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INTRODUCTION 

The Green R i v e r  Formation o f  Wyoming, Colorado, and Utah contains a s i g n i f i c a n t  
p o r t i o n  o f  the  wor ld ’s  o i l  shale (1). I n  add i t ion ,  t h e  area contains l a r g e  
deposi ts of t a r  sands and bituminous rocks, p a r t i c u l a r l y  i n  the  U i n t a  Basin o f  
Utah. Commercial izat ion o f  coal, o i l  and gas depos i ts  are important i n  the 
economy o f  Utah. 

The Green R iver  Formation i s  considered t o  be r a t h e r  unique i n  charac ter  because 
i t  has been spared extensive d i s r u p t i o n  from the  fo rces  o f  temperature, 
pressure, and f r a c t u r e  ( 2 ) .  It has probably been more thoroughly studied by 
organic geochemists than any o t h e r  fo rmat ion  i n  the  world. However, t h e  
mic rob io logy  o f  t h e  format ion and i t s  r e l a t i o n s h i p  t o  hydrocarbon 
t rans format ions  ha‘s n o t  been e x t e n s i v e l y  inves t iga ted .  

The importance o f  m i c r o b i a l  a c t i v i t y  t o  f o s s i l  f u e l  hydrocarbon transformat ions 
i s  w ide ly  recognized (3).  The metabol ic a c t i v i t i e s  o f  the  m i c r o f l o r a  over a 
p e r i o d  o f  t ime can c o n t r i b u t e  t o  changes i n  pH and redox p o t e n t i a l  which, i n  
tu rn ,  can s i g n i f i c a n t l y  a l t e r  the  geo log ica l  environment (3).  These changes 
need no t  be d i r e c t l y  invo lved w i t h  hydrocarbons. Su l fa te - reduc ing  anaerobic 
b a c t e r i a  do n o t  metabol ize hydrocarbons b u t  can, i n  t h e  presence o f  
oxygen-consuming aerob ic  b a c t e r i a ,  a c t i v e l y  reduce s u l f a t e  t o  s u l f i d e  (4 ) .  A 
case i n  p o i n t  i s  growth o f  anaerobic D e s u l f o v i b r i o  B. under growth o f  aerobic 
Beqsiatoa a. T h i o b a c i l l i  can a lso  c o n t r i b u t e  s i g n i f i c a n t l y  t o  a c i d i f i c a t i o n  o f  
t h e  environment. As a consequence, s u l f u r  and metal a v a i l a b i l i t y  can be 
s i g n i f i c a n t l y  a l t e r e d  thereby changing the course o f  subsequent 
hydrocarbon-generating events. 

Most i n v e s t i g a t o r s  have found t h a t  t h e  f i r s t  hydrocarbons removed from crude o i l  
by b a c t e r i a  a re  n-alkanes fo l lowed by a l i c y c l i c s ,  aromatics, and a c y c l i c  
isoprenoids (5 ) .  Disagreement e x i s t  regard ing  biodegradat ion o f  steranes and t o  
a l e s s e r  ex ten t  hopanes. 
crude o i l  leads t o  another o i l  having a lower A P I  g r a v i t y  and grea ter  chemical 
s t a b i l i t y  (6). Some evidence has been presented t h a t  suggests t h a t  p a r a f f i n i c  
crude o i l s  are precursors o f  heavy t o  medium-gravity naphthenic crude o i l s  ( 7 ) .  
Observations i n d i c a t e  t h a t  pr imary p a r a f f i n i c  crude o i l s  are expe l led  f r o m  deep 
source beds. 
p a r a f f i n i c  crude i s  transformed m i c r o b i o l o g i c a l l y  i n t o  a naphthenic crude o i l .  
I n  another i n v e s t i g a t i o n  (8) biodegradat ion decreased A P I  g r a v i t i e s  o f  a group 
of  common-source crude o i l s  and t a r  sands 8 - f o l d ,  increased s u l f u r  3 - f o l d ,  and 
metal content 6 - f o l d .  Hydrocarbon content was a l t e r e d  w i t h  n-a1 kanes, 
isoprenoids l i g h t  aromatics, and l i g h t  thiophenes completely removed (8 ) .  In 

Nevertheless, i t  i s  agreed t h a t  biodegradat ion o f  a 

Before, dur ing,  o r  a f t e r  a g e n e r a l l y  upward migra t ion ,  the  
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in severely degraded samples steranes were partially removed while triaromatic 
steranes and diasteranes were resistant to biodegradation. 
of the effects of a fuel spill on the microbiology of an agricultural soil, 
biodegradation of the fuel was achieved (9) after three years. Coryneform 
bacteria and certain fungi were responsible for hydrocarbon degradation. The 
most active fungi in hydrocarbon degradation were Asoerqillus and Penicillium 
a. 
EXPERIMENTAL 

Samole Sources and Procedures 

Samples of oil shale were collected from Hell's Hole Canyon in Utah, the C-b 
Tract Mine in Colorado, and the Southman Canyon area in Utah. Tar sands were 
collected from Asphalt Ridge in Utah. Gilsonite was collected from the Bonanza 
area of Utah. Petroleum samples were collected from the Red Wash Oil Field and 
the Altamont-Bluebell Oil Field in Utah. 
bags and water samples in sterile plastic tubes. 
to the Idaho National Engineering Laboratory Research Center in Idaho Falls, 
Idaho for microbiological studies. Samples designated for pyrolysis gas 
chromatography/mass spectrometry studies were sent to the Center for 
Micro-Analysis and Reaction Chemistry, University of Utah, Salt Lake City, Utah. 

Microbial Isolation. Identification and Maintenance Procedures 

Samples o f  sol id materials were carefully cleaned and the inner surfaces 
exposed. 
trypticase-soy agar medium in petri dishes. Aqueous samples were streaked on 
the medium. 
25'C for seven to fourteen days. 
slides were prepared for microscopic examination. 
assured, cultures were maintained on trypticase-soy agar. 

Identification of cultures was based on API Procedures (API Laboratory Products, 
8114 Trans Canada Highway, Suite 6, St. Laurent, Quebec H4S 1M5). 

Model Comoound Utilization Procedures 

A basal salts medium was added t o  screw-cap test tubes and sterilized by 
autoclaving at 121'C for 20 minutes. The compound to be investigated 
(Table 2 )  was added at 0.1% concentration after sterilization. The tubes were 
inoculated using a pure culture and incubated at room temperature as roller 
tubes at about 10-20 revolutions per minute. The tubes were examined daily for 
growth as shown by turbidity in the tubes. Response was graded as 1+ to 4t 
(poor to best). 

Petroleum Utilization Studies 

These were carried out much as the model compound investigation except that 
cultures were prepared in Erlenmeyer flasks and petroleum was added at 1% 
concentration. 
at about 20 revolutions per minute. 

In a long term study 

Solid samples were placed in plastic 
The samples were transported 

The inner surfaces were scraped and the scrapings placed on 

The medium was incubated aerobically and anaerobically at about 
Colonies were examined for morphology and 

After culture purity was 

Cultures were incubated at 30'C on a rotary shaker operating 
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Pvro lvs is  Gas Chromatoqraohv/Mass SDectrometrv (Pv GC/MSZ 

Py GC/MS analyses were c a r r i e d  o u t  a t  t h e  U n i v e r s i t y  o f  Utah Center f o r  
Mic ro-An lays is  and React ion Chemistry, U n i v e r s i t y  o f  Utah, S a l t  Lake C i t y ,  Utah. 

A basic C u r i e - p o i n t  Py GC/MS technique was used w i t h  a C u r i e - p o i n t  f i l ament  
temperature of 610'C(10). 
Hewlett-Packard 5890 instrument w i t h  a 15 meter 08-5 column heated a t  40"  t o  
320'C, 10'C/minute. 
Spectrometer. 

RESULTS AND DISCUSSION 

M i  c r o b i  o l  oq i  c a l  C h a r a c t e r i z a t i o n  

Genera of  b a c t e r i a  i s o l a t e d  from samples are l i s t e d  i n  Table 1. Coryneform 
b a c t e r i a  a re  n o t  l i s t e d  i n d i v i d u a l l y  because t h e  members o f  t h i s  group are 
d i f f i c u l t  t o  c l a s s i f y .  A t  present i t  i s  be l ieved t h a t  f o u r  genera are 
represented: Ar th robac ter ,  Corvnebacterium, Nocardia, and Rhodococcus. However 
v e r i f i c a t i o n  i s  s t i l l  pending. Only coryneform b a c t e r i a  could u t i l i z e  
hydrocarbons and h e t e r o c y c l i c  compounds provided as carbon sources. 
coryneforms were i s o l a t e d  from w i t h i n  bi tumen-containing rock and none from 
water associated w i t h  the  rock.  

C e l l  counts o f  coryneforms were a t  the l o 4  t o  lo5 cfu/gm l e v e l .  
shows t h e  performance o f  t h e  s i x  coryneform i s o l a t e s  which grew best on the 
model subs t ra tes .  Not a l l  coryneforms could u t i l i z e  these mater ia ls .  I n  some 
cases, growth o f  t h e  i s o l a t e  was d i f f i c u l t  t o  ma in ta in  and some were l o s t ,  
consequently, some t e s t s  cou ld  n o t  be completed. 
t -butycyclohexane was p o o r l y  u t i l i z e d .  Apparently, the  branched a1 ky l  
s u b s t i t u e n t  on t h e  cyclohexane r i n g  i n h i b i t e d  u t i l i z a t i o n .  
accord w i t h  exper iences w i t h  such compounds as branched a l k y l  benzene 
sul fonates,  n o t o r i o u s  i n  t h e  detergent i n d u s t r y  f o r  res is tance t o  
biodegradat ion.  
s i g n i f i c a n t .  I sopreno id  subs t i tuents  on s t r u c t u r e s  such as steranes are 
apparent ly degraded. 

During t h e  course o f  t h i s  work, i t  was observed t h a t  c e r t a i n  d i f f e r e n c e s  ex is ted  
between microorganisms and t h e i r  c a p a b i l i t y  t o  grow on t h e  model compounds. The 
w i l d  s t r a i n s  o f  coryneform b a c t e r i a  were g e n e r a l l y  more capable o f  growing on 
the  unusual subs t ra tes  provided than l a b o r a t o r y  s t r a i n s  obtained from commercial 
c u l t u r e  c o l l e c t i o n s .  
f u e l  degradat ion by microorganisms. 
l a b o r a t o r y  Ar th robac ter  w i t h  o i l  shale i s o l a t e  OS-2 on p r i s t a n e .  
compares l a b o r a t o r y  Nocardia SD. w i t h  o i l  s h a l e - i s o l a t e  O S - 2  and 
g i l s o n i t e - i s o l a t e  62 on the  h e t e r o c y c l i c  compound e t h y l  n ipecota te .  Growth was 
measured by t u r b i d i t y .  
i s  compared w i t h  g i l s o n i t e - i s o l a t e  62 growing on pr is tane.  Growth was measured 
by oxygen consumption. 
experiments, r e q u i r e d  several days o f  adapt ion be fore  r a p i d  growth occurred. 
The response suggested t h a t  enzyme i n d u c t i o n  was necessary. I n  cont ras t ,  6-2, 
a l s o  a w i l d  s t r a i n ,  c o n s i s t e n t l y  showed immediate growth on substrates provided 
suggesting c o n s t i t u t i v e  enzyme format ion.  

The gas chromatography was conducted using a 

An i o n - t r a p  d e t e c t o r  was used and a Finnigan Mass 

A l l  

Table 2 

It i s  noteworthy t h a t  

The r e s u l t  i s  i n  

The p o s i t i o n  o f  the  methyl group on the  a l k y l  chain may be 

The p o i n t  i s  s i g n i f i c a n t  f o r  those who would study f o s s i l  
F igure  l a  compares the  growth o f  a 

Figure l b  

I n  Figure 2a and 2b, a l a b o r a t o r y  s t r a i n  o f  Arthrobacter 

OS-2, the  w i l d  s t r a i n ,  i n  these and other growth 

I 

' I  
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Petroleum Biodeqradation I 
Figure 3a i s  a GC/MS chromatogram o f  a waxy crude o i l  (B luebe l l  Con t ro l ) ,  
F igure 3b i s  a chromatogram o f  t he  petroleum res idue  o f  t he  o i l  a f t e r  
degradation by  t h e  o i l  sha le - i so la te  OS-3. The res idue  p r i m a r i l y  cons i s t s  
isoprenoid components, w i t h  almost complete removal o f  n-alkanes. F igu re  3c i s  
a chromatogram o f  t he  petroleum res idue a f t e r  degradation by an i s o l a t e  from o i l  
shale kerogen. The res idue cons is t s  o f  isoprenoid and t r i t e r p e n o i d  components. 
S i m i l a r  r e s u l t s  f o r  b iodegradat ion are shown i n  GC/MS chromatograms f o r  t he  waxy 
Red Wash pet ro leum i n  F igure 4a. 
p a r a f f i n i c  i n  character .  Degradation by the  o i l  s h a l e - i s o l a t e  OS-3 (F igure 4b) 
and the  g i l s o n i t e - i s o l a t e  6-2 (F igure 4c) gave res idue chromatograms showing 
p r i m a r i l y  t r i t e r p e n o i d  compounds remaining. 

F igure 5a i s  a GC/MS chromatogram o f  an aspha l t i c  petroleum. 
o i l  by the  t a r  sand- iso la te TS-8 (F igure 5b) and t h e  o i l  sha le - i so la te  OS-2 
(F igure 5c)  gave res idues con ta in ing  s i m i l a r  components. 
(shown i n  the  795 and 860 pos i t i ons )  were o n l y  p a r t i a l l y  degraded. The same i s  
t r u e  f o r  t r i t e r p e n o i d s  i n  t h e  1400-1600 p o s i t i o n .  
reg ion  corresponds t o  perhydro-8-carotene (2).  Th is  substances seems 
r e s i s t a n t  t o  biodegradation. 

CONCLUSION 

Coryneform bac te r ia  can p l a y  a s i g n i f i c a n t  r o l e  i n  crude o i l  biodegradation. 
The c a p a b i l i t y  o f  these bac te r ia  f o r  hydrocarbon degradat ion va r ies  between 
i n d i v i d u a l  b a c t e r i a  and between the  s p e c i f i c  forms o f  hydrocarbon attacked. 
T r i -  and t e t r a t e r p e n o i d  compounds are r e s i s t a n t  t o  degradation. 
o i l  degraded i n  the  l abo ra to ry  tends t o  assume the mature character  observed 
under na tu ra l  condi t ions.  
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TABLE 1. IDENTIFICATION OF BACTERIAL ISOLATES 

Source GrOUD or Genus Number o f  Isolates 

Oil shale Coryneform, Aeromonas 7 
F1 avobacterium 
StreDtomvces 

Tar sands Coryneform 6 

Gilsonite Coryneform 3 

Oil shale-Mine water Pseudomonas 6 

Beqqi atoa 
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FIGURE 4 
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FIGURE 5 
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petroleum 
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degradation by 
isolate 05-2 

1148 


