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GORDONIA SIHWENSIS AND USES 
THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation-in-part of 
US. application Ser. No. 12/338,581, ?led Dec. 18, 2008, the 
entirety of Which is hereby incorporated by reference. 

1. FIELD OF THE INVENTION 

[0002] Gordonia sihwensis described herein may be used 
to sequester and/or biodegrade hydrocarbons. In particular, 
Gordonia sihwensis described herein may be used in the 
remediation of drill cuttings coated With drilling ?uid. 

2. BACKGROUND 

[0003] Environmental pollution With hydrocarbons poses a 
major concern. Crude oil is a major sea pollutant, and petro 
leum products, such as gasoline and diesel fuel and fuel oils, 
are the most frequent organic pollutants of soils and ground 
Waters. In the drilling of oil and gas Wells, oil-based drilling 
?uid is required in most of the challenging drilling situations, 
and the spent oil-coated drill cuttings cannot typically be 
discharged from the drilling rig for environmental reasons. A 
rapid biodegradation of oil on such cuttings could render 
oil-based drilling ?uids as environmentally acceptable as 
Water-based drilling ?uids. 
[0004] There are tWo primary types of drilling ?uids: (i) 
Water based drilling ?uids (WBF); and (ii) non-aqueous drill 
ing ?uids (NADFs). WBFs comprise Water mixed With ben 
tonite clay and barite to control mud density and thus, hydro 
static head. Other substances can be added to affect one or 
more desired drilling properties. NADFs are either based on 
mineral oil, diesel, or synthetic base ?uid. NADFs are typi 
cally Water in oil (invert) emulsions. In rare cases, such as 
With coring ?uids, 100% oil-based drilling ?uids have been 
used. NADFs are generally preferred over Water-based ?uids 
for their ability to provide superior borehole stability, lubric 
ity, rate of penetration, stuck pipe prevention, chemical sta 
bility, and corrosion protection. 
[0005] In contrast to WBFs and WBF-coated cuttings that 
can typically be discharged into the environment, in many 
areas regulatory standards do not alloW the discharge of 
NADFs, or drill cuttings coated With NADF into the environ 
ment. If NADF-coated cuttings are not permitted to be dis 
charged into the environment, then the cuttings must either be 
reinj ected, hauled to shore, thermally treated to remove base 
?uid, or land farmed. In some regions, drill cuttings coated 
With NADF can be discharged into the environment if the 
base ?uid and/or Whole mud are approved for discharge. In 
many cases, cutting dryers are used to remove most of the 
NADF from the cuttings prior to discharge. 
[0006] The inability to discharge technically superior 
NADF and NADF cuttings into the environment presents a 
huge problem for the oil and gas industry. In many drilling 
situations, NADFs must be used in order to economically drill 
the Well. This is particularly true With high angle Wells, hori 
Zontal Wells, high pres sure high temperature Wells, deepWater 
Wells, slimhole Wells, and Wells drilled into Water-sensitive 
formations. 
[0007] Many technologies have been developed to deal 
With the problem of NADP disposal. HoWever, each of these 
systems has limitations. Cuttings drying is expensive and can 
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only achieve a reduction in oil on cuttings doWn to 3-4% by 
Weight. The injection of cuttings containing NADF has limi 
tation due to the equipment requirement to capture the cut 
tings, slurrify them and pump them doWn an annulus, the lack 
of available annuli, and the poor understanding of the fracture 
process involved. Hauling of cuttings containing NADF is 
expensive and results in non-Water quality environmental 
impacts, including air pollution from transportation, energy 
use during transportation, and disposal site factors. Land 
farming of cuttings requires large areas of land, is a sloW 
process and creates environmental concerns due to the poten 
tial for leaching and runoff. Thermal processing of cuttings is 
expensive, requires a large footprint, and creates safety con 
cerns due to the high temperatures involved. Thus, method 
ologies that make the drill cuttings more environmentally 
acceptable Would be valuable. 

3. SUMMARY 

[0008] The ability of Gordonia sihwensis to sequester and/ 
or biodegrade hydrocarbons is described herein. In an 
embodiment, provided herein is a biologically pure culture of 
Gordonia sihWensis. For example, a speci?c embodiment can 
be G. sihwensis ATCC PTA-9635. Any technique knoWn to 
one of skill in the art may be used to obtain a biologically pure 
culture of bacteria. Generally, a bacterial sample is streaked 
onto a solid agar-containing medium so as to separate the 
bacteria present in the sample into individual cells that groW 
as individual colonies. In one embodiment, a culture of an 
individual colony from such solid-agar containing medium is 
considered a biologically pure culture. 
[0009] One embodiment includes a suitable container or 
vessel comprising isolated Gordonia sihwensis. In speci?c 
embodiments, a container or vessel comprises a biologically 
pure culture of a Gordonia sihwensis strain, e.g., ATCC PTA 
9635. In other embodiments, a container or vessel comprises 
a mixture of at least one Gordonia sihwensis strain and one or 
more other microorganisms (e. g., bacterial species). In an 
embodiment, a container or vessel comprises a mixture of 
Gordonia sihwensis ATCC PTA-9635 and one or more other 

microorganisms (e. g., bacterial species). In a speci?c 
embodiment, a container or vessel comprises a biologically 
pure culture of a Gordonia sihwensis strain and a biologically 
pure culture of one or more other microorganisms (e. g., bac 
terial species). In a speci?c embodiment, a container or vessel 
comprises a biologically pure culture of G. sihwensis ATCC 
PTA-9635 and a biologically pure culture of one or more 
other microorganisms (e.g., bacterial species). In certain 
embodiments, the one or more other microorganisms are 
capable of sequestering and/or biodegrading hydrocarbons. 
In certain embodiments, the container or vessel comprises 
culture medium. In some embodiments, the container or ves 
sel comprises one or more types of hydrocarbons. 
[0010] In another embodiment, a composition comprises a 
Gordonia sihwensis strain. In speci?c embodiments, a com 
position comprises a biologically pure culture of a G. sihwen 
sis. In an embodiment, a composition comprises a mixture of 
G. sihwensis strains. In other embodiments, a composition 
comprises a mixture of a G. sihwensis strain and one or more 

other microorganisms. In a speci?c embodiment, the compo 
sition comprises a biologically pure culture of a G. sihwensis 
strain and a biologically pure culture of another microorgan 
ism (e. g., bacterial species). In certain embodiments, the 
other microorganism(s) is capable of sequestering and/ or bio 
degrading hydrocarbons. In certain embodiments, a compo 
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sition comprises culture medium. In some embodiments, a 
composition comprises one or more types of hydrocarbons. 

[0011] In another embodiment, a composition comprises 
media conditioned by Gordonia sihwensis. In an embodi 
ment, a composition comprises media conditioned by at least 
one strain of G. sihwensis. In an embodiment, a composition 
comprises media conditioned by G. sihwensis ATCC PTA 
9635. In some embodiments, the conditioned media may be 
used to sequester hydrocarbons. In one embodiment, a 
method for sequestering hydrocarbons comprises contacting 
a hydrocarbon composition With media conditioned by Gor 
donia sihwensis under conditions Which permit the seques 
tration of the hydrocarbons. In a speci?c embodiment, the 
conditioned media is obtained from a culture (e. g., a biologi 
cally pure culture) of a Gordonia sihwensis strain While the 
bacteria are in log phase groWth or stationary phase. In an 
embodiment, a method for sequestering hydrocarbons com 
prises contacting a hydrocarbon composition With media con 
ditioned by at least G. sihwensis ATCC PTA-9635. 

[0012] In one aspect, Gordonia sihwensis may be used to 
sequester hydrocarbons. In one embodiment, in the presence 
of hydrocarbons, Gordonia sihwensis forms a sac-like struc 
ture that surrounds the hydrocarbons. In another embodi 
ment, hydrocarbons are incorporated into a sac-like structure 
produced by Gordonia sihwensis. In another embodiment, 
Gordonia sihwensis forms a sac-like structure around hydro 
carbons and/or incorporates hydrocarbons into a sac-like 
structure. In one embodiment, a method for sequestering 
hydrocarbons comprises contacting a hydrocarbon composi 
tion With Gordonia sihwensis under conditions that permit 
sequestration of hydrocarbons. In another embodiment, a 
method for sequestering hydrocarbons comprises contacting 
a hydrocarbon composition With a composition comprising 
Gordonia sihwensis under conditions Which permit seques 
tration of hydrocarbons. In a speci?c embodiment, a compo 
sition comprising G. sihwensis is a biologically pure culture 
of Gordonia sihwensis, e.g., G. sihwensis ATCC PTA-9635. 
In another aspect, Gordonia sihwensis may be used to biode 
grade hydrocarbons. Gordonia sihwensis may completely 
biodegrade hydrocarbons to carbon dioxide or alter the struc 
ture of hydrocarbons to produce an intermediate metabolite 
or biochemical compound. In one embodiment, Gordonia 
sihwensis transforms an original hydrocarbon structure to 
carbon dioxide. In another embodiment, Gordonia sihwensis 
alters an original hydrocarbon structure to form an interme 
diate metabolite or biochemical compound, such as, e.g., a 
fatty acid or alcohol. In a speci?c embodiment, a method for 
biodegrading hydrocarbons comprises contacting a hydrocar 
bon composition With Gordonia sihwensis under conditions 
Which permit biodegradation of hydrocarbons. In another 
embodiment, a method for biodegrading hydrocarbons com 
prises contacting a hydrocarbon composition With a compo 
sition comprising a biologically pure culture of a Gordonia 
sihwensis strain under conditions Which permit the biodegra 
dation of the hydrocarbons. In a speci?c embodiment, the 
composition comprises a biologically pure culture of Gor 
donia sihwensis ATCC PTA-9635. 

[0013] In another aspect, Gordonia sihwensis is used to 
sequester and biodegrade hydrocarbons. In a speci?c embodi 
ment, a method for sequestering and biodegrading hydrocar 
bons comprises contacting a hydrocarbon composition With 
Gordonia sihwensis under conditions Which permit the 
sequestration and biodegradation of hydrocarbons. In another 
embodiment, a method for sequestering and biodegrading 
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hydrocarbons comprises contacting a hydrocarbon composi 
tion With a composition comprising Gordonia sihwensis 
strain ATCC PTA-9635 under conditions Which permit the 
biodegradation of the hydrocarbons. In a speci?c embodi 
ment, the second composition is a biologically pure culture of 
Gordonia sihwensis. Non-limiting examples of conditions 
Which permit either the sequestration or biodegradation of 
hydrocarbons, or both are described herein. 
[0014] In a speci?c aspect, the Gordonia sihwensis strain 
described herein may be used in remediation of drill cuttings 
coated With drilling ?uid. In another aspect, Gordonia sih 
wensis may be used in the remediation of soil or sludges 
contaminated With diesel, gasoline, crude oil, or other oil 
contaminants. In another aspect, Gordonia sihwensis may be 
used in the clean-up of oil, gasoline or diesel spills. In yet 
another aspect, Gordonia sihwensis may be used to remove 
oil, gasoline or diesel from produced Water or any quantity 
Water that has been contaminated With oil, gasoline or diesel. 

4. BRIEF DESCRIPTION OF THE FIGURES 

[0015] FIG. 1. Ribotype pattern for Gordonia sihwensis 
strain ATCC PTA-9635. 
[0016] FIG. 2. A groWth curve for Gordonia sihwensis 
strain ATCC PTA-9635 groWn in tryptic soy broth fermenta 
tion media. 
[0017] FIGS. 3A-3G. Microscope photos of aliquots of 
bacteria taken at 40x magni?cation at approximately 0 min 
utes (FIG. 3A), 2 minutes (FIG. 3B), 5 minutes (FIG. 3C), 13 
minutes (FIG. 3D), 30 minutes (FIG. 3E), 1 hour (FIG. 3F) 
and 2 hours (FIG. 3G) after the addition of 2% Estegreen and 
oil soluble dye to ?asks containing Gordonia sihwensis strain 
ATCC PTA-9635 groWn in TSB. 
[0018] FIGS. 4A-4E. Microscope photos ofaliquots ofbac 
teria taken at 40x magni?cation from ?asks With or Without 
different types of surfactant. FIG. 4A. Surfactant-free after 15 
minutes; FIG. 4B. 0.02% Triton X-100 after 15 minutes; FIG. 
4C. 0.02% Triton X-100 after 2 hours; FIG. 4D. 0.12% Cen 
trolex lecithin after 15 minutes; and FIG. 4E. 0.6% rhamno 
lipid biosurfactant after 15 minutes. 
[0019] FIGS. 5A-5C. Microscope photos of aliquots of 
bacteria taken at 40x magni?cation from ?asks containing 
2% Estegreen oil With or Without different amounts of drill 
solids. FIG. 5A. No drill solids; FIG. 5B. 5 grams of drill 
solids; and FIG. 5C. 10 grams of drill solids. 
[0020] FIGS. 6A-6F. Microscope photos of aliquots of bac 
teria taken at 40x magni?cation from ?asks incubated for 15 
minutes With or Without different types of oil. FIG. 6A. Este 
green; FIG. 6B. Diesel oil; FIG. 6C. Puredrill IA35LV; FIG. 
6D. Ametek White oil; FIG. 6E. Kerosene; and FIG. 6F. HDF 
2000. 
[0021] FIGS. 7A-7F. Microscope photos of aliquots of bac 
teria taken at 40x magni?cation from ?asks incubated for 1 
hour With or Without different types of oil. FIG. 7A. Este 
green; FIG. 7B. Diesel oil; FIG. 7C. Puredrill IA35LV; FIG. 
7D. Ametek White oil; FIG. 7E. Kerosene; and FIG. 7F. HDF 
2000. 
[0022] FIG. 8. Schematic of bioreactor and slurri?cation 
tank. 
[0023] FIG. 9. Percentage of original total petroleum 
hydrocarbons in the bioreactor. 

5. DETAILED DESCRIPTION 

[0024] Described herein is a gram-positive, rod-shaped 
microorganism, Gordonia sihwensis. A particular strain of G. 
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sihwensis Was deposited With the American Type Culture 
Collection (ATCC), located at 10801 University Boulevard, 
Manassas, Va. 20110-2209 on Nov. 21, 2008 under the name 
“Chevron DVADOI”, and assigned ATCC Accession No. 
PTA-9635. 

5.1 Culture Conditions for Proliferation of the Bacteria 

[0025] Gordonia sihwensis may be grown under aerobic 
conditions. Gordonia sihwensis may be grown in a vessel or 
container commonly used to culture microorganisms, such as 
?asks, plates, bioreactors, including by Way of example and 
not limitation, stirred-tank or airlift bioreactors (suspension 
reactors). In certain embodiments, Gordonia sihwensis strain 
can be groWn in a 5 mL, 10 mL, 20 mL, 50 mL, 100 mL, 200 
mL, 500 mL, 1 L, 2 L, 3 L, 4 L, 5 L, 10 L, 100 L, 500 L, 1000 
L, 5000 L, 10000 L or 15000 L vessel or container commonly 
used to culture microorganisms. Gordonia sihwensis may be 
groWn in any vessel or container suitable for laboratory use or 
commercial use of the bacteria. In a speci?c embodiment, a 
biologically pure culture of Gordonia sihwensis can be groWn 
in any vessel or container suitable for laboratory use or com 
mercial use of the bacteria. 

[0026] Any device used in the art for maintaining culture 
conditions (such as temperature, pH, oxygenation, etc.) may 
be used as part of, or in conjunction With, a vessel or container 
commonly used to culture microorganisms. In a speci?c 
embodiment, the temperature of a G. sihwensis culture can be 
maintained at approximately 25° C. to approximately 45° C., 
approximately 30° C. to approximately 45° C., approxi 
mately 35° C. to approximately 45° C., approximately 35° C. 
to approximately 40° C. In another embodiment, the tempera 
ture of the culture is maintained at approximately 30° C., 31° 
C., 32° C., 33° C., 34° C., 35° C., 36° C., 37° C., 38° C., 39° 
C., 40° C., 41° C., 42° C., 43° C., 44° C. or 45° C. In certain 
embodiments, the pH of the culture medium is monitored 
during the culture process so that the pH remains at approxi 
mately pH 6.0 to approximately pH 8.0, approximately pH 
6.8 to approximately pH 7.6, approximately pH 7.0 to 
approximately pH 7.6, approximately pH 7.0 to approxi 
mately pH 7.4, approximately pH 7.0 to approximately pH 
7.2 or approximately pH 7.0. In another embodiment, the 
bacterial culture is shaken at approximately 10 rpm to 
approximately 25 rpm, approximately 25 to approximately 
50 rpm, approximately 25 to approximately 75 rpm, approxi 
mately 50 to approximately 100 rpm, or approximately 75 
rpm to approximately 100 rpm. In other embodiments, the 
bacterial culture is shaken at approximately 100 rpm to 
approximately 400 rpm or approximately 150 rpm to approxi 
mately 300 rpm in the vessel or container. Su?icient aeration 
is provided to the bacterial culture to maintain a suf?cient 
concentration of dissolved oxygen. In a speci?c embodiment, 
suf?cient aeration is provided to maintain a dissolved oxygen 
concentration of approximately 0.5 mg/L to approximately 
25 mg/L, approximately 1 mg/L to approximately 25 mg/L, 
approximately 1 mg/L to approximately 20 mg/L, approxi 
mately 1 mg/L to approximately 15 mg/L, approximately 1 
mg/L to approximately 10 mg/L, approximately 1 mg/L to 
approximately 5 mg/ L, or approximately 5 mg/L to approxi 
mately 20 mg/L. 
[0027] As used herein, the terms “about” and “approxi 
mately”, unless otherWise indicated, refer to a value that is no 
more than 20% above or beloW the value being modi?ed by 
the term. 
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[0028] Any microbial culture medium knoWn in the art may 
be suitable to groW Gordonia sihwensis. The suitability of a 
particular microbial culture medium can be determined using 
methods knoWn in the art or described herein. For example, 
the suitability of a particular medium may be determined by 
assessing the proliferation of the bacteria or the ability of the 
bacteria to form sac-like structures. In one embodiment, the 
culture media is nutrient broth. In another embodiment, the 
culture media is tryptic soy broth (TSB). In another embodi 
ment, the culture media is 50/50 TSB/ enhanced Inakollu min 
eral media. In another embodiment, the culture media is brain 
heart infusion (BHI) broth. In certain embodiments, Gor 
donia sihwensis can be groWn in medium in Which the sole 
carbon source is a hydrocarbon. In some embodiments, Gor 
donia sihwensis can be groWn in medium in Which the sole 
carbon source is a mixture of tWo or more types of hydrocar 
bons. 
[0029] Any technique knoWn in the art may be used to 
inoculate a suitable microbial culture medium. The amount 
bacteria in an inoculum can vary depending upon a number of 
factors, including, e.g., the siZe of the vessel or container and 
the volume of the culture medium. In a speci?c embodiment, 
an inoculum of approximately 5,000 colony forming units 
(CPU) to approximately 50,000,000 CFU, approximately 
5,000 CPU to approximately 40,000,000 CFU, approxi 
mately 5,000 CPU to approximately 30,000,000 CFU, 
approximately 5,000 CPU to approximately 25,000,000 
CFU, approximately 5,000 CPU to approximately 15,000, 
000 CPU or approximately 5,000 CPU to approximately 
10,000,000 CPU is used to inoculate a suitable microbial cell 
culture medium. In another embodiment, an inoculum of 
approximately 10,000 CPU to approximately 50,000,000 
CFU, approximately 10,000 CPU to approximately 40,000, 
000 CFU, approximately 10,000 CPU to approximately 
30,000,000 CFU, approximately 10,000 CPU to approxi 
mately 25,000,000 CFU, approximately 10,000 CPU to 
approximately 15,000,000 CPU or approximately 10,000 
CPU to approximately 10,000,000 CPU is used to inoculate a 
suitable microbial cell culture medium. In another embodi 
ment, an inoculum of approximately 25,000 CPU to approxi 
mately 50,000,000 CFU, approximately 25,000 CPU to 
approximately 40,000,000 CFU, approximately 25,000 CPU 
to approximately 30,000,000 CFU, approximately 25,000 
CPU to approximately 25,000,000 CFU, approximately 
25,000 CPU to approximately 15,000,000 CPU or approxi 
mately 25,000 CPU to approximately 10,000,000 CPU is 
used to inoculate a suitable microbial cell culture medium. In 
yet another embodiment, an inoculum of approximately 
10,000 CPU to approximately 5,000,000 CFU, approxi 
mately 10,000 CPU to approximately 2,000,000 CFU, 
approximately 10,000 CPU to approximately 1,000,000 
CFU, approximately 10,000 CPU to approximately 750,000 
CFU, approximately 10,000 CPU to approximately 500,000 
CPU or approximately 10,000 CPU to approximately 250, 
000 CPU is used to inoculate a suitable microbial cell culture 
medium. 

5.2 Sequestration and Biodegradation 

[0030] In one aspect, a composition comprising media con 
ditioned by Gordonia sihwensis may be used to sequester 
hydrocarbons. In one embodiment, a method for sequestering 
hydrocarbons comprises contacting a hydrocarbon composi 
tion With media conditioned by Gordonia sihwensis under 
conditions Which permit sequestration of the hydrocarbons. 
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In a speci?c embodiment, the conditioned media is obtained 
from a biologically pure culture of a Gordonia sihwensis 
strain (e.g., strain ATCC PTA-9635). The conditioned media 
can be from When G. sihwensis is in log phase or stationary 
phase. 
[0031] In another aspect, Gordonia sihwensis is capable of 
sequestering hydrocarbons. In one embodiment, Gordonia 
sihwensis forms a sac-like structure around hydrocarbons, 
such as the sac-like structures shoWn in FIGS. 3-7. In another 
embodiment, hydrocarbons are incorporated into a sac-like 
structure produced by Gordonia sihwensis. In a speci?c 
embodiment, in microbial culture medium, Gordonia sih 
wensis forms a sac-like structure around hydrocarbons and/or 
incorporates hydrocarbons into a sac-like structure. 
[0032] In one embodiment, a method for sequestering 
hydrocarbons comprises contacting a hydrocarbon composi 
tion With a culture or an inoculum of the Gordonia sihwensis 
strain described herein under conditions Which permit the 
sequestration of the hydrocarbon(s) present in the composi 
tion. In another embodiment, a method for sequestering 
hydrocarbons comprises contacting a hydrocarbon composi 
tion With a composition comprising Gordonia sihwensis 
under conditions Which permit sequestration of hydrocarbon 
(s) present in the composition. In a speci?c embodiment, a 
bacterial composition is a biologically pure culture of a Gor 
donia sihwensis strain, for example, ATCC PTA-9635. Non 
limiting examples of conditions Which permit the sequestra 
tion of a hydrocarbon(s) are described beloW. 

[0033] In one embodiment, the capability of Gordonia sih 
wensis or medium conditioned by the bacteria to sequester 
hydrocarbons is assessed by a technique knoWn to one of skill 
in the art. In some embodiments, the technique used is one 
that is used to assess the presence of a biosurfactant. In a 
speci?c embodiment, the capability of the Gordonia sihwen 
sis strain described herein or medium conditioned by the 
bacteria to sequester hydrocarbons is assessed using one of 
the assays described in the example section herein. 
[0034] Without being bound by any theory, sequestration of 
hydrocarbons by Gordonia sihwensis into sac-like structures 
may be advantageous because: (1) inef?cient contact betWeen 
bacteria and hydrocarbons has been a long-standing limita 
tion in hydrocarbon biodegradation, and (2) the sac-like 
structures may remove hydrocarbons from the environment 
for a period of time. 
[0035] In certain embodiments, sequestration of hydrocar 
bons by Gordonia sihwensis can be in rich media (i.e., media 
that contains a carbon source other than the hydrocarbons 
being sequestered or biodegraded such as meat extract or 
peptide extract). Without being bound by any theory, seques 
tration of hydrocarbons by Gordonia sihwensis in rich media 
may be advantageous because the bacteria can be groWn to a 
high population density in a relatively short period of time. In 
some embodiments, sequestration of hydrocarbons by Gor 
donia sihwensis is in lean media (e g., mineral media such as 
Inakollu media or enhanced Inakollu media). Without being 
bound by any theory, sequestration of hydrocarbons by Gor 
donia sihwensis in lean media (e g., mineral media such as 
Inakollu media or enhanced Inakollu media) may not be as 
advantageous as rich media because there may be a longer lag 
period for groWth in lean media. 
[0036] In another aspect, Gordonia sihwensis biodegrades 
hydrocarbons. In a speci?c embodiment, in microbial culture 
medium, Gordonia sihwensis biodegrades hydrocarbons 
When hydrocarbons are added to the media. Gordonia sih 
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wensis may completely biodegrade hydrocarbons to carbon 
dioxide or alter the structure of hydrocarbons to produce an 
intermediate metabolite or biochemical compound. In one 
embodiment, Gordonia sihwensis transforms an original 
hydrocarbon structure to carbon dioxide. In another embodi 
ment, Gordonia sihwensis alters an original hydrocarbon 
structure to form an intermediate metabolite or biochemical 

compound, such as, e.g., a fatty acid or alcohol. 
[0037] In certain embodiments, biodegradation of hydro 
carbons by Gordonia sihwensis occurs in rich media (i.e., 
media that contains a carbon source other than the hydrocar 
bons being sequestered or biodegraded such as meat extract 
or peptide extract). In some embodiments, biodegradation of 
hydrocarbons by the Gordonia sihwensis occurs in lean 
media (e.g., mineral media such as Inakollu media or 
enhanced Inakollu media). 
[0038] In a speci?c embodiment, a method for biodegrad 
ing hydrocarbons comprises contacting a hydrocarbon com 
position With a culture or an inoculum of Gordonia sihwensis 
under conditions Which permit biodegradation of hydrocar 
bon(s) present in a composition. In another embodiment, a 
method for biodegrading hydrocarbons comprises contacting 
a hydrocarbon composition With a composition comprising 
Gordonia sihwensis under conditions Which permit the 
sequestration of the hydrocarbon(s) present in the composi 
tion. In a speci?c embodiment, the bacterial composition is a 
biologically pure culture of a Gordonia sihwensis strain, for 
example strain ATCC PTA-9635. Non-limiting examples of 
conditions Which permit biodegradation of a hydrocarbon(s) 
are described beloW. 

[0039] In one embodiment, the capability of Gordonia sih 
wensis to biodegrade hydrocarbons is assessed by a technique 
knoWn to one of skill in the art. In a speci?c embodiment, the 
capability of Gordonia sihwensis to biodegrade hydrocar 
bons is assessed using a total petroleum hydrocarbon (TPH) 
assay, such as the TPH assay referenced in the example sec 
tion herein. The TPH assay referenced in the example beloW 
provides the percentage of total hydrocarbons recovered; the 
percentage of hydrocarbons biodegraded may be obtained by 
subtracting the percentage of total hydrocarbons recovered 
from 100%. 

[0040] In another aspect, Gordonia sihwensis sequesters 
hydrocarbons and biodegrades hydrocarbons. In one embodi 
ment, a method for sequestering and biodegrading hydrocar 
bons comprises contacting a hydrocarbon composition With a 
culture or an inoculum of Gordonia sihwensis under condi 
tions Which permit the sequestration and biodegradation of 
the hydrocarbon(s) present in the composition. In another 
embodiment, a method for sequestering and biodegrading 
hydrocarbons comprises contacting a hydrocarbon composi 
tion With a composition of Gordonia sihwensis under condi 
tions Which permit sequestration and biodegradation of 
hydrocarbon(s) present in the composition. In a speci?c 
embodiment, the bacterial composition is a biologically pure 
culture of a Gordonia sihwensis strain, e. g., ATCC PTA-9635. 
Non-limiting examples of conditions Which permit the 
sequestration and biodegradation of a hydrocarbon(s) are 
described beloW. 

[0041] In certain embodiments, an inoculum of Gordonia 
sihwensis is contacted With a hydrocarbon composition in a 
vessel, tank or other suitable container (e.g., a bioreactor). In 
other embodiments, a hydrocarbon composition is contacted 
With a composition comprising a culture of Gordonia sihwen 
sis in a vessel, tank (e.g., slurri?cation tank) or other suitable 
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container (e.g., a bioreactor or ?ask) after the bacteria have 
been permitted to proliferate. In a speci?c embodiment, a 
hydrocarbon composition is contacted With a composition 
comprising a biologically pure culture of Gordonia sihwensis 
in a vessel, tank (e.g., slurri?cation tank) or other suitable 
container (e. g., a bioreactor or ?ask). In another embodiment, 
a hydrocarbon composition is contacted With a composition 
comprising Gordonia sihwensis and one or more other micro 
organisms (e.g., bacterial species) in a vessel, tank (e.g., 
slurri?cation tank) or other suitable container (e.g., a biore 
actor or ?ask). In certain embodiments, the one or more other 
microorganisms are capable of sequestering and/or biode 
grading oil. In an embodiment, the biologically pure culture is 
a culture of G. sihwensis ATCC PTA-9635. 

[0042] In certain embodiments, a hydrocarbon composi 
tion is contacted With a composition comprising Gordonia 
sihwensis in a vessel, tank (e.g., slurri?cation tank) or other 
suitable container (e.g., bioreactor or ?ask) after the bacteria 
have entered log phase in their groWth (e. g., approximately 6 
hours to approximately 18 hours, approximately 8 hours to 
approximately 16 hours, approximately 10 hours to approxi 
mately 18 hours, or approximately 12 hours to approximately 
18 hours after inoculating the bacteria into the culture 
medium). In speci?c embodiments, a hydrocarbon composi 
tion is contacted With a composition comprising a biologi 
cally pure culture of a Gordonia sihwensis strain in log phase 
groWth in a vessel, tank (e.g., slurri?cation tank) or other 
suitable container (e.g., bioreactor or ?ask). In some embodi 
ments, a hydrocarbon composition is contacted With a com 
position comprising a Gordonia sihwensis strain in log phase 
groWth and one or more other microorganisms (e.g., bacterial 
species) in a vessel, tank (e.g., slurri?cation tank) or other 
suitable container (e.g., bioreactor or ?ask). In certain 
embodiments, the one or more other microorganisms are 
capable of sequestering and/or biodegrading oil. In an 
embodiment, the G. sihwensis strain is ATCC PTA-9635. 
[0043] In certain embodiments, a hydrocarbon composi 
tion is contacted With a composition comprising Gordonia 
sihwensis in a vessel, tank (e.g., slurri?cation tank) or other 
suitable container (e. g., a bioreactor or ?ask) after the bacteria 
have entered the stationary phase in their groWth (e.g., 
approximately 18 hours to approximately 22 hours or 
approximately 18 hours to approximately 24 hours after 
inoculating the bacteria into the culture medium). In speci?c 
embodiments, a hydrocarbon composition is contacted With a 
composition comprising a biologically pure culture of Gor 
donia sihwensis in the stationary phase of groWth in a vessel, 
tank (e.g., slurri?cation tank) or other suitable container (e.g., 
a bioreactor or ?ask). In some embodiments, a hydrocarbon 
composition is contacted With a composition comprising 
Gordonia sihwensis in the stationary phase of groWth and one 
or more other microorganisms (e.g., bacterial species) in a 
vessel, tank (e.g., slurri?cation tank) or other suitable con 
tainer (e.g., a bioreactor or ?ask). In certain embodiments, the 
one or more other microorganisms are capable of sequester 
ing and/or biodegrading oil. In an embodiment, the G. sih 
wensis is G. sihwensis strain ATCC PTA-9635. 
[0044] In some embodiments, a hydrocarbon composition 
is contacted With a composition comprising a suitable micro 
bial culture medium and Gordonia sihwensis in a vessel, tank 
(e.g., slurri?cation tank) or other suitable container (e.g., a 
bioreactor or ?ask) after the bacteria have been permitted to 
proliferate. In a speci?c embodiment, a hydrocarbon compo 
sition is contacted With a composition comprising a suitable 
microbial culture medium and Gordonia sihwensis in a ves 
sel, tank (e. g., slurri?cation tank) or other suitable container 
(e.g., bioreactor or ?ask) after the bacteria have entered the 
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log phase in their groWth (e.g., approximately 6 hours to 
approximately 18 hours, approximately 8 hours to approxi 
mately 16 hours, approximately 10 hours to approximately 18 
hours, or approximately 12 hours to approximately 18 hours 
after inoculating the bacteria into the culture medium). In 
another speci?c embodiment, a hydrocarbon composition is 
contacted With a composition comprising a suitable microbial 
culture medium and Gordonia sihwensis in a vessel, tank 
(e.g., slurri?cation tank) or other suitable container (e.g., a 
bioreactor or ?ask) after the bacteria have entered the station 
ary phase in their groWth (e.g., approximately 18 hours to 
approximately 22 hours or approximately 18 hours to 
approximately 24 hours after inoculating the bacteria into the 
culture medium). 
[0045] The vessel, tank, or container in Which a bacterial 
composition and a hydrocarbon composition are combined 
can be any vessel, tank or container commonly used to culture 
microorganisms, such as ?asks or bioreactors, including by 
Way of example and not limitation, stirred-tank or airlift 
bioreactors (suspension reactors). In certain embodiments, 
the vessel or container is a 5 mL, 10 mL, 20 mL, 50 mL, 100 
mL, 200mL, 500mL, 1 L, 2 L, 3, L, 4 L, 5L, 10 L, 100 L, 500 
L, 1000 L, 5000 L, 10000 L or 15000 L vessel, tank or 
container commonly used to culture microorganisms. The 
vessel or container may be suitable for laboratory use or 
commercial use. 

[0046] In some embodiments, a hydrocarbon composition 
and a composition comprising Gordonia sihwensis are mixed 
in a slurri?cation tank and then transferred to a bioreactor. In 
certain embodiments, a hydrocarbon composition and a com 
position comprising Gordonia sihwensis are mixed in a slur 
ri?cation tank for approximately 30 minutes to approxi 
mately 10 hours, approximately 30 minutes to approximately 
5 hours, or approximately 30 minutes to approximately 3 
hours and then transferred to a bioreactor. 

[0047] Any device used in the art for maintaining culture 
conditions (such as temperature, pH, oxygenation, etc.) may 
be used as part of, or in conjunction With, a vessel, tank or 
container commonly used to culture microorganisms. In a 
speci?c embodiment, the temperature of the bacterial/hydro 
carbon composition mixture is maintained at approximately 
25° C. to approximately 45° C., approximately 30° C. to 
approximately 45° C., approximately 35° C. to approxi 
mately 45° C., approximately 35° C. to approximately 40° C. 
In another embodiment, the temperature of the bacterial/hy 
drocarbon composition mixture is maintained at approxi 
mately 30° C., 31° C., 32° C., 33° C., 34° C., 35° C., 36° C., 
37° C., 38° C., 39° C., 40° C., 41° C., 42° C., 43° C., 44° C. 
or 45° C. In certain embodiments, the pH of the bacterial/ 
hydrocarbon composition mixture is maintained at approxi 
mately pH 6.0 to approximately pH 8.0, approximately pH 
6.8 to approximately pH 7.6, approximately pH 7.0 to 
approximately pH 7.6, approximately pH 7.0 to approxi 
mately pH 7.4, approximately pH 7.0 to approximately pH 
7.2 or approximately pH 7.0. In another embodiment, the 
bacterial/hydrocarbon composition is shaken at approxi 
mately 10 rpm to approximately 25 rpm, approximately 25 to 
approximately 50 rpm, approximately 25 to approximately 
75 rpm, approximately 50 to approximately 100 rpm, or 
approximately 75 rpm to approximately 100 rpm. In another 
embodiment, the bacterial/ hydrocarbon composition mixture 
is shaken at approximately 100 rpm to approximately 400 
rpm or approximately 150 rpm to approximately 300 rpm in 
the vessel or container. In a speci?c embodiment, the bacte 
rial/hydrocarbon composition mixture is shaken at approxi 
mately 150 rpm or 300 rpm. In another embodiment, su?i 
cient aeration is provided to maintain a suf?cient 



US 2011/0269220 A1 

concentration of dissolved oxygen in the vessel or container. 
In a speci?c embodiment, su?icient aeration is provided to 
maintain a dissolved oxygen concentration of approximately 
0.5 mg/ L to approximately 25 mg/ L, approximately 1 mg/ L to 
approximately 25 mg/L, approximately 1 mg/L to approxi 
mately 20 mg/L, approximately 1 mg/ L to approximately 15 
mg/L, approximately 1 mg/L to approximately 10 mg/L, 
approximately 1 mg/ L to approximately 5 mg/ L, or approxi 
mately 5 mg/L to approximately 20 mg/L. 

5.3 Hydrocarbon Compositions 

[0048] As used herein, the term “hydrocarbon composi 
tion” refers to a composition comprising a quantity of at least 
one hydrocarbon. In a speci?c embodiment, a hydrocarbon 
composition comprises one, tWo, three or more hydrocar 
bons. In another embodiment, a hydrocarbon composition 
comprises only one type of hydrocarbon. In another embodi 
ment, a hydrocarbon composition comprises tWo or more 
types of hydrocarbons. In another embodiment, a hydrocar 
bon composition comprises a mixture or combination of dif 
ferent types of hydrocarbons. 
[0049] In certain embodiments, approximately 0.5% to 
approximately 65%, approximately 1% to approximately 
65%, approximately 5% to approximately 65%, approxi 
mately 10% to approximately 65%, approximately 25% to 
approximately 65% or approximately 30% to approximately 
65% of a hydrocarbon composition is composed of one or 
more hydrocarbons. In some embodiments, approximately 
5% to approximately 30%, approximately 10% to approxi 
mately 30%, approximately 15% to approximately 30%, 
approximately 20% to approximately 30%, or approximately 
25% to approximately 30% of a hydrocarbon composition is 
composed of one or more hydrocarbons. In other embodi 
ments, approximately 5% to approximately 30%, approxi 
mately 0.5% to approximately 15%, approximately 0.5% to 
approximately 10%, approximately 0.5% to approximately 
5%, or approximately 0.5% to approximately 2% of a hydro 
carbon composition is composed of one or more hydrocar 
bons. 
[0050] In certain embodiments, a particular hydrocarbon 
accounts for approximately 0.5% to approximately 95%, 
approximately 10% to approximately 95%, approximately 
25% to approximately 95%, approximately 50% to approxi 
mately 95%, or approximately 75% to approximately 95% of 
the total hydrocarbon content in a hydrocarbon composition. 
In some embodiments, a particular hydrocarbon accounts for 
approximately 10% to approximately 75%, approximately 
10% to approximately 50%, approximately 10% to approxi 
mately 25%, approximately 25% to approximately 50%, or 
approximately 50% to approximately 75% of the total hydro 
carbon content in a hydrocarbon composition. 
[0051] In certain embodiments, a hydrocarbon composi 
tion comprises tWo or more types of hydrocarbons With each 
hydrocarbon accounting for a certain percentage of the total 
hydrocarbon content of the composition. In some embodi 
ments, a ?rst type of hydrocarbon accounts for approximately 
0.5% to approximately 15% of the total hydrocarbon content 
of a hydrocarbon composition and a second type of hydro 
carbon accounts for approximately 85% to approximately 
95% of the total hydrocarbon content in a hydrocarbon com 
position. In other embodiments, a ?rst type of hydrocarbon 
accounts for approximately 10% to approximately 40% of the 
total hydrocarbon content of a hydrocarbon composition and 
a second type of hydrocarbon accounts for approximately 
60% to 90% of the total hydrocarbon content of a hydrocar 
bon composition. In other embodiments, a ?rst type of hydro 
carbon accounts for approximately 25% to approximately 
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60% of the total hydrocarbon content of a hydrocarbon com 
position and a second type of hydrocarbon accounts for 
approximately 40% to approximately 75% of the total hydro 
carbon content of a hydrocarbon composition. Hydrocarbons 
include, but are not limited to, aliphatic hydrocarbons, aro 
matic hydrocarbons, nitro-aromatic hydrocarbons, halo-ali 
phatic hydrocarbons and halo-aromatic hydrocarbons. Non 
limiting examples of hydrocarbons include alkenes (e.g., 
methane, ethane, propane, butane, isobutane, pentane, iso 
pentane, neopentane, hexane, octane, nonane, and decane), 
alkenes (e. g., ethene, propene, butene, pentene, hexane, hep 
tene, octane, nonene, and decene), alkynes (e.g., ethyne, pro 
pyne, butyne, pentyne, hexyne, heptyne, octyne, nonyne, and 
decyne), cycloalkanes (e.g., cyclopropane, cyclobutane, 
methylcyclopropane, cyclopentane, cyclohexane, cyclohep 
tane, methylcyclohexane, cyclooctane, cyclononane and 
cyclodecane), alkadienes (e.g., allene, butadiene, pentadiene, 
isoprene, hexadiene, heptadiene, octadiene, nonadiene, and 
decadiene), and aromatic hydrocarbons (e.g., benZene, naph 
thalene, anthracene, toluene, xylenes, ethylbenZene, methyl 
naphthalene, aniline, phenol, and dimethylphenol). 
[0052] In a speci?c embodiment, a hydrocarbon composi 
tion comprises one, tWo or more, or a combination of a C10 to 
C20 n-alkane, a C10 to C20 n-alkene, and an isoalkane. In 
another embodiment, a hydrocarbon composition comprises 
one, tWo or more of the folloWing: decane, undecane, dode 
cane, tridecane, tetradecane, pentadecane, and hexadecane, 
heptadecane, octadecane, nonadecane and eicosane. In 
another embodiment, a hydrocarbon composition comprises 
one, tWo or more of the following: isobutene, 2,4-dimethyl 
pentane, isooctane, and 2,2,4-trimethyldecane. In another 
embodiment, a hydrocarbon composition comprises a paraf 
?n. In another embodiment, a hydrocarbon composition com 
prises an isoparaf?n. In another embodiment, a hydrocarbon 
composition comprises a cycloparaf?n. In certain embodi 
ments, a hydrocarbon composition comprises a mixture of 
isoparaf?ns, n-paraf?ns, and cycloparaf?ns. In some embodi 
ments, a hydrocarbon composition comprises a mixture of 
isoparaf?ns, n-paraf?ns, cycloparaf?ns and aromatics. 
[0053] In a speci?c embodiment, a hydrocarbon composi 
tion comprises a base oil. Base oils include, but are not limited 
to, synthetic base oils, mineral base oils and diesel. Non 
limiting examples of synthetic base oils include Estegreen 
(Chevron), Eco?oW (Chevron), Saraline (Shell MDS), Moss 
par H (PetroSA), Sarapar (Shell MDS), Baroid Alkane (Hal 
liburton), XP-07 (Halliburton), Inteq (Baker Hughes Drilling 
Fluids), Novadrill (M-I SWaco), Biobase (Shrieve Chemi 
cals), Sasol C1316 para?in (Sasol), Isoteq (Baker Hughes 
Drilling Fluids), Amodrill (BP Chemicals), Petrofree Ester 
(Halliburton), Finagreen Ester (Fina Oil and Chemical), 
CPChem internal ole?ns (ChevronPhillips Chemical), and 
Neo?o ole?ns (Shell Chemicals). Non-limiting examples of 
mineral oils include Escaid (Exxon), Vassa LP (Vassa), EDC 
95-11 (Total), EDC99-DW (Total), HDF-2000 (Total), Men 
tor (Exxon), LVT (ConocoPhillips), HDF (Total), BP 83HF 
(BP), DMF 120HF (Fina), DF-l (Total), EMO 4000, Shellsol 
DMA (Shell), IPAR 35 LV (PetroCanada), IPAR 35 (Petro 
Canada), Telura 401 (Exxon), SIPDRILL (SIP Ltd.), Pure 
drill® IA35LV, White oil (Ametek; Paoli, PA), and Clairsol 
(Carless Solvents). Other examples of base oils include, but 
are not limited to, crude oil, diesel oil, Ametek® (Ametek; 
Paoli, PA), IsomeriZed Alpha Ole?n Cl6 (Chevron Phillips 
Chemical Company), IsomeriZed Alpha Ole?n Cl 8 (Chevron 
Phillips Chemical Company), IsomeriZed Alpha Ole?n C16_ 
1s(65:35) (Chevron Phillips Chemical Company), and kero 
sene. 



US 2011/0269220 A1 

[0054] In some embodiments, a hydrocarbon composition 
does not contain a surfactant. In other embodiments, a hydro 
carbon composition comprises a surfactant. As used herein, 
the term “surfactant” refers to organic substances having 
amphipathic structures (namely, they are composed of groups 
of opposing solubility tendencies, typically an oil-soluble 
hydrocarbon chain and a Water-soluble ionic group) Which 
have the property of adsorbing onto the surfaces or interfaces 
of a system and of altering to a marked degree the surface or 
interfacial free energies of those surfaces (or interfaces) As 
used in the foregoing de?nition of surfactant, the term “inter 
face” indicates a boundary betWeen any tWo immiscible 
phases and the term “surface” denotes an interface Where one 
phase is a gas, usually air. Surfactants can be classi?ed, 
depending on the charge of the surface-active moiety, into 
anionic, cationic, and nonionic surfactants. Surfactants are 
often used as Wetting, emulsifying, solubiliZing, and dispers 
ing agents. Non-limiting examples of surfactants include 
fatty acids, soaps of fatty acids, fatty acid derivates, lecithin, 
crude tall oil, oxidiZed crude tall oil, organic phosphate esters, 
modi?ed imidaZolines, modi?ed amidoamines, alkyl aro 
matic sulfates, alkyl aromatic sulfonates, organic esters, and 
polyhydric alcohols. Other examples of surfactants include 
amido-amines, polyamides, polyamines, esters (such as sor 
bitan, monooleate polyethoxylate, and sorbitan dioleate poly 
ethoxylate), imidaZolines, and alcohols. 
[0055] In certain embodiments, a hydrocarbon composi 
tion does not contain CaCl2. In other embodiments, a hydro 
carbon composition comprises CaCl2. 
[0056] In a speci?c embodiment, a hydrocarbon composi 
tion comprises a drilling ?uid. In one embodiment, the drill 
ing ?uid is a Water based drilling ?uid. In another embodi 
ment, the drilling ?uid is a non-aqueous drilling ?uid. Non 
limiting examples of drilling ?uids include Aqua-DrillTM 
(Baker Hughes), Plus System (Baker Hughes), Aqua-DrillTM 
System (Baker Hughes), Bio-Lose 90 System V, Carbo-Core 
System(Baker Hughes), Carbo-Drill® System (Baker 
Hughes), Clear-Drill® DIF System (Baker Hughes), Deep 
Water Fluid System (Baker Hughes), Max-BridgeSM System 
(Baker Hughes), Micro-PrimeSM System (Baker Hughes), 
NeW-Drill® System (Baker Hughes), OMNIFLOW® DIF 
System (Baker Hughes), PERFFLOW® 100 DIF System 
(Baker Hughes), PERFFLOW® DIF System (Baker 
Hughes), PERFFLOW® HD DIF System (Baker Hughes), 
PERFFLOW® System (Baker Hughes), PERFORMAXSM 
System (Baker Hughes), PYRO-Drill® System (Baker 
Hughes), RHEO-LogicSM System (Baker Hughes), SCI 
FLOWTM DIF System (Baker Hughes), SYN-TEQ® System 
(Baker Hughes), and TERRA-MAXSM System (Baker 
Hughes). In a speci?c embodiment, the drilling ?uid is a 
synthetic or mineral-based drilling ?uid. Examples of syn 
thetic and mineral-based drilling ?uids include, but are not 
limited to, Petrofree (Halliburton), Petrofree LV (Hallibur 
ton), Petrofree SF (Halliburton), Coredril-N (Halliburton), 
Encore (Halliburton), Integrade (Halliburton), Innovert (Hal 
liburton), Accolade (Halliburton), Versadril (M-I SWaco), 
Versaclean (M-I SWaco), Paraland (M-I SWaco), Ecogreen 
(M-I SWaco), Trudrill (M-I SWaco), Novapro (M-I SWaco), 
Novatec (M-I SWaco), Trucore (M-I SWaco), Parapro (M-I 
SWaco), Versapro (M-I SWaco), Versapro LS (M-I SWaco), 
Rheliant (M-I SWaco), Magma-Drill (Baker Hughes), 
Magma-Teq (Baker Hughes), Syn-Core (Baker Hughes), 
Opti drill (N eWp ark), Optiphase (NeWp ark), Cyb erdrill (N eW 
park), Cyberphase (NeWpark), Con?-Drill (SCOMI), Con? 
Dense (SCOMI), Extra-Vert (SCOMI), Opta-Vert (SCOMI), 
and Opta-Vert 100 (SCOMI). 
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[0057] In a speci?c embodiment, a hydrocarbon composi 
tion comprises drill cuttings. In another speci?c embodiment, 
a hydrocarbon composition comprises or is a petroleum prod 
uct, such as oil, gasoline or diesel. In another embodiment, a 
hydrocarbon composition comprises Water contaminated 
With one or more hydrocarbons, such as oil, gasoline or die 
sel. In another embodiment, a hydrocarbon composition com 
prises soil or sludge contaminated With one or more hydro 
carbons. 

5.4 Storage of Bacteria 

[0058] Gordonia sihwensis may be stored under any con 
ditions that preserve the viability of the strain. Techniques for 
storing bacteria are Well-knoWn to one of skill in the art. In 
one embodiment, Gordonia sihwensis is froZen in Brucella/ 
glycerol and stored at approximately —70° C. to approxi 
mately -800 C. or in a liquid nitrogen tank. Frozen cultures of 
G. sihwensis may be thaWed, streaked onto a trypticase soy 
agar (TSA) or a TSA sheep’s blood agar plate, or a TSA/ 
Estegreen base oil agar plate and incubated at about 35° C. 
prior to use. In a speci?c embodiment, the G. sihwensis is 
sub-cultured every 3 to 10 days to prevent overgroWth on the 
agar plates. 

5.5 Kits 

[0059] In one aspect, described herein is a kit comprising, 
in a container (e.g., a vial or plate), Gordonia sihwensis. In an 
embodiment, the G. sihwensis is a biologically pure culture. 
In an embodiment, the G. sihwensis is G. sihwensis ATCC 
PTA-9635. In a speci?c embodiment, described herein is a kit 
comprising, in a container (e.g., a vial or plate), a biologically 
pure culture of Gordonia sihwensis. In another embodiment, 
provided herein is a kit comprising, in one or more containers, 
Gordonia sihwensis and one or more other microorganisms 
(e.g., one or more bacterial species). In certain embodiments, 
the one or more other microorganisms are capable of seques 
tering and/or biodegrading oil. In speci?c embodiments, the 
kit further comprises instructions for use of Gordonia sihwen 
sis. For example, in certain embodiments, the kit includes 
instructions for groWing the bacteria, sequestering hydrocar 
bons and/or biodegrading hydrocarbons. 

EXAMPLES 

[0060] 6.1 Gordonia sihwensis Strain 
[0061] Gordonia sihwensis strain ATCC PTA-9635 (also 
knoWn as G. sihwensis Chevron DVADOl) Was isolated from 
a biopile in Texas. The bacterial strain is a gram-positive, 
rod-shaped microorganism from the species Gordonia sih 
wensis. The ribotyping results for the deposited strain are 
shoWn in FIG. 1. 

6.2 GroWth Characteristics of the Bacteria 

[0062] Approximately tWo loopfuls of Gordonia sihwensis 
strain ATCC PTA-9635 (Which is approximately 20,000 CPU 
to approximately 5,000,000 CFU) Were inoculated into ?asks 
containing 50 mL of 100% tryptic soy broth (TSB) fermen 
tation media (EMD Chemicals; GibbstoWn, N.J.) The ?asks 
Were shaken at 35° C. at 150 rpm. Aliquots of 1 mL Were taken 
at approximately 0,2,4, 6, 8, 10, 12, 14, 16, 18,20 22, and 24 
hours after inoculation and spectrophotometry readings at 
590 nm Were performed. In addition, aliquots of 1 mL Were 
taken at each time point (i.e., 0, 2, 4, 6, 8, 10, 12, 14 16, 18, 20, 
22 and 24 hours after inoculation of the TSB), diluted in 
steriliZed deioniZed Water to various concentrations and 
plated onto tryptic soy agar (TSA). The TSA plates Were 
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incubated at 35° C. for 24 hours and colony forming units 
(CFU) Were counted. As shoWn in FIG. 2, the bacteria entered 
log phase betWeen about 8 and 14 hours and after a brief 
stationary phase betWeen about 14 and 18 hours, entered a 
second log phase betWeen about 18 and 22 hours. At about 22 
hours, the CFU decreased indicating that the viability of the 
bacteria had decreased. 

6.2 Sac-Like Structure Formation 

[0063] G. sihwensis strain ATCC PTA-9635 forms a sac 
like structure in growth media When base oil is added to the 
media-bacteria. Approximately tWo loopfuls of G. sihwensis 
strainATCC PTA-9635 (Which is approximately 20,000 CFU 
to approximately 5,000,000 CFU) Was inoculated into a ?ask 
containing 50 mL of TSB and the ?ask Was incubated at 35° 
C. at 150 rpm. After approximately 22 hours, 1 mL of base oil 
(2 vol. % of Estegreen (Chevron) in microbial culture 
medium) and 0.02 mL of Oil Red 0 (EMD Chemicals; Gibb 
stoWn, N.J.), an oil soluble dye, Were added to the ?ask and 
the ?ask Was shaken at 35° C. at 150 rpm. The oil soluble dye 
Was added to the ?ask to visually observe the base oil added 
to the ?ask. The dye is red in the presence of oil. Approxi 
mately 0 minutes, 2 minutes, 5 minutes, 13 minutes, 30 min 
utes, 1 hour and 2 hours after the addition of the base oil and 
oil soluble dye, aliquots of the bacteria Were taken from the 
?ask and photos of the bacteria at 40x magnitude under the 
microscope Were taken (see FIGS. 3A-3G).At approximately 
0 minutes, free and clumped bacteria are observed, and the oil 
soluble dye is clearly visible. As shoWn in FIG. 3B, approxi 
mately 2 minutes after the addition of the base oil and oil 
soluble dye to the ?ask, sac-like structures begin to form and 
oil soluble dye becomes less visible. As time lapses, the 
sac-like structures become more structured and the oil soluble 
dye becomes less visible. By approximately 5 minutes after 
the addition of the base oil and oil soluble dye to the ?ask, the 
sac-like structures are Well formed (FIG. 3C). Approximately 
30 minutes after the addition of the base oil and oil soluble 
dye, an extensive netWork of stretched and collapsed sac-like 
structures are observed (FIG. 3E). Without being bound by 
any theory, it is believed that the sac-like structures form 
When the base oil is added to the ?ask to gather and trap the 
oil. 

6.3 Effect of GroWth Conditions on Formation of Sac-Like 
Structures 

Effect of Shaking on Formation of Sac-Like Structures 

[0064] The effect of shaking at 150 rpm after the addition of 
base oil (2 vol. % base oil in microbial culture medium) and 
shaking at 300 rpm after the addition of base oil (2 vol. % of 
Estegreen (Chevron) in microbial culture medium) on the 
formation of sac-like structures Was compared. Approxi 
mately tWo loopfuls of G. sihwensis strain ATCC PTA-9635 
described herein (Which is approximately 20,000 CFU to 
approximately 5,000,000 CFU) Was inoculated into tWo 
?asks, each ?ask containing 50 mL of 100% TSB, and each 
?ask Was incubated at 35° C. at 150 rpm. After approximately 
20 hours, 1 mL of base oil (2 vol. % of Estegreen (Chevron) 
in microbial culture medium) and 0.02 mL of Oil Red 0 
(EMD Chemicals; GibbstoWn, N.J.) Were added to each ?ask. 
One ?ask Was shaken at 35° C. at 150 rpm and the other ?ask 
Was shaken at 35° C. at 300 rpm. After certain periods of time, 
aliquots Were taken from each ?ask and the formation of the 
sac-like structures and visibility of the oil soluble dye Was 
observed using a microscope. Although the sac-like struc 
tures formed more quickly in the ?ask shaken at 300 rpm, 
there Was no noticeable difference betWeen the ?ask shaken at 
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1 50 rpm and the ?ask shaken at 300 rpm after 10 minutes. The 
effect of shaking at 150 rpm While groWing the bacteria over 
night before the addition of base oil (2 vol. % of Estegreen 
(Chevron) in microbial culture medium) Was compared to the 
effect of shaking at 300 rpm While groWing the bacteria over 
night before the addition of base oil (2 vol. % of Estegreen 
(Chevron) in microbial culture medium) on the formation of 
sac-like structures Was compared. Approximately tWo loop 
fuls of G. sihwensis strain ATCC PTA-9635 (Which is 
approximately 20,000 CFU to approximately 5,000,000 
CFU) Were inoculated into tWo ?asks, each ?ask containing 
50 mL of 100% TSB. One ?ask Was shaken at 35° C. at 150 
rpm and the other ?ask Was shaken at 35° C. at 300 rpm. After 
approximately 20.5 hours, 1 mL of base oil (2 vol.% of 
Estegreen (Chevron) in microbial culture medium) Was added 
to each ?ask and the ?asks Were incubated at 35° C. at 300 
rpm. After approximately 15 minutes, an aliquot Was taken 
from each ?ask and the formation of the sac-like structures 
and visibility of the oil soluble dye Was observed using a 
microscope. Although the sac-like structures Were slightly 
more agglomerated in the ?ask shaken at 300 rpm than the 
?ask shaken at 150 rpm, the difference Was not signi?cant. 

Effect of Media Type on Formation of Sac-Like Structures 

[0065] The effect of different types of media on the forma 
tion of sac-like structures Was assessed. Approximately tWo 
loopfuls of G. sihwensis strain ATCC PTA-9635 (Which is 
approximately 20,000 CFU to approximately 5,000,000 
CFU) Were inoculated into four ?asks and each ?ask Was 
incubated at 35° C. at 150 rpm. One ?ask contained 50 mL of 
nutrient broth (EMD Chemicals; GibbstoWn, N.].), another 
?ask contained 50 mL of TSB (EMD Chemicals; GibbstoWn, 
N.J.), another ?ask contained 50 mL of 50/50 TSB/ enhanced 
lnakollu mineral media (Hung and Shreve (2004), “Biosur 
factant Enhancement of Microbial Degradation of Various 
Structural Classes of Hydrocarbon in Mixed Waste Systems”, 
Environ. Engineering Science 21(4): 463-469; see Table 1 
beloW for the formula of lnakollu Media and Enhanced lna 
kollu Media), and the fourth ?ask contained 50 mL of brain 
heart infusion (BHI) broth. After approximately 20 hours, 1 
mL of base oil (2 vol. % of Estegreen (Chevron) in microbial 
culture medium) and 0.02 mL of Oil Red 0 (EMD Chemicals; 
GibbstoWn, N.J.) Was added to each ?ask and the ?asks Were 
shaken at 35° C. at 300 rpm. After approximately 15 minutes, 
an aliquot of 0.5 mL Was taken from each ?ask and the 
formation of the sac-like structures Was observed using a 
microscope. Sac-like structure formation Was best using BHI 
folloWed by TSB, then 50/ 50 TSB/ enhanced lnakollu mineral 
media, and then nutrient broth. 

TABLE 1 

Salt lnakollu Media Enhanced lnakollu Media 

KH2PO4 4 gL 4 g/L 
K2HPO4 5 gL 5 g/L 
NaNO3 2 gL 11.2 g/L 
NaCl 0.5 gL 0.5 g/L 
KCl 0.5 gL 0.5 g/L 
CaCl2 0.025 gL 0.025 g/L 
FeSO4 0.25 rug/L 1.25 rug/L 
H3BO3 0.45 rug/L 2.25 rug/L 
ZnSO47H2O 0.75 rug/L 3.75 rug/L 
MnSO47H2O 0.75 rug/L 3.75 rug/L 

Effect of Temperature on Formation of Sac-Like Structures 

[0066] The effect of temperature on the formation of sac 
like structures Was assessed. Approximately tWo loopfuls of 
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G. sihwensis strainATCC PTA-9635 (Which is approximately 
20,000 CFU to approximately 5,000,000 CFU) Were inocu 
lated into three ?asks, each ?ask containing 50 mL of 100% 
TSB, and each ?ask Was incubated at 35° C. at 150 rpm. After 
approximately 20.5 hours, 1 mL of base oil (2 vol. % of 
Estegreen (Chevron) in microbial culture medium) Was added 
to each ?ask. One ?ask Was incubated at 31° C. at 150 rpm, 
another ?ask Was incubated at 35 ° C. at 1 50 rpm, and the third 
?ask Was incubated at 40° C. at 150 rpm. After approximately 
15 minutes, an aliquot of 0.5 mL Was taken from each ?ask 
and the formation of the sac-like structures Was observed 
using a microscope. Sac-like structure formation after 
approximately 15 minutes Was best at 40° C., folloWed by 35° 
C. and then 310 C. 

Effect of pH on Formation of Sac-Like Structures 

[0067] The effect of pH on the formation of sac-like struc 
tures Was assessed. Approximately tWo loopfuls of G. sih 
wensis strain ATCC PTA-9635 (Which is approximately 
20,000 CFU to approximately 5,000,000 CFU) Were inocu 
lated into three ?asks, each ?ask containing 50 mL of 100% 
TSB, pH 7 and each ?ask Was incubated at 35° C. at 150 rpm. 
After approximately 20.5 hours, 1 mL of base oil (2 vol. % of 
Estegreen (Chevron) in microbial culture medium) Was added 
to each ?ask. One ?ask Was incubated at 35° C. at 300 rpm at 
pH 6 for 15 minutes, another ?ask Was incubated at 35° C. at 
300 rpm at pH 7 for 15 minutes, and the third ?ask Was 
incubated at 35° C. at 300 rpm at pH 8 for 10 minutes. An 
aliquot of 0.5 mL Was taken from each ?ask and the formation 
of the sac-like structures Was observed using a microscope. 
Sac-like structure formation Was best at pH 7, folloWed by pH 
8 and then pH 6. 

Effect of CaCl2 on Formation of Sac-Like Structures 

[0068] The effect of CaCl2 on the formation of sac-like 
structures Was assessed. Approximately tWo loopfuls of G. 
sihwensis strain ATCC PTA-9635 (Which is approximately 
20,000 CFU to approximately 5,000,000 CFU) Were inocu 
lated into tWo ?asks, each ?ask containing 50 mL of 100% 
TSB, pH 7 and each ?ask Was incubated at 35° C. at 150 rpm. 
After approximately 20 hours, 1 mL of base oil (2 vol. % of 
Estegreen (Chevron) in microbial culture medium) Was added 
to each ?ask and 0.2 grams of CaCl2 Was added to one of the 
tWo ?asks. The ?asks Were incubated at 35° C. at 300 rpm for 
1 5 minutes and then an aliquot of 0.5 mL Was taken from each 
?ask and the formation of the sac-like structures Was 
observed using a microscope. Sac-like structures Were 
formed in both ?asks. 

Effect of Surfactant on Formation of Sac-Like Structures 

[0069] The effect of surfactant on the formation of sac-like 
structures Was assessed. Approximately tWo loopfuls of G. 
sihwensis strain ATCC PTA-9635 (Which is approximately 
20,000 CFU to approximately 5,000,000 CFU) Were inocu 
lated into ?ve ?asks, each ?ask containing 50 mL of 100% 
TSB, pH 7 and each ?ask Was incubated at 35° C. at 150 rpm. 
After approximately 20 hours, 1 mL of base oil (2 vol. % of 
Estegreen (Chevron) in microbial culture medium) Was added 
to each ?ask, and no surfactant Was added to one ?ask, 0.02% 
Triton® X-100 (Rohm & Haas; Philadelphia, Pa.) Was added 
to tWo ?asks, 0.12% Centrolex® lecithin (Central Soya; Fort 
Wayne, N.J.) Was added to another ?ask, and 0.6% rhamno 
lipid biosurfactant (Jeneil Biosurfactant; Saukville, Wis.) Was 
added to the ?fth ?ask. The ?asks Were incubated at 35° C. at 
300 rpm for 15 minutes and then an aliquot of 0.5 mL Was 
taken from each ?ask and the formation of the sac -like struc 
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tures Was observed using a microscope. As shoWn in FIGS. 
4B-4E, the formation of sac-like structures Was adversely 
affected by the presence of surfactant. 

Effect of Drill Solids on Formation of Sac-Like Structures 

[0070] The effect of drill solids on the formation of sac-like 
structures Was assessed. Drill solids Were made from drill 
cuttings that Were extracted With solvent to remove the drill 
ing ?uid, then sieved to a uniform particle siZe. Approxi 
mately tWo loopfuls of G. sihwensis strain ATCC PTA-9635 
(Which is approximately 20,000 CFU to approximately 
5,000,000 CFU) Were inoculated into three ?asks, each ?ask 
containing 50 mL of 100% TSB, pH 7 and each ?ask Was 
incubated at 35° C. at 1 50 rpm. After approximately 20 hours, 
1 mL of base oil (2 vol. % of Estegreen (Chevron) in microbial 
culture medium) Was added to each ?ask, and no drill solids 
Was added to one ?ask, 5 grams of drill solids Was added to 
another ?ask, and 10 grams of drill solids Was added to the 
third ?ask. The ?asks Were incubated at 35° C. at 300 rpm for 
1 5 minutes and then an aliquot of 0.5 mL Was taken from each 
?ask and the formation of the sac-like structures Was 
observed using a microscope. As shoWn in FIGS. 5A-5C, the 
sac-like structures formed in the presence of the drill solids. 

Effect of Different Types of Oil on Formation of Sac-Like 
Structures 

[0071] The effect of different types of oil on the formation 
of sac-like structures Was assessed. Approximately tWo loop 
fuls of G. sihwensis strain ATCC PTA-9635 (Which is 
approximately 20,000 CFU to approximately 5,000,000 
CFU) Were inoculated into six ?asks, each ?ask containing 50 
mL of 100% TSB, pH 7 and each ?ask Was incubated at 35° 
C. at 150 rpm. After approximately 20 hours, 1 mL of base oil 
(2 vol. % Estegreen (Chevron) in microbial culture medium) 
Was added to one ?ask, 1 mL of No. 2 diesel Was added to 
another ?ask, 1 mL of Puredrill® IA35LV (Petro Canada; 
Canada) Was added to another ?ask, 1 mL of Ametek® White 
oil (Ametek; Paoli, PA) Was added to another ?ask, 1 mL of 
kerosene Was added to another ?ask, and 1 mL of HDF-2000 
(Total) Was added to the sixth ?ask. The ?asks Were incubated 
at 35° C. at 300 rpm. An aliquot Was taken from each ?ask 
after 15 minutes and after 1 hour, and the formation of the 
sac-like structures Was observed using a microscope. As 
shoWn in FIGS. 6A-6F (15 minutes) and FIGS. 7A-7F (1 
hour), the sac-like structures formed in the presence of all of 
the oils tested. 

6.4 Biodegradation of Oil 

[0072] The ability of G. sihwensis strain ATCC PTA-9635 
to biodegrade oil Was assessed using a total petroleum hydro 
carbon (TPH) assay (EPA Method 8015B Non Halogenated 
Organics Using GC/FID, Revision 2, December 1996). 
Approximately tWo loopfuls of G. sihwensis strain ATCC 
PTA-9635 (Which is approximately 20,000 CFU to approxi 
mately 5,000,000 CFU) Were inoculated into six ?asks con 
taining either 50 mL of TSB or 50 mL of nutrient broth (NB). 
The conditions for groWing the bacteria before the addition of 
1% or 2% base oil (1 or 2 vol. % of Estegreen (Chevron) in 
microbial culture medium, respectively) and the conditions 
after the addition of 1% or 2% base oil (1 or 2 vol. % of 
Estegreen (Chevron) in microbial culture medium) are found 
in Table 2 beloW. 
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TABLE 2 

Conditions 

Biodegradation 

Shake 

Shake 10 min. 

Growth Phase 18 min, Drain & Cfuge & after 

Flask Temp. Time % Shake 150 rpm, Add Add adding Temp. Time 

No. Media RPM (0 0.) (Hrs) oil1 10 min.2 35° 0.3 E14 E15 1316 RPM (0 0.) (Hrs) 

1 TSB 150 35 20 2 N7 Y8 Y N NA9 300 35 20 

2 TSB 150 35 20 2 N Y N N NA 300 35 20 

3 NB 150 35 22 1 NA N N Y N 300 35 19 

4 NB 150 35 22 1 NA N N Y Y 300 35 19 

5 NB 150 35 22 1 Y N Y N NA 300 35 18.5 

6 NB 150 35 22 1 Y N N N NA 300 35 17.5 

10.5 mL ofbase oil (1 vol % ofEstegreen in microbial culture medium) or 1 mL ofbase oil (2 vol. % ofEstegreen in microbial culture medium) was added 

2Flasks were shaken by hand for 10 minutes a?er the addition of 0.5 mL of Estegreen (Chevron). 

3Flasks were shaken in a shaker oven for 18 minutes at 150 rpm at 350 C. a?er the addition of 1 mL ofEstegreen (Chevron). 

4After the addition of0.5 mL ofEstegreen (Chevron) and shaking by hand for 10 minutes or after the addition of 1 mL ofEstegreen (Chevron) and shaking 
in a shaker oven for 18 minutes at 350 C., the media was drained from the ?ask and 50 mL of enhanced Inakollu media was added to the bacteria remaining 
in the ?ask. 
5The contents of the ?ask were centrifuged, the supernatant was removed to concentrate the bacteria, and 50 mL of enhanced Inakollu media was added to the 
?ask along with 0.5 mL of Estegreen (Chevron). 
6The ?asks were shaken by hand for 10 minutes a?er the contents of the ?ask were centrifuged, the supernatant was removed to concentrate the bacteria and 
50 mL ofenhanced Inakollu media was added to the ?ask along with 0.5 mL ofEstegreen (Chevron). 
7N means that the condition was not used. 

8Y means that the condition was utilized. 

9NA means not applicable and that the condition does not apply. 

[0073] Approximately 17.5 to 20 hours after the addition of 
base oil, the contents from each ?ask was analyzed by TPH, 
and the appearance of the bacteria and media was observed. 
The results from the TPH analysis and the appearance of the 
bacteria and in the ?asks are provided below in Table 3. In all 
of the ?asks except ?ask number 6, the percentage of oil 

recovered as measured by TPH was between 49% and 57.4%. 
In other words, 42.6% to 51% of the total hydrocarbons 
present in the ?asks 1 to 5 were biodegraded. In ?ask number 
6, the percentage of oil recovered as measured by TPH was 
23.3%. In other words, 76.7% of the total hydrocarbons 
present in ?ask 6 were biodegraded. 

TABLE 3 

Results 

Size of Total % 

Floating Coagulated State of Bacteria Recovered 

No. Layer Coagulation Balls Media Under Microscope Oil 

1 Y1 Y Large Sl3 Cloudy Bacteria agglomeration 50.3/53.4 

(Slightly 
with 

swirling) 
2 Y Y Large Sl Cloudy Agglomeration ofsacs 55.8 

3 Y Y Giant mass Sl Cloudy Stringy agglomeration 57.4 

4 Y Y Giant ball Sl Cloudy Swirled agglomeration 49 

5 Y Y Giant ball Sl Cloudy Bacteria agglomeration 52.1 

6 N2 Y Small Clear Bacteria ball 23.3 

(Sunk) 

lY means that there Was a ?oating layer in the ?ask. 

2N means that there Was no ?oating layer in the ?ask. 

3Sl means slightly. 
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[0074] In another assay to assess the ability of the Gordonia 
sihwensis strain described herein to biodegrade oil, approxi 
mately tWo loopfuls G. sihwensis strain ATCC PTA-9635 
(Which is approximately 20,000 CPU to approximately 
5,000,000 CFU) Were inoculated into ?fteen ?asks contain 
ing either 50 mL of nutrient broth (NB)or 50 mL of nutrient 
broth and enhanced Inakollu media (1:1; NB/EI). The condi 
tions for growing the bacteria before and after the addition of 
base oil are found in Table 4 beloW. 

Nov. 3, 2011 
11 

TABLE 4 

Condition 

Biodegradation Phase 

Initial 
Growth Phase Hand Shaking 

Temp Time % Bacteria Temp Shaking2 After 1 H13 
No. Media RPM (0 C.) % Oil (Hrs) Oill Conc. RPM (0 C.) (min) (min) 

1 NB 150 35 0 22 0.5 1X 300 35 10 0 
Ctrl 
2 NB 150 35 0 22 1 1X 300 35 10 0 
3 NB 150 35 0.34 22 0.5 1X 300 35 10 0 

(1pm) 
4 NB 150 35 0 17 0.5 1X 300 35 10 0 
5 NB 150 35 0 22 0.5 1X 300 35 20 0 
6 NB 150 35 0 22 0.5 1X 300 35 0 20 
7 NB/EI 150 35 0 22 0.5 1X 300 35 10 (after 0 

20 min) 
8 NB 150 35 0 22 Used to produce 2X bacteria conc. — 

see ?ask No. 9 

9 NB 150 35 0 22 0.5 2X 300 35 10 0 
10 NB 150 35 0 22 0.5 1X 150 35 10 0 
11 NB 150 35 0 22 0.5 1X 150 35 0 10 
12 NB 150 35 0 22 0.5 1X 150 35 20 0 
13 NB/EI 150 35 0 22 0.5 1X 150 35 10 (after 0 

20 min) 
14 NB 150 35 0 22 0.5 1X 300 35 10 10 
15 NB 150 35 0 22 0.5 1X 150 35 10 10 

11 rnL of base oil (0.5 vol. % Estegreen (Chevron) in microbial culture medium) or 2 rnL ofbase oil (1 vol. % Estegreen (Chevron) 
in microbial culture medium) Was added to the ?asks. 
2Initial hand shaking means that the ?ask Was hand shaken immediately after the addition ofthe base oil for the indicated time 

period. 
Shaking after 1 Hr means that 1 hour after the addition ofthe base oil, the ?ask Was hand shaken for the indicated time period. 

40.15 rnL ofbase oil (0.3 vol. % Estegreen (Chevron) in microbial culture medium) Was added to the ?ask. 

[0075] Approximately 8 hours after the addition of base oil, 
the contents from each ?ask Was analyZed by TPH. Approxi 
mately 4.5 hours and 8 hours after the addition of base oil, the 
appearance of the bacteria and media Was observed. The 
results from the TPH analysis and the appearance of the 

bacteria and media in the ?asks are provided beloW in Table 5. 
In all of the ?asks, the percentage of oil recovered after 8 
hours as measured by TPH Was betWeen 28.8% and 51.2%. In 
other Words, 48.8% to 71.2% of the total hydrocarbons 
present in the ?asks Were biodegraded. 

TABLE 5 

Results 

Results after 4.5 hours Results after 8 hours 

Size of Size of Total % 

Floating Coagulated Media Floating Coagulated Media Microscopic State Recovered 
No. Layerl Coag.2 Ball Clear3 Layerl Coag.2 Ball Clear3 of Bacteria Oil by TPH 

1 Y N Y Y N Y Loose sacs 33.3 

(Slightly 
Stringy) 

2 Y Y Y N (Sunk) Y Small Y Bacteria ball 45.8 
3 Y N LoW Y Y N Y Sac material 51.2 

bacteria (Smooth) 
amount 














