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ABSTRACT

Allphatlic and aromatic compounds were
determlined in zooplankton and bacteria
samples taken from Shatt® Al-Arab estuary.
Concentration of hydrocarbon Iin zooplankton
varled from 0.58 to 6.78 with a mean values
of 4.45 Ug/g dry welght. These concentration
reflect the normal habltat and / or feeding
strategies of the organism. The present data
Is lower compared to that reported for the
Arabian sea and this suggest that overall
effect of oll pollution on marine zooplankton
are neglible, and no detectable impact of
recent acute poilution on the zooplankton
community. , :

Bacteria also contaln hydrocarbons range
from 0.10 to 2.08 with a verage value of 1.4
Ug/g dry welght. These concentrations sugges-
ted that initially there were hydrocarbon
degrading microbs in the water and sediment.

Zooplankton «-samples, show different,
alkanes patterns which may be a reflection
of difference Iin metabolism, feeding patterns
or maturity. Pristane and phytane were detec-
ted in zooplankton samples, while squalane
was not detected and presumably it had meta-
bollsed. Zooplankton may accumutate hydrocar-
bons by grazing on particulatz matter or
organisms and the presence of some odd and



even carbon with UCM corroborate this. The
high CPI value reflect the biogenic nature
of n—-alkanes.

The analysis &f representative samples of-
heterotrophic bacteria showed that n-alkanes
distribution between C13 to C30. There were
two patterns of low and high molecular
weight, the iow molecular weight < C20 with
predominance of Ct7, C18 and C19 and high
moiecular welght > C20 without carbon number
predomlnance. The samples showed pristane and
phytane with UCM and CPI| greater than one
indicating blogenic sources.

Several PAH were detected in zooplankton
samples including Acenaphthene, Fluorene,
B(ghi)P and B(a)P, while oniy five compounds
of PAH were detected i bacterial sampies
Including Acenaphtene, phernantherene,
Anthracene, B(ghi)P and B(a)P.

INTRODUCT ION

Organisms accumulate many contaminants from their
environment (l.e., from seawater, suspended particulate
matter, sediment, and food). Feild and laboratory
studies have shown tmat contaminant concentrations in
some marine organisms reflect concentratlons in their
’envlroment "(UNEP), 1993)- :

The | Incorporatlon of | hydroCarbons from the
environment into marine organisms has been shown to
occur via adsorption of dissolved compounds 'from the
water as well as by Ingestion. Whether these compounds
are then metabolized by the organisms, directly
released, or subsequently transferred along the food
web Is known In very few cases (Cripps, 1889, 1980).
There Is some evidence that food web magnification dose
not occur (Blumer et al., 1971). Marine organisms can
syntheslze . hydrocarbons . (Sallot, 1981; but it often
difflcult to distlinguish petroleum pollutants from the
naturaltl (blogenic) hydrocarbons procuced by the
organisms themselves or transferred along the food web
(Cripps, 1989).



Organlisms produce their own hydrocarbons from thelr
food sources. In both terrestrial and marine organisms,
the synthesized normal alkanes are predominatiy odd-
numbered carbon chains (Saliot, 1981). Petroleum can be
distingulshed. from blogence hydrocarbons by their

diffefences in distribution and compostion. Gas
chromatography readily shows differences in n-alkanes
distribution and Is, in general, the most widely

accepted technlique used for analysls.

This work was undertaken to determined the
distribution and concentrations of total petroleum
hydrocarbons, normal! alkanes and Polycyclic Aromatic
Hydrocarbons (RAH) In bacteria and zooplankton - samples
taken from Shatt Al-Arab estuary and North-West reglon
of the Arablan ulf using spectrofluorometry and high
resoultion caplliary gas chromatography.

MATERIALS AND METHODS-

Zooplankton and Bacterla samplies were collected from
Shatt Al-Arab estuary. Zooplankton were
collected by pulling two nets (mesh 200 Um) at a speed
of 3 knots under water surface for 15 min., The sample
was transfered Into a clean glass jar and stored at -20
C untill needed. The collected samples were passed on
glass fiber fllter paper (GF/F) and freeze-dried.

Water sSample and 1 g of sediment sample were grown
seperatelly on 100 m! Trypotone Soya broth (Oxold)
CM129 - in 250 ml fiasks. The flasks (20 in total) were
incubated at 20- C for 48 hours. In a shaking
Iincubator. The 48 hours growth was washed 6 times with
sterile water and the pooled product was freeze-dried.

Extraction procedure employed was based upon that of
Grimalt -‘and Ollve (1893). Exacttly -3¢ of dried
Zooplankton and 1 g of dried bacteria were placed In a
preextracted cellulose thimble and soxhlet extracted
with 150 ml methanol: benzene (1:1 ratio) for 24 hours.
At the end of this period the extract was transferred
to a storage flask and the sample was further extracted
with fresh solvent. The combined extracts were reduced
in volume to ca 10 m! In a rotary vacuum evaporator and



was then saponified for 2 hours with a sofution of 4N
KOH In 1:1 methano! :benzene. ‘

After extraction the unsaponified matter with
hexane, the extract was dried over anhydrous NasSoyg4,
concentrated by stream of Np for UVF analysis.

The concentrated extract was cleaned up by column
chromatography. A column fliled with 8 g each of 5%
water deactivated atumina (100 - 200 mesh) top. and
silica (100 -~ 200 mesh) bottom was used. The extract
was then applied to the head of the co.umn and eluted
with 50 ml of n-hexane to Isotate the aliphatic
fraction and 50 ml of benzene to Isolated the aromatic
one. Both fractlons were reduced to a sulitale volume
prior to analysls by caplllary gas chromatography.

Fludreséncé measiurements were -made by 'measuring
emission intensity at 360 nm with exclatation set at
310 nm and monochrometer slit of, 10 nm. All bianks
standards and samp l es were run at jdentical
instrumental conditions. For thlis work a shimadzu RF-
540 spectrofluorometer equipped a DR-3 data recorded
was used. o o ) ;

For this study a Perkln-Elmer sigma 300 caplililiary
gas chromatograph , equipped. wlth Flame. lonization
Detector (FID) and spiitliess mode injection port was
used. Quantificatlion of peaks and lIdentlification of
hydrocarbons In chromatograms was achleved by Perkin-
Elmer computing .lIntegrator model .LC-100. The fused
silica caplllary. column used was a wal!. Coated Open
Tubular (WCOT) 50 m X . 0.25 mm i.d. SE-30
(methyisilicone). Hellum was used as a carrier gas_wilth
a Ilnearuvelgclty of 1.5 ml/min. Operating temperatures
for detector and (njector were 350 and 320 Cc
respectively. The column was operated urider témperature
programmed conditlons (4 C/min) for 60 C to 280 C with
an Isothermal perlod of 30 min at the end for aliphatic
fractlon, while for aromatic fractlions (4 C/min) for 70
C at O min to 280 C with an Isothermal perlod of 30 min
at the end. The Unresolved Compliex Mixture (UCM), which
also calied wunresolved envelop was measured . by
planimetry.



RESULTS AND DISCUSSION

Petroieum hydrocarbons concentratlions in
zooplankton varied from 0.58 to 6.78 Ug/g dry weight
expressed as Kuwalt crude ol!l equivalents with a mean
concentration of 4.45 Ug/g (Fig. 1 ), while
hydrocarbons concentration In bacteria ranged from 0.16
to 2.98 Ug/g with a mean values Of 1.41 Ugsg (Fig.1 ).

Zooplankton contained n-alkanes Iin the carbon number
range from C13 to C32 with a total of 13.16 Ug/g dry
welght (Table 1). The Carbon perference index (CPI)
values equaled to 1.31, an indicative of biogenic
sources. The distribution of n-aikanes showed a
predomlnance of odd and even carbon number (Flg.2 )
Pristane concentration was 1.02 Ug/g, while that of
phytane was 0.97 Ug/g. Bacteria also contained n-
alkanes ranging In carbon number from C13 to C30 (Table
1 and Fig.2.) with a total of 38.28 Ug/g dry weight.
Isoprenoid hydrocarbons such as pristane and phytane
were present In bacteria samples with values of 2.586
and 1.08 Ug/g respectively (Fig.2 ), while high value
of CPI (1.156) indicating a blogenic origin. _Both
chromatograms of zooplankton and bacteria samples

contalin  UCM as shown in Fig.2 . Zooplankton were
observed _~to | contain few polycyclic Aromatic
Hydrocarbons (PAHY compounds (Fig. 3 ). The
concentrations of Acenaphthene, phenanthrene,

Anthracene, and Benzo (ghli) peryliene were 2.24, 3.62,
6.13 and 1.92 ng/g dry welght . respectively. The total
PAH was 13.21 ng/g. .

Anumber - of PAH compounds were derected in bacteria
(Flg. 3 ). Those were . Acenaphthene. phenanthrene,
Anthracene, B(ghi)P and B(a)P. with concentrations of
3.25, 2.68, 5.27 and 4.12 ng/g dry welght respectively.
The total PAH In bacteria was 19.04 ng/g.

The zooplankton community was dominated by copepods,
Cladocera, Chaetognaths and many Invertebrate larvae
which were available during the sampling period.

Price et al., (1993) reported that following the ol
spill in the North-West Arablan Gulf during 19981,
number of biomass of zooplankton were considerably
reduce wlithin and near the boundaries of siick. Many
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Table-1-

Concentrations of n-alkanes in Zooplankton and Bacteria samples (pg/g dry weight)
from Shatt Al-Arab estuary and NW Arabian Gulf

N-alkanes Concentrations

Carbon Number

Zooplankton Bacteria

C13 0.08" 0.25
Ciu 0.06 0.29
Ci15 0.08 2.14
C1te 0.09 2,22
c17 1.65 3.97
C18 1.03 3.85
C19 1.44 2.25
C20 0.98 3.16
c21 1.21 3.20
C22 0.93 2.95
C23 1.16 3.57
C24 0.85 2.09
C25 0.93 2.12
C26 0.74 2.03
C27 0.63 2.01
Cc28 0.36 1.06
C29 0.23 1.03
C30 0.55 0.09
C31 0.11 —
C32 0.09 —_—

. Total 13.16 38.28
OoDD 7.48 20.54
EVEN 5.68 17.74
CPI 1.31 1.15
PRI 1.02 2.56
PHY 0.97 1.08
PRI?PHY 1.05 2.37
C17/PRI 1.61 1.55
C18/PHY 1.06 3.56
UCM B.58 13.08

CPl = Carbon Perference index.

UCM = Unresoived Complex Mixture.
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zooplankton take up a varlety of petroleum hydrocarbons
from elther food and/or water. Thus the total
hydrocarbons in the zooplankton reflect the normal
habitat and/or feedlng strategies of the organlisms.
Zooplankton are effective In packaging both solfuble and
particulate hydrocarbons residues into fast sinking
fecal pellets. Therefore Burns et al., (1985)
speculated that the pattern of petroleum hydrocarbons
seen in particulate sampies |Is depended on the type and
relative abandance of predominant zoopiankton In the
water column. Zooplankton can metabolize and extract
hydrocarbons. It is observed that they can ingest large
quantities of small droplets of oil and eliminate them
in from of fecal matter (up to 7 % by welght, Conover,
“1971). Zooplankton also take Up dissolved hydrocarbons
from the water. The zooplankton posses enzyme systems

which metabolize the hydrocarbons to var ious
hydroxylated metabolites which are later excreted (Lee,
1875). Thls mechanism of metabolization and excretion

might be responsible for the significant differences In
petroleum hydrocarbons concentration in zooplankton.
However the present data lower compared to that
reported. for the Arabian Sea (Sen Gupta et al., 1993)
and , this suggest that the overall effect of oil
pollution on marine, zooplankton are negligible.

, These flinding agree with the result of ROPME (1991)
and Al-Yamani et al., (1993) in the Arablan Gulf, they
found no detectable Impact of recent acute pollution of
1991 of the Arabian wulf on zooplankton community.

The concentrations of hydrocarbons in bacteria
suggest that Initlally there were hydrocarbon-degrading
microbs in the water and sediment, and growth of these
microbs was inhanced after the addition of petroieum
hydrocarbons (Leahy and Colwelli, 1990). In aquatic
environment, bacterla are generaliy conslidered to
represent the predominant hydrocarbon-degrading element
of the microblal community (Leahy and Colwell, 1890).
Adaptation of microbla! communities of hydrocarbons,
l.e., incréase In rates of transformation of
hydrocarbons associated with ol l-contaminated
environments, has been reported in several studies.
Walker et al., (1975) studies South-Louisiana crude oil



and observed greater degradation of mixed-hydrocarbon
substrate by sediment bacterla from oii-polluted harbor
than bacteria from relatively unpoliluted environment.
The physlical form of petroleum greatly affects the
rate of breakdown of hydrocarbons, mainly through a
simple surface area relationship. Temperature, oxygen

concentration, nutrient, salinity,. pressure, water

activity of sediment and PH are all effective on the

rate of blodegradation (Leahy and Colwell, 1980).
Delille and aillant (1990) had reported that the

Introduction - of hydrocarbons to marine environment
induces rapald Increases In bacterial number. The rate
of'degradation on hydrocarbons depends on the amount of
bacteria present which essentially variable. There are
more than 25 genera of hydrocarbon degrading bacteria
which has been Isolated from marine environment
(Floodgate, 1984).

There has been many reports on zooplankton capabie
of producing n-alkanes (Salicot, 1981; Sallot, et al.,
1982 and Cripps, *1990). Zooplankton samples show
different alkane patterns which may be a refltection of
difference In\mmetabollsm, feeding patterns or maturity
(Saliot, 1981). The total n-alknes obtained In the
present study were calculated for C13 to C32 compounds
(Table. 1). C15, C16, C17 and C18 probably originated
from these zooplanktons (Avigan and Blumer, 1968).

The. predomlnance of Isoprenoids pristane which
usualy occures In high concentration (1-3 % of total
body lipid) in differént zooplankton species (Salibt et
al., 1882) were commonly encountered In the present
samples, and thelr abundance couid be related to the
presences of copepoda and other zooplankton species
(Han and Calvin, 1969; Salliot, 1981 and Saliot et al.,
1982). Pristane |Is wldely spread In the food web and
occurs as a major component of some copepod, where 1t
Is Kknown to be derived from the phyty! moiety of
chlorophyl| present in algal diet of copepods (Burns et
al., 1985). Squalane was not detected in zoopliankton
samples and presumably |t had metabolised, at it Iis a
precursor in the bliosyntheslis of cholestrol (Cripps,
1990). Zooplankton may accumulate hydrocarbons by
grazing on particulate matter or organisms JCripps,



1990), and the presence of some of odd and even carbon
with UCM corroborates this (fig. 3). The high carbon
perference index (CIP) value reflect the blocgenic
nature of n-alkanes in these zooplanton samples.

Bacterlal communities contributes considerably into
the different blogenic sources of n-alkanes in the
aquatic environment. The analysis of representative
samples of total heterotrophlc bacteria from the study
area showed that n-aikanes distribution was between C13
to C30 (table 1 and flg. 3). There were two patterns of
low and high molecuiar weight , C20 with a predomlinance
of C17, C18 and C19 and the high molecular weight > C20
without carbon number predominance. The samples showed
pristane and phytane with UCM and CPIl greater than one
+ndlicating biogenic souces:

In the present study several PAH were detected In
zooplankton samples, these PAH have aliso been detected
in zooplankton samples from Antarctlc and North Sea by
Cripps (1990). The higher concentrations of PAH (13.21
ng/g) dry weight in zooplankton sample may be an
indicator of accumuldtion from prey. Zooplankton* may
accumulate PAH by grazing on particulates (Cripps,
1980). Many specles of these zooplankton are known as
grazers . or appotunistic particle feeders (Tissier and
Sallot, 1983). This will lead to enrichment of PAH in
their body, ;which would be without selectlion of
individual ~PAH. Those PAH which are not found in
zooplankton must., have been elither metabolised or
rejected as fecal matter.

Several specles of bacterla have been shown to

synthesis PAH (Zobell, 1971 and ZIitko, 1975). Benzo(a)
pyrene is one of the compound.whlch can be synthesised
by Bacillus .sp., (Salliot, 1981). The possible

blosynthesis . of PAH In recent sediment was studlied by
Hase and Hltes (1976); a mixed culture of. anaerobic
bacteria taken from charles river sediments showed no
evidence to suggest blosynthesis of PAH, although a
bloaccumulatlion of PAH In the medium was establlished.

Farringhton et al., (1986) found that microbial
processes |In sewage sludge being a ilkely sources of
some PAH. In the present study the role c¢f bacteria in
providing a blogenlc source of PAH to the environment
was apparent.



As a conclusion: both bacteria and zooplankton
samples contalned hydrocarbons. Zoopliankton contained
n-alkanes In the carbon number range from Ci13 to C32.
These alkanes could be a resuit of the different
blosynthetlic hydrocarbons from different zooplankton
species, or taking-up from different food sources or
water masses and different biosynthetic hydrocarbons
resulting from environmental varliations. Aiso bacteria
contained n-alkanes In the carbon number range from C13
to C30. The presences of odd and even carbon with UCM
and hligh CPIl values reflect the blogenic nature of thls
alkanes. PAH were also detected 1Iin zooplankton and
bacteria samples.
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