Mesopot. J. Mar. Sci., 2010, 25 (1): 83 -98

N — alkanes in molluscs of Shatt Al-Arab river
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Abstract This study comprises monitoring of the n-alkanes in the
Shatt Al-Arab river by using the seven molluscs species as
bioindicators. These species are: snails Lymnaea auricularia,
Theodoxus jordani, Physa acuta, Melanopsis nodosa, and
Melanoides tuberculata and bivalves Corbicula fluminea and
Corbicula fluminalis. The species of molluscs are collected from
different locations of the Shatt Al-Arab river (along the region
extended from Abu Al-Khasib to Garmat-Ali) during 2004 and 2005.
Each species consisted of at least 3500 adult of individuals of uniform
sizes. The hydrocarbons from these species were extracted and
analyzed both by spectroflurometer (total hydrocarbons) and high
resolution capillary gas chromatography (n-alkanes). The
concentrations of total hydrocarbons in mollusc’s species of the Shatt
Al-Arab river ranged from 1.93 pg/g dry weight in T. jordani to 26.56
ug/g dry weight in C. fluminea. The range of carbon chain length of n-
alkanes in these individuals was ranging from Ciz - C3.. The bimodal
distribution with two maxima around Ci; and C.; suggested two
different sources of hydrocarbons both biogenic and anthropogenic.
The dominance of the odd carbon numbers n-alkanes (Cis5, C17, Co5 and
Cs9) in the mollusc’s species indicated biogenic origin of hydrocarbons
.The pristane values were more than those of phytane. Pristane and
phytane in the mollusc’s species suggest biogenic origin. CPI values
are more than one indicating a biogenic origin of hydrocarbons in
these species. Squalane is also present in some these species
intimately related to anthropogenic sources of hydrocarbons. The
presence of Unresolved Complex Mixture (UCM) reflects the
anthropogenic sources. The lower fat contents were found in T.
jordani (0.33 mg/g) and the higher were in C. fluminea (0.98 mg/g).
A significant relationship is found between the fat contents and
hydrocarbons concentrations in the tissues of molluscs species (r =
0.8 -0.9).

Introduction

Most human activities in the Shatt Al-Arab river are scientific research,
tourism, fishing, industrial and transportation. All of these activities require
fossil fuels for transport and energy requirement and petroleum
hydrocarbons are therefore potentially the most likely source of pollution in
the river. Biogenic hydrocarbons would also be expected to present in the
river which are synthesized by a biota (Al-Saad, 1995). Aliphatic
hydrocarbons are a major fraction of petroleum which may be used to detect
its presence. In spite of its importance, only limited information is available
on the fate of hydrocarbons in the Shatt Al-Arab river. An important route is
the uptake and assimilation of these compounds by aquatic organisms in
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general and mollusca in particular (Cajaraville et al., 1995). Molluscs are
well known for their ability to accumulate hydrocarbons (and other
pollutants) and have been employed as indicators of petroleum
contamination in many parts of the world (Cripps and Priddle, 1995).

The present paper reports the distribution and sources of aliphatic
hydrocarbons (n-alkanes) in some species of molluscs of Shatt Al-Arab
river.

Materials and Methods

Specimens of seven species of molluscs, L. auricularia, T. jordani, P.
acuta, M. nodosa, M. tuberculata, C. fluminea and C. fluminalis were
collected from Shatt Al-Arab river (along the region extended from Abu Al-
Khasib to Garmat-Ali) during 2004 and 2005 (Figure 1). Each species
consisted of at least 3500 adult individuals of uniform size. Crude oil
(Basrah regular-medium-API gravity between 28-34) was supplied by Iraqi
South Oil Company.

Methanol, benzene, n-hexane, methylene chloride, petroleum ether and
acetone were supplied from Burdick and Jackson laboratories, Inc. Sodium
sulphate and KOH were supplied by Supelco SA. Sodium sulphate was
extracted with methylene chloride for 36-hours in a soxhlet. Following clean
up by extraction, it was dried in an oven at 130 °C for about 24-hours and
deactivated with deionized water at the recommended percentage prior to
use.

The tissues of the animals were only pooled and macerated in a food
liquidizer from which at least 3 replicates of 15 g were freeze-dried,
grounded and sieved through a 63 p metal sieve.

The procedure of Grimalt and Oliver (1993) was used in the extraction
of hydrocarbons from mollusc’s tissues. Ten grams of dried molluscs tissues
were placed in a pre-extracted cellulose thimble and soxhlet extracted with
150 ml methanol : benzene (1:1 ratio) for 24-hours. The extract was then
transferred into a storage flask. The sample was further extracted with a
fresh solvent. The combined extracts were reduced in volume to ca 10 ml in
a rotary vacuum evaporator. They were then saponified for 2-hours with a
solution of 4 N KOH in 1:1 methanol : benzene. After extraction of the
unsaponified matter with hexane, the extract was dried over anhydrous
Na,SO, and concentrated by a stream of N,. The concentrated extract was
cleaned up by column chromatography. A column filled with 8 g each of 5 %
water deactivated alumina (100-200 mesh) is placed at the top and silica gel
(100 — 200 mesh) at the bottom. The extract was then applied to the head of
the column and eluted with 50 ml of n-hexane to isolate the aliphatic
fraction. The fraction was reduced to a suitable volume prior to analysis by
capillary gas chromatography.

A perkin-Elmer Sigma 300 capillary gas chromatography equipped with
flame ionization detector and splitless mode injection part was used to
determine aliphatic compounds. Quantification of peaks and identification
of hydrocarbons in the chromatograms was achieved by A Perkin-Elmer
computing injection model LC-100. The fused silica capillary column used
was a wall coated open tubular (WCOT) of 50 m x 0.25 mm 1. d. S E (methyl
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silicone) (Perkin-Elmer). Helium was used as a carrier gas with a linear
velocity of 1.5 ml/min. The operating temperatures for detector and injector
were 350 and 320 °C respectively. The column was operated under
temperature programmed as follows: Initial temperature = 60 °C, initial
time = 4 minutes, final temperature = 280 °C, final time = 30 minutes and
rate = 4 °C/minute. The Unresolved Complex Mixture (UCM) was measured
by using planimetry.

31°.00

30°.00

— — -
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Gulf
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Fig. 1. Map of sampling location.

The procedure used by Al-Saad (1995) was employed to determine the
fat content of mollusc’s samples. Three grams of each freeze- dried sample
was soxhlet extracted with a 2:1 mixture of petroleum ether and acetone for
24-hours. The extracts were reduced in volume in a rotary vacuum
evaporator, and subsequently reduced to exactly 1 ml by a stream of purified
nitrogen. Ten pl of the concentrated extracts were taken by a Hamilton
syringe and weighted after evaporation of the solvent.

Strenuous efforts were made to minimize the contamination of the
samples; for such contamination would otherwise yield in erroneous results.
Throughout the procedure, a great care was taken to ensure that samples
were not contaminated; it is very important to avoid an unnecessary
exposure of the samples (whether the solvent or the final extract) to the
atmosphere or other potential contamination sources. However, procedural
blanks of all reagents and glassware that were used during the analysis are
periodically determined. It is preferred to eliminate contamination sources
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rather than adjusting or correcting the data that were actually obtained
according to the blank value.

The standards of aliphatic (n-alkanes) compounds were used in the
capillary gas chromatography supplied by Supelico and Chrompack (Figure
2).
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Fig. 2. Capillary Gas Chromatography of n — alkanes Standard .

Results and Discussion

The range of carbon chain length of n-alkanes for the species of
mollusca of Shatt Al-Arab river was C,3 - C3, (Table 1 and Figure 3). The
total concentrations of n-alkanes in the tissues of molluscs varied from 1.50
ug/g dry weight (DW) in T. jordani to 8.78 ug/g DW in C. fluminea during
Summer and from 2.26 pg/g DW to 12.37 pg/g DW during Autumn,
whereas they ranged from 3.15 pug/g DW to 12.44 pg/g DW and from 1.78
ug/g DW to 5.31 ug/g DW during Winter and Spring (Table 2). Talal (1999)
found that the concentrations of total n-alkanes in the species of molluscs of
Shatt Al-Arab river were ranging from 2.80 ug/g DW in T. jordani to 5.75
ug/g DW in C. fluminalis during Summer and from 3.03 pug/g dry weight to
8.58 ug/g DW during Winter with carbon numbers ranged from C,; to Cs.
Al-Saad (1995) found that the concentrations of total n-alkanes in aquatic
plants of Shatt Al-Arab estuary ranged from 4.57 ug/g DW to 11.45 ug/g DW
with carbon numbers from C,, to Cs3 and the zooplankton contains n-
alkanes in carbon numbers ranged from C,; to C;, with a total
concentrations of 13 pg/g DW to 16 ug /g DW , while the bacteria carbon
numbers of n-alkanes ranged from C,5 to C;, with a total concentrations of
38.28 ug/g DW Moreover the, the fish species contain n-alkanes of carbon
numbers ranged from C,; to C;. with a total concentrations varied from 3.45
ug/g DW to 13.12 ug/g DW.
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Figure 3. Capillary gas chromatograms of n-alkanes concentrations in molluscan tissues from Shatt Al-Arab

river during 2004-2005
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Figure 3. (continued). Capillary gas chromatograms of n-alkanes concentrations in molluscan tissues from
Shatt Al-Arab river during 2004-2005.

I9ALI qRIV-TV WRYS JO SOSN[[OW UI SUeY[e — N

68



6T'E 16°C 810 78T 110 T 9T0 [ 810 | €rT 1€7T 88'T sifeulwnyy 9
1€'G 267 290 16T 88°0 €T 2€0 | zvo | 28T 01’2 12°€ eaUIWN| " D
T7'C 3 200 G0'T 0.0 G0'T 610 | 020 | &27T 10T ve€T | eremnosegn”
22 6TC v9°T or'T 10T vT0 | STO | 2TT [ /ST esopou " | Bunds
002 260 €20 02T vl 600 | €10 | 22T 060 oTT ejnde " d
8.7 T ¥9°0 S50 87T yT0 | 870 | TTT 80 760 tuepaol ™ |
< 22T 2L0 09T 60'T 0T'T 0T0 | TT0 | 207 10T GT'T | ewuemnoune 7
= 3’8 0£C €00 160 €9°0 ST 860 | €TT | €TT €6'€ Sr'v sifeulwnyy 9
< vzl | 08¢ 2€0 99T 89°0 90T STT | 221 | 21 25°S 269 eauIWNg " D
= ) 50T 020 8TT 6T'T v0'T 050 | 250 | 00T TT°€ yT'e | eremnosegn” W
> 151 Lv'e €80 €T 11T Zvo | 70 | 8eT IT€ or'v Bsopou " N | JaIuIp
as! v9'v ¥S'T 620 8e'T 2.0 G9'T 920 | €v0 | 8TT A% 28T ejnde " d
< ST 1v'e 600 210 150 €T'T 620 | €60 | 2IT 87’1 197 1uepJol ™ |
= 18V 12T 8T°0 90T 99°0 1€'T 870 | €90 | 8TT €22 ¥9'Z | euenoune 7
= Z€'8 60'8 120 60T 6T°0 er'T 20 | 9v0 | 9v'T /€€ G667 sifeuiwnyy 9
% 1£2T | S6€ 7€°0 650 w70 T v90 | 2,0 | ve1 15°G 98'9 CENTTR)
@x 18°€ 619 69T 09°0 G502 020 | Tv0 | ¥0T 68T 86T | ewmnasagni’ N
= 08'9 0C’€ 110 680 €T 107 820 | 060 | w27 €0'€ 1€ ©sOpou " Al | uwnmny
e or'e 880 T G0 28T 610 | 620 | &a2T 15T 68T ejnde " d
T 92 9C’E IET 060 ST 9T0 | 020 | 207 60T ITT tuepaol ™ |
: e V0T 0cT 0z 02T 020 | ¥20 | €11 09°T 78T | euemnoune 7
= 9g'¢ 021 8T°0 78T 8e'T T 9T0 | 8T0 | 90T €97 eLT sifeulwnyy " 9
<5 8.8 Te 290 a v0'T 1€'T 2€0 | zv0 | 60T Y0¥ 85y eauIWNY " D
< €e'C or'e €eT 00T T 900 | 200 | €TT 60T yZ'T | erenoseqm N
= TT°¢ 86T 821 907 107 yT0 | STO | ZTT er'T 89T esopou " I | Jawwng
66T 200 00Z 02T Y43 800 | 0TO0 | 20T 960 €0T ejnde " d
0S°T 100 8T'T TT7T €97 TT0 | 8T0 | #T7T 0.0 080 tuepaol * |
20 10T - 007 ST 00Z 200 | v00 | ¥2T 060 ZUT | euemnoune 7
[eloL | WON | auenbs | Audp'D | Ad/PO | Audmid | Aud ud 1dD usn3 ppoO so108ds uoseas

90

G002 — 00T SULINp I9ALI qRIV-[V 1eyS WOolJ
sonssn} soads sosnjjow ur sones sueldyd/sry pue sueisud/A) ¢ sueidyd/sueisud  “roquinu

UO0QIed UdAd pue ppo ‘(ys1em A1p 3/31) souey[e-u [e101 ‘INDN ‘IdD ‘@uefenbs ‘oueidyd ‘oueisud ‘g 9[qeL




N — alkanes in molluscs of Shatt Al-Arab river o1

The variation of hydrocarbons content in the species of molluscs form
Shatt Al-Arab river (the same location) may be attributed to feeding pattern,
type of habitat and fat contents.

Based on the different concentrations of n-alkanes that were observed
in the species of molluscs of Shatt Al-Arab river (Table 1), a direct
relationship is found between concentrations of total n-alkanes and fat
contents of the species of molluscs (r = 0.8 - 0.9) (Table 3 and Figure 4) .
Similar results were reported by other investigators , Gold-Bouchot et al.
(1995) have found that oyster with high lipid content took up more fuel oil
(314 pg/g) from the water than low lipid oysters (161 ug/g). Menon and
Menon (1999) reported that the clams, oysters and mussels differed in their
rates of hydrocarbons uptake, possibly due to difference in filtering rates
and a mounts of lipids.

The bimodel distribution with two maxima around C,; and C., suggest
two different sources of hydrocarbons both biogenic and anthropogenic
(Figure 3).

Al-Saad (1995) reported that the n-alkanes in Shatt Al-Arab river might
have originated from biogenic sources such as algae, particularly Diatoms,
bacteria activity and higher plants, in addition to the anthropogenic sources.

Biogenic sources of hydrocarbons are indicated by the dominance of the
odd carbon numbers n-alkanes (C,5, Cy;, Cas, Coo) in the species of molluscs
of Shatt Al-Arab river, which may be accumulated into the animals tissues
indirectly through water, either from solution or adsorbed to suspended
particles, while feeding or by their feeding directly on phytoplankton, algae
or plants. Bivalves molluscs are filter feeders, mostly on phytoplankton,
although some feed on detritus (Dame, 1996). Most snails are vegetarians
scraping algae from structures with their radulas, or eating macroalgae and
other plants (Macan, 1974). Youngblood and Blumer (1973) and NRC
(2003) reported that the n-alkanes with odd carbon numbers of C,5;, C,; and
C,o were commonly found in algae. Stephanou (1992) showed that the C,; to
Cs» 0dd carbon number n-alkanes were indicative of higher plants.

The presence of pristane and phytane in the species of molluscs of Shatt Al-
Arab river supports the biogenic origin of hydrocarbons. It was reported
that the isoprenoids resulted mainly from aquatic organisms either directly
as in the case of pristane, from fish, zooplankton and from decomposition
of algae, and phytane originating from several types of bacteria and from
deposition of algae or these isoprenoides come indirectly from aquatic
biomolecules such as chlorophyll (Simoneit, 1991). Pristane and phytane
have also been reported to be derived from bacteria (Saliot, 1981). The
pristane may be the major hydrocarbon of some anaerobic bacteria
representing 46.5 % of the total hydrocarbons, whereas phytane may occur
at lower concentrations (0.3 — 2.5 % of total hydrocarbons). Didyk et al.
(1978) indicated that the chlorophyll from land-plant sources providing the
high molecular weight n-alkanes could serve as a source of some
isoprenoids. Although, the presence of pristane and phytane generally
associated with biogenic origin of hydrocarbons. Cormier et al. (2000) and
Daniel (2004) mentioned that the weathered petroleum products might
include pristane and phytane as a natural by-product. On the other hand,
the anthropogenic contribution of hydrocarbon is evident from the presence
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Table 3. Fat contents (mg/g) in the species of molluscs
tissues from the Shatt Al-Arab river during

2004-2005.
Species Fat Content (mg/g )
L . auricularia 0.47 + 0.02
T . jordani 0.33 £ 0.04
P . acuta 0.43 + 0.02
M . nodosa 0.68 + 0.03
M . tuberculata 0.57 £ 0.03
C.fluminea 0.98 + 0.01
C. fluminalis 0.86 + 0.04
Summer “ Winter

"
:
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Figure 4. The relationship between the fat contents (mg/g) and
the concentrations of total n-alkanes (ug/g dry
weight) in the molluscs species of the Shatt Al-Arab
river.
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of the unresolved complex mixture (UCM) in all of the samples of molluscs
species analyzed.

The UCM (Unresolved Complex Mixture) represents components
resistant to weathering and bacteria degradation and their presence in
chromatograms has frequently been taken as an evidence of petroleum
contamination (Moore and Allen, 2000). Al-Saad and DouAbul (1984)
found high level of unresolved materials in the mussels C. fluminalis from
Shatt Al-Arab river which must be attributed to mixture of iso-and
cycloalkanes. Gough and Rowland (1990) reported that UCM might be
introduced into aquatic environment either fluvially or by aeoline
transports. Al-Saad (1995) showed that the UCM detected in his study could
be related to the production, use and transportation of petroleum products.
In general, the presence of UCM is normally associated with petroleum
contamination. However, there are possible sources of UCM other than
human activities like those synthesized by some anaerobic non-
photosynthetic bacteria and green algae which are widely distributed in
natural environment (Gough et al., 1991).

This study also shows that the presence of even-carbon numbers n-
alkanes in the species of molluscs may be related to the contribution of
artificial sources. The same conclusion has been arrived by Al-Saad and
DouAbul (1984).

The Carbon Preference Index (CPI) is an important parameter in
relation to hydrocarbon sources. CPI of the species of molluscs of Shatt Al-
Arab river ranged from 1.00 in M. tuberculata to 1.92 in L. auricularia
which may indicate biogenic sources of hydrocarbons in these species.
Ehrhadt and Burns (1993) reported that, if CPI is more than one, the
sources of hydrocarbons are biogenic, and if it is smaller than one, the
sources are anthropogenic. Al-Saad (1995) found that the aquatic plants,
zooplankton, bacteria and fish of Shatt Al-Arab river contained high CPI
values which indicated a biotic origin of these alkanes.

The presence of squalane as a major organic constituent in the species
of molluscs may serve to indicate the polluted nature of the region. It was
reported that squalane might originate from living organisms or from
artificial sources. Al-Saad (1995) concluded that the presence of squalane in
Shatt Al-Arab river may originate from anthropogenic sources. Burns et al.
(1982) reported elevated concentrations of squalane in aquatic organisms
caught from the Omani coastal waters which is constantly subjected to oil
pollution.

This paper shows that the species of molluscs of Shatt Al-Arab river
contain a measurable amount of n-alkanes. A comparison between the
results of this study and those values obtained elsewhere has been held in
Table (4). The concentrations values of n-alkanes in the species of molluscs
of Shatt Al-Arab river obtained in the present study were within the values
obtained elsewhere.

Conclusions and Recommendations

The species of molluscs from Shatt Al-Arab river were found to contain
measurable amount of aliphatic hydrocarbons. The compounds seem to be
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Table 4. Comparison of concentrations of n-Akanes compounds in the
molluscs species of the Shatt Al-Arab river with these molluscs from other

parts of the world.
Location Concentratio Species and
(ng/g) Reference
Crassostrea virginosa
Galveston Bay 2-34 Ehrhardt ( 1972 )
Saxidomus giganteus
Narragansett Bay 0-25 Farrington and Quinn
(1973)
Mytilus edulis
Kiel Bight 0.7-33.2 Ehrhardt and
Heinemann (1975)
Western Port Bay O — Nassarius vibex
(Australia ) 4=795 Burns and Smith (1977)
. Mytilus edulis
Southren Baltic Sea 0-89 Law (1983)
. Ostero lurida
Gulf of Mexico 1.4 — 20.7 Wade et al. (1991)
Yoldia eightsi
Signy Island, UK. 0.18 - 0.56 Cripps and Priddle
(1995)
Canada 0.11 - 15.66 Mytilus edulis
) ) Zhou et al. (1996)
Maya arenori, Thais
.. . haemastoma
British Columbia 23-98 Birtwell and McAllister
(2000)
San Francisco Bay, MBI/;EIIUS inciali
California 0.55 —77.8 galloprovincialis
Phillips et al. (2003)
Shatt Al-Arab River 1.50 — 12.44 Present study
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derived from both biogenic and anthropogenic sources. The aliphatic
hydrocarbons found in the present molluscs are due to food and water
sources, type of habitat, environmental factors, and lipid content.

In general the concentrations of aliphatic hydrocarbons in the species of
molluscs of Shatt Al-Arab river are within the values obtained elsewhere in
the world.In an area subjected to a chronic input of petroleum into the
water, the analysis of these species of molluscs provides the means of
identification input sources, types of hydrocarbons present in the stream,
and approximate average concentrations of hydrocarbons in the water.
Petroleum projects in the water system should emphasize on indicator
species such as molluscs. Every possible effort should be made to minimize
petroleum input into the Shatt Al-Arab river environment. Outfall licenses
should be strictly enforced and should be amended to specify permissible
levels on the basis of the most toxic fractions of petroleum released into the
river environment. Oil pollution associated with boating activities could be
controlled by enforcing stringent regulations on oil discharge and providing
pump stations similar or superior to the facilities for tanker ballast water
treatment. A monitoring project using species of molluscs in areas subjected
to pollution hydrocarbons has already been commenced.
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