or cont,lin 
the fire. The attending physician has to determine which step 
would present the lesser hazard- hurriedly terminating an 
operative procedure or continuing the procedure and expos
ing the members of the operating team and the patient to the 
hazards stemming from the fire. 
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SET (1) 
REGULATIONS FOR SAFE PRACTICE IN NONFLAMMABLE ANESTHETIZING LOCATIONS 

The following rules and regulations have been adopted by the medical staff and administration. 
NFPA 99-2005, subsection 13.4.1, Anesthetizing Locations, shall apply in all inhalation anesthetizing locations. 

(Insert Date) (Insert Name of Hospital Authority) 

The use or storage of any of the following flammable agents or germicides shall be prohibited from all operating rooms, 
delivery rooms, and other anesthetizing locations in this hospital. 

By reason of their chemical composition, these agents present a hazard of fire or explosion: 

cyclopropane 

diethyl ether 

(1) Nonflammable Anesthetizing Location. 
a. Definition. The term nonflammable anesthetizing 

location shall mean any anesthetizing location 
designated for the exclusive use of nonflammable 
anesthetizing agents. 

(2) Equipment. 
a. No electrical equipment except that judged by the 

Engineering Department of ---:-:-:-:-:==-c----=--::-::-::-c:_=_ 
Hospital as being in compliance with NFPA 99-2005, 
subsection 13.4.1, Anesthetizing Locations, shall be 
used in any anesthetizing location. 

b. When a physician wishes to use his or her personal 
electrical equipment, it shall first be inspected by the 
Engineering Department and, if judged to comply 
with NFPA 99-2005, subsection 13.4.1, Anesthetizing 
Locations, it shall be so labeled. 

c. Photographic lighting equipment shaH be of the totally 
enclosed type or so constructed as to prevent the 
escape of sparks or hot metal particles. 

(3) Personnel. 
Smoking shall be limited to dressing rooms and lounges, 
with doors leading to the corridor closed. 

(4) Practice. 
a. The use or storage of flammable anesthetic agents 

shall be expressly prohibited in a nonflammable 
anesthetizing location. 

b. If cautery, electrosurgery, or a hot or arcing device is 
to be used during an operation, flammable germicides 
or flammable fat solvents shall not be applied for 
preoperative preparation of the skin. 

c. A visual (lighted red lamp) or audible warning signal 
from the line isolation monitor serving an 
anesthetizing location indicates that the total hazard 
current has exceeded allowable limits. This suggests 
that one or more electrical devices is contributing an 
excessively low impedance to ground, which might 
constitute a fault that would expose the patient or 
hospital personnel to an unsafe condition should an 
additional fault occur. Briefly and sequentially 
unplugging the power cord of each electrical device in 
the location will usually cause the green lamp to light, 
showing that the system has been adequately isolated 
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ethyl chloride 

ethylene 

from ground, when the potentially defective device has 
been unplugged. The continuing use of such a device, 
so identified, should be questioned, but not necessarily 
abandoned. At the earliest opportunity the device 
should be inspected by the hospital engineer or other 
qualified personnel and, if necessary, repaired or 
replaced. 

d. Transportation of patients while an inhalation 
anesthetic is being administered by means of a mobile 
anesthesia machine shall be prohibited, unless deemed 
essential for the benefit of the patient in the combined 
judgment of the surgeon and anesthesiologist. 

e. If, in the combined judgment of the anesthesiologist 
responsible for the administering of the anesthetic 
and the surgeon performing the operation, the life of 
the patient would be jeopardized by not administering 
a flammable anesthetic agent, the following steps 
shall be taken: 

1. Both surgeon and anesthesiologist involved in the 
case shall attest to the reason for administering a 
flammable anesthetic in a nonflammable 
anesthetizing location on the patient's record and 
in the operating room register. 

2. The hazard of static sparks shall be reduced by 
electrically interconnecting the patient, operating 
room table, anesthesia gas machine, and 
anesthesiologist by wet sheets or other conductive 
materials. Conductive accessories shall be used for 
the electrically conductive pathways from the 
anesthesia gas machine to the patient. 

3. If cautery, electrosurgery, or electrical equipment 
employing an open spark is to be used during an 
operation, flammable anesthetics shall not be used. 
Flammable germicides or flammable fat solvents 
shall not be applied for the preoperative preparation 
of the field. 

(5) Enforcement. 
It shall be the responsibility of 

(Name) 

(an anesthesiologist or other qualified person appointed 
by the hospital authority to act in that capacity) to 
enforce the above regulations. 

NFPA 99 (p. 1 of 1) 

FIGURE C.13.3 Text of Suggested Signs and Posters for Inhalation Anesthetizing Locations. 
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C.13.4.2.2 The foll(m~ng steps are recommended in the event 
of an explosion involving inhalation anesthesia apparatus: 

(1) Disconnect the patient from the apparatus. 
(2) Procure a new gas anesthesia apparatus and make every 

effort to save the life of the patient and prevent injury to 
the patient. 

C.13.4.2.3 It is essential that all equipment involved in a fire 
or explosion be preserved felr examination by an authority 
auempting to determine the cause. Additionally, pertinent ad· 
ministrative data, including photographs, should be recorded. 
The report should stale the [()llowing: 

(1) Whelher wearing apparel of all persons in the room allhe 
time of the fire or explosion had to meet the require· 
ments listed in Annex E 

(2) Whether portable equipment, low-voltage instruments, 
accessories, and furniture had to meet the requirements 
listed in Annex E 

(3) Whether the ventilating system was being operated in ac
cordance with G.4.2 

C.13.4.2.3.1 The area involved, with all involved items in 
place, should be closed off and secured for later examination 
by a responsible authority. 

C.13.4.3 Closing Off Oxygen, Nitrous Oxide, and Air Supply. 

C.13.4.3.1 In the event ofa fire involving equipment connected 
to an oxygen, nilrous oxide, and air slation outlet, the zone valve 
supplying that station is to be closed [wie CIJ.4.6.1(J)). 

C.13.4.3.1.1 Immediately, all patients receiving oxygen 
through the same zone valve have to be supplied with indi
vidual oxygen cylinders. 

Note that each gas line to an operating room should have an 
individual zone valve (see Ser:tiol1 5.]). Thus, closing or all valves to 
one room would not endanger patient;; in other rooms. 

C.13.4.3.2 If fire involves apparatus supplied by a cylinder of 
oxygen, it is desirable to close the cylinder valve, if this can be 
done without injuring personnel. 

Note that metal components of regulators and valves can 
become excessively hot if exposed to flame. Personnel are cau
tioned not to lise their bare hands to effect closure. 

C.13.4.4 Extinguishment or Containment of Fire. 

C.13.4.4.1 Fire originating in or involving inhalation anes
thesia apparatus generally involves combustibles such as rub
ber. Water or water-based extinguishing agents are most effec
tive ins uch fi res. 

Precautions should be taken if line-powered electrical 
equipment is adjacent to or involved in tire, because of the 
danger of electrocution of personnel if streams of water con
tact live circuits. 

Before allemptjng to Jight fire with water or a water-based 
extjnguishing agent, electrical apparatus should be discon
nected Ji'om the supply outlet, or the supply circuit deener
gized at the circuit panel. 

If such deenergizatjon cannot be accomplished, water 
should not be employed (see C/3.4.4.3). 

C.13.4.4.2 Fires involving, or adjacent to, electrical equip
ment with live circuits have to be fought with extinguishers 

suitable for Class C fires in accordance with NFPA 10, Standanl 
.for Portable Fire Extin,l.,ruishers. 

C.13.4.4.3 Fire extinguishers are classified according to the 
type of fire for which each is suited. 

C.13.4.4.3.1 Fires involving ordinal), combustibles such as 
rubber, plastic, linen, wool, paper, and the like are called Class 
A fires. These can be fought with waleI' or water-based extjn
guishing agents. Hose lines are suitable for this purpose. Por
table extinguishers suitable for Class A fires are identified with 
the letter A contained in a (if colored) green triangle. 

C.13.4.4.3.2 Class B fires involve flammable liquids and 
should be rought only with an extinguisher identified by the 
letter B contained in a (if colored) red square. 

C.13.4.4.3.3 Class C fires involve electrical equipment and 
should be fought only with an extinguisher identified by the 
letter C contailled in a (if colored) blue circle. 

C.13.4.4.3.4 Carbon dioxide and some dly chemical extin
guishers are labeled for Class B and Class C fires. Some dry 
~hemical units can be llsed for all three types (see NFPA J(), 
StanrlmdjiJT Portable Fire Extinguislu!Js, Annex ]'J. 

C.13.4.5 Protection of Patients and Personnel. 

C.13.4.5.1 Serious and even j~ltal burns of the skin or lungs, 
from inhaling heated gases, are possible. Thus, it is essential 
that patients be removed from the scene of the fire whenever 
practical. Where an anesthetized patient is connected to a 
burning piece of equipment, it might be more practical as the 
initial step to remove the equipment and/or extinguish the 
fire than to remove the patient. 

C.13.4.5.2 NoxioLls gases produced by lire constitute a threat 
to life from asphyxia, beyond the thermal burn problem. 

Personnel are cautioned not to remain in the fire area after 
patients are evacuated, unless they are wearing proper emer
gencyapparatus. 

C.13.4.6 Indoctrination of Personnel. 

C.13.4.6.1 It is highly desirable that personnel involved in 
the care of patients, including nurses, aides, ward secretaries, 
and physicians, irrespective of whether they are involved in 
anesthesia practices, be thoroughly indoctrinated in all as
pects of fire safety, including the following: 

(I) 

(2) 

(3) 
(4) 

(.5) 
(6) 

Location of zone valves of nonflammable medical gas sys
tems and the station outlets con trolled by each val~e 
Location of electrical service boxes and the areas served 
therebv 
Locati~n and proper use of fire extjngllishers (.I'm C 13. 4.4) 
Recommended methods and routes for evacuating patients 
(.I'm Ch(tjJter ] 2) 
Steps involved in can)'ing out the fire plan of the hospital 
Location of fire alarm boxes, or knowledge of other meth" 
ods for summoning the fire department 

C.13.4.6.2 To ensure that personnel are familiar with the pro
cedures outlined above, reglliar instructive sessions and fire 
drills should be held. 

C.13.5 Cylinder Table. See Table C.13 .. 5. 

C.14 Additional Infonnation on Chapter 14. 

C.14.1 Typical Gas Cylinder Table, Anesthetizing Loeation~. (Se!! 
Table C 13.5.) 
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Table C.13.5 Typical Medical Gas Cylinders'Volume and Weight of Available Contents. [All Volumes at 70°F (21.1°C)]. 

Name of Gas 

Mixtures of 
Cylinder Nominal Oxygen 
Style and Volume Carbon Cyclo- Nitrous 

Dimensions (in. 3 /L) Contents Air Dioxide propane Helium Nitrogen Oxide Oxygen Helium CO2 

B 87/1.4C) psig 838 75 1900 

3Y~ in. O.D. L 370 375 200 
x 13 in. 
8.89 Ib-oz 1-8 ]-7\/', 
x 3:) ern 

kg 0.68 0.66 

D 176/ psig 1900 838 75 1600 ]900 745 1900 * * 
2.88 

4'/~ in. O.D. L 375 940 870 300 370 940 400 300 400 
x 17 in. 
10.8 Ib-oz 3-13 3-5'/~ 3-13 * * 

x 43 em 
kg 1.73 1.51 1.73 * * 

E 293/ psig 1900 838 1600 1900 745 1900 * * 
4.80 

4Y, in. O.D. L 625 1590 500 610 1590 660 500 660 
x 26 in. 
10.8 lb-oz 6-7 6-7 * * 

x 66 em 
kg 2.92 2.92 * * 

M 1337/21.9 psig 1900 838 1600 2200 7.45 2200 * 

7 in. O.D. L 2850 7570 2260 3200 7570 3450 2260 3000 
x 43 in. 
17.8 Ib-oz 30-10 30-10 ] 22 ft" * * 

X 10gelTl 
kg 13.9 ]3.9 * * 

C 2370/38.8 psig 1900 838 1600 745 * * .' 

8lj~ in. O.D. L 5050 12,300 4000 13,800 4000 5330 
x 51 in. 
21.6 Ib-oz 50-0 56-0 * * 

x 130 em 
kg 22.7 25.4 * * 

H orK 2660/43.6 psig 2200 2200 2200 745 2200t 

9 !I, in. O.D. L 6550 6000 6400 15,800 6900 
x 51 in. 

235 
x 130 em 

Ib-oz 64 244 re' 
kg 29.] 

Notes: These are computed contents based on nominal cylinder volumes and rounded to no greater variance than ± 1 %. 
'" The pressure and weight of mixed gases will vary according to the composition of the mixture. 
'275IL"/7tlOO Lcylinders at 24l)() psig are available upon request. 
Source: With jJennissionflOlfI tlw (;o!fl./lmsserl Gas Association, inc. 
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C.14.2 Text of Suggested Regulations for Nonflammable In
halation Anesthetizing Locations and Gas Storage Areas in 
Nonhospital-Based Ambulatory Care Facilities. The following 
rules and regulations have been adopted. The requirements 
of 13.4.1 of NFPA 99-2005 shall apply to all anesthetizing loca
tions and gas storage areas in this facility. 

The use of any of the following f1ammable agents shall be 
prohibited ii'om the premises. By reason of their chemical com
position, these agenLs present a hazard of fire or explosion. 

(1) Cyclopropane 
(2) Divinyl ether 
(3) Ethyl ether 
(4) Fluroxene 
(5) Ethyl chloride 
(6) Ethylene 

Smoking shall be limited to those areas of the premises not 
directly connected with the anesthetizing location or the loca
tion for storage of compressed gas cylinders. 

Compressed gas cylinders shall be connected to the mani
fold, and otherwise handled and stored, as provided in Chap
ter 14 of NFPA 99-2002. 

Defective electrical equipment shall not be used on the 
premises. 

Gas pipeline alarm systems shall be monitored, and re
sponsible personnel notified of any fall in pressure or alarm 
condition. 

C.15 Reserved. 

C.16 Reserved. 

C.17 Reserved. 

C.18 Reserved. 

C.19 Reserved. 

C.20 Additional Information on Chapter 20. 

C.20.1 Nature of Hazards. 

C.20.1.1 Fire and Explosion. 

C.20.1.1.1 The occurrence ofa fire requires the presence of 
combustible or f1ammable materials, an atmosphere contain
ing oxygen or other oxidizing agent(s), and heat or energy 
source of ignition. 

Note that certain substances such as acetylenic hydrocar
bons can propagate f1ame in the absence of oxygen. 

C.20.1.1.2 Under hyperbaric conditions utilizing com
pressed air, the partial pressure of oxygen is increased. Leak
age of oxygen into the atmosphere of the chamber (for ex
ample, from improper application of respiratory therapy 
apparatus) can further increase markedly the oxygen partial 
pressure. 

C.20.1.1.2.1 The flammability or combustibility of materials 
generally increases as the partial pressure of oxygen increases, 
even when the percentage of oxygen in the gas mixture re
mains constant. Materials that are nonflammable or noncom
bustible under normal atmospheric conditions can become 
flammable or combustible under such circumstances. 

C.20.1.1.3 Sources of Fuel. 

C.20.1.1.3.1 Materials that might not ignite in air at atmo
spheric pressure or require relatively high temperatures for 
their ignition but that burn vigorously in 100 percent oxygen 

include, but are not necessalily limited to, the following: tricresyl 
phosphate (lubricant); certain types of flame-resistant Iitbrics; 
silicone rubber; polyvinyl chloride; asbestos-containing paint; 
glass fiber-sheathed silicone rubber-insulated \\~re; polyvinyl 
chloride-insulated asbestos-covered wire and sheet; polyamides; 
epoxy compounds; and certain asbestos blankets. 

Note that f1ammable lubricants are used widely in equip
ment designed for conventional use, including shafts, gear 
boxes, pulleys and casters, and threaded .ioints, which are 
coupled and uncoupled. 

C.20.1.1.3.2 The flammability of certain volatile liquids and 
gases containing carbon and hydrogen is well known. Hazards 
and safeguards for their use in oxygen-enriched atmospheres 
at ambient pressure are well-documented in 13.4.1 of 
NFPA 99. See also NFPA 325, Guide to Fire Hazard Proj}(!rties oj 
Fla.rn.rnable Liquids, Gases, and Volatile Solitis, now part of the 
NFPA Fin; Protection Guide to Hazardous Materials. 

Note that repeated reference to subsection 13.4.1 is made 
throughout Chapter 20. These references do not imply, and 
should not be construed to mean, that flammable anesthetics 
can or should be employed in or around hyperbaric facilitjes. 

C.20.1.1.3.3 Human tissues will burn in an atmosphere of 
100 percent oxygen. Body oils and fats, as well as hair, will 
burn readily under such circumstances. 

C.20.1.1.3,4 When a conventional loose cotton outergar
ment, such as scrub suits, dresses, and gowns employed in hos
pital operating suites, is ignited in an atmosphere of pure oxy
gen, the garment will become engulfed in name rapidly and 
will be totally destroyed within 20 seeonds or less. 

If sHch a garment is ignited in a compressed air atmo
sphere, the flame spread is increased. When oxygen concen
tration exceeds 23.5 percent at elevated total pressure, (lame 
spread is much more rapid, and at 6 ATA, is comparable to 
95 ± 5 percent at 1 ATA. Flame spread in ai r (21 percen t 
oxygen) is somewhat increased at 6ATA, but not to the level 
of 95 ± 5 percen t at 1 ATA. 

Combustible fabrics have tiny air spaces that become filled 
with oxygen when exposed to oxygen-enriched environments. 
Once removed to atmospheric air (e.g., room air outside the 
chamber), the fabric will burn, ifignited, almost as rapidly as if 
it were still in the oxygen environment. This hazard will re
main until the oxygen trapped in the air spaces in the f~tbric 
has had time to diffuse out and be replaced by air. 

C.20.1.1.3.5 Oil-based or volatile cosmetics (bcial creams, 
body oils, hair sprays, and the like) constitute a source of fuel 
that is highly flammable in an oxygen-enriched atmosphere. 

C.20.1.1.4 Sources of Iguition. 

C.20.1.1.4.1 Sources of ignition that might be encountered 
in a hyperbaric chamber include, but are not necessarily lirn
ited to, the following: defective electrical equipment, includ
ing failure of high-voltage components of radiological or 
monitoring equipment; heated surfaces in broken vacuum 
tubes or broken lamps used for general illumination, spot illu
mination, or illumination of diagnostic instruments; the hot
wire cautery or high-frequency electrocautery; open or arcing 
switches, including motor switches; bare defibrillator paddles; 
overheated motors; and electrical thermostats. 

C.20.1.1.4.2 Sources of ignition that should not be encoun
tered in a hyperbaric facility, but that might be introduced by 
inept practice, include the following: lighted matches or to-
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bacco, st.at.ic sparks from improper use of personal attire, elec
trical wiring not. complying with 20,2,7, cigarette lighters, and 
any oil-contaminated mat.erials that present. a spont.aneous 
heating hazard. 

C.20.1.1.4.3 In oxygen-enriched atmospheres, the minimum 
energy necessary to ignite ilammable or combustible materials 
is reduced in most instances below the energy required in at
mospheres of ambient air. 

C.20.1.2 Mechanical Hazards. 

C.20.1.2.1 General. 

C.20.1.2.1.1 A large amount of potential energy is stored in 
even a small volume of compressed gas. In hyperbaric cham
bers of moderate or large size, the potential energy of the 
chamber's compressed atmosphere, if released suddenly, can 
produce dev,lstating destruction to adjacent structures and 
personnel, as well as to structures anc! personnel remote h'om 
the si te of the cham bel'. Such sudden release could result from 
hlilure of the vessel st.ructure, its parts, or its piping. 

C.20.1.2.1.2 A particular hazard can be created if individuals 
attempt to drill, cut, or weld the vessel in a manner contrary to 
ASME Boiler (lnr/ Pn:.ls1ffi! Vessel Cor/f!. 

C.20.1.2.2 The restriction on escape and the impedance to 
rescue and lire-lighting efforts posed by the chamber create a 
significant hazard to life in case offire or other emergency. 

C.20.1.2.2.1 A particular hazard exists to chamber personnel 
in the event of a fire within the structure housing the cham
ber. Inability to escape Crom the chamber and loss of services 
of the chamber operator would pose serious threats to the 
lives of all occupants of the chamber. 

C.20.1.2.2.2 All personnel involved in hyperbaric chamber 
operation and therapy, including patients and finnily, have to 
be made aware of the risks and hazards involved. Fire preven
tjon is essential. Extinguishment of a fire within a Class B 
chamber is impossible. Extinguishment of a fire within a Class 
A chamber is only possible utilizing equipment already in
stalled in such a chamber, and then often only by the efforts of 
the occupants of StIch a chamber or the chamber operator. 

C.20.1.2.3 The necessity for restricting viewing ports to small 
size limits the vision of chamber operators and other obselv
ers, reducing their effectiveness as safety monitors. 

C.20.1.2.4 Containers and enclosures can be subjected to col
lapse or rupture as a consequence of the changing pressures 
of the hyperbaric chamber. Items containing entrained gas 
include, but are not necessarily limited to, the following: am
puis, p,lrti,dly lilled syringes, stoppered or capped bottles, 
culfed endotracheal tubes, and pneumatic cllshions employed 
for breathing masks or aids in positioning patients. The rup
ture of such containers having combustible or flammable liq
uids would also constitute a severe lire or explosion hazard. 

C.20.1.2.4.1 The sudden collapse of containers from high 
external pressures will result in adiabatic heating of the con
tents. Therefore the collapse of a container of flammable liq
uid would constitute ,I severe fire or explosion hazard both 
from heating and from a spill of the liquid. (See 20.3.1.5.2 and 
C. 20. I. 1.3.2.) 

C.20.1.2.5 Other mechanical hazards relate to the malfunction, 
disruption, or inoperativeness of many standard items whell 
placed in service under pressurized atmospheres. Hazards that 
might be encountereci in this regard are implosion of illuminat-
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ing lamps and vacuum tubes; overloading of fans driving gas at 
higher density; and inaccurate operation of standarcI Ilowmeters, 
pressure gauges, and pressure-reducing regulators. 

Note that illuminating lamps or vacuum tubes, which im
plocle, or overloaded fans, are sources of ignition. 

C.20.1.3 Pathophysiological, Medical, and Other Related 
Hazards. 

C.20.1.3.1 Exposure of pregnant chamber occupants to hy
perbaric atmospheres might result in fetal risk. 

C.20.1.3.2 Medical hazards that can be encountered rou
tinely include compression problems, nitrogen narcosis, oxy
gen toxicity, and the direct effects of sudden pressure changes. 

C.20.1.3.2.1 Inability to equalize pressure dilferent.ials be
tween nasopharynx (nose) and nasal sinuses or the middle ear 
can result in excruciating pain and might cause rupture of the 
eardrum or hemorrhage into the ear cavity or llasal sinus. 

C.20.1.3.2.2 The breat.hing of air (78 percent nitrogen) un
der significant pressures (as by chamber personnel breathing 
chamber atmosphere) can result. in nitrogen narcosis, which 
resembles alcoholic inebriation. The degree of narcosis is di
rectly related to the amount of pressurization. Nitrogen narco
sis results in impairment. of mental functions, loss of manual 
dexterity, and interference with alertness and ability to think 
clearly and act quickly and intelligently in an emergency. 

C.20.1.3.2.3 Oxygen toxicity can develop from breathing 
oxygen at partial pressures above 0.50 atmospheres absolute 
for a signilicantlengt.h of time. Oxygen toxicity can affect the 
lungs (pain in the chest, rapid shallow breathing, coughing), 
nervous system (impaired consciousness and convulsions), or 
other tissues and organs, or combinations thereof. 

C.20.1.3.2.4 Direct eft'ects of reduction in pressure can include 
inability to equalize pressures between the nasopharynx and si
nuses or middle ear, expansion of gas pockets in the gastrointes
tinal tract, and expansion of trapped gas in the lungs. 

C.20.1.3.2.5 The presence of personnel within the cramped 
confines of the hyperbaric chamber in close proximity to 
grounded metallic structures on all sides creates a defin ite 
shock hazard if acciden tal con tact is macIe wi th a live electrical 
conductor or a defective piece of electrical equipment. Such 
accidental contact also could be a source of ignition of flam
mable or combustible materials. (See C2o. 1. 1.4. ) 

C.20.1.3.3 Medical hazards that are not ordinarily encoun
tered during hyperbaric oxygen therapy, but that might arise 
during malfunction, fire, or other emergency conditions, in
clude electric shock and fouling of the atmosphere of the 
chamber with oxygen, nitrous oxide, carbon dioxide, carbon 
monoxide, pyrolysis products from overheated materials, or 
the toxic products of combustion from any lire. 

C.20.1.3.3.1 Increased concentrations of carbon dioxide 
within the chamber, as might result [rom malfunction of the 
systems responsible for monitoring or removal thereof; can be 
toxic under increased pressures. 

C.20.1.3.3.2 The development of combust jon producLs or 
gases evolved ii'om heated nonmetallics within the closed space 
of the hyperbaric chamber can be extremely toxic to life because 
of the confining nature of the chamber and the increased haz
ards of breathing such products under elevated pressure. 
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Note that extreme pressure rises have accompanied cata
strophic lires in confined atmospheres. These pressures have 
driven hot, toxic gases into the lungs of victims as well as ex
ceeding the structural limits of the vessel in at least one case. 

C.20.1.3A Physiological hazards include exposure to high 
noise levels and decompression sickness. Rapid release of pres
surized gases can produce shock waves and loss of visibility. 

C.20.1.3A.l During hyperbaric therapy, and especially dur
ing compression, the noise level within the chamber becomes 
quite high. Such a level can be hazardous because it is distrac
tive, interferes with communication, and can produce perma
nent sensory-neural deafness. 

C.20.1.3A.2 Decompression sickness (bends, caisson worker's 
disease) resulL~ from the elution into the bloodstream or ex
travascular tjssues of bubbles of inert gas (mainly nitrogen) that 
becomes dissolved in the blood and tissue fluids while breathing 
air at elevated pressures for a significant period of time. 

Note that rapid decompression of the chamber can occur if 
the pressure relief valve is damaged from exposure to a fire 
external to the chamber or from the venting of hot products 
of combustion from within the chamber. 

C.20.1.3A.3 The use of decompression procedures will pre
vent immediate escape li'om the ClassAchamber by occupants 
during emergency situations. 

Note that these procedures are not followed if chamber 
occupants are exposed to a "no-decompression exposure" 
[compression to less than 2 atmospheres absolute (ATA) air L 
or when compressed to 2 ATA or higher pressures and breath
ing 100 percent oxygen. 

C.20.1.3AA The sudden release of gas, whether by rupture 
of a container or operation of a device such as used in fire 
fighting, will produce noise, possible shock waves, reduced or 
obscured visibility, and temperature changes. The initial effect 
might be to cool the air, but resulting pressure rises will cause 
adiabatic heating. 

C.20.1.3.5 In summary, the hazards of fire and related prob
lems in hyperbaric systems are real. By the very nature of the 
hyperbaric atmosphere, increased partial pressures of oxygen 
are present routinely. Flammability and combustibility of ma
terials are increased. Ignition energy is lowered. Both immedi
ate escape and ready entry for rescue are impeded. Finally, 
attendan ts within the cham bel', through effects of the elevated 
noise level and nitrogen pressure, might be unable to respond 
to emergencies quickly and accurately. 

C.20.2 Suggested Procedures to Follow in Event of Fire in 
Class A Chambers. The procedures contained in G20.2 are 
adopted from those employed by the U.S. Air Force. These 
procedures are published herein only as a guide for those who 
are preparing procedures for their own hyperbaric facilities. 
Their publication herein is not to be construed as implying 
that they hecome a literal part of the standard procedure in 
any hyperbaric facility. 

C.20.2.1 Fire Inside Chamber. For fire inside the chamber the 
following procedures should be performed: 

( I) fnsidr. Observer: 

(a) Advise outside. 
(b) Don breathing air mask. 
(c) Activate fire suppression system and/or hand-held 

hoses. 

(2) Consoli! OjJerator: 

(a) Maintain chamber depth. 
(b) Activate the fire suppression system, if needed. 

(c) Ensure breathing gas is compressed air. 

(d) NotifY the fire department by activating fire alarm sta
tion or telephone. 

(e) Note time of fire and record progress of even ts. 

(3) HyjJerbaric Chamber (System) Technil;irtn (Ontside): 

(a) Stand by with a fire extinguisher. 
(b) Assist in unloading chamber occupants. 

(4) Physician/Safiity Monitor (Ontside): 

(a) Direct operations and assist crew members wherever 
necessary. 

(b) Terminate procedure as soon as possible. 

(5) Other Pn:mnnel: Stand by to evacuate chamber personnel. 

C.20.2.2 Fire Outside Chamber. For fire outside the chamber 
Lhe following procedures should be performed: 

( 1 ) Console OjJerator: 

(a) Notify the inside observer to stand by for emergency 
return to normal atmospheric pressure. 

(b) Notify flre department by activating fire alarm station 
or telephone. 

(c) Change chamber breathing gas to compressed air. 
(d) Don fire mask. 
(e) Note time of fire and record progress of events. 

(2) HytJerbaric Chamber (System) Jr!rJm.icirln (Outside): 

(a) Ensure that compressor intake is drawing outside air. 
(b) Man fire extinguisher. 
(c) Help chamber operator to cion fire mask. 

(3) Physician/SaFety Monitm' (On/side): 

(a) Direct operations. 
(b) Determine whether procedure should be terminated. 

(4) Other Personnel: Stand by to evacuate cham bel' personnel. 

C.20.3 Suggested Procedures to Follow in Event of Fire in 
Class B Chambers. 

C.20.3.1 For fires within facility not involving the chamber, 
the following procedure should be performed: 

(1) Turn off oxygen source. 
(2) Decompress chamber. 
(3) Remove patient and evacuate to safe area. 

C.20.3.2 For fire within chamber, the following procedure 
should be performed: 

(l) Turn off oxygen source. 
(2) Decompress chamber. 
(3) Remove patient. 
(4) Sound fire alarm offacility. 
(5) Evacuate area. 
(6) Attempt to suppress fire, or close door and await arrival of 

fire service personnel. 

C.20A See Table G20.4. 
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Table C.20A Pressure Table 

Atmosphere 
Absolute 

(ATA) 

Notes: 

1.5 
2.0 
5Ui 
3.0 
35 
4.0 
.').0 

mmHg 

760 
1140 
1520 
1900 
2280 
2G60 
3040 
3800 

psia 

14.7 
22 
29.4 
3G.7 
44.1 
51.4 
58.8 
73.5 

psig 

0 
7.35 

14.7 
22.0 
29.4 
36.7 
44.1 
58.8 

Equivalent Depth in mmHgOxygen 
Seawater mm Hg Oxygen Pressure of 

Pressure of Oxygen-Enriched 
ft m Compressed Air Air (23.5%) 

0 0 IGO 179 
16.5 5.07 240 268 
33.1 10.13 320 357 
49.7 15.20 400 447 
66.2 20.26 480 536 
82.7 25.33 560 625 
99.2 30.40 640 714 

132.3 40.53 800 893 

I. The oxygen percentage in the chamber environment. not the oxygen partial pressure. is of principal concern. as concentrations "bove 23.5 per
cent oxygen increase the rate of flame spread. Thirty percent oxygen in nitrogen at lATA (228 mm Hg pO~) increases burning rate. However, 
6 percent oxygen in nitrogen will not support combustion, regardless of oxygen partial pressure (at 5 ATA, 6 percent oxygen gives 228 mm Hg pO~). 
2. The Subcommittee on Hyperbaric and Hypobaric Facilities recommends that one unit of pressure measurement be employed. Since a variety of 
diflerent units are now ill llse, and since chamber operators have not settled upon one single unit, the above table includes the five unit., most 
commonly employed ill chamber practice. 

Annex D The Safe Use of High-Frequency Electricity 
in Health Care Facilities 

This annex is not a/mrt of the requirements o/Lhis NFPA docurrumt 
but is inc/wierlJilr informational/JUr/Joses only. 

0.1 Introduction. 

0.1.1 Purpose. The purpose of this annex is to provide infor
mation and recommendations for the reduction of electrical 
and thermal hazards associated with the use of high-frequency 
electricity in health care hlcilities. 

0.1.2 Scope. This annex covers principles of design and use 
of electrical and electronic appliances generating high
frequency currents for medical treatment in hospitals, clinics, 
ambulatol), care f~lciliLies, and dental offices, whether fixed or 
mobile. 

0.1.2.1 This annex does not cover communication equipment, 
resuscitation equipment (e.g., defibrillators), or physiological 
stimulators used for anesthesia, acupuncture, and so on. 

D.1.2.2 This annex does not cover experimental or research 
apparatus built to order, or under development, provided 
such apparatus is used under qualified supervision and pro
vided the builder demonstrates to the authority having juris
diction that the apparatus has a degree of safety equivalent to 
that described herein. 

0.1.3 Frequency Range. For the purposes of this annex, high 
frequency is intended to mean any electrical energy generated 
in the radio-frequency range from approximately 100 kHl 
(100,000 cyc!sec) to microwave frequencies. 

D.1.4 Intended Use. This annex is intended for use by oper
ating personnel practicing the electrical or the medical arts, as 
well as apparat.us designers. It thus contains material of an 
informative nature as well as recommendations. 

0.1.5 Responsibility of the Governing Body. It is the responsi
bility of the goveming body of the health care facility to provide 
its stan; patients, and visitors with an em~ronment that is reason
ably safe from the shock and burn hazards associated with the use 
of high-frequency electricity. In order to discharge this obliga-
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tion, the governing body is permitted to delegate appropriate 
authority to its medical staff, consultants, architects, engineers, 
and others. (See Section D.5Iar./ur'lher information.) 

0.1.6 Interpretations. The National Fire Protection Association 
does not approve, inspect, or certify any installation, procedure, 
equipment, or material. With respect to this annex, its role is 
limited solely to an advisory capacity. The acceptability of a par
ticular piece of equipment, installation, or procedure is a matter 
between the health care facility and the authority havingjurisdic
tion. However, in order to assist in the determination of such 
acceptability, the National Fire Protection Association has estab
lished interpretation procedures. These procedures are outlined 
in the NFPA Regulations Governing CmnrniUr;e Projects. 

D.l.7 General Introduction. The now of electric energy at con
ventional power frequencies is generally understood and predict
able. As the frequency is increased to the radio-frequency range, 
that is, above ]00 kHz (100,000 cyc!sec), the electric current 
might not be restricted to obvious conductive paths and conse
quently can have effects not generally appreciated. 

High-frequency power-generating equipment can present 
a hazard to the patient or to the operator by the nature of its 
use, or by its electrical interference with other apparatus in 
contact with or implanted within the patient. Since the equip
ment usually requires direct connections to the patient, it can 
also present a current path through the body tissues for elec
trical faults occurring within it or in other equipment. 

It should be kept in mind that this annex is intended for 
use by operating personnel practicing the electrical or the 
medical arts, as well as apparatus designers. Some of the com
ments might appear overly simple, since it was considered de
sirable to err on the side of clarity rather than conciseness. 

Some statements in this annex conceming waveforms, fre
quency, and so on, refer to specific designs of apparatus that 
are in common use. These are cited for illustrative purposes 
only. Other techniques for accomplishing the same medical 
purposes have been developed. This annex is not intended to 
assess the relative merits of any of these techniques, but rather 
to provide guidelines for the safe use of any type of high
frequency, power-generating, medical equipment. 
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This annex indicates circumstances and procedures that 
can produce hazards during the llse of high-frequency electro
surgical or diathermy equipment, and it suggests protective 
measures against such hazards. This annex is concerned spe
cifically with electrical eflects and safety. The high-frequency 
power generated by these devices can interfere with the opera
tion of other apparatus such as physiological monitors or 
pacemakers. The mechanisms of heat generation in body tis
sues by high-frequency energy needs to be understood and 
controlled to be effective therapeutically, while avoiding un
wanted burning. The arc that is likely to occur when an ener
gized high-frequency electrode contacts tissues can be an igni
tion source for flammable vapors and gases. Although 
referenced in this annex, full recommendations for safety 
from explosion hazards in the presence of flammable anes
thetic agents are given in Annex E of this standard and should 
be consulted for detailed specifications. Surgical effects of 
electrosurgery are described in Section D.6 of this annex. A 
recommendatjon for the clinical use of electrosurgical equip
ment is outlined in Section D.7 of this annex. These sections 
are included because there is little available in the medical 
literature on the effective and safe use of these powerful elec
trical therapeutic instruments. 

D.2 High-Frequency Equipment. 

D.2.1 Types of Apparatus. 

D.2.1.1 Electrosurgery. 

D.2.1.1.1 General. Electrosurgical techniques utilize the heat
ing effect of high-frequency current passing through tissues to 
desiccate, fulgurate, coagulate, or cut tissues. A very small ac
tive electrode concentrates the current with resulting rapid 
heating at the point of application. A larger dispersive elec
trode providing broad coupling with the skin is used to mini
mize the current density and heating at the other end of the 
body circuit. 

D.2.1.1.2 Electrocoagulation and Fulguration. Coagulation 
and fulguration procedures generally employ a damped sine 
waveform or a train of low duty-cycle pulses. The frequency is 
in the 0.1- to 5-MHz (million cycles per second) region, but a 
wide spectrum of high frequencies also could be generated. 

D.2.1.1.3 Electrocutting. High-frequency cutting of tissue is 
more dI<:ctive with an undamped sinusoidal current or continu
ous pulse train. Most electrosurgical equipment provides a selec
tion of coagulating current, cutting current, or a blended output. 

D.2.1.1.4 Electrosurgical Oscillators. Electrosurgical oscilla
tors operate in the general range of 0.5 MHz to 5.0 MHz with 
average output power capabilities as high as 500 watts. The 
actual amount of power required depends on the type of elec
trode used, the modality (cutting or coagulating), the opera
tive procedure, and the conditions surrounding the operating 
field. In open-air cutting or coagulating, the power will gener
ally range from 50 to 100 watts. In a transurethral resection, 
higher power might be required because of the bypassing ef 
fect of the irrigating fluid around the electrode. An electrosUl~ 
gical unit must have a relatively low output impedance (typi
cally 100 to 1000 ohms) in order to match the tissue electrical 
load and to limit open-circuit peak voltage with its attendant 
danger of insulation failure of electrodes, surgical handles, 
and so on. 

Note that most older instruments used a spark gap oscilla
tor to generate highly damped radio-frequency sine wave
forms, often modulated at 120 Hz, characterized by high peak 

voltages and low duty cycle, for coagulating purposes. Newer 
instruments lise solid-state circuits to generate complex pulse 
trains with similar characteristics. Limited studies indicate that 
the frequency range is not very critical, but that the low duty
cycle train is the key to the coagulating process. A cOlltinuOlls, 
unmodulated sine waveform or pulse train, delivering a high 
average power generated by a vacuum tube or solid state uscil
lator, is used for free cutting with little or no hemostasis. 
Higher duty-cycle, moderately damped waveforms are used 
when a greater degree of hemostasis is desired while cutting. 
(See Section D.6 of this annex.) 

D.2.1.2 Electrocautery. Electrocautery is a surgical technique 
that utilizes a heated electrode or glowing wire to conduct heat to 
the tissue. It usually uses power frequency (GO I-Iz) current at low 
voltage to heat the electrode and hence is not a high-frequency 
device. It is described here because of possible confusion in ter
minology. In electrocautery there is no intentional passage of 
current through the tissues. While the voltage and frequency are 
low, these are patient-connected devices using electrical power, 
and appropriate precautions should be used. (.'lei! (;h((/Jta 8 in the 
requimrnrmls j)(rrtion of this document.) 

D.2.1.3 Neurosurgical Lesion Generator. Specialized instru
ments with lower power, I to 30 watts, are used in neurosur
gery to make carefully delineated lesions in neural tissue. They 
employ continuous waveform radio-frequency power. Some 
designs use stereotactic instruments or nellral signals for posi
tion control, and temperature measurement f~)r size control. 
The temperature rise is limited to achieve tissue prot.ein dena
turation but not gross tissue destruction. 

D.2.1.4 Radio-Frequency Diathermy. 

D.2.1.4.1 General. Diathermy utilizes the heating effect of the 
passage of a high-frequency current or an electromagnetic 
field in body tissues. In contrast to electrosurgery, it applies a 
relatively even heat distribution within the tissue well below a 
temperature that would cause tissue destruct.ion. Diathermy 
equipment operates at 27.] 2 MHz, with some older units at 
13.56 MHz. These frequencies are assigned for this purpose by 
the Federal Communications Commission wit.h rigid regula
tions regarding frequency control, harmonics, or spurious ra
diation. (See Section D. 9.) 

D.2.1.4.2 Dielectric or Spaced-Plate Diathermy. With spaced
plate applicators, heating is the result of alternating cnrrent in 
the tissues caused by the high potential difference between 
the electrodes. This alternating electric fielel permeates the 
interposed tissues, which act as lossy dielectrics between ca
pacitor plates. 

D.2.1.4.3 Inductive Diathermy. The high-frequency cnrrent 
of inductive diathermy is passed through a coil or coils to pro
duce rapidly reversing magnetic fields through t.he tissue. 
Heating is caused by eddy currents set up by the alternating 
magnetic field. 

D.2.1.5 Microwave Diathermy. Microwave energy is radiated 
from a reflector, usually parabolic, air-spaced from the tissue. 
The energy is "beamed" like light to the intended area. The 
depth of penetl-ation and intensity of heating are determined 
by the spacing and energy output of the microwave source. 
The assigned medical frequency is 24:)0 MHz. Electromag
netic energy at this frequency has an appropriate combination 
of penetration and absorption in tissue. 

D.2.1.6 Ultrasonic Diathermy. Ultrasonic energy in the high
frequency range (approximately 0.05 MHz to !) MHz) is also 
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used for ther<lpeutic heating and for making lesions. It should 
be nuted that the energy modality is mechanical (acoustic) 
and not electrical, and hence some of the hazards described 
herein do not apply. However, these are patient-connected 
devices employing substantial electrical power, and appropri
ate precautions must be used. 

D.2.1.7 Hyperthennia. Heating, controlled in spatial distribu
tion and temperature, can be applied to tumors as a therapeu
tic <)cUunct to other therapeutic techniques. Techniques simi
lar to diathermy can be used, often with implanted antennas 
or coupling devices. 

D.2.1.8 Medical Lasers. The spatial and frequency coherence 
properties of laser-generated radiation allow the localized 
deposition 01' large amounts of energy in tissue. This can be 
used for cutting, coagulation, or photochemoactivation. This 
apparatus per se is an electrical device, subject to the require
ments of Chapter 8 (in the requirements portion of this docu
rnent), but the peculiar hazard is the result of the unusual 
uptical properties of this radiMion. 

D.2.2 Properties of High-Frequency Circuits. 

D.2.2.1 General. Inlow-frequency apparatus, the circuit ele
ments are usu<llly discrete components, physically obvious, in
terconnected by wires or other conductors. At higher fi-equen
cies, distributive elements and less obvious forms of coupling 
(capacitive, inductive, and radiative) become increasingly im
portant.. Since these properties might not be fully appreciated 
by personnel using high-frequency medical equipment, this 
section reviews some aspects of them. 

D.2.2.2 Nonconductive Coupling. 

D.2.2.2.1 Capacitive. Any two conductors separated by a di
electric const.itute a capacitor through which alternating cur
rent will pass. This capacitor has a reactance that varies in
versely with frequency. Thus, when a conductive material is 
placed near a concillctor carrying high-frequency current, 
some of the high-frequency energy can be transferred to this 
material. This c:oupling might exist, for example, hetween an 
electrosurgical power cable and an adjacent input lead of an 
electrocardiograph. Similarly, a low-impedance ground path 
might be presented by the capacitance between an electrode 
lead and its grounded metal shield. Capacitive coupling exists 
at all frequencies but is relatively more significant at higher 
freq uencies. 

D.2.2.2.2 Inductive. Energy might also be transferred without 
an obvious interconnection by the magnetic field that sur
l'Ullnds all current paths. This effect is used in the familiar 
transformer bill could also produce coupling between two ad
ventitiously placed adjacent wires. If a large conductor is 
placed in a magnetic field, the coupling could induce circulat
ing current in the conductor. These "eddy currents" generate 
heat as would any other current in the conductor. Inductive 
coupling could be affected relatively little by shielding in
tended to inhibit capacitive coupling. 

D.2.2.3 Skin Effect. Because of self~induced eddy currents, 
high-frequency current could be contined to the Sllrf~lCe of 
metal conductors. This "skin effect" can cause a simple con
ductor to have a much higher effective impedance at high 
frequencies than it would have at low frequencies. 

Skin effect should not be confused with the change of im
pedance of a patient'S skin. Living tissue is a complex electri
cal system of ionic conductors and Glpacitors. The skin con-
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tact impedance shows a marked decrease at higher frequencies 
largely because of capacitive coupling through the poorly con
ductive outer skin layers. 

D.2.2.4 Modulation and Detection. The high-frequency cur
rents present in medical apparatus often have complex wave
forms. The frequency and amplitude of the oscillations can 
vary. The peaks ofsllccessive oscillat.ions form <In "envelope" of 
the signal, or modulation. Thus a l-MI-Tz radio-frequency 
waveform might be modulated by a 120-Hz signal. When such 
a waveform passes through a nonlinear circuit element, other 
fi-equency waveforms are produced, including some at the 
modulating frequency (in this example, 120 Hz). Since the 
contact between an electrode and tissue, and the tissue itseU~ 
contain nonlinear elements, low-frequency currents could be 
present when high-frequency currents pass through the body. 

D.2.2.5 Electromagnetic Radiation. 

D.2.2.5.1 General. In the radio-frequency region, energy is 
also propagated by direct radiation through air or other me
dia. This is the basis of radio communication and microwave 
diathermy and can produce undesired effects in other high
frequency apparatus. 

Long Wires and Antennas. At suJIiciently high frequencies, a 
conductor such as a simple wire can become "electrically 
long" and constitute a complex circuit. element. In free space 
this length is governed by the following relation: 

'A/= 300 
where f... is the wavelengt.h, ill met.ers, lis the hequellcy, in 

megahertz, and 300 is the velocity of light, in meters per mi
crosecond. The veloci ty is less ill other rnedia. If the conductor 
is an appreciable fraction of a wavelength, it is no longer a 
simple resistive conductor. It could have a large impedance 
and become an effective antenna. If the lengt.h approaches 
!;:,'A (or more), it could be part of the resonant output system 
of the apparatus. 

D.2.2.5.2 Sources of High-Frequency Radiation. 

Eler:trosurgiwl Equipment Radiation. Such radiation derives 
from the following: 

( I) The active cable 
(2) The dispersive return cable 
(3) Electrical power lines (minimized by filtering) 
(4) Direct radiation from components, especially the spark 

gap and associated wiring (minimized by proper cabinet 
design) 

(5) Radio-frequency current paths through the patient and 
fi-om t.he patient to ground via alt.ernative paths, such as 
capacitive coupling to the table 

Since the operating hequency is relatively low and the 
leads in the output circuit are electrically short., radiation fmm 
them is at a low level. Generally, interference with other equip
ment is caused by the conduction of high-frequency energy 
through common power lines or by capacitive and inductive 
coupling. Interference can be minimized by proper shielding 
and tiltering. 

Diathermy Equijnn.rml Radialion. Such radiation derives from 
the following: 

(I) Electromagnetic radiation from the applicators and their 
connecting cables. The amount of radiation is dependent 
on the treatment level and on the orientation of the drum 
or spaced plates and can be influenced by the placement 
of the Je<lds. 
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(2) At 27.12 MHz, a quarter wavelength (II, A) is 2.76 m 
(about 10.9 f"t). The "ground" wire in the supply cable 
might be low impedance only at a low frequency, so that 
the cabinet of the diathermy acts as the "ground" plane 
for the unit and under unusual conditions might be at 
appreciable high-frequency voltage above power supply 
ground. 

(3) A patient under treatment with spaced plates is in a strong 
electric field and is a conductor at some voltage above 
ground, as evidenced by the fact that he or she can receive a 
burn by touching a bare metal part of the cabinet. Since 
diathermy equipment is used to produce heat in tissues with
out direct contact with the body, the eneq,,')1 transferred must 
be by means of induction from resonant electrodes or appli
cator·s. This energy can be picked up by adjacent equipment, 
such as remote monitoring systems or by power lines, and 
can be difficult to control. Physical separation is the best so
lution since the signals attenuate rapidly with distance and 
interposed walls and building structures. The construction 
of shielded rooms might be necessary if the radiation prob
lem is seriolls. The radiation from componenLs and supply 
cable mus! be kept low to meet Federal Communications 
Commission requirement,. 

Microwave T1wrat)y Radiation. Such radiation is at extremely 
high frequency and short wavelength. A quarter wavelength in 
tissue is about :I cm (1.18 in.). The electrical properties of 
tissue at these high frequencies are complex and need to be 
investigated further. 

D.3 The Hazard. 

D.3.1 Hazards Covered. This annex is concerned with the 
hazards that can exist during the use of high-frequency power 
equipment in the health care facility. The danger can be to the 
patient, the operating personnel, or to other equipment. 
Some of these problems are common to all electrical appara
tus and are the subjecl of other manuals and codes. These are 
appropriately referenced. The following kinds of hazards are 
considered: 

(1) Radio-frequency interference (see D.3. 2) 
(2) High-frequency burns (see D.3.3) 
(3) Low-frequency electrical shock (see D.3.4) 
(4) Explosions and fire (see D.3.5) 
(5) Com plications of the use of the apparatus (see D.3.6) 
(6) Direct curren t burns (see D.3. 7) 
(7) Nonionizing radiation burns and ignition (see D.3.8) 

D.3.2 Radio-Frequency Interference. 

D.3.2.1 General. The high-frequency output of therapeutic 
equipment can propagate by radiation or other coupling 
through air, tissue, or current conductors to affect the opera
tion of other equipment, that is, hy distorting or ohscuring 
displayed data, blocking normal operation, or causing dam
age through thermal or electrical breakdown. The extent o[ 
the effect will depend upon operating frequency, power level, 
intercoupling of circuits, distance, and the sensitivity and se
lectivity of the aflected apparatus. This could be of particular 
concern if the affected apparatus is computer-based since 
some digital circuits are very sensitive to interference. 

D.3.2.2 Equipment in Contact with Patient. High-frequency 
currents flowing through body tissues can be conducted 
directly to equipment having input electrodes on or in the 
patient, or can be capacitively or inductively coupled to im
planted sensors, to affect their operation. The performance 

of implanted pacemakers can be disrupted, particularly 
those having sensing circuits. The pacemaker manufactur
er's literature should be consult.ed before using high
frequency equipment on a patient with a pacemaker. 

D.3.2.3 Equipment in Patient Area - No Direct Contact. 
Telemetering and similar equipment in the immediate vi
cinity of the patient can be affected by energy radiated from 
high-frequency sources. The degree of interference de
pends on the strength of the ill terfering radiation and on 
the sensitivity of the affected equipment to the interfering 
signal. Before new configurations of equipment are uti
lized, they should be checked to ensure that no unaccept
able interference could occur. 

D.3.2.4 Equipment in Remote Areas. Equipment in remote 
areas can be aJTected by radiated energy or by energy con
ducted through power lines. Intensive care areas adjacent to 
treatment or operating areas are examples. In extreme cases 
shielding might be necessary, but spatial separation is usually 
adequate. If sllch inter'fe,'ence occurs, the equipment should 
be modified or locations changed to reduce the interference 
to an acceptable level. 

D.3.3 High-Frequency Burns. 

D.3.3.1 Electrosurgical Equipment. When electricity flows in 
a conductor, heat is generated at a rate proportional to the 
product of the resistance and the square of the current.. This 
thermal effect is the basis of function for electrosurgical and 
dielectric diathermy equipment. ]n the case of electrosurgical 
equipment, the cutting elect.rode is made very small to pro
cluce a high current density and consequently a very rapid 
temperature rise at the point of contact with tissue. The high
frequency current is intendecl to flow through the patient to 
the dispersive electrode. The dispersive electrode provides a 
large contact with skin to minimize the current density at that 
end of the patient circuit. However, when the resistance he
tween the body and the dispersive electrode is excessive, sig
nificant current can flow via alternative paths. The relative 
areas are indicated in Figure D.3.3.1. If the dispersive elec
trode presents too small a contact area, deep tissue burns can 
result not only at the dispersive electrode but also at other 
sites. (Sel! a/so Section D.6 a/this annex.) 

High current density; 
maximum heating effe~ 

Low current density; 
minimal heating effect 

FIGURE D.3.3.1 Relative Current Densities at Contact with 
Patient. 
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Note that the optimum characteristics and area of tissue 
contact for a dispersive electrode are matters of controversy. 
Factors pertinent to tissue injury include adequacy of gel, ana
tomic placement and orientation of the electrode, edge phe
nomena, and principles of Llbrication (such as proprietary 
pregelled pads as opposed to metal foil or plate). Additional 
consideratjons are the manner of lise of the ESU and the ad
equacy of skin perfusion (related to body temperature, circu
latory integrity, and pressure points). 

Thermal probes, monitoring electrodes, intravascular 
wires, or incidental contacts with metal furniture such as oper
ating tables, IV poles, or instrument trays could provide better 
opportunities k)r return paths for current, particularly if the 
preferred path is inadequate. 

Historical experience suggesL~ that 1 cm~ for each 15 watts of 
applied power appears to otIcr a generous margin of safety for 
most applications using gelled metal plates. Continuing research 
might establish confidence in the utilization ofJess generous con
tact areas in view of modern practices and equipment. 

D.3.3.l.I Bums from Inadequate Dispersive Electrode Con
tact. Inadequate contact with a dispersive electrode can result 
from the following: 

(1) Electrode area too small for application 
(2) Electrode not in adequate contact with tissue 
(3) Electrode insulated from the skin by interposition of bed

ding, clothing, or other unintended material 

With the advent ofa multitude of configurations and designs 
(e.g., pregelled, electrically conductive adhesive, capacitively 
coupled, and combinations), and since each type presents appli
cation requirement;; peculiar to its design, the manufacturers' 
instructions should be carefully read and followed. 

When electrosurgical equipment is brought into use alter the 
start of an operating procedure and aiter the patient has been 
draped, extreme care is necessary in the placement and attach
men t of the dispersive electrode to be sure that proper contact is 
made direcllywith the skin and that there is no intervening insu
lating material. Electrode paste is useful to reduce the imped
ance of the conLc,ct between the electrode and the patient's skin. 
In a prolonged procedure, this should be checked periodically to 
ensure that the paste has not dried up. 

It should be recognized that while a dispersive electrode 
might be making proper and sufficient contact with a patient 
at the beginning of an operation, conditions requiring reposi
tioning of the patient can arise. This repositioning might re
duce or completely elirninate contact with the electrode, and 
burns might result. Electrode placement: must be checked 
whenever the patient is moved. 

D.3.3.1.2 Bums from Uneven Electrode Contact. Pressure 
points caused by bony protuberances or irregularities in elec
trode sllrbce can concentrate current flow with resulting ex
cessive temperature rise. Loose skin overhanging the edges of 
the electrode, or areas pinched by sliding a plate beneath the 
patient without lifting the patient sufficiently contribute to the 
burn hazard. See Figure 0.3.3.1.2. 

Some heat is generated at the dispersive electrode contact, 
but it normally is carried away by the circulation of hlood un
der the skin, so that the temperature rise is small. However, at 
pressure points or after prolonged pressure, the blood flow 
could be impeded, so that adequate cooling is not obtained. 
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Skin and subcutaneous tissue blood flow could be altered by 
body temperature, anesthetic agents, and other drugs used 
during surgery. The effect could vary with the patient's age 
and clinical condition. The significance of these factors is not 
always fully appreciated. 

High current density 

Low current densitY_[jTIij;£~~~ 

FIGURE D.3.3.1.2 High Current Density at Irregularity of 
Electrode. 

D.3.3.l.3 Burns at Unintended Current Paths with Various 
Types of Electrosurgical Units. Normally, the current from 
the active electrode flows through the patient to the disper
sive electrode and then back to the generator via the disper
sive cable as shown in Figure 0.3.3.1.3(a) through Figure 
0.3.3.1.3( c). If other paths are available, the current will 
divide among the several paths. 

The effect of alternate paths will vary depending on the 
type of electrosurgical unit employed. 

Electrosurgical Unit with a Grounded IJiljJCrlive Electrode and No 
DistJCrsive Cable Continuity Monit01: Normally the high-frequency 
current will flow as shown in Figure 0.3.3.1.3(a). If the dispersive 
cable is broken and the unit is activated, then the current could 
flow through unintended ground paths as shown in Figure 
D.3.3.1.3(b) and Figure D.3.3.1.3(c). 

Ground 

Dispersive 
cable 

Dispersive 
electrode 

l 
Ground 

FIGURE D.3.3.1.3(a) Correct Flow of High-Frequency Cur
rent from Electrosurgery Through Tissue to Dispersive Elec
trode and Patient Cord Back to Generator. 



ANNEX D 99-211 

Ground 

Broken j 
dispersive 
cable 

Dispersive 
electrode 

Ground 

FIGURE D.3.3.1.3(b) Alternate Return Paths to Ground 
When Normal Return Path Through Patient Cord Is Broken. 

~Broken 
dispersive 
cable 

FIGURE D.3.3.1.3(c) Alternate Return Path to Ground 
Through Grounded Electrode of ECG. 

Electrosurgical Unit with a Grounded Dispersive Electrode and 
a DisjJenive Cable Continuity Monitrn: If an electrosurgical 
unit has a dispersive cable monitor, the break in the disper
sive cable shown in Figure D.3.3.1.3(b) can be detected, 
and the machine inactivated. 

Electrosurgical Unit with (In RFlsolated Out1JUt Circuit (Floating 
OutjJUt). Because RF isolation is inherently imperfect, stray RF 
currents (leakage cUlTents) can t10w from the electrodes to 
any grounded conductor contacting the patient as shown in 
Figure D.3.3.1.3(d). This stray RF current is greatest when the 
unit is activated with the active electrode not in contact with 
the patien t. 

D.3.3.IA Dispersive Cable Monitoring Circuits. The incorpo
ration of a monitoring circuit will warn of a broken dispersive 
electrode cable. However, the monitoring circuit does not en
sure that the dispersive electrode contact with the body is ad
equate and might lead to a false sense of security on the part of 
the surgeon or attendant. 

To ensure alarm with broken cable but with alternate 
ground paths as shown in Figure D.3.3.1.3(b), the dispersive 
cable monitor should alarm if the series resistance [R in Fig
ure D.3.3.1.4(a)] exceeds 150 ohms. 

Note that the monitoring current might produce interfer
ence on an ECG display. 

C:I';""rc_e-l-__ E-__ ::r-__ -====:::\ 
T 

*" Ground 

Ground 

FIGURE D.3.3.1.3(d) Stray Current Flow from an RF Iso
lated Electrosurgical Unit. 

If an electrosurgical unit has iLs dispersive cable connected 
as shown in Figure D.3.3.l.4(b), with a capacitor between it 
and ground, the dispersive cable monitor circuit might not 
respond to an alternate ground path. 

Whether or not a monitoring circuit is provided, the 
method of attachment of the dispersive electrode should be 
such that the cable connector cannot be readily disconnected 
accidentally. A clip-on type of connection can be lIsed only if it 
meets this criterion. 

Interrogation voltage 
referenced to ground 

Test resistor 
R = 150 ohms 

FIGURE D.3.3.1.4(a) Trip-Out Resistance R. 

Active cable 

/ 

Dispersive 
electrode 

Interrogation voltage not directly 
referenced to ground 

FIGURE D.3.3.1.4(b) Electrosurgical Unit with a dc Isolated 
Patient Plate. 
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D.3.3.1.5 Other Causes of Burns at Unintended Current 
Paths. These can be caused by the following: 

(I) Other electrodes providing direct: or capacitance-coupled 
ground returns. Needle electrodes are often used ten' ECG 
or othet· physiological monitOling procedures. The subcuta
neous ,tpplication of these needles provides good connec
tion to the patient, but their small surbces could produce 
high-current densities, especially if they are near the operal
ing site. They should be used with great care when electro
surgery is employed. (.'-jee Section D. 7 o/this annex.) 

(2) Proximity 0(' high-frequency leads to other wires, causing 
Glpaci tive or inductive coupling, wi th resultan t current in 
electrodes attached to the patient. 

D.3.3.2 Diathenny. Radio-frequency diathermy can induce cur
rents that cause excessive heating in metal devices in the dielec
tric field (e.g., bone pins, dental tillings, metal sutures, implanted 
electrodes and leads), producing burns in the adjacent tissue and 
jeopardizing the tolerance of the metal in the tissues. The mag
netic field of inductive diathermy can cause eddy currents that 
produce a similar cflect in implanted metals. 

D.3.4 Low-Frequency Shocks (60 Hz). 

D.3.4.1 General. Depending on the type of e1ectrosurgical 
unit employed, the dispersive electrode can present a direct or 
low-impedance ground path for a j~1LIlt current emanating 
from other equipment connected to the patient. The disper
sive electrode can be connected in either of two ways: 

(l) An electrosurgical unit with a gl'olll1ded dispersive elec
trode that provides a direct path for low-frequency cur
rent. (See Fig·tlTI! n. 3.3.1.4(a).] 

(2) An RF grounded (low-frequency isolated) electrosurgical 
unit with capacitance between the electrodes and ground 
will provide isolation from low-frequency currents in
versely proportional to the value of the capacitor (i.e., the 
smaller the capacitor, the better the low-frequency isola
tion). /See Fig'lIn; D.3.3. 1.4(b).J 

D.3.4.2 Equipment Faults. Insulation failure or loose wiring 
in power-operated devices used for surgery, such as bone saws 
and dye injectors, or monitoring equipment such as an ECG, 
can result in high voltage being applied to the patient through 
contact with the device. 

D.3.4.3 Equipment Not Isolated from Power Lines. Low-voltage 
power sources of older design, which use an autotransf()rmer, do 
not provide isolation fro III the main power lines. Contact of the 
patient with the ll',une or other exposed conductive surfaces of 
the device could apply full-line voltage to a grounded patient. 
This is often true of power sources for resectoscope lights, elec
trocautery units, stimulators, and other low-voltage devices com
monly used in conjunction with electrosurgery, particularly in 
urology. Such low-voltage equipment should not be used unless 
provided with an isolated power supply. 

D.3.4.4 Rectified Modulation. A peculiar hazard exists in elec
trosurgical equipment where tJle high-frequency energy is modu
lated at low frequencies, as in the coagulating mode. The contact 
between the act.ive electrode and the (.issue can demodulate the 
high-frequency current, generating power frequency compo
nents. If a low-impedance path is present through the apparatns 
and ground back to the patient, hazardous current levels might 
be generated. Thus, the application of what is believed to be 
solely high-frequency current. might also be the application of 
dangerous low-frequency currenLs. 
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D.3.5 Explosion and Fire. 

D.3.5.1 General. Since electrosurgery operates on the basis of 
tissue destruction by high-frequency arcs, it must be used with 
great caution when flammable anesthet.ic, disinfecting, or 
cleaning agents are employed. If the medical procedure re
quires the simultaneous use of electrosurgery andllammable 
agents, the responsible surgeol1musl be fully aware of the risks 
he or she is taking. (See Section E 6 in Annex E.) 

D.3.5.2 Explosions in Hollow Organs. The intestines, espe
cially the colon, can contain flammable mixtures of hydrogen, 
hydrogen sulfide, methane, and oxygen. These gases are 
readily ignited and can burn explosively and disrupt organs. 
Hence, special precautions are necessary in surgery on the 
colon and paracolonic tissue. During laparoscopy, the ab
dominal cavity should be iilled with a nonilammable gas, such 
,tS CO~. When fulguration is done through a sigmoidoscope, 
an indwelling suction device is used to remove flammable 
gases. Explosive mixtures of hydrogen and oxygen form by 
electrolysis of electrolyte solutions used to distend the bladder 
during fulguration or resection. Isumolar solutions of crystal
loids are used to avoid this complication. 

D.3.5.3 Explosions During Operations on Head, Neck, 
Oropharynx, and in Body Cavities. Flammable mixtures of an
esthetic agents can persist in the exhaled air of patients for 
long periods, and such mixtures can persist in hollow viscera 
and body cavities. Electrosurgical equipment should not be 
lIsed for operations on the head, neck, orophatJ'llx, or body 
cavities during or following the administration of a flammable 
anesthetizing agent. 

D.3.5.4 Ignition of Combustibles in Mouth or Oropharynx 
during Oxygen Administration. A hot needle or blade can ig
nite combustibles such as dry sponges, lubricants on endotra
cheal tubes, or the endotracheal tube itself'. In the presence of 
an oxygen-enriched atmosphere, a major conilagration can 
occur, resulting in severe burns to the mOllth, orophatJ'nx, or 
the respiratOlJ' tract. Wet sponges are employed when electro
surgery is contemplated in the mouth or oropharynx. It is 
necessary to exercise care to ensure that the blade, needle, 
or hot metal particles do not contact the endotracheal tube. 
It is not advisable to use lubricants in these circumstances. 
(See NFPA 53, Recomrrumrled PTilclice on }\1aterials, EqnijJ'fnent, 
and Systems Used in Oxygen-/\nriduxl A trll,osjJheri!s, for details.) 

Note that nitrous oxide will dissociate with heat to produce an 
oxygen-enriched atmosphere that readily supports combustion. 

D.3.5.5 Fire from Flammable Gennicides and Defatting Agents. 
The vapors from flammable solutions of disinfecting agents, 
or fat solvents left on the skin or saturating the drapes, can 
persist for long periods and be ignited by the arc that occurs 
when a high-frequency electrode contacts tissue. Nonflam
mable germicides or detergents should be used when the use 
of electrosurgelY is contemplated. 

D.3.5.6 Fires from Microwave Heating. Microwave ovens are 
frequently used in health care facilities to dty towels or linens, 
or to heat compresses or applicators. Although they arc in
tended to heat at relatively low temperatures, they can cause 
£ires by a kind of spontaneous combustion. A thick, tight cloth 
pack, particularly if there is metal or greasy material in the 
interior, can have a significant internal temperature rise and 
smolder. On opening and exposing this heated material to air, 
the cloth Illay spontaneously begin to burn. 

Care should be taken to ensure that metal or other foreign 
materials are not left in such packs. 
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D.3.6 Complications of Electrosurgery. 

D.3.6.1 General. Electrosurgery provides a method of cUlting 
and hemostasis. It is an acljunct rather than it substitute for the 
scalpel, scissors, and hemostatic ligature. It always results in 
some tissue destruction and affects cells beyond the point of 
contact. Unless precautions are taken, electrosurgery could be 
followed by the complications of impaired tissue healing, en
hanced risk of infection, surhlce burns, and explosion. It is 
effective in cutting muscle and in obtaining hemostasis of 
small or moderately sized blood vessels. It is also effective in 
excising and dissecting malignant lesions when primary heal
ing is not important. 

D.3.6.2 TIssue Damage. EleClrosurgery always destroys tissue. 
The damage extends radially from the needle or blade elec
trode. Too milch power, especially damped sinusoidal coagu
lat.ing currents, results in excessive destruction of tissue. When 
organs or tissues are isolated, as when on a stretched pedicle, 
current and heat concentrate in the pedicle and could destroy 
the circulation. Skin Jlaps and bscia could be overheated. 
Contact of the high-frequency electrode with instruments or 
retractors in the wound could result in accidental burns. De
fective or extra-thin gloves can result in burns to the surgeon's 
fingers. 

D.3.6.3 Special Electrosurgical Instnunents. Some surgical tech
niques require special instrumentation such as a resectoscope for 
transurethral resections or a laparoscope for tubal ligations. 
Since it is desired to keep the size of these instruments to a mini
mum, electrical distances are also minimal. To allow minimal 
separation, electrical insulation is used to provide isolation be
tween various portions of these instrument~. Complications dur
ing surgery can occur for the following reasons: 

(1) The instrument has an insuf1icient amount of insulating 
material. 

(2) The insulation has cracks. 
(3) The instrument hets a poor grade of insulating material. 
(4) The insulation gets wet. 
(5) More than normal power settings are required of the elec

trosurgical unit. 

With all electrosurgical instrumenLs the manufacturer's I'CC

ommendations should be f()llowed. (See Settion D. 7 in this annex.) 

D.3.6.4 Use of Surgical Instruments to Deliver Electrosurgical 
Current. When electrosurgical current is intentionally deliv
ered through it surgical instrumelll, insulation might be 
needed so tbat on Iy the desired portion of the instrument is 
exposed. This will preclude undesired contact with the patient 
or operator. 

D.3.6.5 Use of Hand Controls. The use of pencil-type electrodes 
that include hand controls, particularly multiple electrodes on 
the setme electrosurgical unit, or contact-activated electrodes pre
sents special problems because of ease of misuse and inadvertent 
activation. Appropriate holsters should be provided to house 
electrodes in the sterile field when not in use. 

D.3.7 Direct Current Burns. Some electrosurgical devices uti
lize low direct currents to interrogate the cont.inuity ofleads in 
the dispersive electrode cable. The interruption of current 
can then be used to inhibit the operation of the machine. An 
alarm system is sometimes activated as well. (See /).3.3.1.4.) 

Where the dc voltage is referenced to ground, an inadvert
ent ground could provide a pathway for small direct currents 
to flow from the interrogation circuitry through the patient to 
ground. 

The burns that can be produced due to the application of 
dc voltage are generally not thermal burns, as high-frequency 
ones are. Rather, they are electrochemical ones, caused by the 
production of caustic agents at the cathode site and chlorine 
gas at the anode. 

The threshold level of voltage required to support electro
lytic burning is close to 3 volts de:. The active elect rolyt.ic 
threshold depends ill a complex way on many fZlctors, some of 
which are electrode material, viscosity of e1ectrolyt.ic medium, 
and the chemical composition of electrolytic medium. 

The amount of caustic and acidic products formed depends 
on the cumulative amount of current that. flows through the elec
trolytic medium. The longer the current flows, the greater the 
quantity produced. Tissue fluids are converted chiefly to sodium 
and potassium hydroxides, and chlorine gas. Saline-soaked pads, 
.iellies, and so on, could thus be rendered caustic. 

D.3.8 Nonionizing Radiation Burns and Ignition. 

D.3.8.1 Radio-Frequency Devices. In electrosurge,'y or dia
thermy it is intended to apply significant energy to the tissue of 
a patient for a desired therapeutic eflect. However, the atten
dant staff are also subjected to some level of radiant energy. 
While this hazard is usually insignificant, peculiar circum
stances might warrant closer attention. The nat.ure of radio
frequency hazard and recommended levels are addressed in 
ANSI C95.1, Safely [j:1J1ds o/Eler:lrmnagneli( Nadialion with Ne.ljJef:t 
to Personnel. 

D.3.8.2 Medical Laser Devices. Laser radiatjon does not 
present the same type of hazard as lower-frequency electro
magnetic energy, nor does it have the ionizing crfects of X-rays 
and radioisotopes. However, the concentration of eneq",), in a 
narrow beam is high enough to destroy t.issue or to ignite COI11-

bustible materials in its path. These issues arc addressed in 
ANSI Z 136.1, Sale UW! o/Lasen, and in ANSI/Z 136.3, .'Ill/I! UIr; of 
hlSt:lS in [-[ea/lli Cam Facilities. The f(mller (Z 136.1) addresses 
general safety aspects of lasers; the latter (ZI36.3) provides 
guidance for lasers specifically for lise in health care facilities. 

D.4 Equipment Safety Measures. 

DA.l General. 

D.4.1.1 Equipment Requirements. Special rcquirell1el1ls f()r 
anesthetizing locations are discussed in 13.4.1 in the require
ments portion ofthis standard. Additional considerations out
lined in this section are primarily performance rccol1lmcnd"l
t.ions, which should be implemented in the manner indicated 
or by other equivalent methods. 

D.4.1.2 Applicability. These recommendations apply to the 
high-frequency equipment iLself to reduce its potential ;IS a 
source of radio-frequency interference, burns, shock, and explo
sion. Recommendations are also made relating to other clssoci
ated electrical appliances to make them less susceptible to mal
function in the presence of the high-fl'equency apparatus. 

D.4.2 High-Frequency Apparatus. 

D.4.2.1 Input Power Circuits. Input power circuits should be 
provided with low-pass (ilters, electrostatically shielded isola
tion transformers, or other means for preventing the injection 
of high-frequency eneq,,'Y into the power lines. The use of a 
simple capacitive low-pass filter might introduce excessive 
line-to-groundleakage, which should be taken into accollnL 
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D.4.2.2 Output Circuits. High-hequency output circuits should 
be provided with isohltjon, high-pass filters, or other means to 
isolate these circuits from 10w-JiTquency voltages and rectified 
currents that could be produced in the patient circuit. 

Specialized low-power equipment such as a neurosurgical le
sinn generator, where precise control is important, might have 
the retunl (dispersive) electrode directly connected to ground. 

Isolated outpLlLS are desirable practice for protection against 
GO-Hz electric shock. In some circumstances, however, the effec
tive operation of devices individually or in combination might 
dictate connection, by the user, of a dispersive electrode to an 
equipment grounding conductor or to another grounding 
point. Such grounding will defeat any radio-frequency isolation 
existing in the e1ectrosurgicalunit. 

Note that in electrosurgery, low-frequency or faradic cur
rents can result from a rectification phenomenon occurring 
between the active electrode and body tissue during arcing. 
These low-frequency currents could constitute an electric 
shock hazarclto the patient, as discussed in D.3.4. 

D.4.2.3 Dispersive Cable Continuity Monitor. 

D.4.2.3.1 In eiectrosurgical apparatus, a monitor circuit cau 
be incorporated to indicate that the connection to the disper
sive electrode is intact. This monitor should not utilize cur
rents that could be a shock or burn hazard to the patient or 
that could interfere with other instruments. 

D.4.2.3.2 It is preferable that the dispersive cable continuity 
monitor also indicate that the plate is in contact with the pa
tient, but this should not result in increased hazard to the 
patjent or surgeon. 

D.4.2.3.3 There should be a suitable caution notice against 
defeat of the dispersive cable continuity-monitoring circuit. 
This could take the form of a label on the apparatus itself and 
explanatory material in the operating manual. 

D.4.2.4 Foot Switches. 

D.4.2.4.1 Electrically powered foot switches for use in flam
mable (1I1esthetizing locations are to be explosionproof or 
approved as intrinsically safe, as described by Section E.6 in 
Annex E. 

D.4.2.4.2 All /()ot switches should be provided with features 
to prevcnt accidental operation to a degree consistent with the 
necd for facility 0/' operation. 

D.4.2.5 Power-Supply Cord. 

D.4.2.5.1 The powel~supply cord for high-f!-equency equip
ment should incoqxw<lte a separate grounding conductor con
nected to the grounding contact ill the attachment cap (plug). 

D.4.2.5.2 Where (I detachable power supply cord set is llsed, 
the design of the connectors at the instrument end should 
prevent accidental disconnection. 

D.4.2.6 FCC Regulations. 

D.4.2.6.1 Shortwave diathermy should meet all requirements 
of Part 18, Industrial, Scientific and Mediad Service, of the Rules 
and Regulations of the Federal Communications Commis
sion. (See Section D.9, Informational and 1?J1immcerl Publications 
and Artir:ies, in. this a:nnex.) 

D.4.2.6.2 The power line filter must prevent the 13.56-MHz 
or 27.12-M Hz energy from feeding back into the power line. 
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D.4.3 Protection of Associated Apparatus. 

D.4.3.1 Input Power Circuits. The introduction of high
frequency energy into patient monitors or other apparatus by 
inductive coupling or radiation to the power supply cord, or 
by conduction on the power supply lines, should be mini
mized. Low-pass filters or shielding in the power input circuits 
of equipment could introduce excessive leakage paths from 
line to ground, in which case they should not be used. 

D.4.3.2 Signal Input Circuits. 

D.4.3.2.1 Low-pass filters can be incorporated in the signal 
input circuits of patient monitoring equipment to limit the 
flow of high-frequency currcnts b'om body electrodes to the 
equipment. Since the attenuation of the higher frequencies 
can be achieved by providing a low-impedance path to 
ground, such filters can increase the possibility of burns where 
small electrodes are used. 

D.4.3.2.2 Isolation of input circuits from high-frequency sig
nals can be accomplished by automatically disconnecting the 
input terminals when the high-frequency device is energized. 

D.4.3.2.3 Short-circuiting of input terminals might be effec
tive in protecting signal input circuits but care should be taken 
that a low-resistance path is not provided for the high
frequency currents. 

D.4.3.3 Patient Monitoring Electrodes. 

D.4.3.3.1 High-frequency current densities at a monitoring, 
e1ectrode-to-skin interface can be reduced by the use of a large 
surfaced electrode. Needle electrodes normally should not be 
employed during all. e\ectrosurgical procedure, but if this 
mode of monitoring is judged necessary it should be done 
with extreme care. 

D.4.3.3.2 In the application of inductive diathermy, remote 
placement of patient monitoring electrodes might eliminate 
high-frequency burns. 

D.4.3.3.3 Where possible, all physiological monitming cir
cuits with conductive contacts of small surbce area on or in 
the body should present a high impedance to the passage of 
high-frequency current between the contacts and ground. 

D.4.3.4 Cardiac Pacemakers. Cardiac pacemakers, particu
larly external pacemakers of the demand type, can be suscep
tible to interference. Their input circuits require careful de
sign to minimize these effects. 

D.4.3.5 Low-Voltage Electrical Devices. 

D.4.3.5.1 Low-voltage power sources for endoscopy illumina
tors and other devices should incorporate transformers with 
isolated secondary circuits so that there is no possibility of 
patient contact with the primary power source. 

D.4.3.5.2 Exposed metal parts of line-operated low-voltage 
sources should be kept to it minimulll. The chassis and ex
posed metal parts likely to become energized, ifany, should be 
connected to ground through a third wire in the power supply 
cord or protected by double insulation when no grounding 
conductor is used. Low-voltage sources for devices that should 
have this protection include resectoscopes, stimulators, 
pumps, and photographic equipment. Small exposed surfaces 
not likely to come energized, particularly those that contact 
the pat.ient, should not be grounded. 

D.4.3.5.3 A particular problem exists wi th resectoscopes used 
in conjunction with electrosurgical apparatus for urological 
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procedures. These de\~ces often have small clearances and insu
lation resulting in capacitively coupled RF currents. Repeated 
use could damage the insulation and expose the operator and 
patient to high-frequency burns. These devices should be de
signed to withstand high RF voltages in addition to low voltages 
used for illumination. 

D.5 Administration and Maintenance. 

D.5.l Responsibility. 

D.5.I.l Administration. Responsibility for the maintenance 
of safe conditions surrounding the use of high-frequency 
equipment falls mutually upon the governing body of the 
health care facility, the administration, the physicians using 
the equipment, and all personnel concerned with the applica
tion of the equipment to the patient. 

D.5.I.2 Medical Staff. It is important that the organized medi
cal staff of the health care bcility adopt regulations and practices 
with respect to the use of anesthetics and electrical devices in the 
presence of high-frequency energy, and jointly with the facility 
authorities set up requirements Jor training physicians, nurses, 
and other personnel who might be involved in the procurement, 
application, use, or maintenance of equipment used in conjunc
tion with high-frequency equipment. 

D.5.I.3 Qualifications for Use of Electrosurgery. T\o physi
cian should attempt electrosurgery unless he or she is first 
adept with the scalpel and hemostat. Except for endoscopic 
surgery or when excising malignancy, sharp dissection pro
vides safer surgery with more predictable wound healing. 

The physician who chooses electrosurgery should know 
how to adjust the electrosurgical unit at his or her disposal. 
The physician is responsible for the proper placement of the 
dispersive electrode and the selection of the mode of attach
ing other electronic equipment to the patient. 

D.5.2 Personnel, Training, and Clearance. 

D.5.2.l Qualifications for Use of High-Frequency Equipment. 
All personnel concerned with the application of high-Ji-equency 
equipment, including surgeons, nurses, operating room techni
cians, and orderlies, should be fully cognizant of the potential 
hazards associated with its use, as outlined in Section D.3 of this 
annex. 

D.5.2.2 Instruction Manuals. A complete instruction mallual 
for each model of apparatus should be conveniently available 
for reference at the location of use. (See D.5.3.2 in this annex.) 

D.5.2.3 Operating Instructions on Apparatus. Information 
necessary for the safe use of the apparatus, in the form of 
condensed operating instructions, should be visibly and per
manently displayed on, or attached to, the appliance itself. 

D.5.2.4 Qualifications for Use of Monitoring Equipment in 
Presence of High-Frequency Currents. All personnel con
cerned with the application of monitoring or auxiliary appara
tus that might be used in the same area as the high-frequency 
apparatus, or that might be in contact with the patient to 
whom high-frequency power is applied, should be fully cogni
zant of the hazards presented by that equipment in the pres
ence of high-frequency energy. 

D.5.2.5 In-Service Training. The health care facility administra
tion should institute an obligatOlY in-service training program for 
the surgical staff and others involved in the use of high-frequency 
energy sources. With the current rapid changes in medical device 
technology, many techniques that were appropriate a short time 

in the past are no longer so. There is a great potential for patient 
ir~jury and fire ignition if these high-powered energy de\~ces are 
improperly used. Education and retraining are essential to avoid 
these hazards. 

D.5.3 Maintenance. 

D.5.3.l Periodic Maintenance. For the continued safe opera
tion of high-frequency apparatus, a schedule of periodic pre
ventive maintenance should be established. It is the responsi
bility of the health care facility to see that this program is 
effective. Because ofthe complex nature of this apparatus and 
associated electrical equipment, repairs should be made by 
qualified service personnel. Service could be provided by a 
competent internal engineering group, the manufacturer, or 
other reliable agency. 

D.5.3.2 Instruction Manuals. Proper maintenance, as well as 
safe use, requires that the manubcturer provide operator's or 
user's manuals with all units. These manuals should include op
erating instructions, maintenance details, and calibrat.ion and 
testing procedures. The manuals should include the following: 

(I) Illustrations showing location of controls 
(2) Explanation of the function of each control 
(3) Illustrations of proper connection to the patient and to 

other equipment 
(4) Step-by-step procedures for proper use of the apparatus 
(5) Safety considerations in application and in servicing 
(6) Effects of probable malfunction on safety 
(7) Difliculties that might be encountered, and cautjons to 

be observed, if the apparatus is used on a patient simul
taneously with other electrical appli,lI1ces 

(8) Principles of operation 
(9) Functional description of the circuitry 

(lO) Schematics, wiring diagrams, mechanical layouts, and 
parts list for the specific unit as shipped 

(I]) Power requirements, heat dissipation, weight, dimensions, 
output current, output voltage, and other pertinent data 

The instruction manual can be in two parts: one, primarily 
operating instructions, addressed to medical personnel; the 
other, detailed maintenance and repair instructions ad
dressed to technical personnel, except that the separate main
tenance manual should include essentially all the infonmltion 
included in the operating manual. 

D.5.3.3 Physical Inspection. 

D.5.3.3.l Cables and Electrodes. Connectors, cables, and 
electrodes should be inspected for damage before each use or 
the apparatlls. 

D.5.3.3.2 Mechanical Damage. The apparatus should not be 
used if examination of the cabinet indicates that it has suffered 
mechanical damage. Dial markings should be clean and legible. 
At all times there should be evidence that the apparatus has been 
protected from liquid and electrolyte contamination. 

D.5.3.3.3 Inspection. The governing body should provide 
training for user personnel and other appropriate personnel 
to detect externally evident damage. The apparatus should 
not be used if inspection of the cord, cabinet, swit.ches, knobs, 
or dials discloses hazardous mechanical damage. 

Specific procedures should be developed ror reporting and 
repair of equipment found to be damaged. 
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D.5.3.3.4 Electrical Inspection. 

D.5.3.3.4.1 Dispersive Cable Monitor. If the apparatus in
cludes a continuity monitor for the dispersive cable, it should be 
checked for proper operation before each use of the apparatus. 

D.5.3.3.4.2 Output Power. Provision for periodic measure
ment of the output power of the apparatus is essential. (See 
Serlion D.8 in lhis annex.) 

D.6 The Effects of Electrosurgery on Tissue. 

D.6.l Waveforms. High-frequency electricity applied to tissue 
through a suitable electrode results in an arc that produces 
three different effects: dehydration, coagulation, or dissolu
tion (cutting). Pulsed sine waveforms [see Figure D.6.1(a) and 
Figure D.D.I(b)1 with a low duty cycle are commonly used for 
dehydration and coagulation; for cutting, continuous un
damped sine waveforms [see Figum D.6.I(c)] are used. If addi
tional hemostasis is required while cutting, modulated [see ~Fig
'11m D.6. J (d)1 pulsed sine waveforms are used with a high duty 
cycle [see Figlllli D.6.I(e) and Fig'uTe D.6.1(j)]. Some instruments 
use other related waveforms. 

fI 

fI 

1\/\ 

FIGURE D.6.1(a) Typical Spark-Gap Waveform with a Low 
Duty Cycle. 
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FIGURE D.6.1(b) Typical Solid-State Waveform with a Low 
Duty Cycle. 

D.6.2 Fulguration. This is a technique used for superficial de
hydration or coagulation of the tissue. The electrode is held a 
short distance away and sparks jump to the tissue as shown in 
Figure 0.6.2. 

D.6.3 Desiccation. This is a technique used for dehydration 
and deliberate destruction of tissue. The electrode is placed in 
con tact wi th the tissue and left in to char the tissue as shown in 
Figure D.b.;). 
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FIGURE D.6.1(c) Continuous Undamped Sine Waveform. 
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FIGURED.6.1(d) 120-HzModulated Sine Waveform also Re
ferred to as a Fully Rectified Waveform. 
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FIGURE D.6.1(e) Typical Spark-Gap Waveform with a High 
Duty Cycle. 

D.6.4 Coagulation. This is the sealing of small blood vessels. 
The electrode is left in contact with the tissue Jar a period of 
time until a deep white coagulum is formed (see Figure D.6. 4). 
Time is an important parameter for proper coagulation. Ex
cessive power is of questionable advantage, since it may actu
ally cause the tissue to dissolve. 

D.6.5 Cutting. Dissolution (cuttjng) occurs when power is in
creased until arcing persists as the electrode is moved through 
the tissue. Dissolution of the molecular structure of tissue cells in 
the path of the arc makes it appear that the tissue is falling apart. 
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FIGURE D.6.1(f) Typical Solid-State Waveform with a High 
Duty Cycle. 

Coagulation 

FIGURE D.6.2 Fulguration. 

Coagulation 

Charred tissue 

FIGURE D.6.3 Desiccation. 

D.6.6 Hemostatic Cutting. Although the preceding effects of 
high-frequency current are quite different, they are interre
lated. The success of electrosurgery results from an appropri
ate combination of the pulsed and continuous modes to 
achieve the desirable degree of cutting and hemostasis. Maxi
mal hemostasis is generally accompanied by complete coagu
lation of tissue. The depth of coagulation is dependent upon 
the kind of tissue, the power, the waveforms, the type of elec
trode, and the cUlting speed. 

Coagulation 

FIGURE D.6.4 Coagulation. 

D.6.7 Procedures. 

D.6.7.1 Cutting. When primal], healing is desired, a small flat 
blade or needle electrode is used to cut with suflicient power 
to part tissues cleanly with little hemostasis of small vessels. A 
wire loop is also llsed to skive tissue; it is the electrode com
morliy used in the resectoscope. When cuuing with the resec
toscope more hemostasis is usually required, and a hemostatic 
clItting waveform would normally be required. The effect on 
tissue of electrosurgel], is a function of w<lvef()rlll, tilne, and 
energv. Energv transfer and necrosis extend radially rrom the 
elect;·~de. G;'~ater power leads to greatel' eners,), relea.se and 
wider areas of cell death. Hence, power should be maintained 
at the lowest level that achieves the desired results. A large 
dispersive electrode is essen tial. 

D.6.7.2 Monoterminal Technique. Small or shallow surf~lce 
growths are often desiccaled with a lYIol1olenninal lechnique. 
A fine needle is inserted into the growth and current is applied 
for several seconds until a mild blanching or tissue occurs. 
When small lesions are to be destroyed the capacitance of the 
body suffices lor coupling to ground, and the use or a disper
sive electrode is unnecessary. 

D.6.7.3 Bipolar Technique. Both conductors of the high
frequency electrical circuit are applied to the tissue by paired 
electrodes so that the energy is dissipated between and around 
them. Tissue destruction is restricted to a controllable volulne. 
The depth is controlled by the distance to which the elec
trodes are inserted into the tissue; the breadth by the space 
between the two active electrodes. This Illodality is used lor 
coagulation of larger lesions. Tissue destruction' extends be
yond the ends of the electrodes to ahout the saille extent as is 
visible around the electrodes. Bipolar current is also used to 
coagulate blood vessels. The bleeder is grasped in the forceps 
and current is applied momentarily to congeal the vessel. A 
dispersive electrode need not be used with b[polar electrodes. 

D.6.8 Spark-Gap versus Solid-State Coagulation. The princi
pal clinical differences between spark-gap and solid-state co
agulation lie in the ability of it spark-gap generator lo develop 
higher peak powers, which results in a lower duty cycle lor the 
same average power. This lower duty-cycle waveform results in 
less cutting or dissolution in the coagulation mode. In addi
tion, spark-gap generators are able to produce higher open
circuit voltages, which results in a better ability to fulgurate. 

D.6.9 Demonstration of Effect on TIssue. The effects 01' the 
various modalities can be differentiated by holding <I warm, 
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moist, lean piece of beef in the hand while applying high
frequency current in various ways and strengths. The tester's 
body provides capacitance comparable to that of the patient,u 
low powers. The melt should be placed on the dispersive elec
trode fi)r hig-her powcr. The meat can be cut to reveal the 
extent of blanching that results from heating by the high
r,'eqllcncy cLlrrent. Also, the amount of cutting in tbe coagula
tion mode between various units can be checked. 

D.7 The Care and Use of Electrosurgery. 

D.7.1 General. This section is for the indoctrination of oper
'Iting- room nurses, aides, and technicians in the care and use 
of electrosurgical equipment. 

D.7.2 Purpose and Scope. The indicatjollS for the use of high
frequcncy electrosurg-ery are described elsewhere in this an
nex. Thc purpose of this section is to promote safety Cor the 
patient and personnel and dTicient opcTation of the unit. The 
steps detailed below filr operating room personnel to follow 
f()r prep,lration, operation, and storage of the dectrosurgical 
unit ,liT designed to meet those ends. 

D.7.3 Setting Up the Electrosurgicai Unit. The following pro
cedures should be followed: 

(I) Prior to the use of the electrosurgicalunit, verify with an
esthesia personnel the type of anesthetic to be used. 
Check lHi.l, Fires and Explosions, and the operating 
suite fire saICty regulations as necessary 

(2) Prior to sterilization, inspect patient leads and hllgurating 
and cO'Ig-uLrtjng tips fiJI' integ-rity and cleanliness and bits 
of tissuc·or carbon that would interfere with proper func
tion. Test them for electrical continuity. Similarly, check 
when these leads and ti ps are removed from the sterile 
package by the instrument nurse. 

(3) Make certain that the electrosurgical unit, together with 
its dispersive electrode and cable, foot switch and cable, 
,mel line cord, is free of dust and "operating room clean." 

(4) Locatc the electrosurg-ical unit on the operator's side of the 
table ,IS Ell' as pussible from the anesthesia machine and 
monitoring equipment. Locate where the power cables and 
the active electrode and dispersive electrode leads hang 
naturally and are not stretched across traHic lanes. 

(!'J) Position the leads and electrodes for physiological moni
toring equipment as E'Ir as possible from the active cable 
and active electrode when it is in lise. 

(6) Utilize as large a dispersive electrode as practical, commen
surate with the site of the operation and position and size of 
the patient. Locate electrode as close as possible to the op
erative site. If a plate is used, exercise Care so that the pa
tient's skin is not traumatized or folded. Provi.de contact with 
,IS great an area of skin as is possible. 
Note th;lt if contact jelly is used on the dispersive electrode, 
use the correct type and spread uniformly over the elec
trode. 

(7) Place t he dispersive electrode against as large an area of 
soft tissue of the patiel1l as practical. Avoid direct contact 
with bony prominences such as those of the scapula, 
sacrUIll, ilium, or patella. Check fiJr continued contact 
during a long procedure, or when changes in patient's 
position are necessary. 

(8) Attach the dispersive electrode securely to its cable, and 
check its mechanical and electrical integrity prior to pt'e
paring the operative site and draping the patient. 
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Note tbat on an electrosurgical unit with a dispersive 
cable continuity alarm and automatic cutoff switch, follow 
the manufacturer's directions for preoperative testing. 
Also note that on electrosurgical units wit.hout a continu
ity alarm, the hospital should provide an external means 
for periodically testing the integrity of the dispel'sive 
cable. 

(9) Do not employ electrosurgery without use of the disper
sive electrode, unless the operator specifically orders 
monoterminal or bipolar techniques ,mel directs the 
omission of the dispersive electrode. 

D. 7.4 Operation of the Electrosurgical Unit. 

D.7.4.1 It is important that personnel adjusting the electro
surgical unit during the operative procedure he aware that if 
the surgeon needs currents in excess of those usually required 
for a comparable procedure, a fault might have developed in 
the active electrode or dispersive electrode cables. 

D.7.4.2 Ira flammable anesthetic agent has been employed illr 
induction of inhalation anesthesia, even iffollowed by a nonflam
mable agent J()r maintenance, the electrosurgical 'unit should 
not be used on the neck, nasophalynx, and adjacent areas. 

D.7.5 Electrosurgery with the Resectoscope. The resectoscope 
should be maintained in top working order by periodical inspec
tion and !ilctory sen~ce. Discard loop electrodes, sheaths, and 
cords that show breaks, holes, or other evidence of deterioration. 

Safe, effective use of electrosurgery for transurethral resec
tions requires the following: 

(1) The prevention of injury to the patjent 
(2) The prevention of injury to the uscr 
(3) Minimizing electrical damage t.o equipment 

D.7.5.1 Patient Burns. To minimize burns to the patient, per-
10rm the following procedures: 

(I) Make sure the conductive surLlce of the dispersive elec
trode is in good contact with the skin. 

(2) Do not make a large increase in power setting for an un
expected weak surgical effect. 

(3) Keep metal parts of the resectoscope from contact with 
the patient. 

D.7.5.2 Operator Burns. To minimize burns to the operat.or, 
perform the li)lIowing procedures: 

(I) Check to see that the control dials are set at the operator's 
minimum preferred settings. 

(2) If the operator's hand touches some metal part of the 
resectoscope, as it often does, it should be with a finn, 
positive contact. Pinpoint contacts lead to burns even with 
low currents. 

(3) Use only telescopes with fully insulated, nonmetal eyepieces. 
(4) Avoid the use of eyeglasses with metal Ji·ames. 

D.7.5.3 Telescope Use. To minimize damage to the telescope, 
perform the following procedures: 

(1) Check to see that the loop is not bent. Guard against it 
touching or coming too close to the telescope. 

(2) Avoid activating the electrosurgical unit when the elec-
trode is not touching tissue. 

(3) Use the minimum required power. 
(4) Start each procedure with a new loop. 
(5) Retract the telescope as far as possible to the point where 

the sheath is just visible under water to maximize the dis
tance between t.he telescope and loop. 

(6) Follow manufacturer's recommendations when using at
tached lenses. 
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D. 7.6 Putaway and Storage. After using an electrosurgical unit, 
do the follov.~ng: 

(1) Clean cutting and fulgurating tips of all blood, debris, car-
bon, and tissue prior to storage. 

(2) Clean all electrical contacts. 
(3) Coil lead cables neatly and store in appropriate locations. 
(4) If the electrosurgical unit is stored other than in an oper-

ating room, select a dust-free location within the operat
ing suite. 

D.7.7 Repair of the Electrosurgical Unit. 

D.7.7.l The electrosurgical apparatus contains complex cir
cuits that can develop malfunction after a period of operation. 
Prominently tag any item of electrosurgical equipment that is 
known or suspected to be defective and do not usc again until 
it has been inspected and repaired by competent personnel. 

D.8 Determination of Output Power. 

D.8.l Output Power. An approximate determination of out
put power of the electrosurgical device can be made using a 
radio-frequency ammeter of suitable range in series with a re
sistance. A simplified schema is shown in Figure D.8.1. Main
tain spacing and insulation appropriate to the high frequency 
and high voltage involved. The power, P, in walts can be calcu
lated as follows: 

p = l~ x500 

where lis the rms current in amperes. 

.---__________ -+ To active terminal 
of device 

500 ohm 
100 watt 
non inductive resistor 

A 1-___ + To dispersive electrode 
terminal of device 

0-1 ampere RF 
thermocouple 
ammeter 

FIGURE D.8.1 Simplified Apparatus to Measure Power Out
put of Electrosurgical Unit. 
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Annex E Flammable Anesthetizing Locations 

NOTE: 'f'fu; text 0/ this annex is a cOll/jlila.tion ojm/uin'lIlflll.l 
included in jmmious editions o/NI'PA 991117 sali:i), fJrrli·iiu:.ljinjilcili
ties that usaljlmnmable inhalation anesthetics. 'f'his II/rrterial is bei'll,!!; 
'IIltflined in this annex by the 7i;l:hniarl Cmll:millee 11'11, Anesthesia SelC 

vims for the following: llXl.lOns: (1) ille Com:miUee is IUlI((.n; thai Sill/ii; 

clluntlies ouiside the United States still use this i),fJe 1I/llTwstheti!:s and 
rY!ly on the sa/i:ty measures hemin; mlfl (2) while ifU' COI7IlIliUee is 
unawaT!: o/a:n), 'medical schools in till! u.s. stilltNII:hi'llg the jlmjurllse 
ojjlam:mavle anesthetics or any health crl'lY:j(u;ilities in the U. S. H.ling: 
.flam:mable anesthetics, mtrlininp: this 'mataial will senw as a n:lIlin.der 
o/the Im:cautions that would IHrwr:ess((I)' slwuldthe '/lSI! II/this 'yll1: 11/ 

anestfwlics ur: n!-instituled. 

E.l Definitions. 

E.1.1 Antistatic. That class of materials that includes conductive 
materials and, also, those materials that throughout their stated 
life meet the requirements ofE.().6.8.6.3 and E.6.6.8.6.4. 

E.1.2 Conductive. Not only those materials, stich as metals, 
that arc commonly considered electrically conductive, but 
also that class of matcrials that, when tested in accorciance 
with this document, have a resistance not exceeding 1,000,000 
ohms. Such materials are required where electrostatic inter
connection is necessary. 

E.l.3 Flammable Anesthetizing Location. Any a rea of a 1~ICi I i ty 
Lhat has been designated to be used for the administration of 
any flammable inhalation anesthetic agents in the Ilormal 
course of examination or treatment. 
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E.l.4 Hazardous Area in a Flammable Anesthetizing Location. 
Thc sPdce cxtcnding I:j~ ern (:) I"t) ,Ibove the floor in a 11am
m;lble dllcsthetizing location. (SCI' E. 6. 6.) 

Note tll;lt this definition is based on the k)l\owing consid
erations: 

(I) Available dat,1 and recent investigations indicate that uncleI' 
CIlS\Om'II)' opcr<lLing procecll'l'cs, Jlanunable ancsthetic rnix
LIIres arc dilutcd bv air in the anesthetizing area to a nOll
fbmmablc range b~~f(Jre redching a verticiheighl of' about 
')0 cm (I rt) from <Illy source of leakage or spillage involving 
ql"\Iltitit~s of anesthetics usecl in anesthesia procedures. 
These findings corroborate the premises on which sak
gll,l\'Cls required ill this standard were originally based and 
do not negate the need fe)r any of the prCltective measures 
required; however, they do provide a sound basis for the 
statement that recirculation of air in ventilating systems serv
ing anesthetizing locations does not increase the hazards of 
fire ;md explosic;ns from flammable anesthetic vapors. 

(~) The Illobile char,lcter of the operating table and portable 
equipment and the variety of the surgeon's techniques and 
surgic;t\ positions that will alter the physical relationship of 
the ,lIlcsthcsia gas rnachine, the surgeon, the anesthetist, 
ami the l',llient's head, ,md all ofthese with respect to their 
relative locarioll within the room, must he considet-ed in the 
determination of'the electrical safeguards to be provided. 

(')) The portion of the flalllmable anesthetizing location ex
tending lr)~ un (5 It) abuve the floor as defined in Chapter ') 
constitutes a "h;v,;lrdo1ts area." Because persons entering 
such anestheti7ing locations may Ilave accumulated electro
static charges, the [loors of' corridors and rooms contiguous 
t.o the f];lInmable iuhalation anesthetizing location must be 
conductive ,uld ,It the same potemial as the 1100r in the tlam
mabie ,utesthetizing location. Patients should not be trans
portecl while flamrt1;lbJe anesthetics are being administered. 
Rooms sllCh as sterilizing rooms directly commlrnicating 
with flammable ;lI1esthetizing locations are required by 
E.(i.(i.I.'l to be provided with conductive floors to equalize 
static charges. Such rooms, ifnot usecl as flammable anesthe
tizing IOGltions, ;nT not required to be sel\'ed by explosion
proof' wiring specified in E.2.1. Where flammable anesthetiz
ing locations open directly onto a passageway not a part of 
;ut oper;lting room or delivery room, the conductive tloor 
should extend') III (9.il4 ft) from either side of the door 
frame and ottt from the frame (into the passageway) for 3 III 
(9.il4 I't). II. is desirable to demarcate the hazardous location 
of'such a corridor by a physical barrier (doors) and caution
ary signs 1.0 check smoking, use or open flame, wearing of 
improper clothing and shoes, and the application ofinsulc,t
ing floor W,IX. 

(4) Designated are,lS in which the usc and handling of flam
mable ;lllesthetic agents are prohibited by hospital regula
tions, sllch as corridors in the surgical suite, rooms ac\jacent 
to flammable anesthetizing locations, and nonflammable 
anesthetizing locltions, shOlrld be indicated by prominent 
signs permanently installed. 

(5) Postoperative recovery units that arc not immediately adja
cent to flamm,lble anesthetizing IOGltions and in which the 
lise of fLtrnlll<lblc ;\I1esthetic agents is prohibited are not 
considered to involve explosion hazards and therefClIT do 
not require the installation of static-dissipation systems nor 
explosionpmof' equipment requil'ecl fll!' explosive atmo
spheres. Prohibition of the use of flammable anesthetjc 
;Igent'i by hospital regulation and the proper indica(jon of 
such prohibition by prominent signs, as recommended in 
E.ti.7.:i, is recomnlcndecl. 
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E.1.5 Hazardous Location. An anesthetizing location or any 
location where ilammahle agetllS are used or stored. 

E.1.6 Mixed Facility. A facility wherein flammable anesthetizing 
locations and nonflammable anesthetizing locations coexist 
within the same building, allowing interchange of personnel or 
equipment between Ilammable ,mel nonflammable anesthetiz
ing locations. 

E.1.7 Storage Location for Flammable Inhalation Anesthetics. 
Any room within a consuming facility used f~)J" the storage of 
flammable anesthetic or flammable disinfecting agents (.lee 
NFPA 30, NammaiJle aT/.ri CmniJ'lIs/ible /-Zqu,idl Code), or'inh;t\ation 
anest.hetic apparatus to which cylinders of flammable gases 
are attached. 

Note that such a storage location is considered a hazardous 
area throughout the location. 

E.2 Electrical System Criteria. 

E.2.1 Electric wiring installed in the hazardous area of a flam
mable inhalation anesthetizing location shall comply with the re
quirements of Article 501, Class I, Division I ofNFPA70, National 
Eledrical Codl!. Equipment installed therein shall be approved for 
LIse in Class I, Group C, Division 1 hazardous areas. 

E.2.2 'Wiring for low-voltage control systems and nonemer
gency communications and signaling systems shall be installed 
in metal raceways unless located outside or above the hazard
ous area in the flammable anesthetizing location. 

E.2.3 Electric switches installed in hazarclous ;\ITaS of flam
mable anesthetizing locations .shall comply with the require
ments of Section 50J .6(a) of NFPA 70, Na/ional /\'lectriwl Code. 

E.2.4 Receptacles in hazardous areas sh;llI comply with the 
requirements of Section :')01.12 of NFPA 70, iVational FleiIriuzZ 
Corie. They shall be a part of an approved unit clevice with an 
interlocking switch arranged so that the plug cannot be with
drawn or inserted when tile switch is in the "on" position. 

Note that it should be recognized that any interruption ofthe 
circuit, even of circuit'i as low as il volts, either by any switch or by 
loose or detective connections anvwIrere in the circuit., might 
produce a spark sufTicientLO ignite ,'I flammable anesthetic ag~n l. 
E.3 Ventilation - Flammable Anesthetizing Locations. 

E.3.1 Relative humidity of not less than 50 percent, at a tem
perature range of J we (64.4°F) to 27°C: (SO. 6°F) , shall be 
maintained in tlammable inhalation anesthetizing locations. 

E.3.2 Requirements for ventilation and cooling set forth in 
6.4.1.2 through 6.4.1.6 of NFPA 99 shall apply. 

E.3.3 Ductwork for Air Handling. It is not required that duct
work be fabricated of nonsparking material. 

E.3.4 Ie a window-type temperature regulating unit (air con
ditioner) is installed so that any part is less than 152 cm (5 ft) 
i'rolll the floor of a flammable anesthetizing location, such 
unit shall comply with the requirements set forth in E.3.5. 

E.3.5 Such a window-type temperature regulating unit shall 
be provided with a vertical divider that effectively prevents air
flow from the room side to the outside side, and all electric 
equipment on the room side of this divider shall meet. the 
requirements of E.2.1 of this annex. The installed unit shall 
tightly fit the opening in the window or wall. Openings in the 
divider for shafts of fans, other movi ng parts, or wiring shall be 
gasketed unless the local air pressure on the room side of the 
opening when the unit is in operation is less than that on the 
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outdoor side. A fresh-air pon is permitted in the divider if it is 
automatically closecl when the unit is not in operation. The 
rotating parts of bns on the room side of the divider shall not 
cause percussion sparks if they accidentally contact surround
ing objects. 

Note that for ventilation of anesthetizing locations, me
chanical ventilation is required as a means ~;f diluting flam
mable gases and maintaining the proper humidity. It. is also 
the most effective and aseptic method of maintaining a uni
form humidity within the area. 

E.3.5.1 General. Anesthetizing locations used solely for the 
induction of anesthesia need only be ventilated at a rate sufl'i
cient to maintain the proper humidity. 

Anesthetizing locations in which clinical procedures are 
performed, such as operating r00111S, delivery rooms, and cer
tain treatment rooms, require special ventilation as described 
below. This special ventilation serves not only to maintain hu
midity but also to reduce the hazard of infection, which is 
accomplished by dilution and removal of airborne microbial 
contamination and dilution of flammable gases. It also con
tributes to odor control and comfort of personnel. 

The Committee on Anesthesia Services recognizes that a 
hazard can be creat.ed by the chronic exposure of anest.hesia 
anc! other operat.ing room personnel to low concentrations of 
vapors or commonly employed volatile liquid inhalation anes
thetic agents. For further inf()nnatiol1 see the sources listed in 
E.!).5.I.l Lhmllgh E.g.:'i.I.4. 

E.3.5.1.1 Annex E Publications. 

Cohen, E. N., et a!. Anesthesia, pregnancy and misGlrriage: 
A study of operating room nurses and anesthetists. Anesthesiol-
0.1,,')' g5:34!), 1971. 

Frey, R., et a!. How strong is the influence of chronic expo
sure to inhalation anesthetics on personnel working in oper
ating theatres) W.F.S.A. NewsleUr:r No. 10,June 1974. 

''''hitcher, C. E., et a!. Chronic exposure to anesthet.ic gas in 
the operating' room. Ane.lt/u;sioio,l!,Y gS:g48, 1971. 

Yanagida, H., ct a!. Nitrous oxide content in the operating 
suite. j\rwsth. and Ana(u;. S!):!)47, 1974. 

E.3.5.1.2 The Health Hazard. 

Bruce, D. L., and Bach, M . .J. Psychological studies of hu
man performance as aJTected by traces of enflurane and ni
trous oxide. Anest/wliolo.I,'Y 42: 194-196, 1975. 

Bruce, D. L., et a!. Trace anesthetic effects on perceptual, 
cognitive and motor skills. A nesthesiolo!',y 40:4Sg-4S8, 191;). 

Chang, 'vV. C, et al. Ult.rastructural changes in the nervous 
system aher chronic exposure to halothane. 1~:"I). Neuml. 4S:209-
219,1974. 

Cohen, E. N., et al. A survey of anesthetic health hazards 
among den tists . .J. Am. Dent. Ass~)(·. 90: 1291-1296, J 97.5. 

Cohen, E. N., et a!. Occupational disease among operating 
room person nel - a national study. Anesthesiology 41 :321-g40, 
1974. 

Cohen, E. W., and Brown, B. W. Comment on the critique. 
Anesthesiolo,!.,'Y 42:7CiS-7()(), 1975. 

Davison, L. A., et al. Psvchological eirects of halothane and 
isofhmule anesthesia. An:.\the.li{)l~)f:,,)' 4!):31 !)-324, 1975. 

Fink, B. R., ed. 7i)xirity ojAnesthetir;s. Part Four, "Terat.ogenic 
Effects." Baltimore, Williams & Wilkins Co., g08-32!), 1968. 

Fink, B. R., and Cullen, B. F. Anesthetic pollution: What is 
happening to us? Antsthesiolo!-,'Y 45:79-83, 1976. 

Greene, N., Report 011 AllIerican Cancer Society stucly of 
causes of death amongst anesthetists. Annu,t1 Meeting, American 
Society ofAnesthesiologiSI:i, NelV Oric<ms, LA, 18 October 1977. 

Hazleton Laboratories Americl, Inc. Final Report.s, CIX:-()9-
74-46, Natjonal Institut.e for Occupatjonal Safety amI Health, 
1014 Broadway, Cincinnati, OH. Long-term inhalation reproduc
tive and teratogenic toxicity evaluatjon of nitrous oxide plus hal
othane. 14 Novelllber 1975. Cyt.ogenic el'aillat.ion ol'sperJllatogo
nial cells in the rat. tt)lIowing long-t.erm inhalation exposure to 
nitrous oxide plus halothane. 17 i\"overnber 1976. 

Kripke, B. J, et a!. Test.icular reaction t.o prolonged expo
sure to nitrous oxide. A1II!.lthesiolo,l!,),44:I04-11!), 197fi. 

Lecky, J H. Chronic exposure t.o anesthet.ic trace le\·cls. 
Crnnj)iimtions in Anesthesia, edited by L. H. Cooperman and 
F. K. Orkin . .J. B. Lippincot.t Co., Philadelphia. 

Quimhy, K L., et al. Behavior,t1 consequenccs in rats frollJ 
chronic: exposure to 10 ppm halothane during carly devclop
ment.. Aue.llh. fl1ulAnalp;. S4:628-(jg3, I 97;"i. 

Smith, C., and Shirley,!\. W. F;lilurc to dernoJlstrate elreus 
of low concentratiolls of nitrous oxide and haloth;ll1c on psy
chomotor perii)lmance. lJi:.f. !liUU'.lth. 48:274, 1976. 

Spence, A. A., et al. Occupational hazards fill' operating 
room-based physicians. jAiVIA 2gH:CJS;)-C)5t), 1977. 

,,,Talts, L. F., el al. Critique: Occupation,t1 disease alllong 
operating room personnel. Anestitesi%,l!,)' 42:Ci08-6 II, 1975. 

E.3.5.1.3 Reduction and Control Methods. 

Lecky,J. H., et a!. In-house manual fill' the control of anes
thetic gas contamination in the operating room. University of 
Pennsylvania Hospital publication. 

Lecky,]. H. The mechanical aspects of anesthetic pollution 
control. Ane.ltl!. flnrlAna~i!;. ;"i(i:7(i9, 1977. 

Muravchick, S. Scavenging enflurancc frolll CXLracorporcal 
pump oxygenators. Anesthesiology 47:468-471, 1977. 

Pisiali, R. L., et al. Distribution of waste ,Inesthetic gases in 
the operating roOIll air. IInesthe.l/olf),!!,'! 4S:4H7-4()4, 1976. 

vVhitchcT, C. E., et a!. COlltrol of occupational exposure to 
N~O in the dental operator),- I-I Ev\' Publication No. (NIOSl-l) 
77-171. Cincinnati, U.S. Departrnent of Health, Education 
and Welbre, Public Health Services Center f(lr Disease Con
trol, National Institute f()r Occupational Safet.y and Hcdth. 

vVhitcher, C. E., et al. Control of occllpatjollal exposure to 
nitrous oxide in the dental operatory..f. Am. /Jrm.!. Asso(:. CJS:76g-
7(i6, 1977. 

~Whitcher, C. E., el al. Development ane! evaluation of meth
ods for the elimination of waste anesthetic gases and v"pors in 
hospitals. HEW Publication No. (NIOSH) 7S-137, GPO stock no. 
17!)3-0071. Supt. of Doculllents, Govl. Print. Ofr, 197;). 

E.3.5.1.4 Dealing with Personnel. 

Leek)" J. H. Notice to employees on the potential health 
hazards associated with occupational exposure to anesthetics. 
University of Pennsylvania Hospital publicliioll. 

E.3.5.1A.1 NIOSH - OSHA Publication. 

Criteria fi)]' a recollllTlended standard: OCCllP<ltiolJ expo
sure to waste anesthetic gases and vapors. HEW Publication 
No. (NIOSH) 77-140. Cincinnati, U.S. Department of Health, 
Education and Welbrc, Public Health Service CCllLer for Dis
ease Control, National Institute If)!' Occupational Salet), and 
Health. 

2005 Edition 



99-222 HEALTH CARE FACILITIES 

E.3.5.1.4.2 ANSI Publication. 
AmeriC<1I1 Nation,ll Standards Institute, Committee Z79, SC-4 

Anl'sl/U!sin (;as Sm.venging J)lmices and Disj)()sal ,~)'sll!lns,.J. H. Leeky, 
M.D., Chainllall, ANSI/Z79.11-1982. 

A prudent course oCaction pending htrther data on this topic 
lies in the installatjon of a gas scavenging system for usc when 
inhalatioll anesthetic techniques are e;nployed with gas flows in 
excess of metabolic and anesthetic requiremenLs. Care must be 
taken in the selection and application of any such system to a gas 
anesthesia apparatus ur anesthesia ventilator to avoid exposing 
the breathing circuit to allY pressure less than atmospheric, and 
alsu to avoid the dumping of any flammable vapors into a central 
suction system not designed Ic)]' such operation. 

E.3.5.2 Operating Rooms, Delivery Rooms, and Special Pro
cedure Rooms. Ventilatiun air should be supplied from several 
outJcts located un the ceiling ur high on the walls of the loca
tion. Air should be exhausted by several inlets located near the 
floor on opposite walls. The air distribution pattern should 
move air down and through the location with a minimum of 
dral't to the floor for exhaust.. 

Stlldies inc1iGILe that an air change rate equivalent to 25 room 
vol II Illes 01' air per hour dilutes bacteria dispersed into the room 
by human activity. When properly filtered, 80 percent can be re
circul;ttcd with no more microbial contaminatiun than 100 per
centolltdoor air lilt.ered in the same manner. (SeeAS/-[NAJ\' H(l'nrl
/)()ol! - HVAC AjJjlliwlirrns, ] 982, (JUt/ller 7, TablP on Pressure 
Udalillnshifls Il'nd 'vIm/ilalillT! oleerlain Arew.)A positive air pressure 
relative to the air pressure 01' adjoining areas should be mam
L;tined in tlte ;lI1esthetizing location. This is accomplished by sup
plying more air tu thc locatjon than is exhausted [rom it. Such 
pressllriz<ltiun will eliminate the inJiltratjon of contaminated air 
arounel perillleter opcnings 01' door closures or other wall open
ings during clinical procedures. 

VClltibtiun systems should incorporate air filters with an 
efficiency of not less than 90 percent when tested in accor
eI<I nee with ASH RAE Standard ,')2, Method u/,li!Sling Air Clemunp; 
/)evir:l!s Used in (;eTumd 'vImlilaliOJljrJr Removing Pmticu1ale J\![atleT. 
(Sulllm<lrized in ASH RAE {-/rmlll)()o/i - HVAC Applications, 
1~J83, Chaptcr 10, Equipment.) 

E.3.5.3 Humidity Control. The ventilation system must incOJ~ 
porate hllmidity equipment and controls to maintain a relative 
humidity of at least 50 percent. Although the high level ofhumicl
ity is not sullicicntly reliable lor complete dissipation of electro
statjc ch<lrges, this humidity does reduce the hazard of electro
static spark disc1J<lrges under many conditions. The control of 
airborne bacteria is Etcilitated in this range of humidity. 

E.3.5.4 Temperature. The temperature to be maintained in op
erating rooms should be chosen on the basis of the well-being of 
patient and operatjng teams. It is recommended that the equip
ment provide li)r a roum temperature in a range of 20°C (68'F) 
to 24°C (7!')oF) with controls for selecting any desired tempera
ture within this range. 

E.4 Electrical Equipment Criteria. 

E.4.1 Wiring. Wiring Ii)!' Exed equipment installed ouL~ide the 
haz<lrc1ous are" of a llammable inhalation anesthetjzing location 
shall cumply with 4.3.2.1 in NFPA 99. 

E.4.2 Installation. All service equipment, switchboards, or pan
elbuards shall be installed outside hazardous areas. 

E.4.3 Control Devices. Devices or apparatus such as motor 
controllers, thermal cutouts, switches, relays, the switches and 
contacLors 01' autotransformer starters, ,\lid resistance <lnd im-
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pedance devices, which tend to create arcs, sparks, or high 
temperatures, shall not be installed in hazardous areas unless 
devices or apparatus are of a type approved Jar use in Class I, 
Group C atmospheres in accordance with Sections 501.6(a) 
and501.7(a), or Sections 501.6(b) and 501.7(b) ofNFPA 70, 
National Electrical Corle. 

Note that it is recommended that control devices for such 
purposes be installed in a nonhazardous area and actuated by 
some suitable mechanical, hydraulic, or other nonelectric 
remote-control device that can be operated from any desired 
location, This recommendation applies particularly to foot 
and other switches that must be operated from a location at or 
near the floor. 

E.4.4 Location. Equipment in storage locations for flammable 
anesthetic locations shall comply with E.6.8.6. 

E.4.5 Line Voltage Equipment - All Anesthetizing Locations. 

E.4.5.1 Portable equipment shall be provided with a storage 
device for its flexible cord. 

E.4.5.2 Flexible cord for portable lamps or portable electric 
appliances operating at more than 12 volts between conduc
tors, intended for use in all anesthctjzing locations, shall be 
continuous and without switches from the appliance to the 
attachment plug and of a type designated for extra-hard usage 
in accordance with Section 501.11 of NFPA 70, Nalional Electri
cal Cod!!. Such flexible cord shall contain one extra insulated 
conductor to form a grounding connection between the 
ground terminal of the polarized plug and metal lamp guards, 
motor frames, and all other exposed metal portions of por
table lamps and appliances, Cords shall be protected at the 
entrance to equipment by a suitable insulating grommet. The 
flexible cord shall be of sufflcient length to reach any position 
in which the portable device is to be used, and the attachment 
plug shall be inserted only in a fixed, approved receptacle. For 
correct use and maintenance of adapters, the provisions of 
R.!1.2.l.7 shall apply. 

E.4.5.2.1 Foot-treadle-operated controllers are permitted in 
any anesthetizi ng location if appended to portable electric ap
pliances in an approved manner or if integral with the supply 
cOI'd and equipped with a connector containing a flammable 
anesthetizing location receptacle <lpproved for use in Class I, 
Group C, Division 1 hazardous 10catiollS into which the equip
ment plug (see E,2.4 (lnd E.4.3) may be inserted. Foot-treadle
operated controllers and their connector shall be splash proof. 

E.4.5.2.2 Listed double-insulated appliances with two-wire 
cords shall be permitted. 

E.4.5.2.3 Small metal parts not likely to become energized (e.g., 
nameplates, screws) shall not be required to be grounded. 

E.4.5.2.4 Two or more power receptacles supplied by a tlex
ible cord are permitted to be used to supply power to plug
connected components of a movable equipment assembly 
that is rack-, table-, or pedestal-mounted in a nonflammable 
anesthetizing location provided all of the following: 

(1) The receptacles are an integral part of the equipment as
sembly, permanently aU.ached. 

(2) The sum of the ampacity of all appliances connected to 
the receptacles shall not exceed 75 percen t of the ampac
ity of the flexible cord supplying the receptacles. Note 
that whole-body hyperthermia/hypothermia units should 
be powered from a separate branch circuit. 
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(3) The ampacity of the flexible cord is suitable and in accor
dance with the current edition of NFPA 70. 

(4) The electrical and mechanical integrity ofthe assembly is 
regularly veri lied and documented through an ongoing 
maint.enance program. (S~e 13.4.1.2.6.3 ./or rn:teria oj 
recejJtacies. ) 

E.4.5.2.5 Overhead power receptacles, not in a hazardous 
location, are permitted to be supplied by a flexible cord (ceil
ing drop) that is connected at a ceiling-mountedjunction box 
under either of the following conditions: 

(1) Permanently 
(2) Utilizing a locking-type plug cap and receptacle combina

tion, or other method of retention. In either connection 
mode, suitable strain relief shall be provided. Note t.hat 
the disconnect.ion means is permitted only to facilitate 
replacement; as such, ceiling drop cords may not be dis
connected for alternative usage. (See 13.4.1.2.6.3jf!T crite
ria o/UXPjJI(u1es.) 

E.4.6 Line Voltage Equipment - Flammable Anesthetizing 
Locations. 

E.4.6.1 All eqllipment intended for use in anesthetizing loca
tions shall be labeled by the manlll~lcturer to indicate whether 
it is permitted to be used in a flammable anesthetizing loca
tion. Electric equipment presently in use shall be so labeled by 
the llser. Labeling shall be permanent, conspicuous, and leg
ible when the equipment is in the normal operating position 
(see E. 4. 6. 6). 

E.4.6.2 Suction, pressure, or insufllation equipment, involv
ing electric elements <ind located within the hazardous area, 
shall be ofa type approved It)r use in C1<lss I, Group C, Division 
I hazardous areas. Means shall be provided fi)r liberating the 
exhaust gases fmm stich apparatus in such a manner that gases 
will be elfectively dispersed without making contact with any 
possible source of ignition. 

Note that suction of' pressure apparatus selving flammable 
anesthetizing locations but located outside such flammable 
anesthetizing locations need not be approved for Class I, 
Group C, Division I hazardous areas, providing the discharge 
from suction machines is kept away from sources of ignition. 

E.4.6.3 Portable X-ray equipment intended for Llse in flam
mable anesthetizing locations shall be approved for use in 
Class I, Group C, Division I hazarciolls areas and shall be per
mitted to he provided with an approved positive-pressure sys
tem for the tube head and cables within the hazardous area 
(see F,4.6.6). All devices and switches for X-ray equipment 
within the hazardous area shall conform to requirements of 
E.4.2 and E.6.6.5.6 and E.tiJi.5.8 in this annex. X-ray equip
ment shall be provided with an approved method of eliminat
ing electrostatic accumulation (w,e 13.4.1.2.4 0/ NFPA 99 and 
1\.6.6.5.6). 

E.4.6.4 High-frequency equipment intended for use in flam
mable anesthetizing locations shall be approved fi)r use in 
Class I, Group C:, Division I hazardous areas. 

Note that remote-control switches are recommended (see 
/~'. 4. 3 and P;. 6. 6.9.3). 

Also note that for recommendations in connection with 
the use of cautery ancl high-frequency equipment in flam
mable anesthetizing locations, see E.6.6.8.1 0 and Sect.ions E.7 
and E.8; and Annex D. 

E.4.6.5 Portable electric equipment, such as incubators, lamps, 
heaters, motors, and generators, used in flammable anesthetiz-

ing locations in which anesthesia equipment is present or in op
erating condition, shall comply with the requirernellu; olArticles 
500, 50 l, and 517 of NFPA 70, Nalional/,'/ixfriwl Cllrie, for Class T, 
Division I locations and shall be approved for Class I, Group C, 
Di\~sion 1 hazardous areas except as permitted in E.2, 1 in this 
annex. 

Note that the resistance and capacitive reactance between the 
conductors and the noncurrent-canying metallic parts lllust be 
high enough to permit the use of the equipment on an un
grounded distribution system having a line isolation rnonitor 
specifred in 4.3.2.6.:1. 

E.4.6.6 The f()lIowing shall be considered exceptions to E.4.6.1 
and E.4.65 in this annex: 

(1) Equipment designed to operate on circuits of 10 volts or 
less. (Reserved) 

(2) Portable electric or electronic equipment lnounted within 
an enclosure and protected by all approved positive
pressure ventilating system that COnICll'lllS with the IClllowing 
requiremenL~ shall otherwise comply with the standards of 
NFPA 70, Nalional1,'lixtriml Coile, f(lr ordinary locations. The 
enclosure of such a system shall be supplicd with air taken 
frolll a nonhazardous area and circulated to maintain within 
the enclosure a pressure of at least I in. (2.5 cm) of water 
above that of the hazardous area, and it shall be provided 
with means to deenergize the equipment if the air tempera
ture exceeds 140°F (60°C) or if the pressure dilkrential 
drops below I in. (2.5 cm) of water. The positive pressure 
shall be continuollsly maintained whether or not the equip
ment is in use, or means shall be provided to ensure that 
there are at least 10 changes of air within the enclosure be
fore any electric equipment within the enclosllJ'e that does 
not comply with the requiremenb of £.4.4 is energized. The 
enclosure with iLs equipment shall be approved Itlr lise in 
Class r, Group C, Division I hazardous areas. 

(:I) Portable electric or electronic equipment, ifit is ll]oullted 
on a !1oor-borne movable assembly that will not overturn 
either when it. is tilted through an angle of 20 degrees or 
when in a normal operating position a horizontal lilrce of 
25 Ib (11.3 kg) is applied at. a heigh t 015 ft. (I :.2 CIll) above 
the floor; and if the equipment, together with its enclo
sure, cannot be lowered within :) Ii (I :'i2 em) 01 the floor 
without tilting the assembly, then the equipment. need 
not be approved for use in Class I, Group C, Divisioll I 
hazardous areas, but shall comply with the requirements 
of E.4.6.5. The entire assembly shall be approved for use 
in f1ammable anesthetizing locations as defined in E.I.:). 

(4) Intrinsically safe electric or elect.ronic equipment, which 
is incapable of releasing suflicient. electric energy under 
normal or abnormal conditions to cause ignition of flam
mable anesthetic mixtures. 

E.4.6.7 Photographic lighting equipment used in flammable 
anesthetizing locat.ions shall comply with the provisions of 
£.4.6 to prevent ignition of flammable gases. Lamps used 
above the hazardous area shall be suitably enclosed to prevent 
sparks and hot particles (;tlling into the hazardous '\l·e,\. 
PhotoJlash and photof1ood lamps that arc not suitably en
closed shall not be used within an anesthetizing location. Nei
ther flash tubes nor their auxili,lIl' equipment shall be llsed 
within the hazardous area. 

Note that flash tube operation can be accompanied by 
sparking at switches, relays, and socket contacts, and by corona 
discharge of flashovers from high-voltage circuits. 
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E.4.6.8 The exposed metal parts of photographic lighting 
equipment shall be grounded as specifIed in 8.4.1.2.1 of 
NFPA 99. 

E.4.7 Low-Voltage Equipment - Flammable Anesthetizing 
Locations. (Specifications for portable equipment operating 
on low-voltage power supplies are stated in £.4.6.6 and E.6.6.) 

E.5 Gas Equipment Criteria. Equipment capable of produc
ing surf~lce temperatures sufficient to cause chemical break
down of the atmosphere within a patient enclosure shall not 
be permitted therein. 

E.5.1 Where diethyl ether vapor is involved, surbce tempera
tures shall not exceed 24SOF (120°C). 

E.5.2 Such a potentially hnardous atmosphere can be cre
ated by the placement. in an incubator of a recently anesthe
tized inf~lIlt or one whose mother received an inhalation anes
thetic during delivery. 

E.5.3 Diet.hyl ether vapor can produce formaldehyde upon 
contact. with a heating element. 

E.6 Additional Criteria and Guidance. 

E.6.1 When this material was first published in 1941 as a sepa
rate document, the majority of inhalation anesthetics were ad
ministered with flammable agenLs, and fires and explosions in 
operating rooms occurred with disturbing frequency. Promulga
tion of this material by NFPA and the use of this material by hos
pitals has lowercd t.he incidence of such tragedies significantly 

Since 1 CJfl(j, nonflammable inhalation anesthetics possess
ing relatively safe properties havc been developed. The in
creasing use 0[' these agents has cllnailed, and in most institu
tions completely eliminated, the use ofllammable agents. This 
change in anesthetic practice has made it desirable to delin
eate standards of construction and operation in facilities 
where flammable agents will never be used. It must be empha
sized that Illany safety recommendations pertain to hazards 
other t.han those relat.ed to fires and explosions, e.g., electric 
shock. It must also be recognized that these agents might pos
sess toxicologic hazards to patjents and personnel. 

This material has been formulated in the belief that, although 
materials and mechanical equipment must be relied upon to the 
fullest possible extent f()r the mitigation of fire, explosion, and 
electric shock hazards, such physical safeguards are most effec
tive only when augmented by safety precautions conscientiomly 
applied by operatjng room and supporting personnel. This sec
tion emphatically calls attention to the need for constant human 
diligence ill the maintenance of safe practices because of the 
peculiar intermixing of flammable anesthetic hazards and elec
t.ric shock hazards, t.ogetherwith the mental strain in the environ
ment of surgical operations. 

St.udies of these operating room hazards by many investiga
tors ovel- more than 30 years have pointed to the conclusion 
that the gre~ltesl degree of safety possible within the limita
lions or our present knowledge is secured only through a com
pletely coordinated program rather than by the application of 
illdividual and unrelated safeguards. Compliance with certain 
requirements of this section will be effective, or even permis
sible, only when accompanied by compliance with the full pro
gram of precautionary rnea~ures. 

It is necesscu)' that all personnel having any responsibility 
for safety in anesthesia collaborate in the precautionary pro
gram. In the case of hospitals, this will apply to members of the 
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governing body, physicians, administrative personnel, nursing 
statI, and maintenance staff. Not only must such personnel 
achieve an understanding of the hazards involved, but, in ad
dition, they must be reminded periodically of the dangers 
posed by electric shock, compressed gases and their cylinders, 
the explosive nature of all flammable agents, and the hazards 
created by oxygen-enriched atmospheres. (See NFPA 53, Recom
mended Pmctice on JVlaler7.rds, EquijJment, and Systems Used in 
Oxygen-Enriched A tmosjJheres.) 

For further discussion on the nature of the hazards, see 
C.13.1 in NFPA 99. 

E.6.2 This section recognizes that some hospitals contain op
erating and delivery rooms designed and maintained for the 
use of flammable anesthetic agents. It also recognizes that 
there are some operating rooms and even entire operating 
suites designed for the exclusive use of nonflammable agents. 
A particular hazard exists where personnel elect to employ a 
flammable agent in a room not designed for it, or where a 
flammable agent is employed in a nonflammable anesthetiz
ing location without taking the proper administrative steps. 

E.6.3 Sections E.7 and E.8 contain proposed regulations ap
plying to specific types of in halation anesthetizing locations. 

Section E.7 contains regulations for flammable anesthetiz
ing locations that can be adopted by hospitals for all anesthe
tizing locations designed for the safe administration of flam
mable inhalation anesthetic agents. 

Section E.8 contains regulations 1'01' mixed facilities that 
can be adopted by hospitals in which flammable anesthetizing 
locations and nonflammable anesthetizing locations coexist 
within the same building, allowing interchange of personnel 
and equipment between flammable and nont1ammable anes
thetizing locations. 

E.6.4 Identifying Flammable Anesthetizing Locations. Anes
thetizing locations shall be identified as listed in E.6.7.5. 

E.6.5 Equipment Labeling. All pieces of equipment used in 
flammable anesthetizing locations shall be labeled to indicate 
that they comply with applicable safety regulations. 

Note that a generally recognized mark or symbol will meet 
the intent of this requirement. 

E.6.6 Requirements for Flammable Anesthetizing Locations. 

E.6.6.1 Areas Adjoining Flammable Inhalation Anesthetizing 
Locations and Flammable Anesthetizing Storage Locations. 

E.6.6.1.1 An adjoining area connected by a closable doorway, 
such as a corridor, sterilizing room, scrub room, X-ray control 
room, or monitoring room, where it is not intended to store or 
administer flammable inhalation anesthetics, is not consid
ered a hazardous area. 

E.6.6.1.2 Areas described in £.6.6.1.1 above shall be permit
ted to be ventilated in accordance with the applicable sections 
of NFPA 70, National Elfxtrical Corle, for ordinary locations. 

E.6.6.1.3 Conductive flooring is required in these adjoining 
areas to remove static charges from personnel or objects be
fore they enter the flammable inhalation anesthetizing loca
tion or agent storage location (see F. 6. 6.8.2). 

E.6.6.1.4 Postanesthesia recovel), rooms are not considered 
to be hazardous areas unless specincally intended for the in
duction of inhalation anesthesia with flammable anesthetic 
agents (see E. 6. 6. 9.2). 
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E.6.6.1.5 All doorways leading to flammable inhalation anes
thetic agent storage locations shall be identified with NFPA 704, 
Standard System Jor the idlmtifimtion oj the HazarrL~ oj MaleriaLI' Jor 
Emergency ResjJOnse, symbols as appropriate. 

E.6.6.2 Isolated Power Systems. A local ungrounded electric 
system shall be provided, 

Note that the isolated system reduces the ignition hazard 
from arcs and sparks between a live conductor and grounded 
metal and mitigates the hazard of shock or burn from electric 
current flowing through the body to ground, The latter haz
ard usually follows inadvertent contact with one live conduc
tor or results from unrecognized failure of insulation. 

Also note that stich a system provides protection from 
spark and electric shock hazards due to the most common 
types of insulation failure. It does not, however, prevent all 
electric sparks or completely eliminate the possibility of elec
tric shock from insulation f~lilure. Patients and personnel of~ 
ten are wet with prepping solutions, blood, urine, and other 
conductive fluids that greatly reduce resistance to the passage 
of unintended electrical current. More than ordinary care is 
crucially necessary in the use and maintenance of all electric 
systems and equipment. 

Finally note that the ungrounded electrical distribution sys
tem specified in this annex is intended to reduce the possibil
ity of electric shocks and recurring arcs and sparks in the event 
of insulation failure of the electrical wiring system in anesthe
tizing locations. Because of the difficulty in achieving a suffi
ciently high level of insulation to permit operation of a line 
isolation monitor, and in recognition of evolving capabilities 
in medical care, an exception has been made so that perma
nently installed equipment as well as nonadjustable lighting 
fixtures in specified locations need not be supplied by the 
ungrounded system. (See E. 6. 6.3 and E. 6. 6.4.) 

E.6.6.2.1 Hospitals complying with NFPA 56A, Standard/or the 
Use oj Inhalation Anesthetics, prior to] 970 shall not be required 
to change ground fault detectors to a line isolation monitor. 

E.6.6.2.2 The isolated electric system shall be required to be 
explosion proof only if installed in the hazardous areas of a 
flammable inhalation anesthetizing location. 

E.6.6.3 Power for Fixed Equipment. Approved, fixed, thera
peutic, and diagnostic equipment, permanently installed out
side the hazardous area of a flammable anesthetizing location, 
is permitted to be supplied by a grounded single- or three
phase system of less than 600 V with the following provisions: 

(]) The equipment complies with 8.4.] .2.1 of NFPA 99 
(2) Cord-connected accessories (such as positioning controls, 

aiming lights and llberoptic light sources, slaved moni
tors, motorized cameras and video cameras, dosimeters, 
and exposure triggers) likely to come in contact with pa
tients or personnel are supplied by isolated power at line 
voltage, or operate at 24 V or less, supplied by an isolating 
transformer 

(3) Wiring is installed in accordance with NFPA 70, National 
Electriwl Code, Section 517.61. 

Note that it is intended that this section apply to positioning 
motors for patient tables associated with radiographic and other 
imaging equipment and to sometimes massive equipment for ra
diotherapy or for the delivery of other forms of energy. 

E.6.6.4 Fixed Lighting. Branch circuits supplying only fixed 
lighting shall be permitted to be supplied by a conventional 
grounded system with the following provisions: 

(1) Such fixtures are located <It least 2.4 111 (8 ft) above the 
floor 

(2) Switches for the grounded circuits are wall-mounted and 
installed in accordance with NFPA 70, National EledriwJ 
Code, Article 517, Part D 

(3) Wiring for grounded and ungrounded circllit.s is inst.allecl 
in accordance with NFPA 70, National Elr:driwl Corle, Ar
ticle 517, Part D. 

Note that wall-mounted remote-control stations for light
ing control switches operating at 24 V or less can be installed 
in any anesthetizing location. 

E.6.6.5 Ceiling-Suspended Fixtures. 

E.6.6.5.1 Ceiling-suspended surgical lighting fixtures shall be 
supplied from an ungrounded electric distribution system (w!!: 
E, 6. 6.2 in this annex), which shall be monitored by a line isolatjon 
monitor as required by 4.3.2.6.3 of NFPA 99. Swit.ching or dirn
mer devices shall control secondary circuit conduct.ors only. 

E.6.6.5.1.1 Where interruption of illumination is acceptable. 
as with single-filament lights, ceiling-suspended surgical light
ing fixtures shall be permitted to be connected to a grounded 
source of supply, protected by approved individual ground 
fault circuit interrupters. 

E.6.6.5.1.2 The secondary circuit of the ceiling-mounted sur
gicallighting fixture supplied by a step-down isolation trans
fonner need not be equipped with a line isolation monitor 
provided that the step-down transformer is located in the 
same enclosure as the lamp fixture, or that the conductors 
carrying the current {i'om the transformer to the lamp fixture 
are contained in metallic conduit that [()rms an integral elec
trical (ground) pathway hetween the lransf()rmer enclosure 
and the lamp fixture, and provided that the voltage in the 
secondary (lamp) circuit is not greater thall 30 V. 

E.6.6.5.2 The light source of ceiling-suspended surgical light
ing fixtures installed above hazardous areas shall not enter the 
hazardous area, and, ifin an enclosure, the enclosure shall not 
enter the hazardous area in its lowest position, unless it was 
approved for hazardous areas. 

E.6.6.5.3 If installed above a hazardous area, fixtures with 
sliding contacts or arcing or sparking parts shall be installed so 
that in any position of use, no sliding contacl, or arcing or 
sparking parts shall extend within the hazardous area. 

E.6.6.5.4 Integral or appended s\Nitches, if installed on ceiling
suspended surgical lighting fixtures, shall be approved fix llse in 
Class I, Division I hazardous areas ira switch is installed in, or can 
be lowered into, the hazardous area. 

E.6.6.5.5 Lamps installed in fixed position in hazardous areas 
shall be enclosed in a manner approved for Ilse in Class (, 
Group C, Division 1 hazardous areas and shall be properly 
protected by substantial metal guards or other means where 
exposed to breakage. Lamps shall not be of the pendant type 
unless supported by and supplied through hangers of rigicl 
conduit or flexible connectors approved for use in Class 1, 
Division 1 hazardous areas in accordance with Section 501.9(A) 
or Section 501.9(B) ofNFPA 70, National E/£(;trical Corle. 

E.6.6.5.6 Tube heads and cable of permanently installed 
X-ray equipment in flammable anesthetizing locations shall be 
approved for use in Class I, Group C atmospheres. 
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E.6.6.5.7 Film viewing boxes in hazardous areas shall either 
comply with the requirements of Section 501.9(A) ofNFPA 70, 
National Fledriml Corie, or they shall be of a type that excludes 
the atmosphere of the room. Iflocated above the 5 ft (152 ernl 
level in a flammable anesthetizing location or mixed facility, 
or in a nonflammable anesthetizing location, the film viewing 
box shall be permitted to be of the totally enclosed type or so 
constructed as to prevent the escape of sparks or hot metal. 
Such viewing boxes shall be permitted to be connected to a 
conventional grounded supply circuit if the device is pro
tected by an approved system of double insulation. Where 
such an approved system is employed. the equipment shall be 
distinctly marked. 

E.6.6.5.8 Control unit,'; and other electric apparatus installed or 
intended for use in a flamrmlble anesthetizing location shall com
ply with the requirements of NFPA 99 and Section E.4 of this 
annex (see al\() E6.6.5.4 and /1.6. 7.6). 

E.6.6.6 Signaling and Communications Systems. All eq uipment 
of signaling and communications systems in hazardous areas, 
irrespective of voltage, shall be of a type approved for use in 
Class T, Group C, Division I hazardous areas in accordance 
with Section501.14(a) or Section 501.14(b) ofNFPA 70, No
tional Elecl1iwl Corie. 

E.6.6.7 Piping. Subsection E.b.:I prohibits the piping of flam
mahle ,mesthetic gases (see 5. 1.13.1.1). 

E.6.6.8 Reduction in Electrostatic Hazard. 

E.6.6.8.1 Purpose. 

E.6.6.8.1.1 The requirements of this section have been promul
gated to reduce the possibility of electrostatic spark discharges, 
with consequent ignition of flammable gases (.IPC 1\.6.6.8). 

E.6.6.8.1.2 The prevention of the accumulation of static 
c1urges revolves about a number of safeguards that shall be 
complied with in flammable anesthetizing locations; in coni
dol'S and passageways adjacent thereto; in rooms connecting 
directly to anesthetizing locations, stich as scrub rooms and 
sterilizing rooms; and in storage locations for flammable anes
thetics located in an operating suite. 

E.6.6.8.1.3 The methods employed to prevent such accumu
lation include the installation of conductive flooring (see 
E6.6.S.2), the maintenance of the relative humidity at 50 per
cent at least, and the lise of certain items of conductive equip
ment, accessories, and wearing apparel. 

E.6.6.8.2 Conductive Flooring. Note that a conductive floor 
serves as a conveniem means of electrically connecting per
sons and objects together to prevent the accumulation of elec
trostatic charges. 

A resistance not exceeding 50 megohms between o~jects or 
persons is generally sutJicient to preven t accLlm ulation of dan
gerous voltages. The upper limit of [,000,000 ohms for the 
resistance or the floor has been chosen as meeting this re
quirement with a reasonable Llctor of safety and with reason
able provision for other resistances in the conductive path. 

The resistance or sOllle flooring materials changes with age. 
Floors of such materials should have an initial resistance that 
permits changes in resistance with age without exceeding the 
limits prescribed in E.b.6.8.2.3 and E.6.b.8.2.4. 

E.6.6.8.2.1 Conductjve flooring shall be installed in those ar
eas specified in E.li.6.8.1.2. Conductive flooring installed in 
corridors or passageways ill compliance with E.6.6.8.1.2 shall 
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extend the width of the corridor and along the corridor a 
minimum of9.84 ft (:1m) on each side of door frames. 

E.6.6.8.2.2 A conductive floor shall meet the resistance provi
siems through its inherem conductive properties. The sud~lCe of 
the floor in the locatjons specified by E.6.6.8.1.2 and E.6.6.8.2.1 
shall provide a patch of moderate electric conductivity between 
all persons and equipment making contact. wit.h the floor to pre
vent the accumulation of dangerous electrostatic charges. No 
point on a nonconductive element in the surhce or the tloor 
shall be more than \;:, in. (b.4 nun) fiom a conductive element of 
the surface, except for insulated floor drains. 

E.6.6.8.2.3 The resistance of the conductive floor shall be less 
than an average of 1,000,000 ohms, as measured in accor
dance with E.b.6.8.2.7. 

E.6.6.8.2.4 The resistance of the floor shall be more than an 
average of 25,000 ohms, as measured in accordance with 
E.6.6.8.2.7. 

E.6.6.8.2.5 A deliberate connection of the conduct.ive floor 
to the room ground shall not he required. 

E.6.6.8.2.6 The resistallce of conductive floors shall be ini
tially tested prior to use. Thereafter measurements shall he 
taken at intervals of not more than one month. A permanent 
record of the readings shall be kept. 

E.6.6.8.2.7 The following test method shall be used (see 
E, 6. 6. 12): 

(I) The 1100r shall be clean and dry, and the room shall be 
free oftlal1lmable gas mixtures. 

(2) Each electrode shall weigh 5 Ib (2.268 kg) and shall have a 
dry, flat, circular contact area 2V! in. (6.:15 cm) in diameter, 
which shall comprise a surbce or ,tluminum or tin foil 
0.0005 in. (0.01:1 mm) to 0.001 in. (0.025 mm) thick, backed 
by a layer of rubber \;:, in. (6.4 mm) thick and measuring 
between 40 and 60 durollleter hardness as determined WitJ~l 
a Shore Type A durometer (ASTM D2240-91). 

(:I) Resistance shall be measured by ct suitably calibrated ohm
meter that shall have a nominal open circuit output volt
age of 500 V dc and it nominal internal resistance of not 
less than 100,000 ohms, with tolerance defined as follows: 

(a) Short-circuit current offrorn 2.5 mA to 5 mA. 
(b) At any value of connected resistance, /?x, the terminal 

voltage, V, shall be 

I?x 
---------x500 V ± 15% 
I?x + internal resistance 

(4) Measurements shall he made between Jive or more pairs 
of points in each room and the results averaged. For com
pliance with E.6.b.8.2.3 in this annex, the average shall be 
within the limits specified and no individual measure
ment value shall he greater than 5 megobms, as measured 
between two electrodes placed ;) ft (91 cm) apart at any 
points on the floor. For compliance with E.6.b.8.2.4, the 
average value shall be no less than 25,000 ohms with no 
individual measurement's value less than 10,000 ohms as 
measured hetween a ground connection and an electrode 
placed at any point on the floor, and also as measured 
between two electrodes placed :I ft (91 em) apart at any 
points on the Hoor. There is no upper limit of resistance 
for a measurement between a ground connection and an 
electrode placed on the conductive floor. 
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Note that if the resistance changes appreciably with time 
during a measurement, the value observed after the voltage 
has been applied for about!'i seconds can be considered to be 
the measured value. 

E.6.6.8.3 Accessories. Coverings of operating tables, stretcher 
pads, pillows and cushions, etc., shall be fabricated from con
ductive materials throughout. Conductive sheeting shall be 
tested on a non conductive surface. The resistance between 
two electrodes placed 3 ft (91 cm) apart, or as close to this 
distance as the size of the material will permit, on the same 
surface, and between two electrodes placed in the middle of 
opposite surfaces, shall not exceed 1 megohm. Individual 
items covered with conductive sheeting shall be tested on a 
metal surface. The resistance between an electrode placed on 
the upper surfilce of the covered item and another electrode 
placed on the metal surf~lce shall not exceed] megohm. The 
electrodes and ohmmeter used for these tests shall be of the 
type specified in E.6.6.8.2.7(2) and E.6.6.8.2.7(3), respectively. 

E.6.6.8.4 Interconnecting Conductive Accessories. 

E.6.6.8.4.1 All accessories that are required to be resilient or 
flexible on the anesthesia machine, and that form part of an 
interconnecting electrically conductive pathway, such as tub
ing, inhalers, rebreathing bags, headstraps, retainers, face 
masks, handbulbs, and similar items, shall be of conductive 
material throughout. Electric resistance of such accessories 
shall be not greater than 1 megohm when tested as specified 
in E.6.6.8.5.1 . 

E.6.6.8.4.2 High-pressure flexible tubing used to intercon
nect the gas anesthesia apparatus with the central piping sta
tion outlets shall be antistatic and shall be conductive 
throughout with a maximum resistance of 100,000 ohms per 
linear foot during the specified life of the material. 

Note that when a non conductive endotracheal catheter is 
in use, the conductive path from the patient to the anesthesia 
machine should be maintained by the use of a conductive 
heads trap. 

E.6.6.8.4.3 Tubing and connectors used for suctioning shall 
provide a continuous electrically conductive pathway to the 
vacuum bottle and to the vacuum outlet. The materials used 
shall be conductive throughout or, where it is necessary for 
visual monitoring, shall be permitted to be of antistatic mate
rial with antistatic properties good for the specified life of the 
material provided the tubing or connector embodies a con
tinuous integral conductive pathway designed so that in nor
mal use the conductive pathway shall make and maintain con
ductive contact with conducting materials. Electric resistance 
of such tubing and connectors shall be not greater than I 
megohm when tested as specilied in E.6.6.8.5 in this annex. 

Note that specified life refers to the permanence of the 
antistatic property with respect to the stated life of the mate
rial, including storage, and is of particular importance if the 
material is expected to be lIsed and cleaned (e.g., washed) 
several times. 

E.6.6.8.4.4 All belting used in connection with rotating ma
chinelY shall have incorporated in it sufficient material to pre
vent the development of electrostatic charges. A conductive 
pulley shall be used. 

Note that the conductivity of the path from the pulley to 
the ground should be considered. If ball bearings are used, 
the contact between the balls and the races will probably be 
sufIicicnt when bearings are lubricated with graphitized oil or 

grease. If sleeve bearings are used, some means of conducting 
the charge from the pulley should be provided. 

E.6.6.8.4.5 Wherever possible, items that are not parts of a 
machine shall be of conductive materials throughout, partiClJ
larly where the item is depended on to provide a conductive 
pathway between other conductive items and/or the patient 
(see semnd jJaragrajJh of fj·.6. 6. 8. 4. 2). 

Note that for essential elements in surgelY, such as pros
thetic and therapeutic devices, bacterial barriers, instruments, 
gloves (thermoplastic: for example, PVC), or biomcchanical 
equipment, antistatic materials should be used if concJuctive 
materials are not available or are impractical. Any material can 
be employed if clearly non hazardous owing to improbability 
of acquiring and holding a significant charge, e.g., suction 
catheter, endotracheal tube, plastic inserts injoint prostheses. 

E.6.6.8.4.6 Nonconductive, nonantistatic parts shall be used 
where necessary as electric insulators or heat-insulating 
handles on approved devices. Where exposed metal parts of 
machines of necessity are insulated from each other by other 
nonconductive parts, they shall be electrically interconnected. 
The resistance of the grounding path between these metal 
parts shall not exceed 0.1 ohm. 

E.6.6.8.4.7 Antistatic materials are not acceptable where they 
are relied upon to provide an interconnecting electrically con
ductive pathway. 

E.6.6.8.5 Testing for Conductivity. 

E.6.6.8.5.1 An ohmmeter oCthe type specified in E.6.6.8.2.7(3) 
shall be used for testing. Where possible, electrodes shall be of 
the type to make contact with metal positions across which it is 
desired to ensure a conductive pathway prO\~ded by the acces
sory, but care mllst be taken to ensure that the placing of the 
electrodes has not inadvertently prO\~cled an alternate conduc
tive path to that uncleI' test; or, electrodes shall be of the type 
specified in E.6.6.8.2.7(2), where applicable; or, equivalent elec
trode contact shall be employed as practical. All items that are 
part~ of a machine, such as tubing, bags, f~1Ce masks, etc., shall be 
tested either in place or cletached /i'om the machine in aCCOl~ 
dance with one of the methods listed under E.6.6.85.2 through 
E.6.6.8.5.8. 

E.6.6.8.5.2 When tested in place on the machine, it is (irst nec" 
essary to purge the entire system offlammable or explosive gases. 
The anesthesia jar and cylinders of flammable gases shall be re
moved from the machine and all the remaining parts purged by 
flowing air through them in suHicient quantity to assure that all 
residual anesthetic gases have been removed. All part$ shall be 
tested and each part shall be tested separately. 

E.6.6.8.5.3 For interconnecting parts that are to be classed as 
conductive throughout, one electrode shall be attached in a sat
isfactory manner to the metal frame of the machine, and the 
conductivity shall be determined by measllring the resistance be
tween this first electrode and a second electrode consisting of a 
metal band snugly fitted around the midpart of the item being 
tested, or, for face masks and similar objects, between the first 
electrode and a second electrode (see J,·.6.6.8.2. 7(2)} resting on 
the item. 

E.6.6.8.5.4 For interconnecting parts that are to be classed as 
antistatic with a continuous integral conductive pathway, the 
conductivity test shall be performed as given in E.6.6.S.5.1 
above except that, in place of the metal hand electrode or the 
standard electrode of E.6.6.8.2.7(2), there shall be it suitable 
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second electrode making contact with the part in a manner 
that simulates the actual second contact area made when the 
part is connected lor use. 

E.6.6.8.5.5 Metal parts of machines that are required to be 
apparently insulated from each other by other nonconductive 
parts shall be suitably tested for electric interconnection; this 
shall be permitted to be an ohmmeter test. The resistance of 
the grounding path between these metal parts shall not ex
ceed O. I oh m. 

E.6.6.8.5.6 When tubing and other accessories are tested for 
conductivity while detached from a machine, each part shall 
be fitted with a clean brass nipple of the same outside diam
eter as the connector by which the part is normally connected 
to the machine. A nipple shall be inserted into each such 
opening of the part. When two or more nipples are involved, 
satisElctory conductivity shall be determined by measuring the 
resistance between nipples. If only one nipple is involved, as in 
the case of a face mask or breathing bag, the resistance shall 
be measured between the nipple and another electrode suit
ably connected elsewhere (e.g., a standard electrode restjng 
on the part). 

E.6.6.8.5.7 While the above are given as standard test meth
ods, where these methods cannot be applied, an equivalent 
test method is permitted to be used. Interconnecting conduc
tivity is acceptable if the measured resistance is not greater 
than I megohm. 

E.6.6.8.5.8 ConduClive items containing antistatic material 
shall have the antistatic properties tested as described in 
E.6.6.8.6.3 and E.6.6.8.6.4. 

E.6.6.8.6 Antistatic Accessories and Testing. 

E.6.6.8.6.1 For conductive accessories containing antistatic 
material see E.6.6.8.4.1 and E.5.6.8.4.3; the antistatic material 
of these accessories shall be tested as given in E.6.6.8.6.3 and 
E.6.6.8.6.4. For other individual items that are permitted to be 
of antistatic material, see E.6.6.8.4.5. 

E.6.6.8.6.2 Plastic sheeting, film, and other non textile, non
metal materials, ifnot required to form a conductive intercon
necting pathway between machines, objects, and persons, 
need not be conductive but shall be of antistatic material ex
cept as given in E.6.6.8.4.5. They shall be of antistatic material 
throughout their specified life when tested as described in 
E.G.6.8.5.3 and EJi.6.8.6.4. 

E.6.6.8.6.3 Antistatic sheeting, film, and textiles shall meet 
the specified requirements of at least one of the following test 
methods when preconditioned at 50 percent ± 2 percent RH 
at 23' ± L °C [or 2,) hours or until equilibrium is reached, and 
tested at 50 percent ± 2 percent RH at 23° ± 1°C. 

Method 4046 of Federal Test Method Standard 101 B. After 
the specimen has received its maximum charge from the ap
plication of 5000 V, the time for the indicated specimen poten
tial to drop to 10 percent of its maximum value shall not ex
ceed y~ second. 

Note that the static detector head should be ofa type thatis 
adequately shielded to minimize responses to potentials on 
the electrodes, and other stray pickup. The sample is held 
between electrically interconnected electrodes. The 5000 V 
are applied to the electrodes for 10 seconds after the indicated 
potential of the sample reaches equilibrium before the charge 
decay rate is measured. 
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Method 76 of the AATCC. Applied voltage should be 102 V 
per in. (40 V per cm) of interelectrode spacing. The measured 
resistivity shall be less than 1 x 10 1 

I ohrns per unit square of 
material. 

E.6.6.8.6.4 Antistatic items other than sheeting, film, and tex
tiles shall be tested in a manner as closely as possible equiva
lent to that given in E.6.6.8.6.3. 

E.6.6.8.6.5 The supplier of conductive and antistatic accesso
ries shall certify that the item or items supplied meet t:he re
quirements of one of the tests specified in E.6.6.8.6.3. The 
supplier shall certify the conditions of storage, shelf life, and, 
in the case of reusable items, the methods of repreparation 
necessary to allow the product or device to return to its anti
static or conductive properties. 

E.6.6.8.7 Conductive Footwear. 

E.6.6.8.7.1 The resistance of any static conductive footwear 
or any equivalent static conductive device llsed in conjunction 
with nonconductive footwear shall have a value before the 
item is first put in use not exceeding SOO,OOO ohms when 
tested in the following manner. The static conductive shoe or 
any equivalent static conductive device attached to a noncon
ductive shoe shall have clean contact surfaces. It shall be 
placed on a nonoxidizing metal plate wetted with water. A 
brass electrode having a contact area of I sq in. (6.5 sq cm) 
shall be placed on the inside of the sole or heel of the shoe 
after the surface under the electrode has been wetted by water. 
The resistance shall be measured between the plate and the 
electrode using a dc ohmmeter supplying a potential in excess 
of 100 V [e.g., see E.6.6.8.2.7 (3) J. 

E.6.6.8.7.2 In the case of static conductive booties, the test 
shall be made as follows: The bootie shall be laid l1at on an 
insulating surface. Two brass electrodes, each 1.5 in. (3.8 cm) 
long, having a contact area of I sq in. (6.5 sq cm), shall be 
used. One electrode shall be placed on the bootie near the toe 
and on the part of the bootie that normally comes in contact 
with the 11oor. The other electrodes shall be placed on the 
ankle section. The booties shall be wetted under the elec
trodes only. 

E.6.6.8.7.3 If the tests as here described are not technically 
feasible for the device under consideration, an alternative 
equivalent means of testing shall be used. The static conduc
tive footwear and any static conductive device used with non
conductive footwear shall also meet, during use, the require
ments of E.6.6.1O.1 through E.6.6.1 0.3 and E.6.6.l3.3. 

E.6.6.8.7.4 For protection of personnel against electric shock 
and high-frequency burns, static conductive footwear and 
equivalent static conductive devices shall not have any metal 
parts (nails, etc.) that normally come in contact with the 11001'. 

E.6.6.8.8 Textiles. See also E.6.6.1 0.4 through E.6.6.1 0.6. 

E.6.6.8.8.1 Silk, wool, synthetic textile materials, blends of 
synthetic textile materials with unmodified cotton or rayon, or 
nonwoven materials shall not be permitted in hazardous loca
tions as outer garments or for nonapparel purposes, unless 
such materials have been tested and found to be antjstatic by 
meeting the requirements of E.6.6.8.6.3. 

In the case of reusable materials, the manufacturer shall 
certify that the antistatic properties shall be maintained 
through 50 wash-autoclave cvcles or throughout the usefllllife 
of the' material, whichever i; grea ter. C 
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I n the case of nonreusable materials, the manuhlcturer 
shall certify that the antistatic properties shall be maintained 
throughout the useful life of the material. 

Note that it is preferable to use only one textile material 
because static electricity is 1110re readily generated by contact 
between articles of different materials than by contact be
tween articles of the same material. 

E.6.6.8.9 Furniture. Note that in its requirement for furniture 
in a flammable anesthetizing location to be constructed of 
conduct.ive materials, the Subcolllmittee on Anesthesia Ser
vices specifically intends that any shelves within such furniture 
as well as the top also be conductive. Furniture is intended to 
include movable and permanently installed objects in the 
room, such as stools, tables, and cabinets. Wooden racks, how
ever, are permitted for storage of cylinders of flammable as 
well as nonflammable gases. 

E.6.6.8.9.1 If the furniture is conductive but not made of metal, 
then it shall have casters, tires, or legs of metal, conductive rub
ber, or equivalent conduct.ive material with a floor contact S\llC 

f~lce having one dimension of at least % in. (1.58 cm). Approved 
equivalent means of making conductive contact between the 
piece of Illrniture and the floor is acceptable, provided the con
tact device is securely bonded to the piece of furniture and is of 
material that will not oxidize under conditions of normal use (so 
as to decrease the conductivity of the circuit), and that uninter
rupted cont~lct with thc floor is at least % in. (1.6 cm) in one 
dimension (If!! Illm /~'. 6. 6./3. 4). 

E.6.6.8.9.2 SurLtces on which movable objects are placed 
shall be without insulating paint, lacquer, or other noncon
ductive finish. 

Note that an economical way to make painted furniture 
conform to this requirement is to attach unpainted sheet 
metal to the furniture's shelf or top with screws, rivets, or simi
lar fasteners that provide electrical continuity to the frame 
and casters of the lill'niture. 

E.6.6.8.9.3 The resistance between the conduct.ive frame of 
the furniture referred to in E.6.6.8.9.2 and a metal plate 
placed under olle supporting member but insulated from the 
floor shall not exceed 250,O()O ohms, measured with an ohm
meter of the type described in E.6.6.8.2.7 (3). 

E.6.6.8.10 High-Frequency Equipment. Potential sources of 
ignition, such as electrosurgical units, shall be prohibited dur
ing the administration of flammable anesthetizing agents. 

E.6.6.9 General Requirements for Flammable Anesthetizing 
Locations. 

E.6.6.9.1 Hospital authorities in consultation with others as 
noted in 7.2.2.1 shall adopt regulations to control apparel and 
footwear allowed, the periodic inspection of conductive mate
rials, the control of purchase of static-conductive and anti
static materials, and the testing of conductive floors. 

E.6.6.9.2 All required precautions shall apply to all anesthetiz
ing locations in which flammable inhalation anesthetics are used. 

E.6.6.9.3 Hospital regulations shall be established and en
forced to control the use of electronic equipment such as tele
vision equipment, diathermy equipment, public address sys
tems, monitoring equipment, and similar electronic and high
fl-equency apparatus in the presence of flammable inhalation 
anesthetic agents. 

E.6.6.9.4 Hospital regulations shall prohibit the use of X-ray 
equi pment in flammable anesthetizing locations if such eq ui p
ment is not approved for operation in hazardous locations (sfe 

K6. 6.5. 6, E. 6. 6.5.7, and E.4. 6.3). 

E.6.6.9.5 Covers offabric or of an v form of sheeting shall no! 
be used on anesthesia equipment capable of utili~ing flam
mable anesthetizing agents because a cover will confine gas 
that could leak from a cylinder. 

Note that when the cover is removed from t.he anest.hesia 
machine under such conditions a st.atic charge might be cre
ated that could ignite the gas cO;1fined beneath tht~ cover. 

E.6.6.9.6 The LIse of rebreathing techniques in administering 
flammable anesthetic agents at all times is highly desirable. 
Through the use of these techniques, the escape of llaJl1ll1able 
mixtures is substantially limited. 

E.6.6.9.7 Residual ether remaining in ether vaporizers at the 
end of each day shall be returned to its original containers felr 
disposal or laboratory use only. The ether vaporizer, con
tainer, and such shall be thoroughly washed and dried bcfe)re 
being returned to use (lee C. J 3. J.3). 

E.6.6.9.8 Waste liquid ether and other flammable volatile liq
uid inhalation anesthetic agents shall be disposed of olltside 
of the hospital building according to the recommendations of 
the authority having jurisdiction. One method is to allow the 
agent to evaporate in a shallow pan, well removed from pos
sible sources of ignition under supervision. 

E.6.6.9.9 Members of the professional staff shall be required 
to submit for inspection and approval any special equipment 
they wish to introduce into flammable anesthetizing locations 
(see J 3.4.1.2.4.5). Such equipment shall be approved for use in 
Class I, Group C, Division 1 hazardous areas or comply with 
E.4.6.5. It shall be equipped with approved cords and attach
ment plugs [see 8.4.1.2.4(/), 8. 4.7.2. 4(2), and E2. 4J. 

E.6.6.9.10 High-fi'equency electric and electronic equipment, 
such as electrosurgery amplifiers, monitors, recorders, television 
cameras, portable electrical tools, maintenance equipment, and 
certain sterilizing equipment that does not comply with the pro
visions of E.4.6.5 shall not be used when flammable inhalation 
anesthetic agents are being administered. 

Cautery and electric surgical equipment shall not be used 
during procedures involving flammable inhalation anesthetic 
agents unless the equipment complies with the requirements 
ofE.4.6.4. 

See Annex D. 

E.6.6.10 Electrostatic Safeguards. Paragraph E.fi.6.8 deals 
with the elements required to be incorporated into the stnJC
ture and equipment to reduce the possibility of electrostatic 
spark discharges, which are a frequent source of the ignition 
of flammable anesthetic agents. The elimination of static 
charges is dependent on the vigilance of administrative activi
ties in material selection, maintenance supervision, and peri
odic inspection and testing. It cannot be too strongly empha
sized that an incomplete chain of precautions will generally 
increase the electrostatic hazard. For example, conductive 
flooring (see E,6.6.8.2) can contribute to the hazard unless all 
personnel wear conductivc shoes and unless ,til objects in the 
room are electrically continuous with the floor. 

E.6.6.10.1 All personnel entering flammable anesthetizing 
locations, mixed facilities, or storage locations (e)J' flammable 
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anesthetics located in the surgical suite shall be in electrical 
contact with the conductive floor through the wearing of con
ductive footwear or an alternative method of providing a path 
of conductivity. The provision of conductive floors in corri
dors and rooms directly communicating with flammable anes
thetizing locations (see 1,'.6.6.8.2) will minimize the possibility 
of stalic discharge from patients or personnel entering such 
anesthetizing locations. 

Note that one method for electrically connecting all per
sons to conductive floors is through the wearing of shoes con
forming to the following specifications. 

Each shoe having a sole and heel of conductive rubber, 
conductive leather, or equivalent material should be so fabri
cated that the resistance between a metal electrode placed 
inside the shoe and making contact with the inner sole equiva
lent in pressure and area to normal contact with the foot, and 
a metal plate making contact with the bottom of the shoe, 
equivalent in pressure and area to normal contact with the 
floor, be not more than 250,000 ohms. 

E.6.6.10.2 Electric connection of the patient to the operating 
table shall be ensured by the provision of a high-impedance 
strap in contact with the patient's skin, with one end of the 
strap fastened to the metal frame of an operating table. 

E.6.6.10.3 Because of' the possibility of percussion sparks, 
shoes having ferrous nails that make contact with the floor 
shall not be permitted in flammable anesthetizing locations or 
mixed facilities or in storage locations for flammable anes
thetic agents in the surgical suite. 

E.6.6.10.4 Silk, wool, or synthetic textile materials, except 
rayon, shall not be permitted in flammable anesthetizing loca
tions or mixed facilities as outer garments or for nonapparel 
purposes, unless these materials have been approved as anti
static in accordance with the requirements of E.6.6.8.6.3 and 
E.6.6.8.6.4. 

Note that rayon refers t.o regenerated cellulose, not cellu
lose acetate. Colton and rayon must be unmodified; i.e., must 
not be glazed, permanently starched, acetylated, or otherwise 
treated to reduce their natural hygroscopic quality. Fabrics of 
intjmate blends of unmodified cotton or rayon with other tex
tile materials are not acceptable unless tested and found to be 
antistatic. 

E.6.6.10.5 I-1osielY and underclothing in which the entire 
galment is in close contact with the skin shall be permitted to 
be of silk, wool, or synthetic material. 

E.6.6.10.6 Undergarments with free-hanging skins, such as 
slips or petticoats, shall be of cotton, rayon, or other materials 
demonstrated to be antistatic by the requirements of 
E.6.G.8.6.3 and E.6.6.8.6.4. 

E.6.6.10.7 Antistatic materials for use in flammable anesthe
tizing locations shall be handled and used in the following 
lnanner: 

(1) An tistatic ma terials shall be stored at the temperature and 
humidity required for flammable anesthetizing locations 
or they shall be allowed to equilibrate to the humidity and 
temperature of the flammable anesthetizing location 
prior to use. 

(2) Antistatic materials shall be stored in such a manner that 
will ensure that the oldest stocks will be used first. 

(3) Controls shall be established to ensure that manufactur
ers' recommendations as to use are fc)llowed in the case of 
antistatic materials. 
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E.6.6.10.8 All antistatic accessories intended for replace
ment, including belting, rubber accessories, plastics, sheeting, 
and the like, shall meet. pertinent requirements for conductiv
ity as specified in E.6.6.8.6. 

E.6.6.11 Discretionary Use of Nonconforming Materials. 

E.6.6.11.1 Sut.ure material, alloplastic or therapeutic devices, 
bacterial barriers, instruments, gloves (thermoplastic), surgi
cal dressings, and biologic interfaces of t.hese otherwise pro
hibited mat.erials shall be permitted to be used at the discre
tion of the surgeon. 

E.6.6.11.2 Disposable supplies that contribute to the electro
static hazard shall be so labeled on the unit package. 

E.6.6.12 Maintenance of Conductive Floors. 

E.6.6.12.1 The surf~1Ce of conductive {]oors shall not be insu
lated by a film of oil or wax. Any waxes, polishes, or dressings 
used for maintenance of conductive floors shall not adversely 
affect the conductivity of the floor. 

E.6.6.12.2 Floors that depend upon applications of water, salt 
solutions, or other treatment of a nonpermanent nature for 
their conductivity are not acceptable. 

E.6.6.12.2.1 Treatment of the floor to modify conductivity 
shall be considered permanent provided the floor meets the 
requirements of E.6.6 for a period of not less than 2 years, 
during which no change or modification beyond normal 
washing is performed. 

E.6.6.12.3 Cleaning procedures for conductive floors shall be 
established, then carefully followed to assure that conductivity 
characteristics of the Door are not adversely affected by such 
treatment. 

E.6.6.12.4 Conductive floors shall be tested as specified in 
E.6.6.8.2. 

E.6.6.13 Other Conductive Equipment. 

E.6.6.13.1 The resistance of conductive accessories shall be 
tested prior to use as described in E.6.6,8.3 or E.6.6.8.4. There
after, measurements shall be ta.ken at intervals of not more than 
1 month. A permanent record of the readings shall be kept. 

E.6.6.13.2 Antistatic plastics shall meet the requirements of 
E.6.6.8.6.2. It shall be the responsibility of the hospital to en
sure that antistatic sheeting, etc., is used in accordance with 
the manufacturer's instructions. Failure to do so could in 
some cases lead to loss of antistatic properties. Antistatic mate
rials that are reused (e.g., antistatic tubing incorporating a 
continuous conductive pathway as described in E.6.6.8.4.1) 
shall be tested (see E. 6. 6. 8. 6.1) periodically to ensure retention 
of conductive properties. 

E.6.6.13.3 Conductive footwear and other personnel-to-floor 
connective devices shall be tested on the wearer each time 
they arc worn. An approved resistance-measuring device hav
ing a short-circuit current not exceeding 0.5 mAshall be used. 

Note that the reading may be taken between two insulated, 
nonoxidizing, metal plates so located that the wearer can stand in 
a normal manner with a foot on each, in which case the indicated 
resistance shall not exceedl ,000,000 ohms (1 megohm). (See alw 
the second paragraph of E. 6. 6.1 O. I. ) 

E.6.6.13.4 The resistance of furniture (see £'.6.6.8.9) and equip
ment shall be tested prior to use as described in E.6.6.8.9.3. 
Thereafter, measurements shall be taken at intervals of not more 
than I month. A permanent record of the readings shall be kept. 
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The monthly tesL~ can conveniently consist of measurements of 
the resistance between an electrode placed on the floor and an 
electrode placed successively on each article of furniture in the 
room. Additionaltesl'; of allY indi\~dual item shall be made if the 
measured resistance exceeds 5 megohms. 

E.6.6.13.5 Periodic inspection shall be made ofleg tips, tires, 
casters, or other conductive devices on furniture and equip
ment to ensure that they are maintained free of wax, lint, or 
ot.her extraneous material that insulates them and defeats the 
purpose for which they are used, and also to avoid transport
ing t.o conductive floors stich materials fi"om ot.her areas. 

E.6.6.l3.6 Excess lubrication of casters shall be avoided to 
prevent. accumulation of oil on conductive caster wheels and 
sides. DIy graphite or graphit.ized oil are preferable lubricants. 

E.6.7 Requirements for Mixed Facilities. A serious behavioral 
hazard exists in a "mixed f~lcility," i.e., where there are some 
rooms where llammable agents are prohibited. In the latter 
situation, inadvertent use of a f1ammable agent in the "non
flammable" room could be disastrous. It is important to un
derstand the regulations recommended in Section E.7. 

E.6.7.1 General. The mixed f~lcility is defined in E.1.6. 

E.6.7.2 Construction of Anesthetizing Locations and Storage 
Locations. 

E.6.7.2.1 Flammable anesthetizing locations shall be designed, 
constrtlcted, and equipped as stated in B.4.1.2 and E.6.6. 

E.6.7.2.2 Nonflammable anesthetizing locations shall be de
signee!, constructed, and equipped as stated in 13.4.1.2. 

E.6.7.2.3 Storage locations for flammable anesthetics shall bc 
constructed as provided ill E.6.8. Storage locations for non
flammable medical gas cylinders shall be constructed as pro
vided inS. 1.3.3.2 and 5.1.3.51.3. 

E.6.7.3 Conductive Flooring in Posted Nonflammable Anes
thetizing Locations Within a Mixed Facility. (Reserved) 

E.6. 7.4 Provision for Connection of Patient to Operating Table. 
Electric connection of the patient to the operating table shall 
be ensured by the provision of a high-resistance (conductive) 
strap in contact with the patient's skin, with one end of the 
strap hstened to the metal frame of an operating table. 

E.6.7.5 Precautionary Signs. 

E.6.7.5.1 The entrances to all anesthetizing locations shall be 
identified by prominently posted signs denoting individually 
whether the anesthetizing location is designed for flammable 
inhalation anesthetic agents or for nonflammable anesthetic 
agents. 

Note the following suggested explanatOlY texLs of such signs: 

SUITABLE FOR USE WITH FLAMMABLE INHALATION 

ANESTHETIC AGENTS 

or 

RESTRICTED TO NONFLAMMABLE INHALATION 

ANESTHETIC AGENTS 

E.6.7.5.2 In addition, a removable sign shall be posted to all 
entrances to the anesthetizing location indicating whether a 
I1ammable inhalation anesthetic agent is being employed. 

Note the following suggested explanatOlY text of such a sign: 

CAUTION 

FLAMMABLE INHALATION ANESTHETIC IN USE 

OBSERVE AND OBEY ALL SAFETY REGULATIONS 

E.6.7.5.3 It shall be the responsibility of the anesthesiologist 
or nurse anesthetjst to ensure that the room is suitably desig
nated for use of the particular agent, whether flammable or 
nonflammable. 

E.6.7.5.4 Regulations for the eonduct of personnel, adminis
tration, and maintenance in mixed facilities shall be posted in 
at least one prominent location within the operat.ing and, if 
applicable, delivery suite (see 1,,'.6.2.) Sllggested text of such 
regulations is contained in Section E.R. 

E.6.7.6 Movable Equipment and Furniture. 

E.6.7.6.1 All equipment intended for use in both fhunmable 
and nonnammable anesthetizing- locations shall rneet the an
tistatic requirements of E.6.6.8. 

E.6.7.6.2 Equipment intended Cor LIse only in nonflammable 
anesthetizing locatjons shall be labeled in accordance with 
EA,.6.1 and shall not be introduced into llamlllable anesthetiz
ing locations. This equipment is not required to meet. the an
tistatic requirements ofE.6.6.8. 

E.6.7.6.3 No portable equipment, including X-ray equip
ment, shall be introducecl into mixed facilities unless it com
plies with the requirements of E.4.6.:) and is approved for llse 
in Class 1, Group C, Division I hazardous areas, or unless it is 
prominenLly labeled f()r use only in the presence of nonflam
mable anesthetic agents and then restricted to such use. 

E.6.7.6.4 Portable electric equipment, such as incubators, 
lamps, heaters, 11Iotors, and generators llsed in mixed filcilities 
in which f1ammable anesthetics are being employed shall com
ply with the requirements of Articles 500, 501, and 517 of 
NFPA 70, National Electrical Cod!!, for Class I, Division 1 loca
tions and shall be approved for Class I, Croup C, Division I 
hazardous areas, except as permitted in E.4.6.6. 

Note that the resistance and capacitive reactance between 
t.he conductors and the noncurrent-canying metallic parts 
mllst be high enough to permit the llse of the equipment on 
an ungrounded distribution system having a line isolation 
monitor specified in 4.3.2.6.3 ofNFPA 99. 

E.6.7.6.5 Furniture intended for use in both flammable and 
nonflammable anesthetizing locatjons of mixed f~lcilities shall 
meet the antistatic requirements of E.f>.fi.R.9. 

E.6.7.6.6 Furniture intended for use only in nonl1ammable 
anesthetizing locations of mixed f;lcilities shall comply with 
E.6.6.8.9 or shall be conspicuously labeled anclnot be intro
duced into flammable anesthetizing locations. 

E.6.S Storage Locations for Flammable Anesthetic Agents 
(Any Quantity). 

E.6.S.1 Enclosures in which flammable inhalation anesthetic 
agents are stored shall be individually and continuously venti
lated by gravity or by mechanical means at a rate of not less 
than eight air changes per hOLlr. The fresh-air inlet and the 
exhaust-air outlet within the enclosure shall be located as j~lr 
apart as feasible consistent with the enclosure layout. The 
fresh-air inlet shall be located at or Ileal' the ceiling, and the 
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bOLtom of the exhallst.-air outlet shall be located 3 in. (7.6 cm) 
above t.he floor. The fi-esh-air supply shall be permitted to be 
heated. Exhaust air shall be discharged to the exterior of the 
building at least 12 ft. (3.6 m) above gracle in a manner to 
prevent its reent:t)' into the building. 

E.6.8.2 Exhaust. LlI1s shall have nonsparking blacles. The fan 
motor shall be connected into the equipment system (either 
automatic or delayed restoration) (see ChajJtror 4). All electric 
installations shall conform to NFPA 70, National Elect1'ical Code, 
and, when inside the storage area or exhaust duct, shall be 
approved for use in Class I, Division 2, Group C locations. A 
visual signal t.hat indicates failure of the exhaust system shall 
be installed at the entrance to the storage area. 

Note that exhaust fans in all new installations, and when
ever possible in exist.ing installations, should be located at the 
discharge end of the exhaust duct. 

E.6.8.3 Approved fire dampers shall be installed in openings 
through the required fire partition in accordance with the 
requirements of NFPA 90A, Stanri(lT(fjo1' the Installation of Air
Conditioning and Vrm.tilating Systems. 

E.6.8.4 Enclosures shall not be llsed for purposes other than 
storage of flammable inhalation anesthetic agents. 

E.6.8.5 Flooring shall comply with E.6.6.S.2.1. 

E.6.8.6 Electric wiring and equipment in storage locations 
for f'lammable inhalation anesthetic agents shall comply with 
the requirements of NFPA 70, National/,'leetrical Code, Article 
~j(JO, Class I, Division 2, and equipment used therein shall be 
approved for use in Class I, Division 1, Group C hazardous 
areas (see 4.3.].1 in NFPA 99./01' grounding mqvi1'ements). 

E.6.8.7 The provisions ofE.6.6.2 for ungrounded electric dis
tribution systems do not apply to storage locations for flam
mable agents. 

E.6.8.8 Storage locations for flammable anesthetics shall 
meet the construction requirements stated in 5.1.3.3.2 and 
5.1.3.3.3 and shall be ventilated as provided in E.6.6.S. 

E.6.8.9 Flammable inhalation anesthetizing agents shall be 
stored only in such locations. Flammable inhalation anesthe
tizing agents shall not be stored in anesthetizing locations, 
except for cylinders of flammable anesthetic agents con
nected to a gas anesthesia apparatus. 

E.6.8.10 Cylinders containing flammable gases (e.g., ethyl
ene and cyclopropane) and containers of tlammable liquids 
(e.g., diethyl ether, divinyl ether, ethyl chloride) shall be kept 
out of proximity to cylinders containing oxidizing gases (e.g., 
oxygen or nitrous oxide) through the use of separate rooms. 

E.6.8.11 Storage locations for flammable inhalation agents 
shall be kept i'rce of cylinders of nitrous oxide, compressed air, 
oxygen, and mixtures of oxygen. 

E.6.8.12 Sources of illumination and ventilation equipment in 
storage locations for flammable inhalation anesthetic agents, 
wherever located, and especially in storage locations that are re
mote from the operative suite, shall he inspected and tested on a 
reguLlr schedule. Such procedures shall determine that ad
equate ventilation is maintained under supervision. 

E.7 Sample of Regulations for Flammable Anesthetizing Lo
cations. 

REGULATIONS FOR SAFE PRACTICE IN 

FLAMMABLE ANESTHETIZING LOCATIONS 
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The following rules and regulations have been adopted by the 
medical staff and by the administration. Annex E, Flammable 
Anesthetizing Locations, of NFPA 99-2005 shall apply in all 
in halation anesthetizing locations. 

(Insert Date) (Insert Name of Hospital Authority) 

By reason of their chemical compositions, the following 
flammable anesthetic agents present a hazard of explosion in 
anesthetizing locations: 

Cyclopropane 
Ethyl ether 

Ethyl chloride 
Ethylene 

E. 7.1 Flammable Anesthetizing Location. 

E.7.1.1 Definition. The term f1ammable anesthetizing loca
tion shall mean any area of the hospital designated for the use 
of flammable anesthetizing agents. 

E.7.2 Equipment. No electrical equipment except that judged 
by the Engineering Department of __________ _ 
Hospital as being in compliance with Annex E, Flammable 
Anesthetizing Locations, ofNFPA 99-2005 shall he used in any 
flammable anesthetizing location. 

When a physician wishes to use his or her personal electri
cal equipment, it shall first be inspected by the Engineering 
Department and, if judged to comply with Annex E, Flam
mable Anesthetizing Locations, of NFPA 99-2005, it shall be so 
labeled. 

Portable X-ray equipment used in flammable anesthetizing 
locations shall be approved for use in hazardous areas. 

Only approved photographic lighting equipment shall be 
used in flammable anesthetizing locations. Because of occa
sional bursting of bulbs, suitable enclosures shall be used to 
prevent sparks and hot particles from falling into the hazard
ous area. 

Covers shall not be used on anesthesia machines designed 
for flammable anesthetic agents. 

E.7.3 Personnel. Outer garments worn by the operating room 
personnel and visitors shall not include fabrics of silk, wool, or 
synthetic textile materials such as nylon, polyester, aCI),lic, or 
acetate unless such fabrics have been tested and found to be 
antistatic in accordance with the requirements of Annex E, 
Flammable Anesthetizing Locations, ofNFPA 99-2005. 

Silk, wool, or synthetic textile materials, except untreated 
rayon, shall not be permitted in anesthetizing locations as 
outer garments, or for nonapparel purposes, unless such fab
rics have been tested and found to be antistatic in accordance 
with the requirements of Annex E, Flarnmable Anesthetizing 
Locations, of NFPA 99-2005. Hosiery and underclothing in 
which the entire garment is in close contact with the skin shall 
be permitted to he of silk, wool, or synthetic material. 

All personnel and visitors entering flammable anesthetiz
ing locations shall wear conductive footwear or other JlOOl~ 
contacting devices, that shall have been tested on the wearer 
and found to be satisf~lctorily conductive. 

ft shall be the responsibility of each individual entering a 
f1ammable anesthetizing location to determine at least once 
daily that he is in electrical contact with the conductive floor. 
Apparatus for testing shall be available. 
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Moving of patients from one area to another while a flam
mable anesthetic is being administered shall be prohibited. 

Smoking shall be limited to dressing rooms and lounges 
with the doors leading to the corridor closed. 

E.7.4 Practice. Flammable anesthetic agents shall be em
ployed only in flammable anesthetizing locations. 

Woolen and synthetic blankets shall not be permitted in 
flammable anesthetizing locations. 

Electrical connection of the patient to the conductive floor 
shall be ensured by a high-impedance (conductive) strap in 
contact with the patient's skin with one end of the strap fas
tened to the metal frame of an operating table or shall be 
electrically interconnected by other means. 

If cautery, electrosurgery, or electrical equipment employ
ing an open spark is to be used during an operation, flam
mable anesthetics shall not be used. Flammable germicides or 
flammable fat solvents shall not be applied for the preopera
tive preparation of the field. 

A visual (lighted red lamp) or audible warning signal from 
the line isolation monitor serving an anesthetizing location 
indicates that the total hazard current has exceeded allowable 
limits. This suggests that one or more electrical devices is con
tributing an excessively low impedance to ground, which 
might constitute a fault that would expose the patient or hos
pital personnel to an unsafe condition should an additional 
fault occur. Briefly and sequentially unplugging the power 
cord of each electrical device in the location will usually cause 
the green signal lamp to light, showing that the system has 
been adequately isolated from ground, when the potentially 
defective device has been unplugged. The continuing use of 
such a device, so identified, should be questioned, but not 
necessarily abandoned. At the earliest opportunity the device 
should be inspected by the hospital engineer or other quali
fied personnel and, if necessary, repaired or replaced. 

E.7.5 Enforcement. It shall be the responsibility of 
__________________ (name) 

(an anesthesiologist or other qualified person appointed 
by the hospital authority to act in that capacity) to enforce the 
above regulations. 

E.8 Sample of Regulations for Mixed Facilities. 

REGULATIONS FOR SAFE PRACTICE 
IN MIXED FACILITIES 

The following rules and regulations have been adopted by 
the medical staff and by the administration. NFPA 99-2005, 
Annex E, Flammable Anesthetizing Locations, shall apply in 
all inhalation anesthetizing locations. This hospital is a mixed 
facility. Personnel are cautioned as to the existence of both 
flammable and nonflammable inhalation anesthetizing loca
tions within the hospital building and the different practices 
that apply to each location. 

(Insert Date) (Insert Name of Hospital Authority) 

By reason of their chemical compositions, the following 
flammable anesthetic agents present a hazard of explosion in 
anesthetizing locations: 

Cyclopropane 
Ethyl ether 

Ethyl chloride 
Ethylene 

E.8.1 Mixed Facility. 

E.8.1.1 Definitions. The term mixed/acilityshall mean a hospital 
wherein flammable anesthetizing locations and nonflammable 
anesthetizing locations coexist within the same building, allow
ing interchange of personnel and equipment between flam
mable and nonflammable anesthetizing locations. 

Flammable anesthetizing location shall mean any area of 
the hospital designated for the administration of flammable 
anesthetic agen ts. 

Nonflammable anesthetizing location shall mean any anes
thetizing location permanently designated for the exclusive 
use of nonflammable anesthetizing agents. 

E.8.2 Equipment. No electrical equipment except that judged 
by the Engineering Department of Hospi
tal as being in compliance with NFPA 99-2005, Annex E, Flam
mable Anesthetizing Locations, shall be used in any flam
mable anesthetizing location. 

When a physician wishes to use his or her personal electrical 
equipment, it shall first be inspected by the Engineering Depart
ment and, if judged to comply with NFPA 99-2005, Annex E, 
Flammable Anesthetizing Locations, it shall be so labeled. 

Portable X-ray equipment used in flammable anesthetizing 
locations shall be approved for use in hazardous areas. 

Only approved photographic lighting equipment shall be 
used in flammable anesthetizing locations. Because of occasional 
bursting of bulbs, suitable enclosures shall be used to prevent 
sparks and hot particles hom falling into the hazardous area. 

Covers shall not be used on anesthesia machines designed 
for flammable anesthetic agents. 

All portable electrical equipment shall meet the require
ments for flammable anesthetizing locations. 

E.S.3 Personnel. Outer garments worn by the operating room 
personnel and visitors in mixed facilities shall not include Llb
rics of silk, wool, or synthetic textile materials such as nylon, 
polyester, acrylic, or acetate, unless such Llbrics have been 
tested and found to be antistatic in accordance with the re
quirements ofNFPA 99-2005, Annex E, Flammable Anesthetiz
ing Locations. 

Silk, wool, or synthetic textile materials, except untreated 
rayon, shall not be permitted in mixed f~lcilities as outer gar
ments, or for nonapparel purposes, unless such htbrics have 
been tested and found to be antistatic in accordance with the 
requirements ofNFPA 99-2005, Annex E, Flammable Anesthe
tizing Locations. Hosiery and underclothing in which the en
tire garment is in close contact with the skin shall be permitted 
to be made of silk, wool, or synthetic material. 

All personnel and visitors entering all anesthetizing 10GI

tions in mixed facilities shall wear conducLive footwear or 
other floor-contacting devices that shall have been tested on 
the wearer and found to be satisfactorily conductive. 

It will be the responsibility of each individual entering an 
anesthetizing location of a mixed facility to determine at least 
once daily that he is in electrical contact with the conductive 
floor. Apparatus for testing shall be available. 

Moving of patien ts from one area to another while a flam
mable anesthetic is being administered shall be prohibited. 

Smoking shall be limited to dressing rooms and lounges 
with the doors leading to the corridor closed. 
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E.8.4 Practice. Flammable anesthetic agents shall be em
ployed only in flammable anesthetizing locations. 

The administration or the intended administration of a 
flammable anesthetic agent shall be brought to the attention 
of all personnel within the flammable anesthetizing location 
by verbal communication by the anesthesiologist and by post
ing prominent signs in the operating room and at all en
trances to the operating room stating that a flammable anes
thetic agent is in use. 

Woolen and synthetic blankets shall not be permitted in 
anesthetizing locations. 

Electrical connection ofthe patient to the conductive floor 
in a flammable anesthetizing location shall be assured by a 
high-impedance conductive strap in contact with the patient's 
skin with one end of the strap fastened to the metal frame of 
an operating table or shall be electrically interconnected by 
other means. 

If cautery, electrosurgery, or electrical equipment employ
ing an open spark is to be used during an operation, flam
mable anesthetics shall not be used. Flammable germicides 
and flammable fat solvents shaIl not be applied for the preop
erative preparation of the field. 

If, in the combined judgment of the anesthesiologist re
sponsible for the administration of the anesthetic and the sur
geon performing the operation, the life of the patient would 
be jeopardized by not administering a Hammable anesthetic 
agent in a nonHammable anesthetizing location, the following 
steps shall be taken: 

(1) Both surgeon and anesthesiologist involved in the case 
shall attest to the reason for administering a flammable 
anesthetic in a nonflammable anesthetizing location on 
the patient's record and in the operating room register. 

(2) The hazard of static sparks shaIl be reduced by electrically 
connecting the patient, operating room table, anesthesia 
gas machine, and anesthesiologist by wet sheets or other 
conductive materials. Conductive accessories shall be 
used for the electrically conductive pathways from the an
esthesia gas machine to the patient. 

A visual (lighted red lamp ) or audible warning signal from 
the line isolation monitor serving an anesthetizing location 
indicates that the total hazard current has exceeded allowable 
limits. This suggests that one or more electrical device is con
tributing an excessively low impedance to ground, which 
might constitute a fault that would expose the patient or hos
pital personnel to an unsafe condition should an additional 
fault occur. Briefly and sequentiaIly unplugging the power 
cord of each electrical device in the location will usually cause 
the green signal lamp to light, showing that the system has 
been adequately isolated from ground, when the potentially 
defective device has been unplugged. The continuing use of 
such a device, so identified, should be questioned, but not 
necessarily abandoned. At the earliest opportunity the device 
should be inspected by the hospital engineer or other quali
fied personnel and, if necessary, repaired or replaced. 

Interchange of personnel and portable equipment be
tween flammable and nonflammable anesthetizing locations 
shall be strictly controlled. 

Transportation of patients while an inhalation anesthetic is 
being administered by means of a mobile anesthesia machine 
shall be prohibited, unless deemed essential for the bendlt of 
the patient in the combined judgment of the surgeon and 
anesthetist. 
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E.8.S Enforcement. It shall be the responsibility of 
__________________ (name) 

(an anesthesiologist or other qualified person appointed 
by the hospital authority to act in that capacity) to enforce the 
above regulations. 

Annex F Sample Ordinance Adopting NFPA 99 

This annex is not a /Jart of the requirements of this NFPA document 
but is included for informational jmr/Joses only. 

F.l The follov.~ng sample ordinance is provided to assist ajuris
diction in the adoption ofthis code and is not part of this code. 

ORDINANCE NO. ____ _ 

An ordinance of the [jurisdiction} adopting the [year} edi
tion of NFPA [document number}, [comjJlete document title}, and 
documents listed in Chapter 2 of that [code, standard}; pre
scribing regulations governing conditions hazardous to life 
and property from fire or explosion; providing for the issu
ance of permits and collection of fees; repealing Ordinance 
No. of the [jurisdiction} and all other ordinances and 
parts of ordinances in conflict therewith; providing a penalty; 
providing a severability clause; and providing for publication; 
and providing an effective date. 

BE IT ORDAINED BYTHE [governing body} OF THE [juris
diction]: 

SECTION 1 That the [complete do(ument title} and docu
ments adopted by Chapter 2, three (3) copies of which are on 
file and are open to inspection by the public in the office of 
the [jurisdiction:~ keeper of rewrd.)} of the [jurisdiction}, are hereby 
adopted and incorporated into this ordinance as fully as if set 
out at length herein, and from the date on which this ordi
nance shall take effect, the provisions thereof shall be control
ling within the limits of the (jurisdiction]. The same are hereby 
adopted as the [code, standard] of the [jurisdir:lion) for the pur
pose of prescribing regulations governing conditions hazard
ous to life and property from fire or explosion and providing 
for issuance of permits and collection of fees. 

SECTION 2 Any person who shall violate any provision of 
this code or standard hereby adopted or fail to comply there
with; orwho shall violate or fail to comply with any order made 
thereunder; or who shall build in violation of any detailed 
statement of specifications or plans submitted and approved 
thereunder; or fail to operate in accordance with any certifi
cate or permit issued thereunder; and from which no appeal 
has been taken; or who shall fail to comply with such an order 
as affirmed or modified by a court of competent jurisdiction, 
within the time fixed herein, shall severally for each and every 
such violation and noncompliance, respectively, be guilty of a 
misdemeanor, punishable by a fine of not less than $ __ _ 
nor more than $ ___ or by imprisonment for not less than 
_____ days nor more than _____ days or by both such fine 
and imprisonment. The imposition of one penalty for any vio
lation shall not excuse the violation or permit it to continue; 
and all such persons shall be required to correct or remedy 
such violations or defects within a reasonable time; and when 
not otherwise specified the application of the above penalty 
shall not be held to prevent the enforced removal of prohib
ited conditions. Each day that prohibited conditions are main
tained shall constitute a separate offense. 

SECTION 3 Additions, insertions, and changes - that the 
[yearl edition of NFPA [document number}, [wmjJlete document 
title} is amended and changed in the following respects: 
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ListAmendments 

SECTION 4 That ordinance No. of (jurisriir:tion] 
en ti tIed (fill in the title o/the ordinance or ordinanl"l1s in eJfer:t at the 
jJresenttime] and all other ordinances or parts of ordinances in 
conflict herewith are hereby repealed. 

SECTION 5 That if any section, subsection, sentence, 
clause, or phrase of this ordinance is, for any reason, held to 
be invalid or unconstitutional, such decision shall not affect 
the validity or constitutionality of the remaining portions of 
this ordinance. The fgoverning body] hereby declares that it 
would have passed this ordinance, and each section, subsec
tion, clause, or phrase hereof, irrespective of the fact that any 
one or more sections, subsections, sentences, clauses, and 
phrases be declared urJconstjtutional. 

SECTION 6 That the [ju17:sriir:lion \ keejNr o./mcords] is hereby 
ordered and directed to cause this ordinance to be published. 
[NOTE: An additional provision may be required to direct the 
number of times the ordinance is to be published and to 
specify that it is to be in a newspaper in general circulation. 
Posting may also be required.] 

SECTION 7That this ordinance and the rules, regulations, 
provisions, requirements, orders, and matters established and 
adopted hereby shall take effect and be in full force and effect 
[time jJl!17od] from and after the date of its final passage and 
adoption. 

Annex G Infonnational References 

G.I Referenced Publications. The following documents or 
portions thereof are referenced within this standard for infor
mational purposes only and are thus not part of the require
ments of this document unless also listed in Chapter 2. 

G.l.I NFPA Publications. National Fire Protection Associa
tion, I Batterymarch Park, Quincy, MA 02169-7471. 

NFPA 10, Stawlardfi.rr Purta/;/p Fire Fxtinguisfum, 2002 edi tion. 

NFPA ;)0, Hammablr: and Comhustible Ijquids Code, 2003 edition. 

NFPA 4:5, Slandani on Fire Protectiorl jirr Labomtmies Uling 
Chemicals, 2004 edition. 

NFPA 49, Hazardo'Us Chemicals Data, 1994 edition. (No 
longer in print; appears in NFPA Fire Protection Guide to Hawni
ous Materials, 13th edition, 2002.) 

NFPA 50, Standard jilr Bulk Oxygen Systems at Consumer Sites, 
200 I edition. 

NFPA 53, f-?;:commenrled Pmctice on J\I{llteriail', /:quijnnent, and 
Systems Used in Oxygen-Enriched AtmosjJheres, 2004 edition. 

NFPA 54, National Fuel Cas Code, 2002 eclition. 

NFPA 70, Nalionall~'llxtTical Code®, 2002 edition. 

NFPA80, Staudanlj(Jr'/<'ire /)OOJ:l' and Hre Windows, 1999 edition. 

NFPA 90A, Slandrmljirr thl' Ins/allation o]A ir-Condilioning and 
Ventilating Systems, 2002 edi tion. 

NFPA 90B, StanriarrijiJr the Instal/at ion 0/ Warm A ir Heating 
and Air-Conditioning Systems, 2002 edi tion. 

NFPA 998, Stmulardj(Jr I-(Y/Jobaril Facilities, 2002 edition. 

NFPA J()J®, Life Sa/ely Code®, 2003 editioll. 

NFPA 220, Standard on 7)'j)('s 0/ Building Construction, 1999 
edition. 

NFPA 259, Standard n:st Nletlwd .lin' Potential Heat o/lJuilrlinp: 
Materials, 2003 edition. 

NFPA 325, Guide to Fin; Hauml ProjJerties 0fFlmll'lna/JIe Liquids, 
Cases, and Volatile Solids, 1994 edition. (No longer in print; 
appears in NFPA Fin; Protection Guide to I-Iawnirnls iV/ataials, 
13th eclition, 2002.) 

NFPA 473, Stlmrlanl./or Comjlflrm.ries jll)" FMS PenoTl.nel UI'
.lj)(YYl.riing to HaZllrdous Materials Incir/lm.ls, 2002 edition. 

NFPA491, GuidI! to Hazardous Uwmicrt/ RfYu:tioJ)s, 1997 edition. 

NFPA 701, StanrirlT(1 MI:t/wr!s ofFi", '/i,sts/in Flmne PmjJagatillU 
a/Textiles Ilnd Films, 2004 edition. 

NFPA 704, Standanj Sy.ltflitj(n the [dlmtilialtio1/. o/t/te /-/aZlI}"r/., 
o/Matl:riais/ir}" /~'nu:rfie)u)' l1eslJonsl', 200 I edition. 

NFPA 780, Standard fin the Installation Il {,ightning Protlirtion 
Systems, 2004 edition. 

NFPA 80 I, Standardj!),. Fim PmtcI:/ion ./i))" Flu:ilities I1mullinp: 
Radioactive Materials, 200;) edit jon. 

NFPA 156J, Strmria:rd on l~IIlI'~l!;enl)' Serutl:es hu:ir/lm.l JV/anllp;e
Jlliint System, 2002 edition. 

NFPA 1600, Standard on Di.I'(I.ltnjl\-lI/prgeru)' N/alwp:euwnt and 
Business Continuity Pmfim:ms, 2004 edition. 

NFPA 6n: Pmtection Guide to /-/aZ((rdm./.1 iV/aterial\, 200 I edition. 
NFPA Fin: I'mtection 1-landfJOoh, I CJt h edition, 200;). 

IntmliLu:lion to /"'mjJloyee Fin; and Lifi' Sajf:ty: f)evelo/Jin/!: II Pre-
j){lminess Plan, 2001 edition (for evacuation of all types of oc
cupancies) . 

G.1.2 Other Publications. The j()llowing publications are 
available from the addresses listed. 

G.1.2.1 AATCC Publication. American Association ofT'extile 
Chemists and Colorists, P.O. Box 886, Durham, NC 27701. 

AATCC Test Method 7ti-19CJ:5, nel:trirlll He.listivit)' o/Fa/nir.l, 
included in 1962 Technical Manual (ANSI/AATCC 76). 

G.1.2.2 ASHRAE Publications. American Society or I-Ic'lling, 
Refrigerating and Air Conditioning Engineers, Inc., 179] Tul
lie Circle, NE, Atlanta, GA ;)0329. 

ASI-mAE Guide (md Data Book (Annual). 
ASHRAE Handbook olFllnda))umta/s, 200 I. 
ASHRAl~' Handbook - !-lVAC;\jljJli((ltilms, 1982. 

ASHRAl~' Handbook - 1-/lIAC Aj)/Jli(.(llions, 198:). 
ASHRAF Handbook on HVAC Systems mul Fllililli/wnt, 19 t H) 

(Chap. 10, Steam Systems, 19c)6). 
ASHRAE Hillalbook - I-IVAC A/JjJ[imtiun.l, 1999 (Chap. 7, 

Health Care Facilities, 1995). 
ASHRAE Standard :52, i\!lethod ol 'f;,sting II il Cletl:nin/!: /)evia:s 

Used in General Ventilation/or HeutOving' j>artil.u.iate N/aller, 197h. 

G.1.2.3 ASME Publications. American Society of Mech.tnical 
Engineers, Three Park Avenue, New York, NY 100 I ()-:5c)c)O. 

ASME B 16.22, Wrought COjJfM{" Ilnd COjl/la Alloy Snldaloin.! 
PrrssuU! Filting, 200 I. 

ASME B 1650, Wmughl CO/JIm and (;oIJIJer AI/oy Hm.u joint 
Pressu.n: Fillinp,; 200 l. 

ASME Boill:r and Pressure li:ssel Corle, Section IX, Welding 
and Brazing Qualifications, 1998. 

G.1.2,4 ASTM Publications. American Society forTcsting and 
Materials, 100 Barr Harbor Drive, West Conshohucken, PA 
19428. 

ASTM D :5, Stmulrml '/I!st Mel/wiljir}" I'enelm.tion oj8itu'minous 
JVfaterials, 1997. 

ASTM D :56, St(mclrmi 'Ii:st Method/irr !'lash /Yoint b), 'Iil/!: Closed 
Tester (ANSI), 1998. 
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ASTM 0 l)2, StanrirlTli '/lest iVIet/wllfor Nash and Fire Points by 
Clemland O/Jcn Gu/) 71ester, 2002. 

ASTM 0 93, Stmu/arri '!I;st Methods ji)! Flash Point by Pensky
Ma'ltens Closed CIl/) '/lester (ANSI), 1999. 

ASTM 0 2240, Standard '/I;st Method jiJr Rubbe! Pro/Jert)' -
/}uro)neter Han/ness, 1997. 

ASTM 0 ~8(j3, Standard '!ii.lt Melhodjor Measuring the lVfini
mum Ox)'g<;n ConumtmlioT/. to SUjiporl Cmui/e-Lilw Combustion of 
Plastics, 2000. 

ASTM E 136, Slmulard '/{;st lV1elitodfor Behavior of MateriaL, in 
(l \lcrlim'! Tu.be Fu.rnace al 75{)OC, 2004. 

ASTM F 1288, Slmu/rLUi Cuiriejc)! Planningjcn and Re,ljHmriing 
to a Multij)le Ca.luall), Incident, 1990. (Committee F 30, 1990) 

ASTM G b3, Standan/ Ollirlejin' b)(l/uating Nonnwtallic Mllte
ria/sji)1 Oxygen .'lemire, 1998. 

ASTM G 88, Stmu/ald Guide .Ii)! Designing Systems jiJf' Oxygrm 
Semir:e, 1990, 

ASTM G 93, Slmularri /'metia;lor Cleaning [Vfethods and Clean
lines.1 Levels /i)/' J'v1aterial and Equifiment Used in Oxygen-/\'nricheri 
Fnvironnumts, 1996. 

ASTM G 94, Standard Ouide/or Evaluating l'vIetalsjin Oxygen 
Service, 1992. 

G.1.2.5 CGA Publications. Compressed Gas Association, Inc., 
4221 Walney Road, 5th Floor, Chantilly, VA 20151-2923. 

CGA E-I (), MainLrmanre of iVledieal Gas and Vru."tliUm Systems in 
l-jenUh Cnm Fru.ilities, 200 J . 

CGA G-8. I, Standard jirr Nitrous Oxide S),stems Ilt Consur)wr 
:-iites, I 990. 

CGA P-I, Saji; Hnndling o/Com/m:ssed Gases in Containers, 1991. 
eGA 1'-2, Ch.rl'f'{u:leri.llirs and Saji: Handling 0/ Medical Gases, 

1996. 
CGA VI , .Stmu/rlrriji)T Compressed Gas Cylinder \lnlve Outlet and 

Inlel Cml.nel.lions (ANSI 1357.1 ), 1994. 
eGA V-5, /Jinl!wler-!ndex Sajiely System (Nonintereh.angeabie Low 

PressLlIF Cml.nn:tioll.sjiJr Mediad Gas Aj)/)liwtions), 2000. 

G.1.2.6 JCAHO Publication. Joint Commission on the Accrtdi
tation or Healt.hcare Organizations, One Renaissance Blvd., Oak
bruokTerrace,ILbOI81. 

ComjJrehensive A ((mditation Man unl/ir/' H oSj)itals. 

/,'nllinmlnent 0/ Care, I;;me'genc)' /II/anagernent Standard.,· Guide 
10 Drnergeru.y Mana.gl!fluml Planning in Health CaTe. 

G.1.2.7 Ocean Systems, Inc., Research and Development Labo
ratory, Tarrytuwn, NY 10591. Work carried out under U.S. Of
fice ur Contract No. NOOO 14-67-A-021 4-00J 3. 

Ocean S),stems, Inc., ''Technical Memorandum UCRI-72I, 
Cham bel" Fin:: Sa tel)'." (Figure A3.:l.14.3 is adapted hum Fig
ure 4, "Technical Memorandulll UCRI-721, Chamber Fire 
Sakty," T. C. Schmidt, V. A 001'1', and R W. Hamilton,./r., Ocean 
Systems, Inc., Research and Development LaboratOlJ', TanJ'town, 
NY 10591. Work carried out under US Of:lice or Naval Research, 
Washington, DC, Contract No. NOOOI4-67-A-0214-00l3.) (G. A. 
Cook, R. E. Meierer, and B. M. Shields, "Screening of Flame
Resistant Materials and Comparison of Helium \vith Nitrogen for 
Use in Dividing Atmospheres." FirstslImmary report under O"lR 
Contract No. 00 14-6()"GO 149. Tonawanda, NY: Union Carbide, 
31 March 19m. DDC No. Acl-b51.583.) 

G.1.2.8 UNECE Publications. UNEconomic Com mission for 
Eurupe, Information Service, Palais des Nations, CH-1211 
Geneva 10, Switzerland. 

UN Hlxom:rnl!'l7.dations mi. the Tmnsj)()f't of Dangerous (;ooris, 
Model Hep,'ulations, II th, rev. eel. 

iV/IlY/.lud urnests and Criteria, 3rd rev. ed. 
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G.1.2.9 U.S. Government Publications. U.S. Government 
Printing Omce, Washington, DC 20402. 

Biological Threat Interrogatories, http://www.va.gov/ 
emshg/page.cfm?ID=BioThreatlnterr. 

Title 29, Code of Federal Regulations, Parl1910, Subpart 
1030, B/oorLhmne Pathogens. 

Title 29, Code of Federal Regulatjons, Part 910, Subpart 
191 0, OrcujJalional ExtJo.l'ums to Chemi{'(ll J Jlboralories. 

Title 49, Code of Federal Regulations, Parts 171 through 
190 (U.S. Dept. of Transportation, Specifications for Trans
portation of Explosives & Dangerous Articles). (In Canada, 
the regulations of the Board of Transport Commissioners, 
Union Station, Ottawa, Canada, apply.) 

Title 49, Code of Federal Regulations, Part 173, Shippers
General RequirFTnentsjirf'Shijiments and Plu:lwginp;s. 

Commercial Standard 223-.59, Casters, Wheels, and Glilies/i)r 
Hosjiitfll/<;quijmumt. 

EIl\~ronmental Protection Agency, Chemical Emergency 
Preparedness and Prevention, http://yosemite.epa.gov/ oswer/ 
ceppoweb.nsf/ content! 
h omelanclSecuri ty. h tIn ?Open Docull1en l. 

National Research Council Publication 1132, Diesel Hngines 
/rrf' Uw; with Cenlmltors to SU/Jfily /\m.r~v;enr:y and Short 7erm Hler:l'ric 
Power. (Also available as Order No. 0.]>.52870 from University 
Microfilms, P.O. Box 13bb, Ann Arbor, MI 48J06.) 

U.S. Department of Defense: 

U.s. Army Medical Research Institute of Chemical Defense 
(USAMRI CD), http://chemdef.apgea.army.mil/ . 

U.S. Arm)' Medical Research I nsti tu Ie of Infectious Diseases 
(USAMRIlD), http://www.lIsamriid.army.mil/general/ 
index.htm!. 

U.S. Ann)' Soldier and Biological Chemical Command (SB
CCOM), http://hld.sbccom.army.mil/ip/ detectors. 

U.S. Department of Health and Human Sel"Vices: 

Centers for Disease Control and Prevention: HHS Publica
tion No. 93-839!", Biosajiety in Nlicroliiologir:al and Biomedical 
Laboratories. 

Centers for Disease Control and Prevention, Public Health 
Preparedness and Response for Bioterrorism Program, http:/ / 
WWW.hLcdc.gov/planning/continuationguidance/index.asp. 

Health Resources and Services Administration, Hospital Biot
errorism Preparedness Program, www.hrsa.gov/bioterrorism. 

National Institute for Occupational Health and Safety, Per
sonal Protection Equipment., http://www.cdc.gov/niosh/ 
topics/ emres/ppe. h tml. 

Protecting Building Environments from Airborne Chemical, 
Biologic and Radiologic Agents (page 9). http://www.cdc.gov/ 
mmwr/PDF /wk/mm.5I 35.pdf. 

U.S. Department of' Homeland Securit)': 

Capahilit)' Assessment for Readiness, http://www.fema.gov/ 
pdt! rrr/ car. pdf'. 

Exercise Design Course, http://training.fema.gov/emiweb/ 
IS/is 120.asp. 

Federal Response Plan/National Response Plan/National 
Inciden t Management System, w\vw.fema.gov / rnr/ li"p. 

Guide jiJ! All-Hazard Eml;rgeuI:Y OjJemtions Planninp,', http:/ / 
www.fema.gov/pdf/rlT/slg 1 0 1. pdf. 

Metropolitan Medical Response S),stem, Resources, 
http:// mmrs.h hs.gov / main/Resources.aspx. 
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National Disaster Medical System, Conference Library, 
http:// ndms.dhhs.gov /NDMS%20Conference/ conf2k3/ 
previous_confe_03/previous_confe_03.html. 

Strategic National Stockpile, http://www.bt.cdc.gov/ 
stockpile/index.asp. 

U.S. Department of Justice, Office of Domestic Prepared
ness, Publications Library, http://www.ojp.usdoj.gov / odp/ 
library /bulletins.htm. 

U.S. Department of Labor, Occupational Health and Safety 
Administration, Washington, DC: 

Title 29, Code of Federal Regulations, Part 19] 0: 

Employee Protection Plans, 1910.38 
Hazardous MateriaLI 

Subpart H - Hazardous Materials (l91O.101-126), specifi
cally 1910.120 - Hazardous Waste OjJemtions and Emergency Re
sjJonse (HAZWOPER) and Appendices A-E. 

Subpart I - Personal Proteelive EquijJment (1910.132-139 and 
Appendix B), specifically: 

1910 .13 2, General Provisions 
1910.133, Eye and Face Protection 
1910.134, R.esjJiratory Protel:tion (and appendices A-D) 

1910.136, Occupational Foot Protection 
1910.138, Hand Protection 

Subpart Z - Toxic and Hazardous Substances (l91O.l 000-1 450 
and Appendix B), specifically 1910.1200 - Hazard Cmnmunica
tion (and Appendices A-E). 

Publication 3114, Hazardous Waste OjJl:mtions and Emergency 
R.esjJonse, http://www.osha.gov /Publications/OSHA3114/ 
osha3114.html. 

Publication 3]52, HmjJitals and Community Emergency Re
sponse - Wh.at YOu Need to Know, http://www.osha.gov/ 
Publications/OSHA3152/ osha3152.h tml. 

U.S. Department of Veterans Affairs, Veterans Health Admin
istration, http://www.va.gov/emshg/emp/emp.htm. Emer:.r;enIY 
Management Program Guidebook, Health Care Facility. 

C.L2.10 U.S. Pharmacopeia Publication. U.S. Pharma
copeia, 1260] Twinbrook Parkway, Rockville, MD 20852. 

USP Standard Jor Comjmssed Air, Document No. XXIII 
NFXVII. 

C.L2.11 Other Publications. 

DuPont Sa/ety News, June 14, 1965. 
Dasler and Bauer, Ind. Eng. Chern. Anal., Ed. 18,52 (1964). 
Hoeltge, G. A., Miller, A., Klein, B. R., Hamlin, W. B., Acci-

dentallires in clinicallabomtories. 

Merriam-Webster\- Collegiate lJictionary, 11 th edition, Merriam
Webster, Inc., Springfield, MA, 2003. 

C.2 Informational References. The follov.~ng documents or 
portions thereof are listed here as informational resources only. 
They are not a part of the requirements of this document. 

C.2.l Published Articles on Fire Involving Respiratory Therapy 
Equipment, and Related Incidents. 

Benson, D. M., and Wecht, C. H. Conflagration in an ambu
lance oxygen system. Journal o/Tmurna, vol. 15, no. 6:536-649, 
1975. 

Dillon,J.J. Cry fire! ResjJimtmy Care, vol. 21, no. 11:1139-1]40, 
1976. 

Gjerde, G. E., and Kraemer, R. An oxygen therapy fire. Res
piratory Care, vol. 25, no. 3 3:362-363, ] 980. 

Walter, C. W. Fire in an oxygen-powered respirator. jAivl!\ 
197:44-46,1960. 

Webre, D. E., Leon, R., and Larson, N.W. Case l-listOlY; Fire 
in a nebulizer. Anesthesia and Analgesia 52:843-848, 1973. 

G.2.2 References for A.IO.2.13.4.3. 

Dalziel, C. F., and Lee, W. R., Reevaluation of lethal, electric 
currents effect~ of electricity on man. Tml1sru:lions lin Inr!u .. Ilfy and 
GenemlAIJI)licatir)J1s, voI.IGA-4, no.:i, September/October 1968. 

Roy, O. A., Park, G. R., and Scott, J. R., lntracardiac cath
eter fibrillation thresholds as a function of cluratjon of 60 I-Iz 
current and electrode area. fEEI~' 71-ans. Bio/lltd. En,!!;. BME 
24:430-435, 1977. 

Roy, O. A., and Scott,.J. R., 60 Hz ventricular fibrillation 
and pump failure thresholds versus electrode area. Il,:m~' Tmns. 
Biomed. Eng. BME 23:45-48, 1976. 

Watson, A. B., Wright,.J. S., and Loughman, J, Electrical 
thresholds for ventriclllar fibrillation in man. MI'!l..f. Australia 
11179-1181, 1973. 

Weinberg, D.!., et ai., Electric shock hazards in cardiac 
catheterization. Ela:. Eng. 82:30-35, 1963. 

G.2.3 Addresses of Other Organizations that Publish Stan
dards or Guidelines. 

American Conference of Governmental and Industrial Hy
gienists, P.O. Box ]937, Cincinnati, OH 45201. 

American Industrial Hygiene Assoc., 475 Wolf Ledges Park
way, Akron, 01-1 44311. 

College of American Pathologists, 32:') Waukegan Road, 
Northfield, IL 60003. 

George Washington University, School of Engineering and 
Applied Sciences, Institute for Crisis, Disaster and Risk Manage
rnenL !VIalicill and Health Incident MaTUI[!!;/fient (mrt/-Ihn) ,\vs1em: A 
ComjJrehensive i'lJ,nctionai System DescrijJtion./o/" Mass Casurt!}ry MelLiml 
and Health. Incident Managl!YIumt, hup:/ /www.seas.gwll.edu/ 
-icdm/MaHIM%20V2%20tinal%20report%20sec%202.pcIL 

National Emergency Management Association, Conncil 
of State Governments Lexington KY Emerg·cncy Manage
ment Assistance C~lllpact: h~tp:/ /www~ernacweb.ol:g/ 
ernac/index.cfm?CFID=5327 &CFTOKEN=28 I 15803. 

Scientific Apparatus Makers Assoc., II () I I (jth Street, NW, 
Washington, DC 20036. 

University of Colorado, Natural Hazards and Information 
Applications Center, Disaster Research Clearinghouse, 
www.co10rado.edu/hazards. 

University of Delaware, Disaster Research Center, hUp:/ / 
www.udel.edu/DRC/. 

C.2.4 Addresses of Organizations and Agencies that Provide 
Health Care Emergency Preparedness Educational Materials. 

G.2.4.1 Publications. 

National Fire Protection Association, I g'lu.erymarch Park, 
Quinc)', MA 02] 69-7471. 

American Health Care Association, 1201 L Street, Washing
ton, DC 20005. 

American Hospital Associatjon, 840 North Lake Shore 
Drive, Chicago, IL 60611. 

American Medical Association, :,)15 N. State Street, Chi
cago, IL 60610. 

American Red Cross, National Headquarters, 2025 E 
Street, NW, Washington, DC 2000b. 
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American Nurses' Association, 8515 Georgia Avenue, Suite 
400, Silver Spring, MD 20910. 

American Red Cross: 

F<1Il1ily Disaster Planning http://www.re(lcross.org/sel.\~ces/ 
c1isasler/beprepared/ fiunilyplan. html Disaster Preparedness li)r 
People wit.h Disabilities hnp:/ /www.redcross.org/sen~ces/ 
disaster/heprep<lrecl/ disabili ty. h tml 

Associat.ion of American Railroads, 50 F Street, Washing
ton, DC 20()OI-I.'J64. 

Charles C. Thomas Publisher, 2600 South First Street, 
Springheld, IL 62704. 

Dun-Dollnelley Publishing Corp., 666 Fifth Avenue, New 
York, NY 10019. 

Federal Emergency ManagementAgency, 500 C Street, SW, 
W<lshingtoll, DC 20412. 

Florida Health Care Association, 307 W. Park Avenue, P.O. 
Box 1459, Tallahassee, FL :1230 I. 

Helicopter Association International, 1635 Prince St.reet, 
Alexandria, VA 22314-2818. 

Hospital Emergency Incident Command System, State of 
Cali/(m1ia ElIlergency Medical Services Authority, 1930 9th 
Street, Sacramento, CA 95814. http://ww\v.emsa.ca.gov / dms2/ 
heics:).htln 

International Association of Fire Chief';, 4025 Fair Ridge 
Drive, Suite :100, FairElx, VA 22033-2868. 

.Joint Commission on Accreditation of Healthcare Organi
'.ations (JCAHO), One Rel1<lissance Blvd., Oakbrook Terrace, 
IL b0181. 

National Interagency Incident Management System, Incident 
COllllll<lnd Systern, National Interagency Fire Coordination Cen
ter, Boise, ID. http://www.nwcg.gov/pl1ls/forms/ics_cours/ics_ 
cou rses. h un 

Pan American Health Organization, 525 23rd Street, NW, 
Washington, DC ~OO:)7 (Attn.: Editor, Disaster Preparedness 
in the Americas). 

SlancLlr(\ized Emergency Managemem System, State of 
Cali((,rnia Govertlor's Office of Emergency Services, 3b50 
Schreiber Avenue, M'lther, CA 95655. http://www.oes.ca.gov/ 
Opera tiona 1/ 0 ES [lome .nsl/ Con ten t/ 
B49435352I 0895448825()C2A007] E038?OpenDocumen t 
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Universitv of Delaware, Disaster Research Center (PlIblica
tions), New<{rk, DE 19716. 

U.S. Department of Transportation (available from U.S. 
Government Printing OUice, Washington, DC 20402). 

G.2.4.2 Audio-Visual Materials. Many of the web links listed in 
G.2.4.1 contain PowerPoint presentations and/or streaming 
video. 

National Fire Protection Association, I Bauerymarch Park, 
Quincy, MA021b9-7471. 

Abbott Laboratories, Audio/Visual Sel-vices, 565 Fifth Av
enue, New York, NY 10017. 

Brose Productions, [ne., IOS50 Riverside Drive, N. Holly
wood, CA 91602. 

Federal Emergency Management Agency, Office of Public 
Affairs, Washington, DC ~0472. 

Fire Prevention Through Films, I ne., P.O. Box I I, Newton 
Highlands, MA 021 61. 

General Sel-vices Administration, National Audiovisual 
Center, Reference Section, Washington, DC 20409. 

Helicopter Association International, j 635 Prince Street, 
Alexandria, VA 22314-2818. 

Pyramid, P.O. Box 1048, Santa Monica, CA 90406. 

University of Illinois Medical Center, Circle Campus, Chi
cago, IL 60612. 

G.3 References for Extracts. The following documents are 
listed here to provide reference information, including title 
and edition, for extracts given throughout the nonmandatory 
sections of this standard as indicated by a reference in brackets 
[ 1 following a section or paragraph. These documents are not 
a part of the requirements of this clocllmentunless also listed 
in Chapter 2 for other reasons. 

NFPA 30, Nmn'lfI.aiJle and CornJmstihif; Liquids Corle, 2003 edit jon. 
NFPA 45, Siandani on Fin; Pmter:tion FiT IJI/Jrrmtories Using 

Chemiwls, 2004 edition. 
NFPA 70, National Eleri'rir:al Corie@, 2002 edition. 

NFPA 99B, Standard/or Hyj)o/Jarir: Fru:ilities, 2002 edition. 
NFPA ]()J@, Liji; SaJi;t) Corle®, 200:1 edition. 

NFPA 1670, Stmulanl on OjJerations and Tminin{!;jiJI' Technical 
Sean:h and Rescue hu:irienls, 2004 eclitjon. 
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-A-
Absolute atmosphere (definition) ....... 3.3.14.2 
Absolute pressure (defmition) ... . ............ 3.3.148.1 
ACFM (actual cubic feet per minute)(definition) .. 3.3.1 
Active electrode. ..... .... . .. . . see Electrode, active 
Adapters. . ..... 8.4.1.2.5, 8.5.2.1.7, A.8.4.1.2.5(2) 
Adiabatic heating ................... C.20.1.2.4.1, C.20.1.3.4.4 

Definition.......................... .. ............... 3.3.2 
Aerosols.. .. 9.6.1.2.[, 13.4.1.2.2.3,A.13.4.1.2.2.3, C.13.1.3.2 

Definition .. ... ......... ..... .. ..... .. ..... 3.3.3 
Aftercoolers 
Air 

.......... 5.1.3.5.5, 5.1.3.5.11.3, 5.1.3.5.1I.8 

Compressors ....... . see also Compressed air system (Level 3); 
Medical air compressors 

Compressed air starting devices 
Hyperbaric chambers ..... 

Medical 
Monitoring, hyperbaric cham her 
Recirculation of 

..................... 4.4.1.1.14 
.. ................. 20.2.4.2 

.. see Medical air 
.... 20.2.8.6, A.20.2.8.6 
..................... 6.3 

Air conditioners, anesthetizing locations .... 6.4.1..5, E.3.4, E.3 .. 5 
.. .. C.13.4.3 Air supply, closing off ............. . 

Alarm systems 
Annunciat.or, remote ................ 4.4.1.1.17 
Area ..................... 5.1.9, 5.1.12.3.5.3,5.1.14.8.3, A.5.1.9, 

c.,). 1.3, C.5.2.9 to C.5.2.13, C.5.2.15, C.5.2.16 
Definition .................................. 3.3.4.1 

Changeover signals ........ 5.1.9.2.4, C.5.1.3, C.5.2.10, C.5.2.13 
Essential electrical systems 4.4.2.2.2.2(3),4.5.2.2.2(3) 
Generator sets ............... .. ......... 4.4.1.1.16.1 
Hyperbaric chambers .................... 20.2.5.1.4, 20.2.5.4, 

20.2.7.3.1 6, A.20.2.5.1.4, A.20.2.5.4.2, A.20.2.7.3.16.1 
Labeling 
Laboratories .. 
Level 1 . 

.................................... 5.1.11.4 
. 11..5.2 

............ 5.1.3.4.8,5.1.9, A.5.1.9, C.5.1.3, 
C.5.2.9 to C,5.2.13, C.5.2.15, C.5.2.16; see also subheads: 
Area, Master 

Instrument air 
Labeling 
Maintenance ... 

....... 5.1.3.8.10 
... 5.1.11.4 

.. .. 9.8.8 
Medical air compressors .. 5.1.3.5.10, 5.1.3.5.14, A.5.1.3.5.10 
Medical-surgical vacuum system... 5.1.3.6.4,5.1.3.6.8 
Support gases ........ 5.1.14.8 
Tests ........ 5.1.1 2.3.5 
Waste anesthetic gas disposal (WAGD) ... 5.1.3.7.4 

Level 2 ...... 5.2.9 
Level 3 .. 

Definition. 
Tests 

Local. 

............ . ..... 5.3.9 

.............. ... 3.3.4.2 

.. .......... .. ... ... 5.3.12.3.4, 5.3.13.7.5 
.. ................ 5.1.3.4.8, 5.1.3.5.10, 5.1.3.5.14, 

5.1.3.6.4, .'>.1.9.1, 5.1.9.5, .'>.1.14.8.3, A..5.l.3.5.10, 
A.5.1.95 

Definition ..... 3.3.4.3 
Master ................................. 5.1.9, 5.1.12.3.5.2, 5.1.14.8.2, 

A..5.1.9, C.5.1.3, C.5.2.9 to C5.2.13, C.5.2.15, C.5.2.16 
Computer systems as substitutes for ..... 5.1.9.4 
Definition .... ... .. .. ... ... .. .......... ... 3.3.4.4 

Medical air compressors 
Medical-surgical vacuum system 
Remote control 
Silencing means 

.. 5.1.3.5. I 4, A.5.1.3.5. I () 
.................. 5.1.3.6.8 

...................... 4.4.1.1.17 
..... 4.4.1.1.17.2,4.4.1.1.17.3 

Alternate power sources ....... 4.4.1.1.4 to 4.4.1.1.6, 4.6.3.1.1; see also 
Generator sets 

Connection to ......... . . ...... 4.4.2.2.<>.2 
Definition ........... . .. ........... 3.3.5 
Maintenance and testing of . ... 4.4.4.1.1, 4.5.4.1.1, 

4.6.4.1.1, A.4.4.4.1.1.2(A) 
Transfer to .. ... ..... .. ..... .. .............. see Transfer switches 

Ambient atmosphere (definition) ....................... 3.3. 14. I 
Ambient pressure (definition).. ............... .. ...... 3.3.148.2 
Ambulatory health care centers .. . see also Other health care (~lCilities 

Definition ... 3.3.6 
High-frequency electricity, use of .. . ........... D. 1.2 

Ampacity (definition) .. . ............ 3.3.7 
Analgesia, relative (definition) .. . ......... 3.3. 158 
Anesthetic apparatus ......... 9..5.1, A.9.5.1.l, A.9.5.1.2, A.95.1.4 

Contamination .. C.13.2.5.2.1 
Selection of . C.13.2.2 
Testing .... . .......... 9.5.1.3 

Anesthetics .. . .. see aLm Inhalation anest.hetics, use of; specijic gases 
Definition 
Flammable 

.............. . ............ 3.3.8 
.. 5.1.13.1.1, 5.3.13.5.1, C.13.1.3.1 

Waste .. 6.4.1.6; see also Waste anesthetic gas disposal (WAGD) 
systems 

Anesthetizing locations 13.4. I, A. 13.4.1; see rdl'() Hospitals; 
In halation anesthetics 

Definit.ion .......... . .. 3.3.9, A.:D.!.) 
Designation of 13.25 
Electrical equipment ... 8.4.1.2.4, 10.2.7.3, A.8.4.1.2.4.2, 

C.13.4.4.1 to C.13.4.4.3, E.8.2 
Electrical receptacles............. . .... 13.4.1.2Ji.3 
Electrical safeguards .... 13.4.1.2.4, A. I 3.4.1.2.4 
Electrical systems ............ 13.4.1.2.6 
Electric connections and testing 13.4. I .2.5 
Electrostatic hazards.. .. ........ C.13.1.3.3.2, C.13.1.3.:~.3 
Emergency procedures .. .. C. I 3.2, C. I ,\.4 
Extinguishment or containment of fIres ........ C.I ,\.4.4 
Fire and explosion hazard ... B.6.1, C. I ,\.4 
Fire prevention 1'\.4.1.2.10 
Flammable ... . .see Flammable anesthetizing locations 
Gases .... 13.4.1.2.7; see aLw Waste anesthetic gas disposal (WAGO) 

systems 
Germicides .............. . 
Hazards ... 

Nature of .. 
Related, and safeguards 

13.4. 1.2.2, A. I 3.4.1.2.2.3 
.. 13.4.1. 1.3, 13.4.1.2. I n. I, A. 13.4. I. 1.3 

.............. .. ......... C.13.1 
... C.I,\.2 

Humidification ............. . .. .... 6.4.1.1, A.6.4.1. I 
Mixed facilities .. . .......... . see Mixed Llcilities 
Other health care facilities .. .. ......... 14.4.1 
Rules and regulations ...................... 13.4. I .1. 4. A.13.4. I. 1.4.2, 

C.13.1.5.3, C.13.3, C.14.2, E.6.6.9.3 
Safety.......... 13.4.1.1.3, A.13.4.1.1.3. B.6.3 
Signs and posters. . C. 13.:1 
Sources of ignition .... C.13. I .3.3 
Switches .............. .. .............. 13.4.1.2.6 
Temperat.ure .... . 6.4.15, A.20.2.4.3.2, E.3.5.4 
Ventilation..... ........ .... .. ....... 6.4.1, 6.6.1, A. 6.4. 1.1 
Wiring.. .. 4.3.2.2.5. I, 14.3.4.2.1.1 

Animal chambers.. .. 20.1.5.2(3), 20.2.2.3, A.20.1.5.2 
Anoxia (definition) .. ...3.3. LO 
Antistatic 

Accessories 
Definition 

... E.6.6.8.6, E.6.6. I 0.7, E.6.6. 10.8 
.. E.1.1 
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Apparatus 
Appliances 

Battery-p(lWered 
Definition 
DOllble-inslllated 

.... seeAnesthet.ic apparatus; Equipment 
...... . see aLWI Electrical equipment; Equipment 

.. 10.2.10.1, 10.2.10.2, 20.2.7.3.17.5 
..... 3.3.11 

.... R4.1.2.1.2, E.4.5.2.2 
Definition. 

H()lIsekeeping/maintenance, ElCility-owned 
85.2.1.2.2 Ex. 2 

... 3.3.36, A3.3.36 
. .. 8.4.2.2.1, 

Mechanical stability ............... . 
With power-cords 
Prog-rarnlnable~ de-energization of 
Rechargeable 
Wiring within 

Application of standard 
Applicator (definition) 
Approved (definition) .. 
Area of administration (definition) 

...... 10.2.1.2 
. ... 10.2.2, A.1O.2.2 

............ . ... 10.2.6.5.3 
.............. 10.2.10.2 

.. 10.2.3, AIO.2.3.2, A.I 0.2.3.6 
........................ 1.3 

.. 3.3.12, A3.3.12 
.... 3.2.1, A3.2.1 

.. 3.3.13 
Arrhythmia (definition) .............. . .. C.9.2.1 

.. C.9.2.2 
....... C.9.2.3 

Asphyxia (definition) 
Aspiration (definition) 
Atmosphere 

Absolute (definition) 
Ambient (definition) .. 
Chamber (definition) ............. . 
Definition 
or increased burning rate (definition) 

A.3.3.14.3, Fig. A.3.3.14.3 

... 3.3.14.2 
.3.3.14.1 
. 3.3.14.4 

..... 3.3.14, A3.3.14 
........... 3.3.14.3, 

Oxygen-enriched ......... . see Oxygen-enriched atmosphere 
Attachment plugs ....... see Plugs (attachment plugs, caps) 
Authority having jurisdiction 

Definition ..................... 3.2.2, A3.22 
Ell1ergency planning responsibilities .. 12.2.1, 12.3.1, 

12.:1.2, AI2.2.1, AI2.3.1, A.12.3.2 
Automatic (definition) ............. . ....... 3.3.15 

... 11.2.1.1.3, A 1 1.2.1.l.3 Automatic monitoring dev.ices 

-B-
Batteries .. . ...................................... 4.4.1.2 

Cran king ........... 4.4.1.1.13 
Maintenance ...... .. .. ... .. 4.4.4.1.3, 4.5.4.1.3, 4.6.4.1.3 
Perfornl<tnce criteria <lnd lesting ................. 4.6.3.3 
Type 3 systems.. . ... 4.6.1.2, 4.6.33 

Battery-powered appliances ........... see Appliances, battery-powered 
Battery systems, fire extinguishing ......... 20.2.5.43 
Bends (definition) ... ................... .. .... 3.3.16,A.3.3.15; 

see also Decom pression sickness 
Bilge, hyperbaric facilities . ........... 20.2.2.43 

..... 6.4.3.I,A6.4.3.1 
. Chap. 21 

.... ,see Footwear, conductive 

Biological safety cabinets .. 
Birthing centers 
Booties 
Branch circuits 

Definition 
Patient care areas 

...... 3.3.17 
...... 4.3.2.2.1.1, A4.3.2.2.U 

Branch (lateral) lines, piping 
Definition ....................... 3.3.145.1 

.... 5.1.10.10.6, 5.3.10.10.9 
'" 5.1.1 0.5, 5.1.1 0.1 0.12, 5.3.1 0.10.1.3, 

5.3.10.10.15, A.5.1 0.5.5 

TakeolIs 
Brazing. 

Breathing apparatus 
Hyperbaric chambers ..... 20.2.4.1.3, 20.2.4.5.3, A.20.2.4.5.3 
Selkontained breathing apparatus (SCBA), 

labora tory use. . . A.ll.5 
Bronchi (definition) ... C.9.2.4 
Bulk systems ................ 5.1.3.5.1(1),A.5.1.3.3 

Cryogenic liquids .................. .. .5.1.3.4.13, .5.1.9.2.4, 9.8.2, 
9.tl.3, ;\,5.1.3.1.13, C.5.2.4, C.5.2.13 

DeJinition 
Nitrous oxide (definition) 
Oxygen (definition) . 

Burns 
Direct current 
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........ 3.3.19 
........ 3.3.19.1 

.. .... 3.3.19.2 

................................ D.3.7 

From electrosurgery 
Operator burns D.7.5.2 
Patient burns .................. D.7.5.1 

Heated surfaces and. B.5.3.1 
High-frequency. .. ...... B.5.3.2, C.13.1.2.1, D.3.3 
Human tissue, burning of .. B.5.3, C.20.1.1.3.3 
Nonionizing radiation ........................ D.3.8 

Bypass-isolation switch ...................... see Isolation switch, bypass 

Cannula, nasal (definition) . 
Carbon dioxide 

-c-
.. ............................ 3.3.114 

Designation colors/operating pressures Table 5.1.11 
... 20.2.8.5 Monitoring 

Poisoning .. 
Supply systems. 

Cardiac defibrillators 
Cardiac electrode 
Cardiac monitors 
Cart-mounted equipment . 
Carts, for cylinders 
Casters .... 
Catheters 

Angiographic 
Cardiac ... 
Liquid-tilled .. 
Nasal (definition) 

Central supply system, Level 1 

.. ..................... C.20.l.3.3.1 
.. .... 5.1.3.3.1.8, 5.1.3.4.2, A.5.1.3.4.2 

............. see Defibrillators 
10.2.12.1, A.I 0.2.12.1.2 

10.2.11, AIO.2.11 
. ........ 10.2.3.8 

................ 9.5.3.1 
9.5.2.1, 20.3.6.2.2.2, 20.3.6.2.2.3 

10.2.12.3, AIO.2.12.3 
10.2.12.2.1 to 10.2.12.2.3, A.IO.2.12.2.1 

.. .............. IO.2.12.2,AlO.2.12.2.1 
.. 3.3.117 

Comp')I1ents . . ... 5.1 .3.4, A5.1.3A, C.5.2.1 to C.5.2A 
Headers ... 5.1.3.4.9, A5.1.3.4.9 
Identification and labeling 
Locations 

.... 5.1.3.1, A.5.1.3.1.1 
.. 5.1.3.3, A5.1.3.3 

Maintenance and record keeping .. ............... .. .. 9.8.4 
Operations ........................ . .. ................... 5.1.3.2 
Reserves 

Bulk cryogenic liquid systems .......... 5.1.3.1.13.6 
In-building emergency reserves '" ............... 5.1.3.1.15 
Warning signab ............... .. .......... 5.1.9.2.4, C.5.1.4, 

C.5.1.5, C.5.2.11, C.5.2.12, C.5.2.13 
Central supply system, Level 2 
Chamber atmosphere (definition) 
Chassis 

. 5.2.3.1 to ,~.2.3.4 
....................... 3.3.14.4 

Leakage curren t ............ . 
Leakage limits 
Resistance 

Chemicals 

" 8.4.1.3.4, 8.4.1.3.5, A8.4.1.3.5.1 
.... 10.2.13.4.3, A.I 0.2.13.4.3 

.. ............... 10.2.13.2 

Ordering .......................... . 
... see also Hazardous chemicals 

...... 11.2.1.1.4 
... 11.2.1.3.3, 13.4.1.2.1O.3(B) 

........... C.13.l.3.1.2 
.. 4.4.4.1.2.1, AA.4A.1 .2.1 

Spills, emergency procedures 
Chloroform 
Circuit breakers 
Circuits 

Branch ....... . ..................... see Branch circuits 
.... 4.1.4.1.2, 4.5.4.1.2, Maintenance and testing of 

4.6.4.1.2, A4.4.4.1.2.1 
Patient-connected ............ 10.2.1.1 
Restoration of ........................................... 4.4.1.1.1.2(2) 

Cleaning 
Decontamination .. 
Hyperbaric facilities 
Mechanical cleansing ... 
Routine, reusable items 
Sterilization 

Clinics 
Clothing 

.. C.13.2.5 
.................... 20.3.6.4, A20.3.6.4 

.. ....... C.13.2.5.1 
......... C.13.2.5 

............. C.13.2.5.1 
.......... see Other health care facilities 

Antistatic ............. E.6.6.8.8.l 
Fires/ignition of . 11.2.I..'lA, A.11.2.1.3.4, C.20. I. 1.3.4 
Flammable anesthetizing locations .... C.13.1.5.2, 

E.6.6.10.4 to E.6.6.1O.6, E.8.3 
In hyperbaric chambers 

Coagulation .. 
Code (definition) ... 

.. 20.3.1.5.5.1 
. ..... see Electrocoagulation 

. ... 3.2.3, A3.2.3 
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Cold room (definition) ...... 'Ul.20; .Iee ailD Refrigerating equipment 
Combustibility 

Human tissues. .............................. ... C.20.J.1.3.3 
Plastics . ..... .. ..... .. ... GI3.2.4.1.I 

Combustible (definition) ................. .. .... 3.3.21 
Combustible liquids ...... see Flammable and combustible liquids 
Combustible materials .. . .............. see also Fire hazard 

Fabrics ..................................... G20.1.1.3.4 
Near patients who are to receive respiratory therapy ....... B.6.1.9 
Oxygen-enriched atmospheres ... B.6.1.7, B.6.1.S 

Combustion (definition) . ..... .. ....... . .. 3.3.23, A.3.3.23 
Combustion products 

Definition .... .. ............ .. .... 3.3.24 
Toxicity ........ .. .... B.4.2 

Communication systems ...... see ([l>GAlarm systems 
Anesthetizing locations ..... £.6.6.6 
Circuits, mechanical protect.ion of . 4.4.2.2.4.6 
Emergency systems .. 4.4.2.2.2, 4.5.2.2.2(4), 

A.4.4.2.2.2.2 (4), A.4.4.2.2.2 .3, A.4.5.2.2.2 (4) 
Hyperbaric facilities ....... 20.2.S, A.20.2.S.2, A.20.2.S.6, A.20.2.S.7 

Compressed air starting devices ... .. ..... .. ..... . 4.4.1.1.14 
Compressed air system (Level 3) ... 5.:1.3.:1.2.2,5.3.3.:1.7,5.:1.:1.5.:1; see 

([LID Instrument air; Medical air compressors 
Definition ..... 3.:1.93, A.3.3.93 

Conductive (definition) ............................................. E.1.2 
Conductive accessories ....... ... .. .. . 20.3.6.2.3, A.20.:I.6.2.3, 

GI3.1.5.1, E.6.6.S.'1, E.6.6.S.4, £.6.6.13 
Disposable and nondistensible ............................ G.1 3.2.4.1 

Conductive flooring 
Anesthetizing locations ................. GI3.1.4.1.1, E.6.6.1.3, 

E.6.6.S.2, E.6.6.10, E.6.6.12, E.6.7.'1, £.S.3 
Hyperbaric Ltcilities .......................... 20.3.6.2.1, A.20.3.6.2.1 

Conductive footwear ........ see Footwear, conductive 
Conductive surfaces, exposed ...... see Exposed conductive surfaces 
Conductors 

Isolated ungrounded systems.. ..... .. ....... .. 4.3.2.6.4 
Isolation of neutral ........ 4.4.2.1.4.14, A.4.4.2.1.4.14 

Connections, valves for future .... 5.1.4.10 
Connectors, flexible ................ 5.1.10.10.7, 5.3.3.4.3, 5.3.10.IO.ll 
Construction 

Central supply systems and storage, gas ...... 5.1.3.3.2, A.5.1.'1.'1.2 
Hyperbaric facilities ........................... 20.2, A.20.2 
Laboratories 11.3.1, 1l.5.1, A.l1.'1.1, A.I1.5.1 

Containers .... ..... ..... .. ..... . .... see also Cylinders 
Connections .......................... 5.3.13.2,9.7.3, A.9.7.3.1 
Definition ........ .. .......... .. ................ '" 3.3.25 
Flammable and combustible liquids .11.7.2.1,A.lI.7.2.1 
Handling ............................ 5.1.3.2.2, 9.5.2.3, B.6.3 
Labeling' ... 5.1.3.1.1 to 5.1.3.1.7, 5.:1.3.1.1 to 5.3.3.1.4, A.5. 1.3. 1.1 
Management..... ...................... 11.10.1 
Safety mechanisms ..... 9.7.4 
Source......... .. .......... .. ............ ... .. ...... 9.3 
Storage .. 5.3.13.4, 9.4, 9.6.2, 9.7.5, 11.1 0.2, A.ll.l0.2.6 

Controls, electrical equipment ...... S5.2.1.6, 20.2.S.1.3(l), E.4.3 
Cooling, essential electrical system generator sets .......... 4.4.1.1.12 
Cords ... ... .. .. ... . . see Power cords 
Cover plates ................... 4.4.2.2.4.2 (B), 4.5.2.2.4.2, 

AAA.2.2.4.2(B), A.45.2.2.4.2 
CPAP (continuous positive airway pressure) (definition) ..... C.9.2.5 
CPR (cardiopulmonary resuscitation)(definition) ..... G9.2.6 
Cranking batteries .......... . see Batteries, cranking 
Critical branch ........ 4.3.2.2.1.2, 4.4.1.1.3, 4.4.2.2.1 .1, 

4.4.2.2.2.3,20.2.5.4.3,20.2.7.2.2, A.4.4.2.2.2.3 
Definition ...... 3.3.26 

Critical care areas. 13.2.4(2),14.3.4.2.2; see also Patient care areas 
Definition ........ ............ . 3.3.13S.1, A.3.3.13S.1 
Electrical appliances, testing of ........................... 8.5.2.1.2.2 
Electrical installation ......................... 4.3.2.2.1.2 
Generator load shed circuits ...................... 4.4.1.1.3 

Critical equipment (definition) ............... 3.3.28 
Critical system... . ........................... 4.5.2.2.3, A.4.5.2.2.3.4 

Definition .. .. ... .. ..... ..... .. .. .. ... 3.'1.29 

Cross-connection test.. . 5.1.12.2.4, 5.1.12.3.3, 5.3.12.25, 
5.3.12.3.3, 5.:1.12.4.4, B.2.3.2 

Croup tent (definition) ..... G9.2.7 
Cryogenic liquids ....... 5.1.'1.2.9,5.1.3.2.10, 

5.1.3.3.1.1, 5.1.3.3.1.2 (3), 5. 1.3.4( 3) 
Bulk systems ........................... 5.1.3.4.13, 5.1.9.2.4, 9.8.2, 

9.S.3, A.5.1.3A.13, C5.2.4, C.5.2.13 
Manifolds, cylinder ... 5.1.3.4.12, Fig. A.5.I.3.4. 12, C.5.2.2, C.5.2.3 

Cutting ................................. .. ........ see Elecl.rocutl,ing 
Cyanosis (definition) ............... ...... C.9.2.8 
Cylinders 

Connections. . 5.3.3.4.1, 5.:1.13.2, ().3.3 to 9.3.5, 
9.3.10,9.3.11,9.7.3, A,9.7.3.1 

Definition ...... .. .. ... .. ..... 3.3.30 
Handling ........ 5.1.3.2.2, 5.1.3.2.7, .5.1.3.2.8, 5.1.3.2.10 to 5.'1.2.12, 

5.1.3.3.1.7,5.3.3.2.7 to .5.3.3.2.11,9.5.2.3,9.7, A,9.7.3.1, 
B.2.1, B.2.3.2, B.6.1.14, B.6.3, C.13.1.2.3.1 

Headers ............ . 5.1.3.4.9, A,5.1.3.4.9 
Labeling.. .. 5.1.3.1.1 to 5.1.3.1. 7, 5.3.3.1.1 to 5.3.~~.1.4 
Management .......... 5.3.3.2, .5.:1.3.3.1,5.3.13.1, 5.~~.13.2, 

5.3.13.4,9.7, 11.10.1, A.5.:I.3.2, A.9.7.3.1 
Manifolds for ............................................ . SCii Mani/,)lcls 
Regulators.. . ... C).3.6 1o LJ.3.S 
Reserves ...... .. 5.1.9.2.4, 5.3.3.5.8, A,5.3.3.5.S, C.5.1.4, 

G5.1.5, C.5.2.11, C.5.2.12, C.5.2.13 
Safety mechanisms .... 9.7.4 

............... 9.3 
... 5.1.3.2.3 to 5.1.3.2.7, 5.1.3.2.10 to 5.3.2.1 13, 

5.1.3.3.1.7, 5.1.3.3.4, 5.3.3.2.2 to 5.3.3.2.12, 5.'>.3.:'1.1, 

Source ............ . 
Storage 

5.3.13.4, 9.4, 9.6.2, 9.75, 11.10, A.II.I 0.2.6 
Supply systems .... 5.1.3.5.1 (1),5.3.3.4.4, 5.3.3.4.5, A.5.3.3.4.4 

Gas supply, shutting otf ... 5.3.13.5.4 
Trallsfilling ........... 9.6.2.2 
Typical medical gas cylinders volume 

and weight of contents .. .... Table G13.5 

Decompression sickness 
Definition 

-D-
.......... G20.1.3.2, C.20.1.3.4 

..... 3.cUI 
Decontamination...... . ... CI3.2.5 
Defatting agents .......... 0.3.5.5 
Defibrillate (definition) ......... C9.2.9 
Defibrillators. .. .................... 8.5.2.4.6, 10.2.9.2.2.6, 

A.S.5.2.4.6, A.I 0.2.9.2.2.6, B.2.1, IHi.I.14(4) 
Definitions .............. Chap. 3, C.9.2, E.I 
Delayed-automatic connection, equipment for. . .... 4.4.2.2.3.4, 

4.4.2.2.3.5,4.5.2.2.3.3,4.5.2.2.3.4, A.4.4.2.2.3.4, 
A.4.4.2.2.3.5, A.4.5.2.2.3.4 

Delivery rooms, ventilation .. £.3.5.2 
Deluge systems.. . ................ 20.2.5.2, A.20.2.5.2.4, A.20.2.5.2.6 
Dental office ... ". .. ......... .. see Medical/ dental office 
Desiccation.. .. .......... D.6.3 
Detonation (definition) .. . ........... 3.3.32 
Diathermy 

Dielectric or spaced-plate 
Equipment, radiation 
Hazards 
Inductive 

0.2.1.4.2 
..... D.2.2.5.2 

.......... D.3.3.2 
. D.2.1.4.3 

Microwave.. .............. .. ........ D.2.1.5 
Radio-frequency . 0.2.1.4, 1).:\.3.2 
Ultrasonic........ . 0.2.1.6 

Dielectric or spaced-plate diathermy .......................... D.2.I.4.2 
Diffusion (definition) ............ . 
Direct-current burns .. 
Direct electrical pathway to heart 

'" C9.2.1 0 
............ 0.'1.7 

Definition........ .3.3.'13, A.:\.3.33 
ManuElcturers' requirements. 10.2.12, A.I 0.2.12 
Protection of patients ........................................ 8.5.2.1.5 

Disasters ... . ...................... see aLw Enlcrgcncy Illanagenlcnt 
Bomb threats .......................... .. ....... C.12.3.8 
Causes .. .... A.:>.:1.34 
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Civil disturbance 
OeJinition . 
Fire/explosion 
Hazardous materials. 
Radioactive contalnination 

... C.12.3.7 
. 3.3.34, A3.3.34 

............. C.12.3.1 
. C.12.3.10 

.... C.12.3.9 
Starnl, severe ...................... C.12.3.2 
Volcanic eruptions ........... C.12.3.11 
Weapons of mass destruction ... C.12.3.12 

Disinfecting agents .... 13.4.1.2.2, A.13.4.1.2.2.3 
Dispersive cable monitoring circuits ................... 0.3.3.1.4 
Dispersive electrode ................ 0.3.3.1.1 

DeJinition ... . ..................... 3.3.38.3, A3.3.38.3 
Low-frequency shocks. . ................... D.3.4 

Disposable supplies. ............ . C.13.2.4 
D,I,S,S, connector (definition) ..................... . .... 3.3.35 
Distinctive receptacles ... , ...... ,. 10.2.4,2, Al 0.2.4.2 
Documentation 

Electrical equipment, records of.... , .. 8,5.3, A.8.5.3.1,2 
Gas systems, records of ..... 5.3,13.7, 9.8,A9.8.7(3),A9.8.9 
Maintenance logs .see Maintenance logs 
Of tests ............... .., 4,3.4.2, 4.4.4.2, 4.5.4.2, 4.6.4.2, 

8.5.3.1 .2, A4.3.4,2, 1, A.8,5.3.1.2 
Vacuum systems, records of ....... 5.3.13.7,9.8, A9.8.7(3), A9,8,9 

Double-insulated appliances..... . .. 8.4.1.2.1.2, E.4.5.2.2 
Definition. .. ......... 3.3.36, A3.3.36 

Drains, Level 3 vacuum source .... 5.3.3.6.3, A5.3.3.6.3 
Drills 

Emergency preparedness 12.3.3.10, AI2.3.3.10 
Fire exit ............. 11.2.1.4.3, 13.4.1.2.10.4(C), AI 1.2.1.4.3 
Fire training ............. .20.3.1.4.5, A20.3.1.4.5 

Ducts, flammable anesthetizing locations. . ........... E.3.3 

-E-
EKG, ECG (definition) ... .. .................................. C.9.2.11 
Electrical attachment plugs ........ see Plugs (attachment plugs, caps) 
Electrical currents ..................... see Electrical systems 
Electrical energy-delivering appliances ............. 8.5.2.1.8, 10.2.9.2, 

A8.5.2.1.8, A.I 0.2.9.2.1, A.l 0.2.9.2.2 
Safety requirements ....................... 10.2.9.2.1, AJO.2.9.2.1 

Electrical equipment ................................... .. ....... Chap. 8 
Administration . .. .. ..... .... ... ..... ... .. .. 8.5, A8.5 
Anesthetizing locations .. 8.4.1.2.4, 9.6.1.3.2, 13.4.1.2.4, 

A.8,4.1.2.4.2, A.13.4.1.2.4, C.13.1.2.1.2, E.4, E.8.2 
Birthing centers ........................ .. ............. 21.3.8 
Chemical agents in ................ .10.2.6.3,AI0.2.6.3 
Connectors and connections to ... 10.2.4, AI0.2.4.2 
Controls.. .8.5.2.1.6 
Cord- and plug-connected (portable) .. 8.4.1.2,8.4.2.2, 

10.2. I 3.4.3.1, 20.2.7.3.17.6, A8.4.1.2.4.2, A.8.4.1.2.5 (2), 
A8,4.2.2.2 

Design and manuf'lCturing requirements ........ 10.2.6, AI0.2.6.3 
Electrical energy-delivering ...................... 8.5.2.1.8,10.2.9.2, 

A.8.5.2.1.8, A.I 0.2.9.2.1, A.I 0.2.9.2.2 
Essentjal electrical systems .... 4.4.2.2.3, A4.4.2.2.3.4, A.4.4.2.2.3.5 
Hazards of ................ ...8.2,10.2.7, AI0.2.7.2, B.2.1 
Home care .. .. ..... ............ . 19.3.8 
Hospitals.. 13.3.8, Al'l.3.8.1, AI3.3.8.2 
Housekeeping/maintenance, bcility-owned .... 8.4.2.2.1, 

8.5.2.1.2.2 Ex. 2 
Hyperbaric f'lcilities ..... . .... 20.2.8.1, 20.2.8.2, A20.2.8.2 
Laboratory ..... 8.5.2.5, 13.3.8.2, A.8.5.2.5.1, A8.S.2.S.2, AI3.3.8.2 
Life support.. . . ... 14.3.4.2.1 

Definition ............................ .. .... , ...... 3,3.37 
Limited care hcilities ..................... .. ........... 18.3.8 
Line voltage variations and transients .. 10.2.5,AI0.2.5 
Low voltage ............ .. ......................... 10.2.10 
Maintenance ....................... . ...... 8.5.2.2 
Manuals fi)!' .................... 8.S.2.1.10, 8.S.2.2.1, 8.S.3.1.1, 

10.2.8, 10.2.8.1, A.8.S.2.1.1 0 
Manllf~lctllrers' requirenlcnts for 
Moislllre and 
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....... 10.2, AIO.2 
. B..5.2.2 

Nonpatient .... . ......... 8.4.2, A8.4.2.2.2 
Not supplied by facility ........................... 8.5.2.1.13 
Nursing homes ................................................... 17.3.8 
Operating instructions .................... 10.2.8.2 
Other health care facilities .......................... 14.3.8 
Oxygen-enriched atmospheres.. . ................. 10.2.9.3 
Patient-care-related appliances ....... 8,4.1, 10.2, A.8A.I, A.l 0.2 

Definition .............. .. .. 3.3.139 
Of patients ......... B.6.1.14 
Performance criteria ......... . ..... 8.4, A8.4 
Permanently connected (fixed) . 8.4.1.1, 10.2.13.4.3.2, E.6.6.3 
Procurement of ............... 8.S.2.1.9 to 8.5.2.1.12, A.8.S.2.1.9(S), 

A.8..'i.2.1.10 
Qualification and training of personnel ............ 8.S.5, A8.S.5.1 
Recordkeeping ........ . ...................... 8.S.3, A8..5.3.1.2 
Respiratory therapy ................... 8.5.2,4,9.6.1.3.2, A8.S.2.4.1, 

A85,2.4.S, A8.5.2.4.6, B.6.1.14 
Signal transmission between .. .. 10.2.9.1, AIO.2.9.1.1 
Special appliances, requirements .. 10.2.9, A1O.2.9 
Surgical use...... .. .................. 8.5.2.3 
System clemonstration .... 8.5.2.1.11 
Testing.. .. .................. 8.4.1.3, 8.5.2.1.2, A8.4.1.3 
Thermal standards ... .. ......................... 10.2.6.1 
Toxicity of surfaces of ............ 10.2.6.2 
Wiring within .. .. .............. 10.2.'1, AI 0.2.3.2, A.I 0.2.3.6 

Electrical fires and explosions.. .. ..... 4.2.1, A.4.2.1, B.I.l, B.S.I 
Electrical hazards .......... 4.2, 8.2, A4.2.l, B.l, B.5; .Ice also Electrical 

safeguards 
Electrically powered transducers .......... 10.2.9.2.2.1, ALO.2.9.2.2.1 
Electrical receptacles ....................... 4.3.2.2.6, A.4.'1.2.2.6.1 

Anesthetizing locations ..................... 8.4.1.2.4.2, 13.4.1.2.6.3, 
A8.4. I .2.4.2, E.2.4, E.4.S.2.4, E.4.5.2.S 

Distinctive ................... 10.2.4.2, A.1O.2.4.2 
Emergency systems ........................... 4.4.2.2.4.2, 4.5.2.2.4.2, 

4.6.2.2.3.2, A.4,4.2.2.4.2(B), A4.S.2.2.4.2 
Grounding of ................................. 4.3.2.2.2.4, 13.1.2.2.3.2 
Hyperbaric chambers .. . ...... 20.2.7.3.10, A.20.2.7.3.10 
Indexing of... .. ..... 10.2.4.1 
Laboratories .. . 4.3.2.3 
Number of ................................................. 4.3.2.2.6.2 
Overhead...... . ... 8.4.1.2.4.3, A.8.4.1.2.4.3(2) 
Polarity of .................................. 4.3.2.2.6.3 
Special purpose outlets, branch circuits serving ... 4.3.2.2.1.3 
Testmg ........................................................... 4.3.3.2 

Electrical safeguards 
Anesthetizing locations 
Hyperbaric facilities .... 
Shock hazard 

... 13.4.1.2.4, Al 3.4.1.2.4 
.............. .. 20.3.S 

............................. 8.2.2 
Electrical systems .... Chap. 4; see also Electrical systems, patient care 

areas; Essential electrical systems; High-frequency 
electricity, use of 

Abnormal currents ...... ...4.4.1.1.1.2(1),4.4.1.1.2 
Administration of .. . 4.3.4, A4.3.4 
Anesthetizing locations ........... 13.4.1.2.6, E.2, E.6.6.2 to E.6.6.6 
Birthing centers ... .. .......................... 21.3.4 
Design considerations ....... 4.4.1.1.1, A.4.4.1.1.1, A.4.4.1.1.1.2 (5) 
Equipment . 4.4.2.2.3, A.4.4.2.2.3,4, A.4.4.2.2.3.S 
Hazards... .................... .. .. 4.2, A4.2.1, B.l, B.5 
Hospitals.... .. ................ 13.3.4 
Hyperbaric facilities ....... 20.2.8, A.20.2.8.2, A20.2.8.6, A.20.2.8. 7 
Interruption of power... . ................ B.l.4 
Limited care facilities .................................... 18.3.4 
Maintenance ............. .......... .. .. .. .. 4.3.4.1 
Medical air systems ......... .. ....... 5.1.3.5.12 
Medical-surgical vacuum supply systems ................... 5.1.3.6.6 
Nursing homes.................. .. ..................... 17.3.4 
Other health care facilities ........ 14.3.4 
Patient care areas .... 
Requirements 

Distribution 
Installation . 
Performance criteria 
Testing. 

. . see Electrical systems, patient care areas 

..................... .. ....... 4.3, A.4.3 
4.3.2, A4.3.2 

.. ................. 4.3.2.1 
................................. 4.3.3, A4.3.3 

. .. 4.3.3, A.4.3.3 
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Sources of power ........... 4.'\.1, 4.4. I, 45.1,4.0.1, A.4.4.1 
Alternale . . . .I'l?l: Alternale power sources 
Failure of . . .......... 4.4.'\.2.2,4.4.3.2.'\, 

4.4.3.2.(i lo 4.4.3.2.S, 45.'1.2.2, 4.6.'1.2.'1 
Instrument air supply systems ........................... 5.1.3.S.11 
Perfonuance criteria and testing ........ 4.4.'1.1, 4.5.'>.1, 4J1.'>.1 
Transfer to. . ... I·eeTr"nsfet· switches 

Tesling ... 4.:1.4.1 
Waste anesthetic gas dispos,tl (WAGD) systems ............ 5.1.;).7.5 
Wet localions ....... 4.3.2.2.8, A.4.:I.2.2.S.1 

Electrical systems, patient care areas 
Connectors and connections lo devices. 10.2.4, A. I 0.2.4.2 
Direcl clcct ried pathway to the heart .. 10.2.12, A.I 0.2.12 
Distribution ............. 4.3.2.2, A.4.:I.2.2 
Elcclrical appliances, tnanulilcturers' requirements. 10.2, Al 0.2 
Electrical energy "ppliances 10.2.9.2, A.I 0.2.9.2.1, A.I 0.2.9.2.2 
Electrical shock hazard control ..... 4.;).2.2.8.1, A.4.:I.2.2.S.1 
Equipment racks ,\lId carts .. 10.2.'U\ 
Grounding system ..... 4.'1.:1.1, AA.'\.:I.I.I, A.4.3.3.1.:I, A.4.:'>.:I.I.4 
Hazards, nature of 10.2.7, A.IO.2.7.2 
Manuals for appliances. . ......... 8.5.2.1.10, 8.5.2.2.1, 

8.5.:1.1.1, I O.2.S, A.8.5.:( 1.1 () 
PrOCtlrCI11ent or appliances ....... S.5.2.1.9 to S5.2.1.12. 

A./).5.2.1.9 (;»), A.S';).2.!.1 0 
Receptacles 
Sakty requirements 
Switches 
Testing 
vVet locations 
\!Viring 

Within appliances 
Electrical wiring 

....... 4.'1.2.2.6, A.4.:'>.2.2.6.1 
10.2.9.2.1, 10.2.13, A.I 0.2.9.2.1, A.I 0.2.13 

[:1.4.1.2.6 
10.2.1:'>, A.I 0.2.13 

....... 4.:l.2.2.8, A.4.:l.2.2.8.1 

............ 4.:'>.2.25, 1'1.:'>.4.1 
10.2.'1, A.I 0.2.:'>.2, A.I 0.2.'1.6 

Anesthetizing locations. . ......... 4.3.2.2.5.1, E.2.1, E.2.2, E.4.1 
Appliances, with poweHords 10.2.3, A.I 0.2.:'>.2, A.I 0.2.3.6 
Essential electrical systerns ........... 4.4.2.2.4,4.5.2.2.4. 

4.6.2.2.'1, A.4.4.2.2.4.I, A.4.4 .2.2.4.2(B), A4.5.2.2.4.I, 
A.4.5.2.2.4.~ 

Hospitals, typicil wiring arrangement ........... . .. .... C.4.1 
Hyperbaric Etcilitics .......... 20.2.7.:'> to 20.2.7.ti 
Impedance oj' isolated wiring ....... 4.3.2.6.2, A.4.3.2.6.2.1 
Isolated power systenls . . ........ 4.'1.2.2.8,4,4.'1.2.2.9, 

4.'1.2.6.2, .'U.'l.::.'.t1.2.1 
Low-voltage 
Palicn t care areas 

vVithin appliances 
Electricity 

.. 4.'1.2.2.8 
...................... 4.:..2.2.5 
10.2.3, A.IO.2.g.2, A.I 0.2.3.6 

High-frequency, lise or ................ see High-II'equency electricity 
Hospital.............. 1:'>.2.'1 

Electric shock (electrostatic) hazard ... 4.2.2, 8.2.2, 13.1.2, B.2.1, 13.5.2 
Anest.hct izing locations .. C. 13.1.2.1, C.I '\.1.:'>.:'>.2, 

GI g.l.g.:,>.:., GI3.IA.I, E.6.6.S to E.6.61:'> 
Cardiac delibt'illation 10.2.9.2.2.6, A.I 0.2.9.2.2.6 
Control 01 .. 13.1.2.2.2 
Electrotherapcutic devices .. 10.2.9.2.2.4, Al 0.2.9.2.2.4 
Furniture: .... 20.:'>.6.2.2, A.20.3,(i.2.2.1 
Hyperbaric 1'lCilities ..... 20.:'>.6, A.20.:'>.6, C.20.1.3.2.5 
Laboratories, portable equipment ror .. 8.4.2.2.2.1 
Low I'requency ...... D.:'>.4 
Oxygen-enriched atmospheres .. B.6.1.14 
Prevent.ion ... B.l.2.2.1 to B.I.2.25, B.5.2.1 
Safeguards against ..................... . ..... 8.2.2 
1'(,xtiles ............... 20.:1.1.8.4, A.20.:'>.I.8.4, E.6.6.8.S 
Wet IOC<ltion patiellt care areas ..... 4.3.2.2Xl, A4.:'>.2.2.8.1 

Electrocardiographs. .. .......... IO.2.II,A.IO.2.11 
Electrocautery equipmeut . . ....... 20.'1.2.1.2(2), D.2.!.2 
Electrocoagulation ................. D.2.1.!.2, D.n.4, D.f).7.g, D.6.8 
Electrocutting .. . ... D.2.1.1.3, D.6.5 to D.6.7 
Electrode 

Active (dC/inition) 
Bipolar (definition) 
Burns from 
Cardiac. 

... :'>.3.38.1 

... 3.3.38.2 
...... D.:'>.:I.l.l, D.:I.:'.1.2 

10.2.12.1, Al 0.2.12.1.2 

Definit.ion ........... 3.:).:-);:, 
Dispersive ....... ]).:'\,:\.1.1 

Definition. . ............... 'l.:'>.:m.'l, A.'\.'\.:l8.'\ 
High-frequency equipment ......... D.4.:.,.'l 
Inspection. . ...... n.').;).'I.1 

Electromagnetic interference IO.2Ji.4 
Electromagnetic radiation .. 0.2.2.:) 
Electrostatic hazard ........... leI? Electric shock (electrostatic) hazard 
Electrosurgery. .. 1>5.;).2, D.I.7; .\'IiI' ttl", High-frequency equipment 

Care in use .............. D.7 
Com plicat ions 
Hazards, natllre of 
Low-frequency shocks. 

........... D.g'(i 
....... <:'1 :'.I.g.~.2, D.'I.:'>.I , D.'\,;) 

.. ........ D.:'.4 
Operation of elcctrosurgicil unit. 
Operator burns .. 

.. ......... D.7.4 

. ........ [).7,;).~ 

......... D.7,;).1 

......... D.!>.!.'\ 
Patient burns 
Qualifications I()r use or 
Radiation ... 
Repair of electrosurgical nnit 
vVi th resecLoscope 
Safety 1l1CaSlIl'CS .. 

Setting lip electrosurgical unit. 
Special instrtilneills 

Storage of electrosurgical unit 
Techniques and procedures. 
Telescope lise 
Tissue, effects Oil 

Electrosurgical oscillators 
Electrotherapeutie devices 
Elevators 

. ...... ]).~.25.2 
........... D.7.7 

. D.75 
I O.2.q.~.2.fi, A.I 0.2.().~.~.;J, D.'U.I 

. D.7.'1 
........... D.'I.ti.:' 

........... D.7.ti 

.. ....... D.~.l.l 
. D.7.~).?> 

......... D.'\.6.~ 
.... . ser: Oscill"tnrs. ckct.rosllrgical 

I O.2.CJ.2.2.4, A.I 0.~.9.2.2.4 

Essential e1ect.rical systems. 
4.4.2.2.35(:1), 4.".2.2.2 (7) 

Temporary operation of 
A.45.2.2.:I.4(I\) 

.4A.2.2.2.2(b), 

.45.2.2.:\.4(B), 

Emergency management ........... Chap. 12, ( .12; sa also Emergency 
procedures 

Activation of plan 
Committee fin' 
Deciar;ttion of disaster 
Definition ..... , .. 
Drills 

........ CI2.'Ui 
12.2.2, 12.2.'\, A.12.2.:I 

. 12.'1.1, 12.3.2, A.12.:I.I, ;\.12.3.2 
. .. " ...... ;).>L~)~) 

I ~.:'.:I.I 0, A. I 2.:\.'\. I 0 
Eillergency utility reSOlirces, activation of 
Essential building systems, continuation of 

.......... C.12.'1.6 
12.3.:i.2, A.12.:).;).2 

........ C.12.:'>.'1 
12.:1, A.12.:>' 

........ CI2.gA 
1'1.'1.12 

12.:'.S;.1, 

EV3clIati()II 

General requirements 
High-profile person admission 
Hospitals 
Identification of emergency response personnel 

A.12.3.3.1 
Limited care hciEties 
Logistics 
News media, recept.ion of 
Nursing homes 
Operational recovery. 
Other health carc 1~lcilitics . 
Ot.her prot.ocols 
Patient management 
Personnel education 
Personnel management 
Personnel notification and recall. 
Public alhlirs 
Responsibilities 

Authority havingjurisdiction 

I H.'\.] 2 
12.:'>.:'>5, Al ~.:I.'l5 

.. C.12.:-I.4.2 
17.'1.12 

12.'LI.S, A. I 2.:'>.'1.8 
14.'\.12 

...... C.12.g.') 
12.'\.:'.4, A.12.'\.'1.4 

12.'\.'\.l) 
12Y,3,"" A.12.'>.'\.'\ 

.......... C.12.2 
12.3.'\.7, A.12.g.?,.7 

..... 12.2, A.12.2.1 , ;\.12.2.:>' 
.. 12.2.1, 12.'\.1, 

12.'1.2, A.12.2.1. A.12.'\.I, AI2.'\.2 
Enlcrgency tnanagenlcnt COllllnitlec 12.2.:'>, A.12.2.g 
Senior management. 

Security 
Volcanic eruption 
Weapons of mass dest.ruction .. 

12.2.~ 

I 2.'\.'U1, A. I 2.:'>.'\.6, (:,12.'1.4.1 
....... (:,12.'\.11 
....... C.12.:-I.12 

Emergency oxygen supply connection .......... ~.I.C\.4.14, A.!'l.I.'iA.14 
Definition ........... '1."..40 
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Emergency procedures ... GI2.'1.I; see a/.wl Emergency management 
Anesthet,izing locatiollS 1'1.4.1.2.10.'1, C.13.2, C.13.4 
Chemical spills. .. ............. 11.2.1.3.3, 13.4.I.~.10.3(B) 
Hyperbaric I~tcilities .. .20.3.1.4.3 to 20.3.1.4.6, 

~O.:i.!1.1.2, ;\.20.''1.1.4.4.1, A.~O.3.1.4.!1, A.20.3.1.4.6, 
C.20.2. C.20.3 

Laboratories. 11.2.1.3, AI1.2.] .3.4 
Respiratory theL'p), ..................... C.93 

Emergency shower, laboratories. . ....... lUi, 11.8.1.3, A.l1.6 
Emergency systems. . ....... 4.4.2.~.2, 4.5.2.2.2, 

A.4.4.2.2.2.2( 4), A.4.4.2.2.2.3, A.4.!1.2.2.2( 4) 
Delinit.ion 
Mech,ulical protection of' 

Employees 
Anesthetizing IOCltiollS 

<:'1:i.'l.6, E.6, E.7.3, E.8.3 

................ 3.3.41 
..................... 4.4.2.2.4.4 

....... c.I 3.1.5.2, C. 1 3A.5, 

Elllcrgellcy response personnel, identificat.ion of 
/\.12.3.3.1 

12.3.3.1, 

Cas equipnlclH cylinders and containers, handling of ...... 9.6.2.1 
High-II'cqllcncy equipment, lISC of .......... D.5.1.2, 0.5.1 .. 3, 0.5.2 
Hyperbaric chambers. . 20.3.1.3, 20.3.1.4, 20.3.1.S.3, 

20.3.1.!).S, A.20.'I.1.3, A20.3.1.4, A.20.3.15.3 
Managcment, in emergency ..... 12.3.3.'1, A.12.3.3.3 
Medical gas and vaCUUll1 svstem installers ...... 5. I. 10.10.11, 

, S.I.I (J.I O. 12, :).1.12.2, S.'I.I 0.1 O. 1 
Notilication and recall, in emergency .................. C.12.2 
Respiratory tllerap), ......... c'9.1.1.I, C.9. I. 1.2, C.9.3.5, (:,9.3.6 
Training. . ......... . SN~ Training, enlployee 

Enclosures 
Cas systems 
Shock prevellt.ioll h) 

Endotracheal tube 

... 5.3.33.6, 9A.2.1, 9.5.2.2 
........ B.1.2.2.2 

Delinition .................. 3.3.178.I,A3.3.\78.1 
Electrosurgery and ............... D.35.4 

Entlurane .... CI3.1.3.1.2 
Environmental systems. . .................................. Chap. 6 
Equipment .. see also Electrical equipment 

Criticti (dclinition) ... 3.3.28 
HOllle care, responsibility lilr 19.2 
Hyperbaric .. 20.2, 20.3.2, A.20.~, A.20.3.2 
Lahoratory ............ 11.4, 14.3.8.2, 17.3.8.2, 18.3.8.2, 

A. 11.4.2.1, A.II.4.2.2 
Portahle . 8.4.1.2, A.8.4.1.2.4.2, A.8.4.1.25(2), 

EA5. I, EA5.2, E.4.6.'I, E.4.6.5, E.4.6.6 
Mixed E,cilities . 

Rack or cart 
Equipment grounding bus (definition) 

...................... E.6.7.6 
...... 9.5.3.1, 10.2.3.8 

........... 3.3.42 
Equipment system (definition) ..................... . ......... 3.3.43 

..... 1.4 Equivalency to standard 
Essential electrical systems 

Delinition 
Electrical appliances in operation with 
Maintenance guide for 
Otller health care Llcilities 

.3.3.44 
10.2.65 

.... C.4.2 
14.3.4.2 

Sources. .. .......................... 4.5.1 
Suggested lil\'ll);lt ji)r listing functions ....................... C.43 
Type I .......... 4A, AA.4 

Administration .............. 4.4.4, A4.4.4.1.1.2(A), A.4.4.4.1.2.1 
Distribution ......... 4.4.2, A.4.4.2 
Generator sets ..... 4.4 .1.1, 4.4.4.1. I, A.4.4.1.1 , A.4.4.4.1. 1.2(A) 
Hospitals 13.3.4.2 
Maitllen'lIlCc and test.ing ................ 4.4.4, I, A.4.4.4.] .1.2 (A), 

1\.4.4.4.1.2.1 
Perfonnance crileria and testing ... 4.4.3 
Sources ................................ 4.4.1, A.4.4.1 

Type 2. .4.5, A.45.2.2.1 to A.45.2.2.4.2 
Administration ..................... 4.5.'1 
Distributioll .................... 4.S.2, A.45.2.~.1 to A.4.5.2.2,42 
l.imited Clre 1~lCilities 18.3.42 
Maintena"ce and testing. . ..... 4.5.4.1 
Nursing homes 17.3.4 2 
l'er!i>rInance criteria and testing. . .. 4.5.3 
Sources. ............ ... 4.!i.l, 45.3.1 
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Type 3 ......... .. ............ 4.6, A.4.6.2.2.1, A.4.6.2.2.3.2 
Administration ................................................. 4.6.4 
Distribution ..................................................... 4.6.2 
Maintenance and testing . .. ............. 4.6.4.1 
Perfi)rmance criteria and testing.. . .... 4.6.3 
Sources.. .. .......... ....... .. ..... .. . 4.6.1, 4.6.3.1 

Ether....... .. ...... C.1 3.1.3.3.1, C.13.l.3.3.4, E.5.1, E.5.3 
Ethylene ....... ..... .. ................ C.13.2.5.2 
Evacuation, emergency, of facility .............................. C.12.3.3 
Evacuation, waste gas slie Waste anesthetic gas disposal (WAGD) 

systems 
Exhaust systems ... . see also Ventilation 

Anesthetizing locations ............. .. 6.4.1.2, 6.4.1.6 
Emergency systems. .. ...... 4.4.2.2.3.5(4) 
Hyperbaric tacilities ............. . ....... 20.2.9.2 
Laboratory. 6.4.2.3, 11.3.3, A.6.4.2.1, A.6.4.2.3 
Medical-surgical vaCllum source .. 5.1.3.6.7, S.3.3.6.4, A.5.3.3.6.4.8 
Waste anesthetic gas disposal (WAGD) systems ....... 5.1.3.7.6 

Exits, laboratories. 11.3.2, A.ll.3.2.1 
Explosion hazard............... .. ...... C.l 2.3.1 

Anesthetizing locations ......... B.6.1, C.13.1.3.3.1, C.13.4 
Electrical appliances and equipment ......... 4.2.1, 10.2.7,A.4.2.1, 

A.l0.2.7.2, 13.1.1, B..5.1 
Gas equipment .................................................... B.6.l 
High-frequencyelectricity ................................ D.3.5 
Hyperbaric tacilities .. C.20.1.1 
Laboratories ..................................... 8.4.2.2.2.3, Chap. 11 

Exposed conductive surfaces 
Definition ... .. ........... . .. ......................... 3.3.46 
Grounding. 
Testing 

Extension cords 

.. ........ 10.2.3.2, 10.2.13.2, A.l0.2.3.2 
.... 4.3.3.1.l.2, 4.3.3.1.1.3, 10.2.13.4.1, £'6.6.8.5 

. 8.4.1.2.5, 8.5.2.1.7, 13.4.1.2.5.2, A.8.4.1.2.5 (2); see 
also Power cords 

Extinguishers, portable fire 
Anesthetizing locations, use in ...... C.13.4.4.2, C.1 3.4.4.3 
Classification .. .. .............. '" ............... C.13.4.4.3 
Hyperharic facilities ................. 20.2.5.1.5,1\.20.2.5.1.5 
Laboratories, location ............ 11.5.3 
Respiratory therapy equipment, lise on .................... C.9.3.4.2 

Extinguishing systems... . . see Fire extinguishing systems 

-F-
Fabrics 
Failure 

............................................ see Textiles 

Definition............ ...3.3.47, A.3.3.47 
Power sources ..... 4.4.3.2.2, 4.4.3.2.3, 

4.4.3.2.6 to 4.4.3.2.8,4.5.3.2.2,4.6.3.2.3 
Fault currents (definition) .................................... .. .. 3.3.48 

3.3.66.1 
.. .. 3.3.49 

Fault hazard current (definition) 
Feeder (definition) ....................... .. 
Filters, air .......................... A.5.1.3.5.1 

Instrument air ...... 5.1.3.8.7 
Medical air ......................... 5.1.3.5.8,5.1.3.5.11.5, 

5.1.3.5.11.6, 5.1.3..5. 11.9, A.5.1.35.ll.6 
Fire a1ann system. . ....... seeAlarm systems 
Fire blankets ........ 20.2.5.1.5, A.20.25.1.5 
Fire detection systems 

Hyperbaric f~lcilities .................. 20.2.5.4, 20.3.6.3, A.20.2.5.4.2 
Laboratories ............................................. 11.5.2 

Fire emergency procedures . . see Emergency procedures 
Fire extinguishing systems ... . see a[,o Fire protection 

Anesthetic locations ........................... . ...... C.13.4.4 
Automatic ................................. 1l.3.1.1.1, 11.5.1, A.l1.5.1 
Deluge systems, hyperbaric chambers .... 20.2.5.2, 

A.20.2.5.2.4, A.20.2.5.2.6 
Hyperbaric chambers ................................. 20.2.5, A.20.2.5 
Laboratories .. 11 .3.1.1.1, 11.5.1, 1/.5.2, A.I1.5.1 
Respiratory therapy equipment, use on ..................... C.9.3.4 

Fire hazard ............... . see also sjledfle tyjle such as Electrical hazards 
Anesthetizing locations... . .... C.13.1.3.3, C.13.4 
Electrical appliances .. 10.2.7, A.l 0.2.7.2, B.Ll , B.s.l 
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Cas equipment. . .... B.6.1 
Cas systems ........... 5.1.2, 5.3.2, B.2.1 
High-frequency electricity ................ .... 0.3.5 
Hyperbaric facilities . C.20.1.1 
Labmatories ............. . ........... Chap. II, C.ll.] 
Oxygen-enriched atmosphere .. . S"" Oxygen-enriched atmosphere 
Respiratory therapy ......... 9.6.l.l, 9.(i.1.2, A.9.6.1.1.2, A.9.6.1.1.3 

Fire prevention 
Anesthetizing locations. 13.4. 1.2.10 
Hyperbaric facilities ......... 20.3.1.5, A.20.3.15 
Laboratories .. . 11.2.1, 11.8.1, A.I1.2. 1.1.3, 

A.II.2.1.3.4,AI1.2.1.4.3,A.II.8.1 
Fire protection 

Hyperbaric f"cilities ............... 20.2.:"" 20.2.6, 20.3.6.3, A.20.25 
Laboratories .............. 11.5, A.115 

Fires, laboratory, documented .. C. II. J 
Flame resistant (definition) .............. 3.3.:",0, A.3.3.50 
Flammability hazards .................. GIl .2.3.2 

Degrees of Table C.1 I .2.3.2 
Flammable (definition) . . 3.351, A.3.3.51, C.11.2.3.2 
Flammable agents ... see Flammahle substances and agents 
Fhunmable and combustible liquids .... . see also Hazardous materials 

Definition ............... 3.3.22,3.353, /\.3.3.22, C.11.2.1 
Degree of flammahility hazard. . Table C.2.3.2 
Handling .... 11.7.1,".7."1 
Heating .... 1l.7.4 
In hyperbaric chambers ................ 20.3.15.2, A.20.3.1.:).2.2(2) 
LaboratOlY procedures, electric heating 

equipment used fiJr ........... 8.4.2.2.2.3 
StoragT 11.7.2, A.11.7.2 
Transfer of ........................ 11.7.3 
Usc of ..... 9.6.1.2.3, 11.7.1, 11.7.2, A.lI.7.2 
Working supplies. 1l.7.2.3, A.II.7.2.3 

Flanunable anesthetizing locations "" ,. ,., " "'" " '" " . Annex E 
Additjonal criteria , ...... E.6 
Definition '" E.1.3 
Electrical equipment ....... E.4 
Electrical system criteria .. E.2, E.6.6.2 to E,6.6.G 
Electrostatic hazards , ....... 1'.6.6.8 to E.6.6.13 
Cas equipment ....... E.5 
Hazardous alTa in (definition) ..... E.I.4 
Hazardolls locatioll ..... E.l.:J 
Isolated power systems ....................... E.6.6.2 
Labeling ........... E.6.4, E.6.Fj 
Nonconfi)rming Illaterials, discretionary lise of.. .. E.f).G.ll 
Rules and rcg-ulations . .. ..... C.13.1.5.3, E.6.3, E.7 
Signaling and COllllllllllications systellls . E.6.6.6 
Storage of flammable anesthetics. . ............... E.6.6.1, E.6.8 

Definition .. E.1.7 
Ventilation ..................... E.3 

Flammable gases. 20.3.15.2, A.20.'l.15.2.2(2), Table C.2.3.2; 
seli IdID Cylinders; Flammable anesthetizing locations; 
Flamlllable sllbstances and ag-enrs; Cases 

Definition ............... .. .. 3.3.52 
Hyperbaric f"eilitics ................. 20.3.3.3 
Storage...... .. ...... 20.3.3.3, 20.'I.4.l.5.1 

Flammable liquids ...... . SIiI1 Flammable and combustible liquids 
Flammable substances and agents ... 7.2.2.1 

Hazards related to lISC of. .. ....... C.13.1.3, CI3.1.4.2 
Misuse of . . 9.6.1.2 

Flash point 
Definitjon . .. .......... .. ...... 3.3.54, C.I1.2.2 
Liquids. .. ... GI1.2.2, Table C.2.3.2 

Flexible connectors.. .. ........... 5.1.1 0.1 0.7, 5.3.3.4.3, 5.3.10.10.11 
Flexible cord. .. .............. 8.4.1.2, 20.2.7.3.9, A.8.4.1.2.4.2, 

A.8.4.1.2.5 (2), 1'.4.5.1, EA.:).2 
Flooring 

Antistatic 
Conductive 
Hyperbaric facilities 

Flow-control valve. 
Definition 

................. 20.2.2.4.2 
..... see Conductive flooring 
.................... 20.3.6.2.1 

.9.6.3.3.1 
.... 3.3.55 

Flowmeter 
Definition 
Labels on 

.......... '1.".56 
....... 9.6.3.1.3 

Pressurc compensated (definition) . .. ...... 3.3.56.1 
Foot switches ................. . .. ...... 0.4.2.4 
}'oot treadle-operated controllers 
Footwear 

............ 8.4.1.2.4.1, EA.5.2.1 

Conductive 
Nails in. 

........... E.(iJi.S.7, E.Ii.(i.l 0, E.(i.6.13.3, E,S.3 
....... , .. 20.3.1.5.'1.3, E.li.tiX7.4 

Formulas 1.5 
Freestanding birthing centers . ...... Chap. 21 

.......... '1.357 
.......... . sa aiso High-freqllcncy dcctricity, lise of; 

High-frequency equipmcnt; Radio frequency POW('f' 

Defll1ition 
Frequency. 

Definition. . ................... 3.3.58, A.3.358 
Low-frequency electrical shock ......... 0.3.4 

Fulguration ............... ]).2.1.1.2, n.(i.2 
Fume hoods 

Definition .................... 3.3.59, A '\.'1.5") 
Laboratory .............. 6.4.'1, 6.6.2, 11.7..1.1, 

A.6..1.3.1, A.li.4.3.g, A.6.4.'1.4, A.6.li.2 
Furniture 

Electrostatic hazard ......... 20.3.li.2.2, A.20.'I.b.2.2.1 
Flammable anesthetizing locations .... GI ~'.I.:).I, 

E.6.6.8.9, E.6.6.13.4 to E.6.1i.1 ?,,(i 
Hyperbaric facilities ........ 20.:-1.6.2.2, A.20.'I.6.2.2.1 
Mixed facilities. .. ....... E.6.7,(i 

-G-
Gas cylinders .. . sel1 Cylinders 
Gas equ.ipment .. Chap. 9, C.t) 

Administration ................ 9.li, A.9.11.1.1.2, A.9.li.I.I.'I, A.9.6.g.2 
Anesthetizing locations 
Birthing centers 
Cylinders and containers 
Hazards 

Fire alld explosion. 
Toxicity 

Horne care 
Hospital .. 

............. 1<:.:) 
.......... 21.3.9 

... 9.~1, 9.7 

.. .... IUi.1 
. B.li.2.2 

19.'1.9 
1'1.3.9 

Level 'I gas-powered devices, jinal testing oj 
Maintenance and record keeping. 

........ 5.'1.12.'1 
.. ........... 9.8 

Nursing homes. 17.3.9 
Other health carc !;\cilities 
Perfilrmance criteria and testing 

.......... 14.3.9 
. 95,A.<)5.1.1, 

A.9.5.1.2, A.9.5.I.4 
Policies and procedures ............. 9.9 
Qualification and training of personnel ....... 9.1i.3.g.5 
Salety . . .......... 1).(1.'1 
Source ............ :).".12.4.8, 9.'1, A.<).3.9 
Use .................... cUi.'I, A.9.1i.'1.2 

Gases . . ............... Slff! atw sj)(ffUlr: gases 

Anesthetizing locations 13.4.1.'2..7; .leI! aL\'{) Waste anest.hetic gas 
disposal (WACO) systems 

Flammable ................ IPli Flam 111 able gases 
Handling ........... '2.0.3.3, A.20.3.3.4 
Medical .. , ...... .IN' Medical f!;ases 
Monitoring, hyperbaric chambers .............. 20.2.R.:) t.o 20.'2..8.8, 

A.20.2.8.6 to A20.2.8.8 
Nonflammable .. 
Oxidizing (dcflnilion) 
Transler of 

Gasket material . 
Gas-powered systems 

Definition 
Gas systems 
General care areas . 

Definition 
Electrical appliances, t.esting of 

. ....... ').4; .Ife aisli Medical gases 
............. 3.3.1 :)0, A.'I.'\'130 

I U), C. 13. l.2.3.2 
.. ... 20.'2..".1.2 

...... 5.'1.'15, 5.3. 10.1.2,1\.5.'1.'1.5 
....... 3.'UO 

...•...•... . S!!I! Medical gas systems 
13.2.4( I); Sl!t aL\'{) Pat.ient care areas 

............. '1.3.138.2, A.3.'1.138.'2. 
..... 85.2.1.2.'2. 
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Generator sets 
Abrlll ;lnllllllci~lt()r 

.. 4.4. I. I. A. 4.4. I. I 
.4.4.I.l.l7 

Alternate power sOllrce ... 4.5.4.1 .1.1, 4.':,.4. 1.1.2, 4.fi.1 
Design collsicler;ltions ....... 4.4.1.I.I,A.4.4..1 . .I . .I,A.4.4.1.1.1.20) 
Excillsive lise ['or essenti,ti electrical systems ............ 4.4.1. I .7.1, 

;\.4."1.1.1.7.'1 
Fllel sllpply . .. 4.4.1.1.1.~ 
GClltTator load shed circuits 

Hyperbaric chambers 
l\1aintcn(lJ)c(' <-Ind H.-'sting 
l'eri'JrlllanCC criteria ;IIHI testing 
Sakty c1cvicTs 

Germicides 
Governing body 

Definition 
Hospitals. 

.4.4.1.1.'1 
...... 20.2.7.2.1.2 

......... 4.4.4.1.1,;\.4.4.4.1.1.2(/\,) 
.4.6.3.2 

.............. 4.4.1.1.16 
1 :'.4.1.2.2, A.l :1.4.1.2.2.'1, D.3.S.S 

Ground-fault circuit interrupters (GFCIs) 
Dclinition 

................... 3.3.62 
13.2.1 

.. 4.'1.2.2.4.2,1\.4.3.2.2.4.2 
.. :'.'1.6:' 

Wet IOCltiolls 
Ground-fault protection 

Testing 
Grounding. 

.................. ~:,.2.2.E.S 
... 4.:'.2.2.4.1. 4.'l.2.5, 20.:Z.7.4, A4.3.2.2.4.1 

.4.'U.4 
.......... B.I.2.~.:); see a/so Grounding systems 

Appliallces . 
Auaclnllent plllgs, grollnding-type .. 

10.2.2.1.4 to I O.2.:Z.1.9, A.I O.:Z.:Z. I. 

. ... 8.4.1.1, 8.4. U.l 
.. 10.2.2.1.1, 

Exposed condllctive smElces IO.2.g.2, 10.2.1 '1.2, AI 0.2.3.2 
Hyperbaric chambers. . ............ 20.:Z.7A, 20.2.~1.1 
Patient care ,m'as .... 4.g.2.2.2, 4.g.2.2.7, 4.g.'l.l, 

A.4.'l.2.2.2.2, /\'A.g.2.2.7.1, A.4.g.2.2.7.'), A.4.g.g.I.I, 
/\A.'l.'1.I.'\. A.4.'l.'l.I.4 

Piping system . ">.1.1 '1.1.'1, 5.'l.1 g.5.2 
Quiet grounds. . ..... see Quiet grounds 
Spcci,ti ........ 4.'1.2.2.7, A4.'1.2.2.7.1, A4.g.2.2.7.3 

Grounding circuit continuity. .. 10.2.10.2 
Grounding conductor 

COllllenioll to appli<lnu' 
1 n power cords 

Grounding interconnects 
Grounding point 

Patient eqllipllwnt (delinirion) 
RdcrelKe . 

Delillitioll 
Grounding systems 

IklinitioJl 
'rcstill~ . 

Guide (definition) 

10.2.3.4, 10.2.3.5 
10.2.2.2.1.1, 10.2.2.2.2 

............. 4.3.2.2.3, A.4.'1.2.2.:\ 

................ 3.:'.141 
... 4.'l.'l.1.2 

................... 3.:..1 ';6 

................. 3.3.65, A.'l.3.!)Fi 
.4.'l.'l.I.I,A.4.:U.I.I 

.... 3.2.4 

-H-
Halogenated agents . 
Halothane 

..... I '3.'l.5.2, 14.3.5.2, C. n 1.'1.1.2 
................. C.I:..D.1.2 

..... 20.2.5.3 
...................... 9.5.0,.1 

Handlines, water, hyperbaric facilities 
Hand trucks 
Hazard current 

Defillition 
Faliit (delinitioll) 
Monitor (defillitioll) 
Tot,rl (dclillition) 

Hazardous area in flammable 

..... 'l.3.lo6 
.3.'1.66.1 

......................... '1.3.66.2 
.................. g.:'.66.3 

anesthetizing locations (definition) .. KIA 
Hazardous chemicals. . ......... B.2.3.1 

Definition .. 'l.'H;7, A.3.3.l'i7 
I,) electrical appliallces . 10.2.6.'3, A.I 0.2.6.3 
Idcmiliclt.ioll of. II.R.2.2('l) 

Hazardous location (definition) . . ................. E.I.4 
Hazardous materials .............. . Sfe a.lso Hazardous chemiclls 

Disposal 11.7.5. II.H.I.4, A.II. 7.:\ A.II.R.I.4 
EllIerg-ency preparedness . c'12.'1.1 0 
Idemification of 11.8.2 
Storag-e, hyperbaric f'acilit.ics ....... 20.gA.l.5 

Hazards ............. . see specific type such as Electrical hazards 

2005 Edition 

Headers 
Central supply system ........................... 5. I .'l.4.9, A.5.1.'l.4.9 
Instrument air standbv ...... 5.1.'1.tl.5, A.5.1.'1.R.5 

Health care facilities (de'finition) ........... '1.'3.6tl, A.'l.'1.6R 
Health hazards 

Definition ................................... C.11.2.'l.1 
Degrees of ................ ...... .. ..... .. . Table C.l1.2.3.1 

Heart, direct electrical pathway to ..... 'ff Direct electrical patbway to 
heart 

Heating 
Adiab'ttic . . see Adiabatic heating 
Essential electrical SystCITI generator sets ................. 4.4.1.1 .l2, 

A.4.4.1.1.I2.1 
Heating equipment, electrical, in laboratories ... 8.4.2.2.2.2 
Hemoglobin (definition) ... C.9.2.12 
High-energy devices ............................... 20.3.2.1.2(3) 
High-frequency bums ..................... . ...... see Burns 
High-frequency electricity, use of ... Annex D; see also Electrosurgery; 

High-li'equencyequipment 
Administration anel maintenance 
Dclinitioll 
Direct current burns 

...... D.5 
. D.D 
. D.:'.7 

Electromagnetic radiat.ion ............................ . .. D.2.2.5 
Explosion hazard, internal and external ....................... D.:'.5 
FCC regulations ............................ 0.4.2.6 
Frequency range .................................................. D.I.3 
Hazards. . ........... 0.1.7, D.'1, D.'1.5 
High-frequency bllrns ... . see Burns 
Modulation and detection .................................... D.2.2.4 
Output power, determining .......................... D.R 
Properties of high-frequency circuit.s ........................... D.2.2 
Radio-frequency interference circuits .......................... D.3.2 
Skin effect. .. .......... .. .. ........ .. ... . D.2.2.3 

High-frequency equipment . D.2, D.4.2, D.4.3; 
Sfe also ElectroslI rgery 

Anesthetizing locations .. E.4.6.4 
Complications of lise. . .. D.3.6 
Flammable anesthetizing ag-ents, lise of ..... E.6.6.S.10, E.6.6.9.JO 
Input power circuits ........................ D.4.2.1, D.4.'1.I, D.4.'1.2 
Inspection of. . ................ D.5.3.3 
lnstntctions for lise ......................... D.5.2.2, D.5.2.'l, D5.'1.2 
Maintenance ........................................ D.5.3 
Output circuits ........................... D.4.2.2 
Power-generating . D.l.7 
Protect.ion of .. . ...................... '" .. ... . . D.4.3 
Qualifications for use of. 
Safety Ineasures 

.. ... D.5.1.3, D5.2.1, D.5.2.4 
....... D.4 

.................. D.5.2 Training, eITIployees 
Types oj 

High pressure . 
High-resistance strap 
Home care 

Definition 
Hoods 

Fume 
Oxygen (definition) 

Hose 
Hospital-based (definition) 
Hospitals 

Definition 

............................... D.2.1 
....... .. lee Pressure, high 

... E.6.7.4 
.. Chap. 19 

.. '1.'1.69 

.................. see Fume hoods 
................... g.3.J34 

.................... 5.1.10.10.7, 5.3.10.10.11 
.3.3.71 

............... Chap. 13, C.13 
........... 3.'3.70 

1:'.3.8, A.I3.3.R.I, A.l 'l.'1.R.2 Electrical equipment 
Electrical svstems 
EnlcrgenC): preparedness. 

......... l'l.'l.4 
........ 1'1.'1.12 

Essential electrical syst.ems, format for 
listing functions served by ........................... C.4.3 

Gas equipment ............................ 1'1.3.9 
Gas systenl 13,;).5, A.13.3.5.1 (:~) (c) 
Governing body. .. .. '" .................... 13.2.1 

Definition ......... 3.3.62 
High-frequency equipment ............................ D.1.2 
Responsibilities. 1 '3.2, A13.2 
Typical wiring arrangement .......................... C.4.1 
Vacuum systems. 1'l.'l's,A.13.'l.5.l (g) (c) 
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Housekeeping appliances, facility-owned 
8.5.2.l.2.2 Ex. 2 

Human tissues, combustibility 
Humidification 

.... 8.4.2.2.1, 

... C.20.1.1.3.3 

Anesthetizing locations .... 6.4.1.1, 6.6.1.1, A. 6.4. I .1, E.3.5.3 
Hyperbaric facilities .. 20.2.4.3, A.20.2.4.3.2 
Respiratory therapy. . ................. 9..5.2.4 

Humidifiers.. .. 6.6.1.1, 9.5.2 .. 5, 9.5.2.6 
Definition ........... 3.3.72 

Hydrogen ........... .. .. C.13.1.3.l.2 
Hydrostatic testing ..... 20.2.l.1.8.1 
Hyperbaric (defmition) ................. 3.3.73 
Hyperbaric facilities .. Chap. 20, C.20 

Administration and maintenance .... .. 20.3, A.20.3 
Air supply, monitoring of ..... . .. 20.2.8.6, A.20.2.8.6 
Chambers, classification ........................... 20.l.,'i, A. 20. 1.5.2 
Communications and monitoring equipment ... . ... 20.2.8, 

A.20.2.8.2, A.20.2.8.6, A.20.2.8. 7 
Construction and equipment . 20.2, 20.3.2, A.20.2, A.20.3.2 
Electrical systems ....... 20.2.7, A.20.2.7 
Emergency depressurization capability ....... 20.2.4.5, A.20.2.4.5.3 
Emergency procedures ... 20.3.l.4.3 to 20.:U.4.6, 

20.3.5.1.2, A.20.3. 1.4.4.1, A.20.3.1.4.5, A.20.3.1.4.6, 
C.20.2, C.20.3 

Explosion hazard 
Fabrication of chamber 

A.20.2.2.6 
Fi re hazard . 
Fire prevention 
Fire protection 
Gases 

...... C.20.1.1 
..... 20.2.2, A.20.2.2.1, A.20.2.2..5.2, 

.. . C.20.1.l 
.. 20.3.1.5, A.20.3.1.5 

... 20.2..5, 20.2.6, 20.3.6.3, A.20.2..5 

Handling of .... 20.3.2.2, 20.3.3, A.20.3.2.2, A.20.3.3.4 
Monitoring of. " 20.2.8.3 to 20.2.8.8, A.20.2.8.6 to A.20.2.8.8 

Hazards, nature of . . ... 20.3.1.2, 20.3.1.5, A.20.3.1.2, 
A.20.3.l.5.2.2(2), B.7, C.20.2 

Housing for .. .. . 20.2.1, A.20.2.1.1.l, A.20.2.1.1..5, A.20.2.1.2.2 
Ignition sources ... 20.3.1.5.1, C.20.1.l.4 
Illumination .. 20.2.3 
Intercommunications equipment.. . ........ 20.2.8.2, A.20.2.8.2 
Medical hazards ..... C.20.1.3 
Noncombustible (definition) .. ..3.3.123 
Other fixtures and equipment.. . .. 20.2.9, 20.3.2, A.20.3.2 
Personnel. .. .. 20.3.J .3, 20.3.l.4, 

20.3.1..5.3, 20.3.1..5..5, A.20.3.1.3, A.20.3.1.4, A.20.3.1..5.3 
Physiological hazards... .. ... C.20.l.3.4 
Rules and regulations 20.3.1.3.4,20.3.1.4, 

A.20.3.1.3.4, A.20.3. I .3..5 
Safe practices ........... . 
Ventilation of chambers 

. ..... 20.3, A.20.3 
20.2.4,20.2.9.2, 

A.20.2.4.1.2, A.20.2.4.2.1, A.20.2.4.3.2 
Viewports . 20.2.2.6, A.20.2.2.6, C.20.1.2.3 
Wiring and service equipment ... 20.2.7.3 to 20.2.7.6, A.20.2.7.5.2 

Hyperbaric oxygenation (definition) '" .... 3.3.74 
Hyperthermia ............ .. 0.2.1.7 
Hypobaric 

Definition 
Noncombustible (definition) 

Hypoxia (definition) .. 

-1-

..... 3.3.75 
............. ... 3.3.124 

.3.3.76, C.9.2.13 

Identification 
Ignition sources 

Anesthetizing locations 
Electrical equipment ... 

..... see Labeling and identification 
.see aLm Explosion hazard; Fire hazard 

... C.13.1.3.3 
. .. A.8.4.2.2.2..5 

Hyperbaric chambers 
Oxygen-enriched atmospheres 
Respiratory therapy locations 

A.9.6.1.1.2, A.9.6.I.1.3, B.6.1.I4 
Immediate restoration of service (definition) 
Impedance 

20.3.1.5.1, C.20.l.l.4 
.................. B.2.1 

.9.6.1.1, 

.... :'..3.77 

Definition 
Of isolated wiring 

..... 3.3.78, A.3.3. 78 
.... 4.3.2.6.2, A.4.3.2.6.2.1 

Limit 
Measuring 
Of skin 

.... 4.3.3.1.6.2 
. " 4.3.3. 1.4, A.4.3.3.1.4 

... D.2.2.3 
IMV (definition) .. C.9.~.14 
Incident command system (ICS) ... A.12.~.3.2 

Definition .. 3.3.79 
Inductive diathermy.. . . . see Diathermy, inductive 
Inhalation anesthetics, use of ...... see aLmAnesthetic apparatus; 

Anesthetics; Anesthetizing locations 
Flammable ........... E.l.3, E.1.7; see also Flammable anesthetizing 

locations 
Hazards 

Nature of 
Recognition of 

Mixed facilities ... 
Nonflammable 
Other health care facilities 
Safety precautions 

In-line switch 
In-line valves . 
Instrument air 

Definition 

..... B-2.1 
..... B.6.1, C.13.1 

........ 13.4.1.l.3.2 
.. C.13.I.S 

C. 1:\.1. 2. 2. I, C. 15\.1.4 
. C.14 

'" C.13.2 
10.2.3.7.4 

...... 5.1.4.9 

.... 3.3.80 
Supply systems ..... " 5.1.3.8, Table 5.1.11, Fig. A.5.1.'l.8; see also 

Compressed ail' system (Level 51) 
Alarms ...... 5.1.9.5, A.5.1.95 

.5.2.'1.8 Level 2 piped gas and vacuum systems 
Insulation 

Cardiac electrodes ........... 10.2.12.1.2, 10.2.12.1.4, A.I 0.2.12.l.2 
Hyperbaric chambers, wiring and equipment inside .. 20.2.7.3.6 
Maintenance and testing of ... 4.4.4. I .2.2 
Shock prevention by ... 13.1.2.2.2 

Integrity tests ...... . .. 8.4.1.3.1 
Intentional expulsion, site of ... . .. . see Site of intentional expulsion 
Intermittent positive-pressure breathing (IPPB) ..... A.5.l.'I5.2 

Definition ....... 3.3.81, C.9.2.1S 
Internal combustion engines ....... 4.4.1.1. I 6. I 
Intrinsically safe 

Circuits, hyperbaric chamber 
Definition .. 

. 20.2.5.1.3.1, 20.2.7.3.7.5 
. .. 3.3.82, A.3.3.82 

Flammable anesthetizing locations, equipment in .. E.4.6.6 
Laboratory procedures, 

electric heating equipment for... . ... 8.4.2.2.2.3 
Invasive procedure (defmition) " ....... 3.'\.83 
IPPB .. . .. see Intermittent positive-pressure breathing (lPPB) 
Isoflurane ...... C.13.1.3.1.2 
Isolated patient leads ... .. ..... 10.2.4.3.2, 10.2.13.5.'1 

Definition .. 3.3.84 
Isolated power systems... . 4.3.2.2.8.4, 4.3.2.2.9, 4.3.2.6, A.4.:1.2.6 

Anesthetizing locations .... E.6.6.2 
Definition......... . .. '1.3.85, A.3.3.85 
Low-voltage circuits.... .. ... [0.2.10.4 
TesLs .......... 4.3.'1.3, 4.3.4.2.2 

Isolation switch, bypass . 4.4.2.1.7 
Isolation tests .. 8.4.1.3.6.3, 10.2.135.3 
Isolation transformer.... 4.3.2.6. I, 13.4.1.2.6.5 to 13.4.1.2.6.7, 

A.4.3.2.6, A.13.4.1.2.6.5 
Definition .... .. 3.3.86 

-J-
Joints 

Brazed .............. ...5.1.10.5,5.1.10.10.12,5.3.10.7, 
5.3.10.10.15, A.5. LIO.55, A5.3.1 0.75 

Prohibited .... . 
Soldered .... . 
Solven t-cemen ted 
Special 
Special fittings 
Threaded 
In WAGD networks 
Welded 

..... 5.1.10.8 

..... 5.:'..10.5 
........... 5.'1.10.6 
5.'1.10.8, .').3.10.9 

.5.1.10.7 
.. 5.1.1 0.4, 5.3.10.4 

..... 5.1.10.9 
.. 5.1.10.6, A.5.l.l 0.6.5 
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-L-
..... 3.2.5 Labeled (definition) 

Labeling and identification 
Anesthet.izing local inns 
Cylinders and containers. 

9.4.4, A5.1.'l.I.1 

....... C.13.'>, E.6.4, E.6.5, E.6.7.5 
..... 5.1.3.1. 5.3.3.1.1 to 5.3.3.1.4, 

Electrical equipnlcnt 10.2.8.2, 1 ().~.8.3 
11.7.2.6.2 Flammable and combustible liquids storage 

Fume hoods ... 6.4.3.6 
.... 5.3.12.4.7,9.6.3.1,9.6.3.2, A.9.6.3.2 

..... 5.1.11.1, !i.1.13.2, 
Cas equipment 
Cas/vacuum systems 

!i.2.11, !i.'D.I, 5.'1.11, ,,).3.13.6 
Alarm panels .. !i.I.II.4 
ShutofTvalves .. 5.1.11.2 
Station outlets and inlets 5.1.11.3 
Verification of ...... 5.1.12.3.13, .'>.3.12.3.11, 5.3.12.4.7 

Hyperbaric facilities .20.2.5.1.7,20.2.6.1 
Laboratories ... 6,(i.2, 11.8.2, A6.6.2, A.II.8.2.1, All.8.2.3 
Oxygen.. .9.6,,'1.1,9.6.3.2 
Refrigerating equipment ... 11.7.2.6.2 
RespiratOlY therapy .. 9.6.3.J, 9.6.3.2, AlJ.6.3.2 
Su pport gas ....... 5.1.14.10 

Laboratories .. ' Chap. II, C.ll 
Biological safety cabinets .. 6.4.3.1, A.6.43.1 
Construction and arrangement ... 11.3.1, 11.5.1, AlI.3.1, AII.5.1 
Corridors.. 11.3.1.1, 11.3.2.5 to 11.3.2.7, A.11.3.1.1 
Definitions ..... 3.3.87, A3.3.87, C.11.2 
Electrical e'luipmeJlt and appliances ..... 8.4.2.2.2, 8.5.2.!i, 

11.4.2, 13.'\.tl.2, AtlA.2.2.2, A.8.5.2.5.1, A.8.5.2.5.2, 
A.II.4.2.1, AIIA.2.2, AI3.3.8.2 

Emergency procedures 11.2.1.3,11.6,A.II.2.1.3.4,A.1l.6 
Equipment 11.4, 14.3.8.2, 17.3.8.2, 18.3.8.2, 

A.11.4.2.1, A.I 1.4.2.2 
Exit deuils ..... 11.3.2, A.lI.3.2.1 
Fire incidents, docuJl1ented . .. ...... C.11.1 
Fire prevention 11.2.1. Al 1.2.1.1.3, A.II.2.1.3.4, A.l1.2.1.4.3 
Fire protection .... 11.5, A.11.5 
Flammable and combustible liquids 11.7, A.I1.7.2, A.I1.7.5 
Fume hoods. .. 6.1.3, 6.6.2, 11.3.5, 

A.b.4.3.1, A.6A.3.3, A6A.3A, A.6.6.2 
Gas equipment 
Cas systems, piped. 
Cas transfer 
Hazardous materials, disposal of 

A.II.7.5. A.II .8.1.4 

... 9.53.2 
11.11, A.11.11.2.1 

...... 11.9 
11.7 . .'), 11.8.1.4, 

Hazards, nature of. . .. 11.2. 11.8.2, A.II.2.1.1.3. 
A.II.2 .1.3.4, A.II.2.1.4.3, A.lI.8.2.1 ,A.l1.8.2.3 

Hospital 13.3.11, A.13.3.11 
Limited care facilities 18.3.8.2,IS.3.II,A.lS.3.1l 
Liquids, equipmelH with 11.4.2, A.11.4.2.1, All.4.2.2 
Maintenance and inspection ..... 11.2.1.1.2, 11.8, All.8 
Nursing homes 17.3.8.2, 17.3.11, A.17.3.11 
Other health care facilities . 14.3.S.2, 14.3.11 
Personnel 11.2.1.1, 11.8.1.1.3, 11.8.2.3 to 11.8.2.5, 

A.II.2.IA.3, A 11.8.2.3 
Power outlets . 4.3.2.3 
Refrigeration equipment ... 11.7.2.ti, A.Il. 7.2.6 
Sakty in ....... 11.2.1.4, 11.8, A.11.2.1 ,4.:'1, AIl.8 
Vcntiblion ... 6.1.2, 6.4.3, 6.b.2, 11.3.4, 

A.bA.2.1, A.6A.3, A.6.6.2,AIl.3.4, A.ll.3.4 
Laboratory hoods 
Laboratory work area (definition) 
Lasers 

... . see Hoods 
. 3.3.88, A3.3.88 

Hyperbaric Elcilitics . 
Medical 

...... 20.3.2.1.4 
.... 0.2.1.8 

Sllrgery 
Leakage current 

Delinition 
Frequency. 
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... 135.3.2 
.... S.4.2.2.1.1, 85.2.1.3, B.1.2.2A 

.... 3.3.89 
. 8.1.1.3.3.3. 10.2.1 :'1.3.2, A8.4.1.3.3.3, AIO.2.13.3.2 

Limits.. ... 10.2.13.3.2, 10.2.13.4.3, 
10.2.135, A.I 0.2.13.3.2, A.I 0.2.13.4.3 

Polarity, in relation to ................ " .. 8.1.1.3.3.4, 1O.2.l 3.3.3 
Leakage tests. .. ..... 8.4.1.3.3, A.8.4.1.3.3 

Appliance to ground .. 10.2.13,4, AIO.2.13.4.3 
Exposed conductive surLlces .... 10.2.13.4.1 
Between leads "'" 8.1.1.3.6.4, 8.4.1.3.6.5, 10.2.13 . .').1, 10.2.13.5.5 
Leads and limits.. .. ........... 10.2.13.5 
Manufacturers 10.2.13.3 to 10.2.13.5, A.I 0.2.13.3, AIO.2.13.4.3 
Methods. .. .. 10.2.13.4.1 
Patient leads and grounds... . .... 8.1.1.3.6.1,8.4.1.3.6.2, 

10.2.13.5.2, A.8A.I.3.6.1 
Level 3 compressed air system . . see Compressed 

air system (Level 3) 
Levell medical piped gas and vacuum systems ..... 5.1, A5.1; see also 

Vacuum systems 
Alarms .... see Ala rm systems 
Definition ... 3.3.90 
Designation colors/operating pressures .. Table 5.1.11 
Distribution. .. .... 5.1.10, A.5.1.10 
Hazards, nature of .... 5.1.2 
Labeling and identification. . 5.1.11 
Maintenance .. .. ..... ....... .. C.5.2 
Manufactured assemblies .. 5.1.6, A5.1.6 
Operation and management 5.1.13. A5.I.13 
Other bealth care facilities 14.3.5.1 (I) 
Performance criteria ... 5.1.12 
Pressure and vacuum indicators ........ 5.1.8, C.5.1.8.8(1), C.5.2.5 
Retesting .... C.!i.2 
Sources. " 5.1.3, A.5.1.3; see (llso Central supply system, Level I 

Instrument air supply systems... . ..... 5.1.3.8, Fig. A.5.1.3.8 
Medical air supply systems .... 5.1.3.5, A5.1.3.5, C.5.1.2, C.5.2.8 
Medical-surgical vacuum supply systems .').1.3.6, A.5.1.3.6 
Reserves 

Bulk cryogenic liquid systems... '" .').1.3.4.13.6, 
A5.1.3.4.1 'l, C.5.2.4 

In-building emergency reserves 
Warning signals 

C..').I.!i, C5.2.11, C5.2.12, C.5.2.13 

... 5.1.3.4.15 
.... 5.1.9.2.4, C.5.J A, 

Verification of equipment . ............. .. ...... 5.1.12.3.14 
Waste anesthetic gas disposal (WACO) .... 5.1.3.7, A.5.1.3.7 

Station outlets/inlets .. . 5.1.5, !i. 1.11.3, A.5.1.5, C.5.2.18 
Support gases ... 5.1.14 
Surface-mountecl medical gas rails .. 5.1.7, A5.1. 7 
Valves .... 5.1.4, 5.1.l2.3A, A.5.1.4, Fig. A.5.1.4, C.5.2.17 

Level 2 medical piped gas and vacuum systems 5.2, A.5.2.1 
Definition ... 3.3.92 
Other health care facilities 14.3.5.1 (2) 

Level 3 piped gas systems.. . ..... S.3, A5.3 
Alarms ... . see Alarm systems 
Definition ................ 3.3.94 
Distribution .. !i.3.1 0, A . .').3.1 O. 7.5, A.5.3.1 0.1 0.3 
Cas-powered devices 

Piping.... .. ... 5.3.1 0.1.2 
Supply systems .... !i.3.3.5, A.5.3.3.5 

Hazards, nature of .. 5.3.2 
Labeling and identification 5.3.11,5.3.12.3.11 
Operation and management ... .').3.3.2, 5.3.13, A.5.3.3.2 
Other health care facilities .... 14.3.5.1 (3), A14.3.5.1 (3) (c) 
Performance criteria ...... S.3.12. A.!i.3.l2.3.1O(3) (b) 
Sources . . ......... 5.3.3 

Cas-powered devices supply systems ......... 5.3.3.5 
Identification and labeling ........ 5.3.3.1 
Locations ..... 5.3.3.3.2 
Medical gas supply systems ........ 5.3.3.1, A5.3.3.4A 
Operations ... 5.3.3.2, A.5.3.3.2 
Reserves .. 5.1.9.2,4, 5.3.3.5.8, A5.3.3.5.8, 

C.5.1.4, C.5.1.5, C.5.2.ll, C.5.2.12, C.5.2.13 
Systems . 
Vacuum sources. 
Verification of equipment 

.. .').3.3.3 
.... 5.3.3.6, A5.3.3.6 

.. 5.312.312 
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Station and service outlets/inlets ............ 5.3.5, 5.3.ll.3, A.5.3.5 
Valves..... ..... .... .. 5.3.4, A.5.3.4 
Warning systems. . ...... 5.:1.9 

Levell vacuum systems ............ . .. see Vacuum systems 
Level 3 vacuum systems ....... see Vacuum systems 
Life safety branch............... .. ...... 4.4.2.2.1.1, 4.4.2.2.2.2, 

A.4.4.2.2.2.2( 4), A.4.4.2.2.2.:I 
Definition ...................................... 3.3.96 

Life support equipment, electrical '" 14.3.4.2.1 
Definition .. ..... .. ... . .................... :1.3.37 

Lighting ..................... . see also Photographic lighting equipment 
Ceiling-suspended fixtures ..... ..... ........ . ..... £.6.6.5 
Fixed, anesthetizing locations ................................. E.6.6.4 
Hyperbaric chambers ... 20.2.7.3.15, A.20.2. 7.3. I 5 

Lightning hazard ............. C.13. 1.3.3.1 
Liruited care facility '" ............. Chap. 18 

Definition ................ 3.:1.97 
Liruited-combustible material (definition) .. 3.3.98, A.3.3.98 
Line isolation monitor ............................ 4.:1.2.6.:1, 

A.4.:I.2.6.3.1, A.4.3.2.6.:I.3, A.4.:I.2.6.:I.4 
Definition .... 3.3.99 
Testing ...... 4.3.3.3.2 

Line voltage equipment ........... 8.4.1.2.4, A.8.4.1.2.4.2, E.4.5, E.4.6 
Variations and transients .......... 10.2.5, A.IO.2.5 

Liquids 
Definition .......... .. 
Equipment employing 
Flammable and combustible 

liquids 

.. ............ 3.3.100, A.3.3.100 
... ]1.4.2, A.l1.4.2.1, A.lI.4.2.2 

. see Flammable and combustible 

Listed (definition) .......................................... 3.2.6, A.3.2.6 
Local signal (definition) ... . ........ :1.:1.101, A.:I.3.1 01 
Low-frequency electrical shock .. ................. ..... . .. 0.:1.4 
Low-voltage equipment .......................... 10.2.10, D.4.3.5, £.4.7 
Lubricants ............. 20.:1.2.4, 20.:1.6.2.2.4, 20.:1.6.2.2.5, C.20.I.l.3.1 

-M-
... :1.:1.102 rnA (definition) ... 

Main lines, piping 
Definition 
Valves 

3.:1.145.2 
........ 5.1.4.:';, 5.1.]1.2.4, A .. 5.1.4.5 

Maintenance logs 
Electrical equipment ........ 8.5.3.1.3 
Hyperbaric facilities .. .......... .. 20.3.4.2 

Management, emergency planning by ................. .. 12.2.2 
Manifolds .. .......... ... .. .. 5.1.3.3.1.1, 5.1.3.3.1.2, 

5.l.!l.4(1), 5.1.3.4(2), 5.3.13.1, 9.7.2 
Cryogenic liquid cylinders ............ . 

Fig. A.5.1.3.4.12, C.5.2.2, C.5.2.3 
Cylinders without reserve supply, for 

Fig. A.5.1.3.4.1 0, C .. 5.2.1 
Cylinders with reserve supply, for 
Definition .......... . 

Manuals 

.. .. 5.1.3.4.12, 

.5.1.3.4.10, 

". 5.1.3.4.11 
. :1.3.103 

Anesthetizing equipment ........................ 9.6.1.3.4 
Electrical appliances ...... 8.5.2.1.1 0, 8.5.:1.1.1, 10.2.8, A.8.5.2.1.IO 
High-frequency equipment 0.5.2.2, D.5.3.2 
Respiratory equipment ....... 9.6.1.3.4 

Manufactured assemblies... ....... ..... ..... .. .. .. .... B.2.3.4 
Definition .......................... .. 3.3.104, A.3.3.1 04 
Level I piped gas and vacuum systems ................. 5.1.6, A.5.1.6 

Support gases ................................... 5.1.14.6 
Level 2 piped gas and vacuum systems ....... 5.2.6 

Manufacturer's requirements 
Electrical equipment ........... . 
Piping system installation 

Mask 

" Chap. 10 
.5.1.10.10.9, .5.:1.10.10.13 

Definition ......................... .. .. 3.3.10.0 
Oxygen mask microphones ............... 20.2.8.2.2 

Materials ....... .. .. Chap. 7 
Measurement, units of ................................ .. 1.5, A.1.5.1 
Mechanical cleansing ..................... .. ............ C.13.2.5.1 

Mechanical hazards 
Anesthetizing locations 
Hyperbaric facilities 
Respiratory therapy administration, during 
\Naste anesthetic gas disposal 

.. C.I '1.1.2.3 
..... C.20.1.2 

.. B.2.'1.'1 
B.2.3.2, B.2.'1.'1 

Medical air 
Alarms.... .. .............. 5.1.3.5.10, 5.1.'15.14, A.5.I.:I.5.1 0 

Area ......... S.1.9.3, A.S.1.9.'1.4(I), Tablc A5.1.9.:I, C5.1.7 
Master ......... S.1.9.2.4, C.5.1.4 to C.5.1.6, C5.2.1 0 to C.5.2.1 ~ 

Definition ... . ............................ 3.3.106, A.3.3.1 06 
Designation colors/operating pressures ..... . T;lble 5.1.11 
Dryers ................. 5.1.35.7,5.1.3.5.11.'1, S.1.35.11.6, 

5.1.3.5.11.9, A.5.1.35.11.6 
Filters .............. 5.1.35.8, 5.1.3.5.II.S, S.I.'1.5.11.6, 

5.1.3.5.11.9, A..'i.1.3.5.11.6 
Level I supply systems ... 5.1.'1 .. ~, A.5.1.3..'i, C5.I.2, C.5.2.8 
Level 2 supply systems.. . ................. 5.2.'1.S 
Purity test................. .. .............. 5.1.12.3.12 
Quality monitoring ... ~.I.:I.5.15, C.S.2.6 
Receivers .... S.1.:l5.6, 5.1.'\.5.11.4, S.3.'1.5.4, A5.1.:I.5.11.4 
Regulators.. . .......... S.I.3.5.9, 5.1.'1.5.11.5, 5.1.:t5.11.6, 

5.1.35.11.9, A.5.I.3.5.11.6 
Medical air compressors ..... 5.1.:1.4(4), S.1.3.5.1, 5.1.3.5.3, S.I.'1.5.4, 

5.1.'1.5.8.1, S.1.3.5.11.2, A.5.1.3.5.1 to A5.I.'1.'1.4.I, 
C.5.1.2; see aLIO Compressed air system (Level 3) 

Alarms ............. .. .... 5.1.95, A.5.1.9.'1 
Definition ..................... ..... .. ..... .. '1.'1.107 
Electrical power and control . S.I.'1.5.12 
Filters .......... .. A.S.1.3.5.1 

.. 5.1.:I.8.'D, 5.1.'1.8.4 
.. 5.1.'1.5.13, 5.1.3.8.6, S.B.5.7, 

20.2.4.2, A.5. 1.'15. I ,A.5.'1.:I.5. 7 

Instrument ..... 
Intake .. 

Multiple pressures 
Tests 

Medical/ dental office .. 
Definition .... 
High-frequency equipment 

Medical gases ..... . 
Concentration test .. 

............ S.1.3.7(1) 
........ 5.1.12.'1.14.') 

.see aLm Other health care f~lCilit.ies 
.................... 3.'1.108, A.3.3.1 08 

.......................... 0.1.2 
. ........ see aim sl)er~/i(; ga.w~s 

Definition .......................... . 
5.1.I2.3.II,A.5.1.12.3.11 ('I) 

.. ..... 3.3.I09 
Prohibited uses ........... .. ... 5.1.'1.4.2, A.5.I.'1A.2 

Medical gas rails (MGRs). . .. see Surface-mounted medical gas rail 
systems 

Medical gas systems ...... Chap. 5, 1:1.4.1.2.7.2; see all'n Cylinders; Cas 
equipment; Medical gases; Supply systems; Vacuum 
systems; Waste anesthetic gas disposal (WACD) systems 

Birthing centers .. .. ....................... 21.3.5 
Changes in system use ...... S.I.IO. to. I 0, S.:I.I n.1 0.14 
Cross-connection .. . .. . Sl!e Cross-connection test 
Definition ..... .. .......................... 3.'1.110 
Distribution, piped .... see Piped distribution system 
Hazards of ............. .. .............. B.2 
Hospital .... I '1.3.S, A. 13.'1.5.1 ('I) (c) 
Installers, qualification of ....... 5.1.10.10.11, 

.5.1.10.1O.12,5.3.10.10'! 
Labeling.... .. ............ .. .... S.1.I '1.2, S.'1.13.6 
Levell ........ . see Level I meclical piped g,Ls and vacuum systems 
Level 2 ... .. .... 5.2, A5.2.1 

Definition 
Level 3 .......................... . 
Limited care facilities 
Maintenance ...... . 
Manufactured assemblies 

...... '1.3.92 
... . see Level 'I pipecl gas systems 

....... 18.3.5, A.18.'1.5.1 (3) (c) 
... !·U.13.7, 9.8, A.~).8.7(3), A.9.8.9 

to use with..... . ... see Manut~lcturecl assemblies 
Nitrous oxide..... . .............. . see Nitrous oxide 
Nursing homes........... . ... 17.3.5, A.17.3.S.1 (3) (c) 
Other health care facilities .... 14.'15, A.14.'1.5.1 (3) (c) 
Record keeping.......... ...5.3.13.7,9.8, A.9.8.7('1), A.9.8.9 
Special precautions .................. 5.1.1 '1.1, 5.:1.10.10.10, S.:I.13.5 
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Standard designation colors and operating 
pressures ....................... . .. Table 5.1.11 

Storage ... . ............................... 5.1.3.1.8,5.1.3.1.9, 
5.1.".2.3,5.3.3.3.2 to 5.3.3.3.6, C.14.2 

Medical hazards 
Hyperbaric facilities 
Respi ratory therapy ........... . 

........ C.20.1.3 
.. C.9.1 

. ............. 3.3.11 
........ 3.3.112 

Medical support gas (definition) . 
Medical-surgical vacuum (definition) . 
Medical-surgical vacuum systems .. see Vacllunl syslem~, 

medical-surgical 
Medicaments. . ............ . 

Flammable 
Methoxyflurane 
Microphones, oxygen mask 
Microwave diathermy ............................... . 

13.4.1.2.2.1 
......... C.13.1.3.2 
....... C.1 3.1.3.1.2 

.. 20.2.8.2.2 
......... D.2.1.5 

..... D.35.6 Microwave ovens, hazards of ................. . 
Microwave therapy radiation . . ......... D.2.2S2 
Mixed facilities 

Deflllition ............................ . .... E.1.6, E.8.1.1 
Requirements for ...... E.6.7 
Rules and regulations ......................... C.13.! .5.3, E.8 
Use of inhalation anesthetics in ................. . ......... C.I 3.1.5 

Moisture indicators ........... 5.3.3.5.5, A5.3.3.5.5 
Monitor hazard current ..... . .. see Hazard current, monitor 
Motorload transfer ......................4.1.2.1.4.13 
Multiple treatment facility (definition) ............ 3.3.114 
mV (definition) . 3.3.115 

-N-
Nasal cannula (definition) ....... 3.3.116 
Nasal catheter (definition) ...................... 3.3.117 
Nebulizers ... ... .. ..... .. ......... ....... .. .. . 9.5.2.5, 95.2.6 

Definition ..... 3.3.lIS 
Ultrasonic (definition) .......................... .. ....... C.9.2.21 

Negative pressure (definition) .................. .. 3.3.119 
Neurosurgical lesion generator '" D.2.1.'\ 
Nitrogen .see alw Medical gases: Support gases 

Definition ........ ....... ......... .. .. 3.3.120 
Joints, purging of .... S.I.1 OS5, S.3. I 0.75, A.5.3.1 0.7.S, ASI OS5 
Oil-free, dry ... S.1.3.5.1 (I), S.1.12.2.2, S.l.l2.3.1.2, 

5.3. I 0.7.5.1. 5.3.12.3.4.5, S.3.12.3.6, S.3.12.3.7, 
S.3.12.3.9.1 

Definition 
Nitrogen narcosis 

.. ..... ......... ...3.3.120.1 
....... C.20.1.3.2. C.20.1.3.5 

Definition ............... . ................... . 3.3.121 
Nitrous oxide 

Definition 
Handling .. 
Hazards 
Storage 

Nitrous oxide systems 

........... 3.3.122 
......................... .. ........ 9.7.l.3 

............. B.2.1, B.6.1, C.13.1.3. 1.2, D.3.5,4 
..... .. ....... ...... .. .. 9.4.2.2, 9.7.1.3 

Bulk (definition) ...... 3.3.19.1 
Closing off ........... C.13.2.3 
Designation colors/operating pressures . Table 5.1.11 
Indoor locations for.................... . ....... 5.1.3.3.1.6 
Other health care f~lCilitjes '" 14.3.5.2 
Proper delivery, method of ...... C.13.2.3 
Supply systems ................. 5.1.3.3.1.8, S.1.3.3.1.10 

5.1.3.4.2, 5.1.'\.4.4(2), A5. I .3.4.2 
WAGD for ................... . .. 13.3.5.~ 

Noise level, high, hyperbaric facilities .......... C.20.1.3A, C.20.1.3 .. O 
Noncombustible (hyperbaric) (definition) ............ 3.3.123 
Noncombustible (hypobaric) (definition) ... 3.3.124 
Noncombustible material (definition) ........ 3.3.125, A.3.3.125 
Nonconductive coupling ............. .............. .. ..... D.2.2.2 
Nonflammable (definition) ............ .. 3.3.126 
Nonflammable anesthetic agent .... . see also Anesthetics: I n halation 

anesthetics, use of 
DeJinition .. .............. 3.3.127, A.3.3.127 

Nonflammable anesthetizing location ..... see Anesthetizing locations 
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Nonflammable gases .......... 9.4; see also Medical gases 
Nonflammable medical gas system ... . see Medical gas systems: 

Vacuum systems, medical-surgical 
Nursing homes ... . 

Definition ............. . 

Oil indicator ........... . 
-0-

........... Chap. 17 
.................. 3.3.129 

. .............. 5.3.3.5.6 
Operating equipment logs 
Operating rooms 

20.3.4.2.2: see alw Maintenance logs 

Hyperbaric chambers .. 
Temperature 
Ventilation air ..... 

Operating supply (definition) 
Operating table, connection of patient to 
Oscillators 

. ....... 20.2.4.3.3 
..... E.3.5.4 

'" E.3.5.2 
........ 3.3.173.1 

.. E.6.7,4 

Electrosurgical ...................... ............. D.2.1.1.4 
Spark gap... .......................... . D.2.1.1A, D.6.8 

Other health care facilities.. . Chap. 14, A.14.3.5.1 (3) (c), C.I4; 
see also Anesthetizing locations; Inhalation anesthetics, 
use of 

Cylinders, typical gas ............ Table C.13.5 
High-frequency equipment ....... D.l.2 
Regulations for.. . C.14.2 

Outdoor signal transmission lines .. 10.2.9.1.2 
Outlets ................................ see Electrical receptacles 
Overcurrent protection ............ 10.2.3.6, AIO.2.3.6 
Oxidizing gas (definition) ........ . 3.3.130, A3.3.l30 
Oxygen ..................... . .... . see also Medical air: Medical gases 

Ambulatory patients receiving.. . ......... 9.6.2.4 
Compatibility .................... .. .. 20.3.2.3, 20.3.2.4 
Definition .......................... .. .... 3.3.131, A.3.3.131 
Designation colors/operating pressures... . ......... Table 5.I.ll 
Gaseous (definition) ..... . ...................... 3.3.131.1 
Handling ..... 9.7.1.3, 9.7.2, 20.3.2.2 to 20.3.2.4, A.20.3.2.2 
Hazards ............ ... B.2. I, B.6.1, D.3.5.4 
Liquid.. ................. .. ....... 20.3.3.2 

Definition ................... 3.3.131.2, A3.3.131.2 
Transferring ........ ....... .. .... ........ ... 9.6.2.3 

Monitoring ... 20.2.8,4 
Storage .... 5.1.3.1 .9,9.4.2.2, 9.7.l.3, 20.3.2.2, A20.3.2.2, 

A.20.3.3,4 
Therapy ............ .. .................. .. see Hyperbaric facilities 
Toxicity .. C.20.1.3.2 

Hyp~rbaric (definition) ............................. 3.3.136 
[n hyperbaric treatmenL~ (definition) ......... A3.3.J35 

Transferring ...... 9.6.2.2.2, 9.6.2.2.3, 9.6.2.3, 8.2.1, B.6.1.12 
Oxygen cylinders ............. ...... see Cylinders 
Oxygen delivery equipment .... 8.5.2.4.5, A8.5.2.45, C.13.2.3; see alw 

Cylinders: Pipe and piping, gas 
Definition . .. .... 3.3.132, A.3.3.1 32 
Hazards......... .. .............. 9.6.1.1.4, 9.6.1.2.2, B.6.Ll2 
Maintenance of ..... 8.5.2.2.3, 9.6.1.3.3 

Oxygen enclosures... . .... " . 9.5.2.2 
Oxygen-enriched atmosphere 

Detinition ............ .. .................. 3.3.133 
Electrical appliances in 8.5.2.4.4, 8.5.2.4.5, 

10.2.7.2, 10.2.9.3, A8.5.2.4.5, Al 0.2.7.2 
Hazards of ............ .. ... 9.6.1.2.1, B.2.1, B.6.1.2, B.6.1.5, 

8.6.1.7, B.6.1.8, B.6.1.11, B.6.J.13, C.20.1.1.3A, 
G20.1.1.3.5, C.20.1. 1.4.3, D.3.5,4 

Labeling of equipment for use in ....... 9.6.3.1.1 
Oxygen hoods (definition) .............. .............. 3.3.134 
Oxygen index (definition) ................ . ........... 3.3.135 
Oxygen service-related documents.. . . . . . . . . . .. . . .. C.5.3 
Oxygen systems .................... see also Oxygen delivery equipment 

Bulk (definition) .... 3.3.19.2, A3.3.19.2 
Closing off .................. . ...... e.9.3.3, C.13.2.3 
Indoor locations for ............ . 5.1.3.3.1.6 
Supply systems . 5.1 .3.3.1.9, 5. I .3.4.2, .~. 1.3.4.4(2), A5.1.3.4.2 

Emergency oxygen supply connection (EOSC) ....... S.I.3.4.14, 
AS.1.3.4.14 
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-p-
Pacemakers, interference and 
Paper .............. . 
Partial pressure .................... . 
Patient bed location (definition) ............ . 

.. D.4.3.4 
20.3.2.1.0, A.20.3.2.1.o 
. .. see Pressure, partial 

.3.3.137 
Patient care areas 

Definition 
Electrical appliances, testing of 
Other health care Llcilities 

13.2.4; see alm Electrical systems 
........ 3.3.138, A.3.3.138 

...... 8.5.2.1.2.2 
........ 14.3.8.1 

Patient-care-related electrical appliances ..... . ...8.4.1,10.2, 
20.2.7.3.17, A.8.4.1, Al 0.2, A.20.2. 7.3.17 

Definition..... ............. .. .. 3.3.139 
Patient care vicinity (definition) .... 3.3.140 
Patient equipment grounding point (definition) .... 3.3.141 
Patient impedance measuring devices .... 10.2.9.2.2.3, A.IO.2.9.2.2.3 
Patient leads ...................... 8 .. 5.2.1.3; see aLso Electrical wiring 

Connections. .. ... .. .... . ................... 10.2.4.3 
Definition .... 3.3.142, A.3.3.142 
Isolatcd .. 10.2.4.3.2, 10.2.13.5.3 

Dcllnition .................................................... 3.3.84 
Receptacles for ......................... 10.2.4.1, 10.2.4.2, A.IO.2.4.2 

Patient management, in emergencies .... 12.3.3.4, A.12.3.3.4, C.9.3.5, 
C.l:i.4.5 

Patient medical gas (definition) .......... 3.3.143; see also Medical air; 
Nitrous oxide; Oxygen 

Patient-monitoring electrodes ... D.4.3.3 
PEEP (definition) ................. ............... .. ..... C.9.2.10 
Photographic lighting equipment ...... 20.3.2.1.3, E.4.6.7, E.4.6.8 
Physicians, discretionary use of nonconforming 

materials ............ ..... .. 20.3.1.5.4.4 
Physiological hazards, hyperbaric facilities ................ C.20.1.3.4 
Pin-index safety system .. 9.5.1.2, A.9.5.1.2 
Pipe and piping, gas 

Anesthetizing locations ............. . 
Branch (lateral) line (definition) 
Branch takeofls . 
Definitions .. 

...... E.6.6.7 
................ 3.3.145.1 

. .. 5.1.10.10.6, 5.3.10.10.9 
.. ........ 3.3.145 

Ground, use as .... 5.1.13.1.3, 5.3.13.5.2 
Hyperbaric facilitjes .... 20.2.9.3, 20.3.4.l.3 
Installation.. .............. ..... 5.1.10.10,5.3.10.10 
Instrument air systems ..................... 5.1.3.8.9 
Interconnections, prohibited ... 5.1.10.10.8, 5.3.1 0.10.12 
Labeling. .. .......... 5. 1.1 l.!, 5.3.11.1 
Laboratories.. .. .................................. 1l.1l,Al1.11.2.1 
Level I ... 5.1.3.5.11,5.1.12, A.5.1.3.5.11.4, A.5.1.3.5.11.6, A.5.1.l2 

Distribution. .. ........................... 5.1.10, A.5.1.10 
Supply ....... 5. J.3.5.11, 5.1.3.0.5,5.1.3.8.9, 

A.!i.1.3.5.11.4, A.5. U.5.11.6 
Support gas .................... 5.1.14.9 

Level 2 ................... .. ..... 5.2.10 
Level 3, distribution ..... 5.3.10, A.5.3.IO.7.5, A.5.3.10.1O.3 
Main line (definition) ..... 3.3.145.2 
Manuhlcturer's instructions....... ..... .. ............... 5.1.10.10.9 
Nitrous oxide ........ C.13.2.3 
Nonflammable medical gases ...... 13.4.1.2.7.2 
Oxygen ..................... .. C.13.2.3 
Special precautions .. 5.1.]3.1, 5.3.10.10.10 
Support ..... 5.1.1 0.1 0.4, 5.3.10.10.6 
Tests ........................ 5.1.12, 5.3.12, !i.3.12.4.2 to 5.3.12.4.8, 

A.5.1.12, A.!J.3.12.3.1O(3) (b) 
Installer performed tests. .. ............. 5.1.12.2 
System verification. .... ......... .5.1.12.3,5.3.12.3, 

5.3.12.4.8.2, A5.1.12.3.11 (3), A.5.3.12.3.10 (3) (b) 
Underground piping outside of buildings ..... 5.1.10.10.5, 

.5.3.10.10.8 
UndergrouncJ piping within buildings/within 

Hoor slabs............................ .. ... 5.3.10.10.7 
Piped distribution ~-ystem ........ 5.l.] 0, 5.3.10, A.5.1. JO, A5.3.10. 7.5, 

A.5.3.1 0.1 0.3; see also Central supply system, Levell; 
Central supply system, Level 2 

Definition ....... .. ........................ 3.3.1 44 

Piped gas systems ............................... . see Medical gas systems 
Plastics, combustibility of ............. .. ............. C.13.~.4.1.1 
Plugs (attachment plugs, caps) ...... S.4.1.2.2, S.4.1.2.4.3(~), 

8.4.1.2.5(1),10.2.13.2 
Definition .......... . ............................ 33.146 
Hyperbaric chambers......... .. .... 20.2.7.3.17.6(3) 
Low-voltage .................. .. ...................... 10.2.10.3 
Patient-care related locations 10.2.2.1, A.I 0.2.2.1 

Portable equipment.... . . .. lee Equipment, portable 
Positive-negative pressure breathing (definition) .... 3.3.147 
Positive pressure 

Change in system ................ . 5.1.10.10.10.1 
.. .... 3.3l48.6 Definition ..... . 

Initial piping purge test .. 5.3.12.2.6 
Initial pressure test .... 5.3.12.2.3 
Initial standing pressure test . 5.3.1 ~.2. 7 
Labeling of systems .. 5.1.11.1.1 (3), .~.1.11.2.2 
Standing pressure test ... .. ... 5.1.12.2.0 

Power cords ............ ... 8.4.1.2.3, S.4.1.2.5(~), 
8.5.2.1.7, 13.4.1.2.5.2, A8.4.1.2.5(2) 

Appliances .................. 10.2.3.3, .10.2.3.4, 10.2.13.2 
Flammable anesthetizing locations ......... E.4.5.1, E.4.5.2 
High-frequency equipment .. . D.4.2.5 
Hyperbaric chambers ........... 20.2.7.3.9, 20.2.7.3.17.6 
Patient-care-relatedlocatiolls .. .IO.~.2, 10.2.3, 

AIO.2.2, A.l 0.2.3.2, A.I 0.2.3.6 
Strain relief .... 1 0.2.~.1.l0, I 0.~.2.2.7, 10.2.13.2(2) 

Power outlets 
Power systems 
Pressure 

Absolute (definition) 
Ambient (definition) 
Gauge (definition) ... . 
High (definition) .... . 

................ '" .. see Electrical receptacles 
.. .II!!! Electrical systems 

..... 3.3.14S.1 
... 3.3.148.2 
.. 3 .. ~.148.3 
.. 3.:1.148.4 

Multiple, central supply system 
Negative (definition) 

.. ......................... 5.1.3.4.7 
....... 'l.3.119 

..... 3.3.148.5, A3.3.148.5 Partial (definition) 
Positive .................. . .. . see Positive pressure 
Standard operating pressures, gas and vacuum 

systems.. .. Table 5.1. f I 
Working (definition) ............. .. .. 3.3.148.7, A3.3.148.7 

Pressure indicators ..... 5.1.8, 5.1.14.7, 5.2.8, C.5.2.5, C.5.2.14 
Pressure-reducing regulators ........ 9.3.6 to 9.3.8, 9.6.3.1.2, 9.6.3.1.<1 

Definition ........... .. ... 'U.149,A.3.3.149 
Pressure regulators, final line ......... 5.1.3.4.5 
Pressure relief valves.... .. ....... !i. 1.3.4.6, 5.3.3.4.2.2, 

5.3.3.4.2.3, 20.3.4.1.1.1, C.5. 1. 
Medical air system ..... 5.1.3.5.11.10 

Pressure testing 
Individual pressurization ..... . .. 5.1.12.3.3. I 
Initial pressure test.. 5.1.12.2.3,5.3.12.2.3 
Operational presslll'e ......... .. ... 5.1.12.3.10 
Presslll'c differential.............. .. 5.1.12.3.3.2 
Standing pressure tests..... .... .. 5.1.12.2.6, 5.1.I2.'1.2, 

!i.3.12.2.7, 5.3.12.3.2, 5.3.1 ~.4.2, A.5.1.12.3.2 
Verifier operational pressure test ......... 5.3.12.<1.9 

Pressure vessels.. ....... ........ .SIiIi Hyperbaric Facilities 
Primary power control switch 10.2.3.7 
Prime movers ... 4.4.1.1.1.2(4) 
Procedure room (definition) .... ~.3.15() 
Programmable appliances, de-energization of 10.2.6.5.3 
Psia (pounds per square inch absolute) 

Definition .................. 3.3.151 
Psig (pounds per square inch gauge) 

Definition.... . 3.'l.15~, A.'l.'l.152 
Pumps, vacuum ..... . 
Purge test, piping .. . 
Purpose of standard 

Quiet grounds 
Definition .. 

.seli Vacuum pumps 
....... 5.1.12.2.5, 5.3.12.~.6, .5.3.12.4.5 

.... 1.2 

-Q-
..... 4.3.2.2.7.1, A4.3.2.2.7.1 

....... 3.3.153 
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Rack-mounted equipment 
Radiation 

Electromagnetic 

-R-

Equipment in hyperbaric chambers 
J-li~h-frequency . 

.......................... 10.2.3.8 

.. 0.2.2.5 
........... 20.3.2.6, A.20.3.2.6 

...... D.2.2.5.2 
..0.3.8 Nonionizing racliation burns ancl ignition. 

Radioactive materials -
Emergency preparedness ...... C.12.3.9 
FUllle hoods used with ... 6.4.3.3, A.6.4.3.3 

Radio frequency power .......... . .11'1' also High-frequency electricity 
Burns from ...................................................... 0.3.8.1 
Diathermy .... 0.2.1.4, 0.3.3.2 
Interference.. .. 0.3.2 

Reactance (definition) ........................... ........... 3.3.1.14 
Reactive material (definition) . 3.3.IS5, A.3.3.155 
Reactivity (instability) hazards ................... e.lI.2.3.3 
Rebreathing systems ....................... C.13.1.3.1.3, E.6.6.9.6 
Receptacles, selected . .1'1'1' Electrical receptacles 
Reference grounding point . 4.3.3.1.2( J) 

Definition... ............ ...3.3.186 
Reference point. . .. 4.3.3.1.2 
References. . .... Chap. 2, D.9, Annex G 
Refrigerating equipment. .. ............ 11.7.2.6, A.l1.7.2.6 

Definition 3.3.157, A.3.3. 1.57 
Regulators 

Cylinders . .. ..... .. ..... ... . .... 9.3.6 to 9.3.8 
Medical air. .. ........ 5.1.3.5.9,5.1.3.5.11.5, 

S.I.3.5.11.(i, :;.1.3.5.11.9, A.:).1.3.5.11.6 
Pressure-reducing ............ . sa Pressure-reducing regulators 

Relative analgesia (definition) ............... .. ... 3.3.158 
Remote (definition) ............... 3.3. J 59, A.3.3.159 
Resectoscope........................... .. D.7.5 
Reserve supply (definition) .............. ......... 3.3.160 
Reservoir jars . 95.2.4 
Resistance measurement ...... 1 0.2.1 3.2 
Resistance testing ............ 8.4.1.3.2, 8.4.1.3.3.1, A.8.4.1.3.2 
Respiration (definition) .. C.9.2.17 
Respiratory therapy 

Administration and maintenance .9.6, A.9.6.1.1.2, 
A.9.6.I.l.3, A.9.6.3.2 

Apparatus for .. ... .. .. ..... .. ..... 9.5.2 
Carts and hanel trucks ... 9.5.3.1 
Chemical hazards. . ....... B.6.2.1 
Cylinder and container connections .. C.9.4 
Electrical cqllipment .. 8.5.2.4, A.8.5.2.4.1, A.8.5.2.4.5, A.8.5.2.4.6 
Equipment. labeling .. 9.6.3.1 
Equipment servicing ,mel maintenance .. 9.6.1.3, e.9.1.1.1 
Equipment transport, storage, anelusc ............. 9.6.3.3, C.9.!.1 
Fire emergency procedures .. e.9.3 
Fire hazards .......... 9.6.1.1,9.6.1.2, A,9.6.1.1.2, A.9.6.1.!.'>, B.2.1, 

B.6.1.2 
Glossary of terms 
Mechanical hazards 
Medical safeguards 
Safety 
Toxicity during 

Risers, piping 
Definition 
Valves 

RLF (definition) 

-s-

.. C.9.2 
... B.2.3.3 

.. e.9.! 
... B.6.3 

.... B.2.3.1 

3.3.14S.3 
.. S.1.4.6, 5.1.11.2.5 

.. C.9.2.J8 

..... 3.3.161 Safety can (definition) 
Safety mechanisms ... 
Safety officer, laboratory .. 

.. ................. 5.3.13.3, 9.7.4 
11.8.1.1,11.8.1.2, 

11.8.2.4, A.I1.8.1.1, A. J 1.8.1.2 
........ 11.6, A. 11.6 Safety showers 

Scavenging 
Defrnition 

....... . see aiso Waste anest.hetic gas disposal 
.. 3.3.162 

SeFM (standard cubic feet per minute) 
DcJinition ". 
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.3.3.163 

Scope of standard . 1.1 , A. 1. I. I I. I (3), A. 1. I. I 2, A. I. 1. 20 
Selected receptacles (definition) ............ . ..... 3.3.164 
Self-extinguishing (definition) 
Semipermanent connection (definition) . 
Sensors, inside h)perbaric chambers 
Separable cord sets .. 
Service inlets 

Definition 
Service outlets 

Definition 

...... 3.3.165 

...... 3.3.166 
... 20.2.8.1.1 
...10.2.2.2.3 

.. 'i.3.5, 5.3.11.3, A.5.3.5 
...... 3.3.167 

.. S.35, 5.3.11.3, A.5.3.5 
... 3.3.168 

Service valves ....... 5.1.4.7, 5.1.11.2.6 
Shall (definition) . .. ...... 3.2.7 
Shock hazard .......... see Electric shock (electrostatic) hazard 
Should (definition) ...... 3.2.8 
Shutoff valves ....... 5.~\.13.5.4, C.5.1.3 

Accessibilit.y .. ............ .. .... 5.1.4.2 
Emergency... .. . ..... 5.:>.4.1 
Emergency showers ............ 11.6.2, A.Il.6 
Fume hoods ............. .. .... 6.4.3.6 
Gas ...... S.1.4.1 to 5.1.4.5, 5.3.3.4.2.1,5.:>.4.1, A.5.1.4.5, A.5.:>.4 
Gas equipment-laboratory .............. " .... 9.5.3.2 
Labeling.. ... ....... .. ...... 5.1.11.2, 5.3. II .2 
Types ...... 5.1.4.3 
Vacuum ... .. ....... 5.1.4.1 to 5.1.4.S, A.5.1.4.5 

Sigual transmission 10.2.9.1, A.I 0.2.9.1.1, E.6.6.6 
Sigus .. ............... . ...... see Labeling and identification 
Single trealment facilities (definition) ....... 3.3.169, A.3.3.169 
Site of intentional expulsion (definition) .. 3.3.170, A.3.3.170 
Skin, impedance of . . see Impedance, of skin 
Smoke detectors ...... . see Fire detection systems 
Smoking .... 9.6.1.1.1,9.6.2.4, 9.6.3.2, 

13.4.l.2.3, 20.3.1..5.1.1, /\.9.6.3.2, £.8.3 
Solids, flammability hazard of . 
Sound-deadening materials . 
Source valves . 
Spark gap oscillator 
Special procedure rooms, ventilation. 
Staff 
Standard 

Adoption 

... Table C.2.3.2 
. 20.2.2.5.2, A.20.2.2.S.2 
.. ..... 5.1.4.4. 5.1.11.2.3 

.......... D.2.1.1.4, D.6.8 
. .. £.3.5.2 

..... '" ... . s!!e Employees 

Requirements .......... 1.6 
Sample ordinance .... Annex F 

Definitjon ........ 3.2.9 
Enforcement .... 1.6.2 

Station inlets .... 5.1.5, !'>.1.1 1 .3, 5.25, 5.3.S, A.5.15, A.5.3.5, C.5.2.l8 
Defrnition ..... .. .... 3.3..171 

Station outlets ...... 5.1.5, 5.1.11.3, 5.2.5, 5.35, A.5. J .5, A5.3.5, 
C.5.2.18 

Definition 
Sterilization .. 
Storage 

Anesthetics, flammable 
Definition 

..... 3.3.172 
.. .............. e.13.2.5.1 

13.4.1.1.1.2, E.6.6.1, E.6.8 
........ E.1.7 

Containers ........... ,., ....................... . see Containers 
Cylinders..... . ......................... see Cylinders 
Flammable and combustible Iiqnids .......... 1 L.7.2, A.ll.7.2 
Flammable gases .... 20.3.'1.3, 20.3.4.1.5.1 
Gas syst.etns . . see Medical gas systems 
Hazardous tnaterials ... 20.3.4.1.5 
Mixed facilit.ies . . ..... E.6.7.2 
Nonflammable gases. . ......... 9.4 
Oxygen .......... 5.1.3.1.9, 20.3.2.2, A.20.3.2.2, A.20.3.3.4 
Respiratory therapy equipment .......... 9.6.3.3, C.9.!'1 

Storage areas 
Ambulatory care LJCilities, gas storage 
Location 

Storage cabinets 
Construction 
Venting 

Strap, high-impedance 

.... e.14.2 
.. 9.4.2 

.. 11.7.2.3.2 
11.7.2.2 
11.7.2.4 

... E.6.7.4 
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Supply source ......... . see alm Level I medical piped gas and vacuum 
systems; Level 3 piped gas systems 

Operating supply (definition) 3.3.173.1 
Primary supply (definition) ...... 3.3.173.2 
Reserve supply (definition) 3.3.173.3 
Secondary supply (definition) ............................. 3.3.173.4 

Supply systems ......... see alw Central supply system, Level I; Central 
supply system, Level 2; Level I medical piped gas and 
vacuum systems; Level 2 medical piped gas and vacuum 
systems; Level 3 piped gas systems; Pipe and piping, gas; 
Piped distribution system 

Anesthetizing locations.. .. ............ 6.4.1.2, C.13.2.3 
Hyperbaric facilities.. . 20.2.4.1.3.2 
Portable ............ 9.5.J, A.9.5.1.1, A.9.5.1.2, A.9.5.1.4 

Support gases .......... . ...... . see also Instrument air; Nitrogen 
Central supply system for ..... 5.1.3.4.3 
Definition ....................... 3.3.174 
Levell................ .. ....... 5.1.3.4.3,5.1.14 
Medical (definition) ..... 3.3.111 

Surface-mounted medical gas rail systems ..... 5.1.7,5.2.7, A.5.1.7 
Definition ...... 3.3.175, A.3.3.175 

Switches ...... see also sperij!c types of switches, such as Transfer switches 
Anesthetizing locations . 13.4.1.2.6, E.2.3 
Essential electrical systems .......... 4.4.2.1,4.4.2.2.4.3, 

4 .. 5.3.2, A.4.4.2.1.4, A.4.4.2.1. 7.3 
Hyperbaric facilities 20.2.7.3.11, A.20.2.7.3. 11.1 
Isolation switch, bypass ......... 4.4.2.1.7 
Test ..................................... .. .. 4.4.2.1.4.11 

Synthetic materials .. 

Task illumination (definition) 
Telephones ............... . 
Temperature 

-T-

........ see Textiles 

................... 3.3.1 76 
10.2.10.1 

Anesthetizing locations .. 6.4.1.5, A.20.2.4.3.2, E.35.4 
Generator sets and .. ..... .. .. .... . .. 4.4.1.1.11 
Hazardous ....................... .. 8.4.2.2.2.2 
Hyperbaric chambers............... ..20.2.4.3,20.2.7.3.12, 

Terminals 
Definition 
Inlets .. 

20.3.2.1.7, A.20.2. 7.3.12 

. 3.3.177, A.3.3.177 
. ...... see Station inlets 

Test equipment 
Test logs 

............... .. ....... 4.3.3.1.5 

............ . ........ B.5.3.1.3 
Test switches 
Textiles 

....................... 4.4.2.1.4. II 

Combustible materials ...................... . . .. C.20.1.1.3.4 
Flammable anesthetic locations, use of ... E.6.6.9.5, 

E.6.6.10.4 to E.6.6.LO.B, E.B.3 
Textiles, electrostatic hazard ... 20.3.1.5.4, A.20.3.1.5.4, E.6.0.B.8 
Thennal standards....... .. ................................ 10.2.6.1 
Thorax (definition) ......... C.9.2.19 
TIssue processors.. .11.4.2.1, A.l1.4.2.1 
Total hazard current .. . see Hazard current, total 
Toxicity 

Anesthetizing locations .. 
Electrical equipment, surfaces of 

.. .. .... .. .. .. C.J 3.1.2.2 
....................... 10.2.6.2 

Oxygen ..... see Oxygen, toxicity 
Products of combustion. . ......... B.4.2 
Respiratory therapy. ... ..... . ............... B.6.2.2 

Trachea (def'mition) ........... ... C.9.2.20 
Tracheotomy tube (definition) .................. 3.3.17B.2, A.3.3.178.2 
Training, employee 

Anesthetizing locations..... 13.4.1.2.10.4, C.13.4.6 
Disasters................ .. ................................. 12.3.3.9 
Electrical equipment ......... 8.5.5, A.B.5.5.1 
Gas equipment ................ " ... "" ... ".""" .. 9.6.2.1,9.6.3.3.5 
Gas systems, operation and management ........... 9.7.1.2, 9.9.1.2 
High-frequency equipment, use of .. . ...................... 0.5.2 
Hyperbaric facilities 20.3.1.4.3 to 20.3.1.4.5, 

20.3.6.4.1, A.20.3.1.4.4.l, A.20.3.l.4.5 

Laboratories ... 
Respiratory therapy 

Transfer switches 

.. ............. 11.2.1.4, II.R.1.1.3, A.11.2.1.4.3 
...................................... C.9.3.0 

.4.4.2.1, A.4.4.2.1.4, A.4.4.2.1.7.3; 
see also Swi r.ches 

Automatic .... 4.3.2.2.1.2, 4.4.2.1.3, 4.4.2.1.4, 4.4.3.2.5, A.4.4.2.1.4 
Nonautomatic .................................. 4.4.2.1.4.15, 4.4.2.1.5, 

4.4.2.1.6, 4.4.3.2.8, 4.5.'1.2.7, A.4.4.2.1.4.I:J 
Performance criteria and testing .................... 4.4.3.2,4.5.3.2, 

4.5.4.1.1, 4.0.3.2, 4.6.'D, 4.6.4.1.1 
Transfonner, isolation. . .. see Isolation transformer 
Transurethral resection .... 0.2.1.1.4 
Trichloroethylene ..... C.13.1.3.1.2 
Tube........ . see Endotracheal tube; Tracheotomy tubc 

-u-
Ultrasonic diathenny ........ . 
Ultrasonic nebulizer (definition) 
Unattended laboratory operation 

.. .... "" .... D.2.1.6 
........ C.9.2.21 

11.2.1.1.3, 
11.4.2.2, A.II.2.1.1.3, A.II.4.2.2.2 

Definition ... "" .................................... 3.'1.179, A.3.3.179 
Units of measurement ...................................... 1.5, A.I.5.1 
Use point (definition) ... '1.3.180 
Utility center (J box) (definition) ................... 3.3.181, A.3.'I.IBI 

-v-
Vacuum indicators. . ................ 5.1.8, 5.2.R, G5.2.5, C.!i.2.14 
Vacuum pumps 

Alarms ................................................ 5.1.9.5, A.5.1.9.!i 
Level I systems ................ Pi. 1.3.6.2, !i.1.3.6.6.1 to 5.1.3.6.6.5 
Level 3 systems. . 5.3.3.3.2.2,5.3.3.:>.7 

Vacuum receivers ................................................ 5.1.3.l1.3 
Vacuum systems, medical-surgical .............................. Chap. 5 

Alarms 
Area ... 5.U1.3,A.5.1.9.'I.4(I), TableA.5.1.9.3, C.5.1.7 
Local. .. .......................... :;.1.9.1, 5.1.9.5, A.!i.1.9.5 
Master 5.1.9.2, Table A.5.1.9.2, G5.1.3, C.5.2.1 0 to C.!i.2.13 

Birthing centers . 21.3.5 
DefInition ...... 3.3.113 
Exhaust. . ................ 5.1.3J;.7, 5.3.3.6.4, A.5.3.3.fi.4.8 
Hazards of .. . ....... B.2.2 
Hospitals 13.3.5, A.13.3.5.1 (3) (c) 
Installers, qualification of .... !i. I. I 0.1 (j.ll, !'i. I. I n.1 0.12, 5.3.10. I 0.1 
Labelinf( .. .. ..................................... 5.1.13.2, 5.3.13.fi 
Level I ......................... 5. U.G, !i. 1.9.2, 5.1.9.3, .~.1.1 0.2, 

5.1.12, .~.1.13.1.4, 5.1.13.1.5, !i.1.13.2, A.5.1.3.ti, A.5. 1.5, 
A5.1.9.2, A.5.1.9.3, A.5.1.9.5, A.5.1.12, C.'1.1.3, C.5.2.1 0 
to C.5.2.13 

Conversion to gas system 
Definition 

..... E;.1.1 0.1 0.1 0.2 
... 3.3.91 

Designation colors Table !i. I. 11 
Electrical power and control ............................. 5.1.3.fi.o 
Maintenance ..................... 5.3.13.7, 9.8, A.9.R.7(3), A.9.B.9 
Operating pressures ................................... Table !i.!. I I 
Piping .. 5.1.3.ti.5, 5.1.10.2 
Record keeping .5.3.13.7,9.8, A.9.R.7(3), A.9.B.9 
Shutoff valves ................................................. 5.1.4.1 
Standard designation colors anel operating 

pressures 
Station outlets/inlets 

Level 2 

. T:lble !i.I.11 
........... " ............ 5.1 .. 5 

............ " .. 5.2.3.6 
Level 3 .. 5.3.3.ti.4, 5.3.10.2, 

5.3.12,5.3.13.5, A.5.3.3.6.4.B, 1\.5.3.12.3.10(3) (b) 
DefInition ................................... " ...... 3.3.95, A.3.3.95 
Drains ... 5.3.3.6.3, A.5.3.3.0.3 
Piping.. .. ............................ 5.3.10.2 
Testing. .. ..................................... 5.3.12.4 

Limited care facilities .... "" ........ """. I R.3.5, A.18,3.5.1 (3) (c) 
Manufactured assemblies 10 llSC wilh ............. . sef Manuf'lctured 

assemblies 
Nursing homes 
Other health care hlcilitics 

17.3.5, A.17.3.5.1 (3) (c) 
14.3.5, A.14.3.:i.1 (:~) (c) 
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Piping 
Laboratories ................................... 11.11.3, A.ll.l1.3.~ 
Level I systems .. 5.1.3.6.5, 5.1.10.2 
Level 3 systems. . .......... 5.3.10.2 

Special precautions ......... 5.1 13.1.4, 5.1.13.1.5, 5.:1.1 3.5 
Tests ........ see also Cross-connection test 

Final standing vacuum test ......... ....... . .... 5.3.1~.4.3 
Initial leak tcsts .. ,~.3.12.2.4 
Initial pressure test ....................................... 5.3.12.2.3 
Initial standing vacuum test .. 5.3.12.2,8 
Standing Vactillm lest ............. .. 5.l.l~.2,7 

Vacuum terminals ........................................ see Station inlets 
Valves. . .see also "jJeci[ic Iyj}(!, SU.Ch. as Shllloffvalves 

Gas e(jllipmelll, cylinder and container sources for .,.9,3.1,9.3,3 
Level I .............. ,~.I.4, 5.1.12.3.4, A.5.1.4, Fig. A.5.1.4, C.5.~.17 
Level 2 ..... " , 5,~.4 
Level 3 .................. 5.3.3.4.~, 5.3.4, 5.3.10.1.1, 5.3.11.2, A.5.3.4 

Vaporizers ... 5.1.3.4.13.10, 9,8,~ 
Oefinitjon ........................... .. .............. 3.3.182 

Ventilation. '" ., .see alsu Exhaust systems 
Anesthetizing locations ...... 6.4.1,6.6.1,13.4.1.2.1, A.6.4.1.1, E.3 
Biological safety cabinets ................... .. 6.4.3, I, A.6.4.3.1 
Central sllpply systems and storage, gas .... 5.1 .3.3.3 
Definition .,. ., ., . C,9,2.22 
Electrical heating e'luipment . 8.4,2,2.2.3 
Enclosures, medical gas systems. . ... ,~.3.3.'1.6 
Flammable in halation anesthetic agents ........................ E. 3 
Fume hoods ... ,. 6.4.'>' 6.6.2, A.6.4.3.1, A6.4.3.'1, A.6.4,3.4, A,6.6,2 
Generator sets ... , ... , 4.4.1.1.12, A.4.4,I.I.12.1 
Hyperbaric chambers .". 20,~.4, ~O,2.9,2, 

A.~().2.4.1.~, A.20.2.4,2, I, A.20.2.4.'1,2 
Laboratories .......................................... see Laboratories 
Manifolds, locations for ....... , .... 5.1.'1,3.3,1 
Recirculation of air ........................ .. ... 6.3 
Storage cabinets. ................. 11.7.2.4, A 11.7.2.'1 

Ventilator (definition) C.9.2.23 
Venting .. .. ... .... .. .. ... .. ... ... .. .. .. Sf(! Ventilation 
Voltage limit. .., ... ,' 4.3.3,1.6, I 
Voltages 

Abnormal 
Measuring 

Voltage sensing 

2005 Edition 

.4.4.1.1.1.2(1),4.4.1.1.2 
.... 4.3.3.1.3, A.4.3.'1.1.3 

.............................................. 4.4.2.1.4(0) 

-W-
Warning signs.. . .... . see Labeling ali(I identiJication 
Warning systems ....... seeAlarm systems 
Waste anesthetic gas disposal (WAGD) systems ............. 5.1.'1.4(6) 

Alarms .. ...... .. .. ........ .. ......... .. ... 5.1.S). 7.4 
Area ........... 5.1.9.3, A.5.1.9.3.4( I) and (2), Table A.5.1.9.'\ 
Local.... , .......................... 5.1.9.5, A.5.1 .9.5 

Anesthetizing locations .............................. 6.4,1.6 
Definition ........... . .. '\.3.184 
Designat.ion colors .......................... Table 5. I .11 
Electrical power and control ................. . ........... 5.1.3.7.5 
Exhaust .................. .. ......... 5.1.3.7.6 
Hazards of ......................................... B.2.3 
Hospitals 13.3.5.2 
Interface (definition) ............. .. .... 3.3.lf\'l,A.3.::;.183 

Joints in ..... ..." 5,1.10.9 
Level 1 piped gas and vacullm systems ............... "'.1.3.'\.1.3(3), 

5.1.'1.7,5.1.12, A.5.1.3.7, A.5.1.12 
Level 2 piped gas and vacuum systems .............. 5.2.'1.7 
Maintenance program ...................... 9.8.7(4) 
Operating pressures. . ................. Table 5.1.11 
Other health care facilities 14.3 . .'>.1, A. 14.::;.5,1 (3)(c) 
Producers ....................... .. ............. 5.1.3.7.2 
Sources ............ , ......................... 5.1.3.7. I, A.5.1.'). 7.1 

Water as extinguishing agent. . ..... C.9.3.4.1, C.I '1.3.4.1, GI3.4.4.3 
Water handlines ................. see H,lIldlines, w,Her 
Wet locations .. , .. ,. , ... 4.3.2.2.8,13.2.4(3), J\.4.3.2.2.8.1, 135.2.2 

Definition ... .. .............. 3.'1.185, A.3.3.185 
Electrical appliances, testing of .. , ....................... 8.5.2.1.2.2 

WIring, ..... ".,., ........................ . see Electrical wiring 
Working pressure .................................. . see Pressure, working 
Work space or room (generators) .................... 4.4.1.1.8 

X-ray equipment . 
Anesthetizing locat.ions 
Hyperbaric facilities 

Zone valves 

-x-
13.4.1,2.6.2 

.. ...................... E.4,(j.'1, E.6.6.9.4 
.. 20.3.2.L2(1) 

-z-
." .. "." .. ,,, .. ,,, .. ,,, .. ," 5,1.4,8 
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Tentative Interim Amendment 

NFPA99 
Standard for Health Care Facilities 

Reference: 13.4.1.2.2, A.13.4.1.2.2.2 
TIA 05-2 (NFPA 99) 
(SC-05-7-13) 

2005 Edition 

Pursuant to Section 5 of the NFPA Regulations Governing Committee Projects, the National Fire 
Protection Association has issued the following Tentative Interim Amendment to NFPA 99, Standard 
for Health Care Facilities, 2005 edition. The TLI\ was processed by the Health Care Facilities Committee, 
and was issued by the Standards Council on July 29, 2005, with an effective date of August 18, 2005. 

A Tentative Interim Amendment is tentative because it has not been processed through the entire 
standards-making procedures. It is interim because it is effective only between editions of the 
standard. A TLI\ automatically becomes a proposal of the proponent for the next edition of the 
standard; as such, it then is subject to all of the procedures of the standards-making process. 

Revise section 13.4.1.2.2 & A. 13.4. 1.2.2.3 as follows: 

13.4.1.2.2 Germicides and Antiseptics. 

13.4.1.2.2.1 Medicaments, including those dispersed as aerosols, shall be permitted to be used in 
anesthetizing locations for germicidal and antiseptic purposes, for affixing plastic surgical drape 
materials, for preparation of wound dressing, or for other purposes. 

13.4.1.2.2.2* Flammable liquid germicides or antiseptics used in anesthetizing locations, whenever 
the use of electro surgery, cautery, or elect! 05tl1 get y a laser is contemplated, shall be nonflammable 
packaged to ensure controlled delivery to the patient in unit dose applicators. swabs and other similar 
applicators.) . 

13.4.1.2.2.3 Whenever the application of flammable liquid germicides or antiseptics is employed in 
surgeries where the use of electro surgery, cautery, or a laser is contemplated time shall be allowed to 
elapse between application of the germicide or antiseptic and: 

(a) The application of drapes to permit complete evaporation and dissipation of any flammable 
vehicle remaining and 

(b) The use of electro surgery. cautery, or a laser to ensure the solution is completely dry and to 
permit thorough evaporation and dissipation of any flammable vehicle remaining. 

13.4.1.2.2.4 Any solution-soaked materials shall be removed from the operating room prior to draping 
or use of electro surgery cautery, or a laser. 

13.4.1.2.2.5 Pooling offlammable liquid germicides or antiseptics shall be avoided' if pooling occurs 
excess solution shall be wicked and the germicide or antiseptic allowed to completely dry. 

13.4.1.2.2.6 A preoperative "time out" period shall be conducted prior to the initiation of any surgical 
procedure using flammable liquid germicides or antiseptics to verifY that a flammable germicide or 
antiseptic: 

(Continued) 



(a)Application site is dry prior to draping, and use of electro surgery, cautery, or a laser and 

(b)That pooling of solution has not occurred or has been corrected, and 

(c) Any solution-soaked materials have been removed from the operating room prior to draping and 
use of electro surgery cautery or a laser. 

13.4.1.2.2.7 Whenever flammable aerosols or antiseptics are employed, sufficient time shall be 
allowed to elapse between deposition and application of drapes to permit complete evaporation and 
dissipation of any flammable vehicle remaining. 

13.4.1.2.2.8 Health care organizations shall establish policies and procedures outlining safety 
precautions related to the use of flammable liquid or aerosol germicides or antiseptics used in 
anesthetizing locations, as required in Section 13.4.1.2.10. whenever the use of electro surgery, 
cautery or a laser is contemplated. 

A.13.4.1.2.2.2 Some tinctures and solutions of disinfecting agents provide significant clinical benefits 
in reducing the risk of surg"ical infections. However, they can be flammable, and can be used 
improperly during surgical procedures. Tipping containers, accidental spillage, and the pouring 
ed.· excessive arnOtmts of StIch flamlitable agents on patients expose them to inj ury in the oent of 
accidental ignition of the flammable solvent. To control this risk. flammable germicides or antiseptics 
that are used when electro surgery, cautery, or a laser is contemplated should be packaged to ensure 
controlled delivery to the patient (e.g .. unit dose applicator. swab, etc.) in small volumes appropriate 
for single application. 

Copyright © 2005 All Rights Reserved 
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Reference: 17.3.8.] 
TlA 05-3 
(SC 09-8-21ITIA Log #927) 

Tentative Interim Amendment 

NFPA99 
Standard for Health Care Facilities 

2005 Edition 

Pursuant to Section 5 of the NFPA Regulations Governing Committee Projects, the National Fire 
Protection Association has issued the following Tentative Interim Amendment to NFPA 99, Standard 
for Health Care Facilities, 2005 edition. The TIA was processed by the Technical Committee on 
Medical Equipment, and was issued by the Standards Council on August 6, 2009, with an effective date 
of August 26, 2009. 

A Tentative Interim Amendment is tentative because it has not been processed through the entire 
standards-making procedures. It is interim because it is effective only between editions of the standard. 
A TIA automatically becomes a proposal of the proponent for the next edition of the standard; as such, it 
then is subject to all of the procedures of the standards-making process. 

Issue: Testing Patient Care Equipment, type and frequency, in Nursing Homes. 

1. In 17.3.8.1, Strike the word "Reserved"and replace with: "Electrical equipment utilized for the 
treatment of patients shall conform to Chapter 8." 

Issue Date: August 6, 2009 

Effective Date: August 26,2009 

(Note: For further information on NFPA Codes and Standards, please see www.nfpa.org/codelist) 

Copyright © 2009 All Rights Reserved 
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Sequence of Events Leading to Publication 
of an NFPA Committee Document 

Call goes out for proposals to amend eXISting document or for 
recommendations on new document. 

Committee meets to act on proposals, to develop its own pro
posals, and to prepare its report. 

~ 

Committee votes on proposals by letter ballot. If two-thirds ap
prove, report goes fOIW3J"d. Lacking two-thirds 

approval, report returns to committee. 

~ 

Report - &pUTt on Proposals (ROP) - is published for public 
review and comment. 

Committee meets to act on each public comment received. 

~ 

Committee votes on comments by letter ballot. If two-thirds 
approve, supplementary report goes foIW3J"d. 

Lacking two-thirds approval, supplementary report returns to 
committee. 

~ 

Supplementary report - Repurt on Comments (ROC) - is pub
lished for public review. 

~ 

NFPA membership meets (Annual or Fall Meeting) and acts 
on committee report (ROP or ROC). 

~ 

Committee votes on any amendments to report approved at 
NFPA Annual or Fall Meeting. 

~ 

Appeals to Standards Council on Association action must be 
filed within 20 days of the NFPA Annual or Fall Meeting. 

~ 

Standards Council decides, based on all evidence, whether 
or not to issue standard or to take other action, including 

upholding any appeals. 

The following classifications apply to Technical Commit
tee members and represent their principal interest in the 
activity of a committee. 

M Manufacturer: A representative of a maker or marketer of 
a product, assembly, or system, or portion thereof, that 
is affected by the standard. 

U User: A representative of an entity that is subject to the 
provisions of the standard or that voluntarily uses the 
standard. 

l/M Installer/Maintainer: A representative of an entity that is 
in the business of installing or maintaining a product, as
sembly, or system affected by the standard. 

L Labar: A labor representative or employee concerned 
with safety in the workplace. 

R/T Applied Research/Testing Lahoratury: A representative of 
an independent testing laboratory or independent ap
plied research organization that promulgates and/or 
enforces standards. 

E Enforcing Authority: A representative of an agency or 
an organization that promulgates and/or enforces 
standards. 

Insurance: A representative of an insurance company, 
broker, agent, bureau, or inspection agency. 

C Consumer. A person who is, or represents, the ultimate 
purchaser of a product, system, or service affected by the 
standard, but who is not included in the Userclassification. 

SE special Expert: A person not representing any of the pre
vious classifications, but who has special expertise in the 
scope of the standard or portion thereof. 

NOTE 1: "Standard" connotes code, standard, recommended 
practice, or guide. 
NOTE 2: A representative includes an employee. 
NOTE 3: While these classifications will be used by the Stan
dards Council to achieve a balance for Technical Committees, 
the Standards Council may determine that new classifications 
of members or unique interests need representation in order 
to foster the best possible committee deliberations on any 
project. In this connection, the Standards Council may make 
such appointments as it deems appropriate in the public inter
est, such as the classification of "Utilities" in the National Elec
trical Code Committee. 

NOTE 4: Representatives of subsidiaries of any group are gen
erally considered to have the same classification as the parent 
organization. 
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FORM FOR PROPOSALS ON NFPA TECHNICAL COMMITTEE DOCUMENTS 

Mail to: Secretary, Standards Council 
National Fire Protection Association, 1 Batterymarch Park, Quincy, Massachusetts 02269-9101 
Fax No. 617-770-3500 

Note: All proposals must be received by 5:00 p.m. ESTIEDST on the published proposal-closing date. 

H you need further information on the standards-making process, please contact the 
Standards Administration Department at 617-984-7249. 

For technical assistance, please call NFPA at 617-770-3000 

Please indicate in which fonnat you wish to receive your ROPIROC: 0 paper 0 electronic 0 download 

(Note: In choosing the download option you intend to view the ROPIROC from our website; no copy will be sent to you.) 

Date _________ Name ________________ Tel. No. ________ _ 

Company---------------------------------------

Str~tAddr~ ______________________________________________________________ __ 

Please Indicate Organization Represented (if any) ________________________ _ 

1. a) NFPA Document Title ______________ NFPA No. & Year _________ _ 

b)SectiowTa~pb--------------------------- FOR OFFICE USE ONLY 

2. Proposal Recommends: (Check one) 0 new text log # ___________________ __ 

o revised text 
o deleted text 

Date Rec'd _________ __ 

3. Proposal (include proposed new or revised wording, or identification of wording to be deleted): (Note: Proposed 
text should be in legislative format: i.e., use underscore to denote wording to be inserted ~ ~ and strike-through to denote wording to 
be deleted (lieleteli Bfliiag). 

4. Statement of Problem and Substantiation for Proposal: (Note: State the problem that will be resolved by your recommenda
tion; give the specific reason for your proposal including copies of tests, research papers, fire experience, etc. If more than 200 words, it may be 
abstracted for publication.) 

5.0 This Proposal is original material. (Note: Original material is considered to be the submitter's own idea based on or as a result of 
hislher own experience, thought, or research and, to the best of hislher knowledge, is not copied from another source.) 

o This Proposal is not original material; its source (if known) is as follows: ____________ _ 

Note I: Type or print legibly in black ink. 
Note 2: If supplementary material (photographs, diagrams, reports, etc.) is included, you may be required to submit sufficient copies for all mem
bers and alternates of the technical committee. 

I hereby grant the NFPA all andfull rights in copyright, in this proposal, and I understand that I acquire no 

rights in any publication of NFPA in which this proposal in this or another similar or analogous form is used. 

Signature (Required) 
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