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Hydrocarbons Distribution in Shatt Al-Arab River
Bacteria And Fungi
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Abstract -The hydrocarbons in bacteria and fungi Shatt Al- Based on the estimated primary production and the
Arab River were estimated. The bacteria contained kaales  proportion of hydrocarbons to cell constituent® tiobal
from Cyi3to Gys. While, the n-alkanes in fungi ranged fromGto  input of biogenic hydrocarbons may be far exceedivag
Css. The two patterns of carbon atoms numbers of n-alka  of petrogenic hydrocarbons. However, not only the
were okéser\(ed in bafcgrtialcfdhe Io&/vtrrrolﬁcﬂar V‘;eigTEWW!thht molecular composition of the two sources is diffeerdut,

€ predominance of 410 {19 and the high molecular weight 5155 the kinetics input. Biogenic hydrocarbons are
(>20) with the predominance of & Cp, and Gg f0 Goo. In generated slowly and over vast areas, and theitt iispthus

fungi, the carbon atoms numbers of n-alkanes were . . e
characterized by the other two patterns, the finstthe range Gs matches the degradative capacity of hydrocarbaifizing

to C,3 with the predominance of G, Ci4, Cig and Ggto C,,, and ~ MICroorganisms (GESAMP, 1993)-_ . _

the second in the range >23 with the predominancegfto Cy, Hydrocarbons is difficult to differentiate in ternud
The pristane compound was only revealed in fungi sdes. The their origin, since individual hydrocarbons are paments
distribution patterns of carbon atoms numbers ofatkanes and  of both, oils and biogenic hydrocarbons. Howevégré
the carbon preference index (CPI) values of bactedind fungi  still exists difference between "biogenic" and ™oil

suggested the biogenic origin of hydrocarbons. hydrocarbons (Klenkiet al., 2010).

Keywords: Shatt Al-Arab River, biogenic hydrocarbons, Oil contains approximately equal amounts of n-afl&n
bacterial hydrocarbons, fungal hydrocarbons, n-aikes with even and odd numbers of carbon atoms; organism
distribution mostly contain n-alkanes with an odd number of earb

atoms. Oil contains a large amount of aromatic
[. INTRODUCTION hydrocarbon; organisms contain no homological sec

Hydrocarbons are chemical compounds composed mainfjono-,di-, tri-, and tetramethylbenzol and mone;ia,
of the elements carbon and hydrogen. They arertheipal ~ and tetramethylnaphthalenes. Oil contains somethapb-
components of fossil fuels. Crude oil and oil preiduare aromatic hydrocarbons and heterocompounds, contai
the major sources of hydrocarbons in Shatt Al-ARiber N, O,, metals, and heavy asphalthenic substances, wloich
environment but they are not the only source. Oslerces NOt occur in organisms. Based on these distinctisome
also exist, such as these derive from natural origil- authors suggest criteria allowing one to establikk
Saad, 1995). The hydrocarbons with natural origia a Presence of biogenic hydrocarbons in the total safm
commonly referred to as natural or biogenic hydroeas. detected hydrocarbons. These are pristane to phay&io
The diversity of the composition of biogenic hydadmons ~ (Pr/Ph), heptadecane to pristine ratia-(Rr), pentadecane
is due to the wide variety of natural biochemicadgesses 0 hexadecane ratio (€Ci¢), the ratio of peak areas of
(Klenkin et al., 2010). separated compoundsesto the "hump" area§/Swmpand

Many microorganisms are known to synthesize a widéhe ratio of hydrocarbons with even and odd numiodrs
range of hydrocarbons. These include cyanobacterigarbon atoms, carbon preference index (CPI) (NRO3R
bacteria, yeasts, and fungi (Ladygietaal., 2006). Among In the recent years, biogenic hydrocarbons haveegai
hydrocarbons, the aliphatic hydrocarbons are sgizhd importance for the Shatt Al-Arab River because rofigng
by these organisms. Olefins occur frequently aatiedly —biomass of phytoplankton and microorganisms, whioh
high concentrations, whereas aromatic hydrocarbames assumed to accumulated the majority of these
rare. The first report on the microorganisms prdjducof hydrocarbons. This may result in imitation of riveater
Cuo to G5 aliphatic hydrocarbons was made by Jankowskpollution by oil and oil products. Therefore, thedy of
and ZoBell (1944). Stone and ZoBell (1952) isolatedratural hydrocarbons in Shatt Al-Arab River arerérest
hydrocarbon fractions from marine bacteri@erratia ot only in the solution of the complex problemstiidying
marinorubrum and Vibrio ponticus. Several biochemical Organic compounds in the river, but also in knogtedhe
mechanisms have been proposed for hydrocarbof@tterns of hydrocarbons produced by the organitims
biosynthesis, most notably the head-to-head comtiens determine what role if any these hydrocarbons plagethe
and elongation-decarboxylation pathways from fatyd hydrocarbons spectrum of the water. Thus, the ptese
precursors (Ladyginet al., 2006). study was initiated to determine the levels, distion

Due to the specificity of biosynthetic pathwayse th Ppattern, and origin of hydrocarbons in bacteria &mbi
number of individual hydrocarbons synthesized bysolated from Shatt Al-Arab River, and identify bewal
organisms is very much smaller than that foundrile oil ~ and fungal genera in the collected samples.
or oil products (Ladyginat al., 2006).

DESCRIPTION OF SHATT AL-ARAB RIVER
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of origin, to its mouth in Arabian Gulf, extendsoalb 175 The bacterial cells were harvested from broth ceku
km. It's with varies at different points, rangimgrh 0.4 km by centrifugation, and the filamentous fungi weeavested

at Basrah City to 1.5 km at its mouth. The wateptde by filtration, washed six times with deionized watnd
increases in general towards the Gulf with a marimaf pooled product was freeze-dried. The method used to
12.2 m. The water level is, however, affected by tigh extract, fractionate, and analyzed the hydrocarlirams the
and low tides of the Arabian Gulf where the avertidal microorganisms was based upon that of Han and alvi
range is about 1.7 m. Shatt Al-Arab water charamdras (1969) and Tutejat al. (2011) with some modification as
being well mixed with limited vertical stratificath of indicated. A 1 g amount of freeze-dried cells waleeed in
temperature and chlorinities. The water of ShattArdb  soxhlet apparatus and extracted with 150 ml benzene
mouth may be traced as far as 5 km into the Araliai. methanol mixture (3:1) for 8 hr. The extract wasrage
The discharge of this river reaches the waterswafdit Bay and the cells was further extracted with fresh esats. The

during the flood season. combined extract was then reduced in volume to lByna
rotary vacuum evaporator and was sabonified for. 2vith
MATERIALS AND METHODS a solution of 4N KOH in 1:1 benzene: methanol. Thien

act was dried by anhydrous JS&, and concentrated by
ream of nitrogen.
The concentrated extract was separated into three
fractions by column chromatography. The column
contained 8g of 5 % deactivated alumina (100-208hne
on the top and silica (100-200 mesh) in the botteich
were extracted with methylene chloride for 36 Hried at
°C for 24 hr., and deactivated with deionizexdex.
The extract was applied to the head of column. The
first fraction containing the aliphatic hydrocarlsqialkanes,
dolefins, etc.) was eluted from column with n-hexatte
second with benzene, and the third with methandle T
second and third fractions saved for further anslgad the
composition of only the first fraction will be disssed.
After most of the solvent was removed from the rame
fraction, the sample was then analyzed in a Pdtkimer
Sigma 300 capillary gas chromatography (GC) in Whie
helium gas was used as a carrier gas with a linelacity
of 1.5 ml min.—1. The operating temperatures faledor
and injector were 350 °C and 320 °C, respectivélye
silica capillary column was operated under initfalal and
rate temperatures that programmed as follows: alniti
temperature was 60 °C for 4 min. while final tengtere
was 280 °C for 30 min and rate was 4 °C/min.
Quantification of peaks and identification of hydaobons
were done by a Perkin-Elmer computing integratodeho
Identification of fungal isolates were carried out-C-100. The Odd and Even n-alkane Predominancexinde

according to general principles of fungal classilicn (OEPI) and the Carbon Preference Indices (CPI) wesesl

: ; to indicate the general source of hydrocarbons hereheir
(Bessey, 1950; Hoog de and Goarro, 1995). Bactesia o ) ) : o
characterized on the basis of their morphologicaP"9in was biogenic or anthropogenic (API, 2001kars

characteristics and biochemical tests (Cowan areklSt and Pollard, 2005).
1975; Holtet al., 1994). The list of parameters used in
characterization of bacteria is represented in & 2bl

Three sampling locations were selected on Shatt AR
Arab River along the region extending from Abu—Al-a St
Khasib to Garmat-Ali in Basrah governorate, southeaq
(Figure 1). Replicate water samples were collebted/ater
collector device from each station during the Sumwfe
2012. The samples were then transferred to labgramo
sterile bottles.

One ml of water sample was inoculated in Erlenmeyejr30

flasks containing tryptone soya broth media (Oxditi$B)
adjusted to pH 7.2 for bacteria and pH 5.0 for funigh
added 300 mg! of cycloheximide for bacteria medium an
100 mg T chloramphenicol for fungi medium. The flasks
were incubated at 22+2 °C in shaker incubator #6172 hr.
to facilitate the growth of microorganisms.
Isolation of bacteria and fungi was performed bated 0.1
ml of appropriate dilution of starter broth cultsrento
nutrient agar (Difco) for bacteria and sabouraudtrdse
agar (Difco) for fungi containing respective antnabial
agents. The plates were incubated at 22+2 °C fer24r.,
after which each type of colony appearing on thaer agas
recorded and picked up. The grown colonies werdigdy
enumerated, and examined microscopically.

Pure cultures were further inoculated onto tubatsla
for bacteria and Petri dishes for fungi containiagpective
media and were kept stock cultures. These cultwa®
maintained at 4 °C and subcultured every 6—8 weeks.

RESULTS AND DISCUSSION

At least sixteen and fourteen genera of bacterh an
fungi respectively were isolated from water samples
collected from the geographical investigated irs thiudy.
The genera were listed in Table 1. The distinguighi
characteristics of bacterial genera were showrainld 2.

The n-alkanes are among the most stable of all
biogenic organic compounds and are thought to be
diagnostic of biologically produced organic mattehnich
can be derived from the decarboxylation of fattida¢Han
and Calvin, 1969).

The gas chromatography analysis of mixed cultufes o
bacterial hydrocarbons revealed that the presectebal
samples contained n—alkanes chain length ranged €q

to G, with a total concentration from 35.86 pd n
. 20" age location 3 to 36.50 pgjn location 1 (Table 3).
Figure 1. Map of sampling locations on Shatt Al-Arab River. A great bulk of information was available concenin
bacterial hydrocarbons biosynthesis (Ladygihal, 2006).
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The range of the present bacterial n-alkangst(CGCs3) was
similar to those reported by Jones (1969) Aothrobacter

sp. (Gs to G, Micrococcus sp. (G; to Gy,
Corynebacterium sp. (Gs to Gz), and Mycobacterium sp.
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The carbon atoms numbers of n-alkanes in fungal
samples were characterized by two patterns, tkeifirthe
range Gsto G; with the predominance of.§; Cy4, Cis and
Cpo to G, and the second in the range >23 with the

(Cy7 to Ggy); Al-Saad (1995) for bacteria of north west of predominance of 5to Gy (Figure 3). The similar range of
Arabian Gulf (Gs to Gg); Oppenheimer (1965), Bagaeva peak (Gs to G3) was reported by Merdinget al. (1968)

and Chernova (1994), and Bagaeva (1998)
Desulfovibrio desulfuricans (C,; to Gg); and Bagaeva and
Zinurova (2004) folClostridium pasteurianum (Cy; to Gsg).
A short n-alkanes chains length within the rangetha
recent n-alkanes chain were also reported by C4hd69),
and Han and Calvin (1969) fdrRhodospirillum rubtum,
Rhodomicrobium vannielii (Cy5to G4), Rhodopseudomonas
spheroids, Chlorobium sp. (Gs to Gg), andE. coli (C3 to
C»3); Han and Calvin (1969) fo€. tetanomorphum (Cy5 to
Coe), and C. acidiurici (C;5 to GCy); Jones (1969), and
Tornabeneet al. (1970) forV. furnissii (C;5 to Gy); and
Tornabenest al. (1970) forM. lysodeikticus (C,4 to Gyg) and
Sarcina lutea (Cy3 to Gy).

fofor P. pullulans (Cyg to G,). Walker and Cooney (1973)

observed the predominance of;,C4 and Gg n-alkanes in
C. resinae. The peak in the range from,do Gz was
similar to those reported by Jones (1969) Renicillium
sp.,Aspergillus sp. andT. virida (C,7 to G); and Oroet al.
(1966), and Weetet al. (1969) forU. maydis spores (&; to
Cog). Oroet al. (1966), and Weetet al. (1969); Weetet al.
(1969); and Lasetest al. (1968), and Weetet al. (1969)
demonstrated the predominance ofy @-alkane in S
reiliana sporesU. agropyri spores; and. foetida, T. caries
andT. controversa spores respectively.
The isoprenoid compound, pristane was only revealed

in fungal samples with concentration ranged fro201ug

The two patterns of carbon atoms numbers of ng™in location 1 to 1.41 pggin location 3. (Table 4). This
alkanes were observed the present bacterial samples, theimplies the fungi had the enzymatic system whiabdpces

low molecular weight (<20) with the predominanceQf

to Cyg and the high molecular weight (>20) with theactivity may play an

predominance of &, C,, and G, to Gy (Figure 2). The

the isoprenoied hydrocarbons. This indicated thatftingal
important role in isoprenoid

hydrocarbon diagenesis. Walker and Cooney (1973)

peak in range gto C,o was similar to that reported by revealed unusual composition of the hydrocarbontifsa

Calvin (1969), and Han and Calvin (1969) farcoli (Ci

in C. resinae grown on the glucose- or glutamate-

to Cig); and Al-Saad (1995) for bacteria of north west ofcontaining media. It includes pristane, which ipi¢gl of
Arabian Gulf (G;to Cg). Han and Calvin (1969) found the nonphotosynthetic and photosynthetic bacteria.

predominance of  in C. acidiurici. A modest G; to Gy
n-alkanes was similar to that reported by Han aatli€®
(1969) forC. tetanomorphum (Cyg to C,7); Jones (1969) for
Mycobacterium sp. (Gs to Gyg), and Bacillus sp. (G7 to

The bacterial and fungal n-alkanes showed the
predominance of odd carbon numbered alkanes than ev
carbon numbered alkanes. These abundance in fungal
samples was slightly than in bacterial samples @8 and

C.9); Oppenheimer (1965), Bagaeva and Chernova (1994). The same conclusion arrived by Jones (1969).

and Bagaeva (1998) f@. desulfuricans (C,s to Gzs); Jones
(1969), and Tornaberet al. (1970) forV. furnissii (Cy, to
C.y); and Bagaeva and Zinurova (2004) foC.
pasteurianum (C,s to Ggo).
predominance of £ and G, in Arthrobacter sp., G, and
Cog in Micrococcus sp., and & in Corynebacterium sp.

The hydrocarbons content of the present mixed &stu
of fungi ranged from G to G, with a total concentration
from 35.01 pg g in location 1 to 36.20 pg'gn location 2

The CPI values ranged from 1.10 in location 2 t31.
in location 3 for bacterial samples and from 1.9%cation
1 and 3 to 1.05 in location 2 for fungal sampleal€s 3

Jones (1969) noted the and 4). Klenkinet al. (2010) reported that the CPI was the

most effective criteria to establish the preserfichiagenic

hydrocarbons in the total sum of detected hydrawasb
since that the other criteria (i.e4dC16, Ci7/Pr and Pr/Ph)
sometimes given ambiguous responses because bfgihe
volatility and relatively rapid degradation of tleos

(Table 4). In fungi, the hydrocarbons accumulated ihydrocarbons. The CPI values of the present battand

mycelia or
investigations (Ladyginat al, 2006). In this study, the

in spores was evidenced by variousungal samples tended to unity. This result wasegmwith

Jones (1969) who obtained on CPI values of arounity u

fungal n—alkanes showed a slight stable patterm tha&rom chromatographic analysis of soil bacterial d&madgal

bacteria. This did not, however, agree with thaultssof
Jones (1969) who reported that fungal
showed a more stable pattern than bacteria eXceptide.

hydrocarbons. The high CPI values reflect the hiage

hydrocarbonsature of n-alkanes in the recent bacterial andgdln

samples. Ehrhard and Petrick (1993) reported th&atpPl

The n-alkanes content of the present fungal samplegas greater than one, the sources of hydrocarbais w

was similar to those
Penicillium sp., Aspergillus sp. andT. virida (C;5 to Gg);
Oro et al. (1966), and Weetet al. (1969) for Ustilago
maydis and Sphacelotheca reiliana spores (G to Gs); and
Weeteet al. (1969) forU. agropyri spores (gto Cs;). A n—
alkanes chains length shorter than that of thenteftegal
n—alkanes chain but were within the normal distidou
range reported by Merdinget al. (1968) for Pullularia
pullulans (Cis to Gyg); Laseteret al. (1968) and Weetet al.
(1969) for Tilletia foetida, T. caries and T. controversa

reported by Jones (1969) fobiogenic, and if it was smaller than one, the sesiraere

anthropogenic.

Obviously that the distributions patterns of n-aié&s of
bacteria and fungi are very different from thataeted for
n-alkanes synthesized by other organisms (i.e.eakyad
higher plants) which demonstrated previously byirEgh
and Hamilton (1963), Han and Calvin (1969), Jori&59),
and Ladyginaet al., (2006). This differences between the n-
alkanes patterns of the organisms is striking, &#mete
appears to be a future for taxonomic correlatiosebddaon

spores (G to Gsz). However, Walker and Cooney (1973) this approach (Han and Calvin, 1969).

obtained fromC. resinae on n-alkanes chain length {@
Cse) longer than that the recent one.

In conclusion, a large numbers of bacteria and ifung
species are characterized by their ability of bikgsis of
specific composition of hydrocarbons which may hees
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as a chemotaxonomic criterion.
hydrocarbons by bacteria and fungi varied in depand
on the growth conditions that provides a way foeirth
physiological regulation (Jones, 1969). The hydrboas

The synthesis of Table3. Concentrations of n-alkanes (ug/g dry weight
+SD), Odd and even n-alkanes values, and CPI vatues
bacteria of Shatt Al-Arab river.

biosynthesis bacteria and fungi may play the réleasbon A Qr_oilg?éfnaiﬂﬂex Location 1  Location2  Location 3
and energy supply in the future because they pssses y
significant potential advantages over green micamlguch Ci: 0.10(x0.6)  0.08(z0.8) 0.09(0.2)
as the higher growth rate, the capability for tmewgh in Cua 0.39(x0.3) 0.34(x0.1)  0.40(x0.6)
large spg{e fermentors, great m_etabollc flexibiityd high Cu 0.72:02) 084(:0.8)  0.76(:0.4)
accessibility to genetic engineering.
Table 1. Bacterial and fungal genera isolated from water o Cis 1.76(x0.8) 1.67(x0.3)  1.60(0.6)
Shatt Al-Arab river Cir 2.41(x0.2) 256(x0.7)  2.46(:0.3)
Location Bacteria Fungi Cis 2.03(+0.1) 2.23(z0.1) 2.13(x0.4)
1 Pseudomonas sp.,Aeromonas  Penicilliumsp.,
sp.,Micococcus sp.,Bacillus ~ Trichoderma sp., Cao 1.93(x0.4)  1.87(x06)  1.82(+0.9)
sp. Eschrichiasp., Chaetomiumsp., Cac 0.79(x0.6) 0.66(x0.8)  0.70(x0.1)
Corynebacteriumsp., Mortierella sp., Cu 2.28(x0.7) 2.23(x0.3) 2.38(+0.4)
Klebesiela sp., Aspergillus sp.,
Flavobacteriumsp., Humicola sp., Cy 2.13(x0.3) 2.27(x0.1) 2.03(x0.7)
Alcaligenes sp.,Arthrobacter Cheysosporium sp., Cos 0.73(20.9)  0.66(x0.5) 0.71(0.7)
sp.,Sreptococcus sp., and Eurotiumsp., and
Enterobacter sp. Gymnoasc sp. Ca 2.13(¢0.5) 2.17(x0.2) 2.26(x0.3)
2 Pseudomonas sp,, Penicilliumsp.,
Staphyloccocs sp.,Micococcus  Chaetomiumssp., Cos 2.25(06)  2.20(x0.7) 2.34(x0.3)
sp.,Bacillus sp.,Eschrichia Gillmanila sp., Cus 2.83(x0.7) 2.77(x0.3) 2.90(+0.8)
sp.,Chromobacterium sp., Cladosporium sp.,
Klebsiella sp.,Flavobacterium  Mortierella sp., Czr 3.61(+0.3)  3.64(x0.9)  3.58(x0.5)
sp., andProteus sp. Aspergillus sp., + + +
Fusarium sp. Trichurus Cas 3.94(¢0.2) 3.88(+0.4) 3.77(x0.4)
sp.,Chey;osporiumsp., Cao 3.58(+0.1) 3.44(+0.2) 3.51(x0.5)
andEurotium sp. Cx 0.86(+0.4) 0.76(x0.8)  0.62(+0.1)
3 Pseudomonas sp., Aeromonas  Penicilliumsp.,
sp.,Micococcus sp.,Bacillus ~ Acrmoniumsp., Car 0.97(x0.3) 0.76(x0.7)  0.84(0.3)
sp.,Eschrichia sp.,Proteus Gillmanila sp.,
sp.,Arthrobacter sp., Cladosporiumsp., Coz 0.39(x0.6)  0.33(0.2) ~ 042(*0.4)
Streptococcus sp., and Rhizopus sp.,Aspergillus Css 0.67(x0.6) 0.64(x0.1)  0.54(0.3)
Enterobacter sp. sp.,Fusariumsp., and
Humicola sp. Cas
. . . . . . . . C35 - - -
Table 2. Distinguishing characteristics of bacterial isotate
Total 36.50 36.00 35.86
P & . . F R ‘ Odd 19.25 18.92 19.03
PRy R R g ¢ & F 4§ F g &
EEEE R R EEEEEEE Even 17.25 17.08 16.83
Camcer EEER R EEBEEEEERE CPI (Odd/Even) 111 1.10 1.13
& ¥ 3 8 £ 8§ F p 5 4 & § 8 5 o= 8
SRR R EEEERRERD
by r o 8 Y Raf Ry
' . : U mLocation 1 OLocation2 @Location 3
SERE N TiX1} 451
348 ¢ 2 2 34 @& &4 3§ 3 & 3 &2 C
Cel hape SR EREE EBEEREBEEREEEDR e 4
£ E8 8 2 & £ & £ € & £ £ K §o£ < 354
oW ¥ B 7 =) —=
E B ¢ < 34
N A i i NI — 5251
Motiiy ‘ 1 + dr - - - °3
(rm st - F ot + + + = 21
Aberts stan oo+ s 157
Spores fommton. - - - - -t & = 14
Frmentiton t .- t -+ § 051 I“IH
Ouda'SEFESI + IS i T 8 O.EM-‘I L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) lmln-ll
Catz st FrmEn® B L 24 DA E Rds G0 00 Cr Co 07 Cr O O 0505 05 O O O O O 0 O O O
Argmme diydoke g g eV LR T BT bR
Glucose fementation - - + - 4 i A Carbon cha
Lactose fermentation. - -t £ 1 % -t - arbon chain
Maltose fermentation + + -
Hydrolyes ofstarch - - +
gflﬂ”mﬂ;ﬁs . e = Figure 2. Chromatographic distribution of carbon chain
F;Eugﬁ il = e Z lengths of the n-alkanes concentrations (pg/g)haftiSAl—
fomton Arab river bacteria.
(Gas production - +
Nifrae reduction - + o+t +
Indol t- t Hr-
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Table 4. Concentrations of n-alkanes (ug/g dry weight 6. Bagaeva, T.V. and Znurova, E.E. (2004). Compaeativ

_ characterization of extracellular and intracellulgrdrocarbons of
SD), Od.d .and. even n alkanes values, C.Pl values, an Clostridium pasteurianum. Biochemistry, 69: 427-428.
pristine in fungi of Shatt Al-Arab river. 7. Bessey, E. A. (1950). Morphology and taxonomy ofigiu The
n-alkane and Location 1 Location2  Location 3 Blakiston Co., Philadelphia, Pa. o _
hydrocarbon index 8. Calvin, M. (1969). The nature of hydrocarbons ircmorganisms.
Cuz 1.63(x0.2) 1.79(+0.1)  1.66(0.8) In: Chemical evolution. (Calvin, M. ed). Oxford, foxd University
Cu 192(106) 181(104) 185(106) Pressy p 39-54.
Ci 0.77(0.4) 0.75(+0.1)  0.67(x0.2) 9. Eglinton, G. and Hamilton, R. J. (1963). Chemiciinp taxonomy,
Cue 1.66(+0.6) 178(x0.7)  1.74(x0.4) London and New York, Academic Press, chap 8.
Cu 0.51(0.3) 0.53(+0.3)  0.66(0.3) 10. Ehrhardt, M. and Petrick, G. (1993). On the compmsiof dissolved
Cie 0.52(0.4) 0.53(x0.1)  0.45(+0.8) and particulate-association fossil fuel residuesMediterranean
Cic 2.36(x0.9) 243(+04)  2.36(x0.9) surface water. Marine Chemistry, 42: 57-70.
Cx 2.52(0.1) 2.55(x0.1)  2.44(x0.6) 11. Han, J. and Calvin, M. (1969). Hydrocarbon disttibn of algae and
Ca 2.53(x0.4) 2.68(x0.5)  2.69(0.5) bacteria, and microbiological activity in sedime Proceeding of
Ca 2.79(x0.7) 2.87(+0.3)  2.76(x0.2) the National Academy of Sciences, 64 :436—443.
Cz: 0.71(0.7) 0.73(+0.6)  0.66(+0.2) 12. Hoog de, G. S. and Goarro, J. (1995). Atlas of icdih fungi
Ca 0.69(0.3) 0.67(x0.2)  0.73(+0.7) Centraalburean voor schimmel—-cultures and unirsipvirai
Coe 0.29(x0.8) 0.45(x0.4)  0.37(x0.5) 13, Jankowski, G.J. and ZoBell, C.E. (1944). Hydrocarbmduction by
Cx 3.30(x0.5) 3.32(+0.5)  3.26(x0.2) sulfate-reducing bacteria. Journal of Bacteriolot,, 447.
Cas 3.19(0.4) 3.26(+0.6)  3.23(x0.3) 14. Joint Group of Experts on the Scientific Aspectidrine Pollution
Cac 3.37(x0.5) 3.42(x0.9)  3.32(x0.2) (GESAMP) (1993). Impact of oil and related chemieaktes on the
Cac 2.99(x0.1) 3.00(+0.7)  3.11(x0.1) marine environment. Reports and Studies (50).
Cz1 0.93(+0.3) 0.97(x0.3) 0.87(x0.2) 15. Jones, J.G. (1969). Studies on lipids of soil néoganisms with
Css 0.40(20.4) 0.44+0.3)  0.39(x0.5) [’?Ae_trticg_lalr reg;reﬁg 1;% hydrocarbons.  Journal  of nega
icrobiology, 59 :145-152,
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