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It hais been well established in the literature that microorganisms capable of
diecomposing crude oil ore quite common in terrestrial areas around the world.
It hias also been well established that the straight chained hydrocarbons of CIO
to C18 length., the kerosene fraction, are the most susceptible to microbial de-
gra.datiort1. However., the shorter-chained hydrocarbons., the gasoline fraction.,
seems, -1o b-ý degraded more slowly,, and in some instances miay be oicto nricro-

~organ~isms. The ring-structured hydrocarbor~s are also degraded b.1'- -at a consid-il
lerblyslic-,wer rate than- the straight chained hydrocarbons. The biochemical

Ity ieich hydrocarbons* are degraded are niot unique or few in number.
Mr-_ r-cmri to be a substantial void in the literature concerntng bydrocar-.bon

;r'~fl~r> 1- i cold r~egions and the means of optimizing decompositon incld ;
~c'1~'~l re-as. It is possible,, bec-cuse of t-he 'Long gene:aticn t-imen oil rd

c2I c) n'- ri r nr wie n s tlr? t oil spills J r' cold Lerre~trial 1-*e1s, ma~y be
ploaces ý,rhere rncoP.inoei:1aticn. may be beriefici-1t.. llUere

.1" L3.)n ho"L o i-ca ac~tion is li-mit-eci by envi rorumiental 2<ion arc
r~nooof microorgani sms.
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MICROBIOLOCY OF TERRESTRIAL CRUDE OIL DEGRADATION

by

P.G. Hunt

INTRODUCTION

The utilization of petroleum for products and services throughout the world has inorfased to

monumental levels and large utilization increases are projected. However. t", benefits that are

realized from the use of petroleum prodi'ets are somewhat negated by the icnidsed probability o0:
environmental damage from mishaps iii the handling of petroleum. A part :fly critical, area of
potential pollution is the transport of massive amounts of both crude anu ocd petrcuim by ship

and pipeline. Notable oil spill disasters such as the Torrey Canyon and Santa Barbara spills havc
already occurred, but considerable progress in prevention and clean-up materials and pr (yedures

has been made (personal observation at the 1971 Conference on Preventicr: and Control fc Oil Spil]h).

However#e4e'nost oil mishaps have been on water most of this rogiress has hri Ia the
area of aquatic spills and relatively little has been done or considered in th57 area of ,:rr-strial
spills. Yet numerous petroleum transport systems are terrestrial. For txawoie, the Xr:if•3er

Alyeska pipeline will cross 800 miles of ecologically sensitive terrain in Alaska. Thu te poten-
tial for massive ecological damage from terrestrial oil spills exists. Terrestrial oil sp"l" clean-u•
is difficvi in any area, but in Alaska, where permafrost soils and slow c"-n. ve,.ta... are pre-
valent, the potential problems are magnified immensely., In such a sensitive environm, .-v, physic-,i
and mechanical clean-up may cause more ecological damage than the spill itr.,•f. Therefore. after
the potential water pollution and health hazards have been addressed, c-ne of thte mosat lcical
approaches for treating a terrestrial oil spill in Alaska is by microbiolocaa teac,. mem Pi;, report
concerns the topic of microbial decomposition of crude oil in zoils.

CRUDE OIL

Crude oil is composed of numerous organic compounds that originate from direct or indirect
biological action. The components can be classified as paraffins (alkanes), cycloparaff ins (cycio-
Salkanes or naphthenes), aromatics, asphalts, and combinations of these (Davis 1967). Other
classifications of crude oil are also commonly used; Morrison and Boyd (1966) used distillation
temperatures and carbon number to denote certain fractions of crude oil. The composi:tcn and
characteristics of crude oil vary greatly with source, but compared to the extensive number of possible
compounds and isomers the variation is relatively small (Meinschein 1959). The aroma tios are
normally iound in lower quantities relative to the paraffins or cycloparaffins, and cyclosxn'aiwc and
cyclohexane often constitute large portions of the cycloparaffins. The three primary elements other
than carbon of the asphaltic, non-hydrocarbon fractions are oxygen, sulfur and nitrogen; in some
instances the asphaltic fraction composes as much as 50% of the crude oil (Davis 1967). The as-
phaltic crudes are often more toxic and less bN.deg-adable than other types. However, spillago of
any type of crude oil releasos a large variety o( orgauic compounds into the environi.ient, and zhel,
removal with the least health and ecological damage is imperative.
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CRUOR OIL DECOMPO3SING ORGANIES

Hydrocarbon-utilizing microbes are found from Lhe tropics to the A~ctic an"" 1~"'7" been" is"AU1
from Soil, estuaries, ariznal feces, and numerou!ý o' er ioca isn (M,1ge 't d1G'
'West 1970. Bushnell and Hass 1941). However. ihe -'Gt mpr'tc'"
their presence in the high seas to be practically - 3,i"hell ai ' Oxfs

utiti z at ion of hydrocarbon s by t he ge ner a PsezV S' a~ c0b, ,te
(1,906), Kaserer (1906), 'St~rmer (190f8), ani I'v -"71 C Qy,

carbon decomposing organisms. lh3 k llGj)Th
hy~drc.Tar bons. Streptomyc-es, Nocardia, Myccbacý-cri.Lm, - ,

c~ited as the most commonly isolated hydrocarbon ý`cc<cmpoz, rs -Vi~e IN2
number of isolated hydrocarbon decom~pos'trs rep-cwt-0 J, exte-r- 1c:e!>

plating,-and plating is considered to isolaqte only I tc, !107 if tl' rvw '
soil (Casida 1968). Foster (1962), 'or instance, ýý-ec so'mr nr7- C' 11(
carbon media but ;,.(ould grow oai the rmore selective md~L" '
carbon souiuce. This serves to illus-;:ate that num-.ý ~~crlanisms ii, t-'-
oil at very slow rates. hi:: their isolation arid riýte of oil decompositiou &- ;ý v
conditions to include competition with other orgaii M ' or, carýon1 u;ollre-, u!
In addition to those organisms that growi on hlydrocar-,s somre organism,4 ,

do not utilize them for growth (Leadbetter and Fo,;!er *;TA 1i.6(..Davi-
whe~n the large number of hydrocarbon util~zers and ox'ldi ers iFC (cnsvid red,
,hat even though some organisms can d< compos- cortzain l £cttclr-5 of r~~eo;,

>-~others, the decomposition of crude otil in t~et iP c!'.rried Out V rumr' ~ n

)v acv particular speciips at. ai will b*:ýhol--,'''i

Bt1OD~ft A1AB1M~ OF VARWOU CRUDE OIL FRACTIONS

Zobell (1969) stated that more organisms wete capable of decomposing C10 to C18 (kerosenes)
than any other fraction. Similar fkiddhg have been iftated by Kazto et al. (1970). This pattern
of degradation would be intuitively expectcsd since thes compounds are not as volatile as the
shorter chained hydrocarbons nor aS sterically complicated as the larger or branched hydrocarbons.
Davis (1967) stated that the gaseous hydrocarbonts of low molecular weight, methane through n-butan~e,
were oxidized at a rate usually limited by the solub-lity of the gas in the aqueous surroundings of
microbial cells. The gaseous phase or 5-10 carbon hydrocarbons was also reported to be utilized
most readily. However. the liquid phase of these low molecular weight hydrocarbons (paraffins and
cycloparaffins) was found to retard microbial growth and in some cases be refactory. Similarly,
Davis and Raymond (1961) found that aromnatic hydrocarbons of this size were often toxic to growth
of Nocardia, but the toxicity was mitigated by the presence of other degradable hydrocarbonts. This
stipports the view that the organisms in a natural system such as the soil of an oil spill area would
be less affected by toxic components of crude oil than organisms exposed to a medium containing
a single toxic component of crude oil as the carbon source. McKenna and Kallio (1965) demonstrated
the variation of biodegradability of hydrocarbons with molecular structure. using gr7owth of species
of Micrococcus, Pseudomnonas, Mycobacteriumn and Nocardia as their criteria of degradation. Even

.P mhyl group on a straight chained hydrocarb-on redu-ed it- -utilization. and dimethyl or espe-
Sgrrvirs grezatlv Teduced m'44frobý.ai tjl>Ziori. Alkanes with icimnal~ phenyl. groiips

- - '~'r~c'~ 'M I!tan es with nhcnyl ':-:,ution alom: the carbon chaln.
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Daini~ 11967 P rt~pun"#.0 04". o0taift- of? Cc ft Bol toder both fiold andI laboratory coudittanxi
Vwvi chactwix" by high Ab34tbAita of iiratA at V1315 rind PAP., hit1j.'ýf wu ge pItr"
of aroiwiec sntwflr". tje ulgo found Wth even a~tt 4564A by weisit of c~ttde cM Wiu denmo~l

UWAWa vMnft' I-ii W~~c f[M OIil MidUlf)031Ititlf QXI the~ pmr irfi VI'e ilow dewrAdatkim of
tho ~aroILcs w"a* a18 tWdkted by Zabeffl (1960) wbo fow thai polyciekb2-*ebX " VCIKS a
am parafYIf fim c t"Ued by bA'twinawm~e readily. thia ~ Wwi iekmn. Thc~oa todifis Luict th'a
thn highly valastil naM ~toraiht vbauim6 fra.ctimon of i.-:We Ai are likuly to b- m-wae wdfnai ~ai (Ul

ti ~~will Aitlf IpI ofvc u tiid thZ-11 chI ~ifvhly hiaCN-I~d. VnPhIut~t fln d aurmatic tyl'4 coimoffidqi

which am likelly to rentain in an WI1 sral am& fot batended mmiuAA bVOU kwa U~idl;M4I 2A~~

DPNW + IP

MI-31. Co

ItciCCN

HO-0oo

/ ~f- -'DPNH

Thicarboxylic Acid Cycle OýC--COOn
(Krebs Cycle)

H,

ft~q H+

GDP C*AMU

Figure 1. A schematic of the TCA cycle (Conn and Stumpf 19636).
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EB!OPHIEMICAh PATHIWAYS OF IIYDROCAR24IX! aE MMP DUIXON

~~ ~ewA) cycle ýnd the beta oxidtv ;'!Twaqy 2Fg I ) wil) t~
Otse lx~tersu-termwto h10 the readerý,who is n.ii ok:h fr. 0 rtý-uesv~ ~ b

gr ia jobardbits, othydrocarbo.- are converted to ciaergy, "c's, C92 , n F

Iei6-t~prike~i81cbemistry'of Niese prcsssnr thi tci oV0 U. ~ •

bolites- ie'hddrerssed., These topics aro discussed ab',y b-,; K and Cordes (1%§), Vvbie, 11i 4 w'l
arid Smtfitf(1,988),". and Conn A, d Stumipf (1IM). The reactions taat are' presented are not intended to

be a&otpiete 1Ws of the hydrocarbon degradztiVe pathways, but they Ir wc, xamples of' how s, vef al
factI60s bf. crude oil 6~n be degraded.,,

R-CH2 -C11 2 -COCH

* ~ 1 ATP
(D GAS11

* I R-CH2 -CH 2 -C-CA

CILI~(-C S -C(:A

0

1R-(>-S-CoA C2  01

tram?3

-I Cý 2  02
Cli--C--S--CoA 12(

4 0

B-4 -- -S--%CoA

-211

4 * .* *4 .- A
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W"VA gd of Aikehue (tinwart ot iii. 11)61). I-'eudurnon-3 heii Immi nihown to tiograde akikonon
by ftsm-ation of opozirles " the &xjlo boid. IThese genouel pathways ara preseted in ftgixo 4.
Agaiii in. 0-o caane of alkunen the hlnnhomictfl atuop roqaired rft these iomrpouw4. to iintor tho -3m-lI -_

man uzidntivo pvkthwayu aimp ljlo.

Tho cycloparaff ion and artrutictl compoindaw~ havo boon shown to be much less degradablo than
the alkauuv en aikerien, but thoy are dulraided. Often the degradable side chains rt a ring compouind-_
will be deirraded bo(tue thn ring is cleavedl. BiAhi cytcloparaff i and aruntatic rings tond to be tip-

graded vial the fiwmaticm of dudes mid diaciden (E.lliot ot al. 1969), aud dopeadhig upon where the
- arcmatic ring breaks a dhIack or uenitaldeiiyde is formned (Fig. 6). Snotu rycitopriraff Inn e-an be con-

'tiwted to tt comirwmo ceIlilar c~mmitutent by relatiVely simlplesap otuc wh as decalin to adipic acid
tN p~malin acid (Fig. 6). Adipic. aid nun be idhunted to the 'ICA cycle aui akkcilsic acid by atI
oxiygoant~i arnd the. reamual of a terminal aetic) i4rcop as #Aetyl CO-A. Pimulik Aid in involved
in biotin eynthenin in mnone microorganlam O aniIts dlamlne foial in a cell wall conmponet of matny
bacteria.

0 c - C- C -

J

G c..H~

:A Iguw 3. A echowaicn~ of styraed 10aI~~n-c decomniilf 1on fram
Me-Kenna and Ka~ll~o (11GS),
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indicagv p'oltit of efixyiwe ceIavabe3.

I 1. -'Cool-)
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The moxr complex ring compounds are stertcally more complicated and their degradation ro-
quires more complicated enzymes than those required for paraffin. However. even for this group t4
compounds a degradative pathway that is relatirely simple can be envisioned. Figure 7 shows Q
schevatic f", phemumthrene and anthracene degradatihaxto catechol. Thds degradative scheme is
even more enlightening when it is realized that many organisms readily convert catechol to suc-
cinate and acetyl CO-A (T ig. 8) (Lamannaiand Malette 1965).

The asphaltic fractions of iAude oil are degraded by similar pathways, but their degradation
involves desultation, diamonization or some similar step, that adds another restrictive factor in their
degradation. Thus it can be seen that the degradation of crude oil components occurs via many very
common biochemical pathways. However, the reactions can easily be limited by one slow step or
environmental condition. Seldom are the conditions in soils such that an organism which grows on
one of the more complicated components of crude oil will be able to compete favorably with those
organisms that grow on relatively simple cotapounds. Therefore, actions that change thb liilting
growth factors of hydrocarbon decomposers to optimum levels will probably be the most effective
means of increasing the rate of microbial degradation of crude oil in spill areas.

knthroc ens
- I

Phen~onthians 8

HO HO H 0 OH

3,4-D1hydro-3,4-dl .!ydroxy- 1, 2-D! hydro-wI,2-dlhydroxy-
Phenonthremb anithracene/

OH// ¢/
•~'NCOOH i•O

0 H
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