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ABSTRACT. The present investigation represent an assessment of con-
taminants level including petroleum hydrocarbons and heavy metals
in mollusca Tivela ponderosa from the Gulf of Aden-Arabian Sea
aiming to establish their background concentrations. 

The study revealed comparable levels of petroleum hydrocarbons
and heavy metals in this region to that reported from other part of the
world. The concentrations of petroleum hydrocarbons in the mussels
range from 9.5 µg/g at (station 4) to 40.38 µg/g dry weight at Al-
Zyiot port (station 1) expressed as Marib crude oil equivalent. 

Fat content in the mussels ranged from 0.2 to 0.7 % at station 9 and
8 respectively. It was suggested that mollusca is subjected to oil pollu-
tion from the following resources: Tanker discharging of oily ballast
water, effluent from the petroleum refineries located on the coastal ar-
eas, and loading facilities and transportation activities.

On the other hand, the heavy metals were found in comparable con-
centration to unpolluted marine environments. Level of Cd, Cu, Pb,
and Zn in the study mussels were generally within the range of values
reported for other parts of the world.

The result shows low degree of petroleum hydrocarbons and some
trace metals pollution in the Gulf of Aden mussels. Hydrocarbons pol-
lution may be due to transportation and other sources of oil pollution.
The concentrations of trace metals may be attributed to natural rather
than anthropogenic origin. Thus, it was concluded that the investigat-
ed heavy metals don�t present environmental hazards for the present
time. However, it is recommended to carry out continuous monitoring
programs for the Gulf of Aden and that the concentration of petrole-
um hydrocarbons and heavy metals must remain within the prescribed
worldwide ratio.           
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Introduction

Marine pollution of the Gulf of Aden had recently drawn the attention of nation-
al and international agencies as well as public awareness of the enormous incre-
ment of pollutants particularly oil and trace metals. The increase of sewage and
industrial effluent discharged into the Gulf of Aden have seriously endangered
the ecosystem. Limited investigations dealing with presence of various pollu-
tants have been carried out in this area (Heba et al., 2000; Heba and Al-
Mudaffer, 2000) as well as some limited ecological studies. 

There are different types of impacts on the coastal and marine environment of
Yemen. These impacts are mainly caused by human activities, which introduce
pollutants to the marine environment and cause the destruction of some special
habitats. The most widely recognized issues are those of oil related pollution
and trace metals where a considerable attention has been focused (Heba et al.,
2000).

Most of oil produced in this region is exported via sea and pipeline, while
local refineries and consumption facilities are located in costal area. The wide
spread of oil pollution in the Gulf of Aden is not surprising (Heba et al., 2000;
DouAbul and Heba,1996).

The marine environment may be polluted with effluent containing trace ele-
ment from both anthropogenic and natural processes. Such input could result
from treated and/or untreated municipal industrial wastes, agricultural runoff
and input from atmosphere. 

Urban water runoff contains many constituents that may alter the quality of
receiving water, thus harming the endemic biologic community. Although spe-
cific pollutants may vary among localities due to differing sources materials, pe-
troleum hydrocarbons and trace metals are contaminants found in most urban
runoff (Brown et al., 1985; Heba et al., 2000; Al-Saad et al., 1998). 

The sources of these hydrocarbons and trace metals include disposal of auto-
mobile and industrial lubricants, spillage from oil storage facilities and leakage
from motor vehicles (Al-Shwafi, 2000). The relatively recent and deliberate oil
discharge into the Aden water coupled with the improper and occasional lack of
operational sewage treatment facilities in Aden resulted in discharge of sewage
water into the Gulf of Aden water, caused us to monitor the health of surround-
ing water bodies.

The usually common pollutants in the coastal line of Aden originate from dis-
charges from desalination power generation, sewage, and wastewater treatment
plants in addition to hydrocarbons and trace metal compounds.
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Some organisms can accumulate high concentration of hydrocarbons and
trace metals. They may also represent moving time-averaged values for the rela-
tive biological availability of pollutants at each site (Aril & Wagh, 1988). Mol-
lusca are being an important group of organisms that have been studied for their
potentialities as an indicator organism (Al-Saad and DouAbul, 1987; Heba et
al., 2000). In the Aden water the mollusk Tivela ponderosa is the most widely
distributed. The present study shows the result of the survey undertaken to ob-
tain preliminary data on the existing levels of petroleum hydrocarbons and trace
metals contamination in Aden water, using this mollusk as the indicator species,
these data are the first of its kind in the region and could serve as a base for fur-
ther study in the future.

Material and Methods

Mussels Tivela ponderosa were collected from the substratum below the
moon tide mark to minimize the inclusion of individuals which has been ex-
posed to oil concentrated at the air-water interface. Sampling was carried out in
April 2001. We obtained mussel Tivela ponderosa from nine stations, which
were selected as representative of a variety of pollution load conditions (Fig. 1).

FIG. 1. Sample locations.
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Procedures were designed to minimize contamination from boats gear and
handling. The mussel tissue (samples of 25 individuals) was dissected, excess
water drained off and transferred to a pre-weighted glass specimen dish and a
wet weight obtained. The animals were then freeze-dried, homogenized and
then 5 gm of dried weight were soxhelt extracted in purified thimbles with
methylene chloride for 24 hours. 

The extraction method was based upon that of Wade et al. (1988). The extract
was transferred to a storage flask and the sample was further extracted with fresh
solvent. The combined extract was reduced in volume to 10 ml in a rotary vacu-
um evaporator. The hydrocarbons were partially separated from lipids in the ex-
tract by saponification the extract for 2 hours with a solution of 4NKOH in meth-
anol. After extraction the unsaponified matter were separated with hexane and
extract was dried over anhydrous Na2SO4 concentrated by stream of purified N2
for analysis by Infra Red Spectrophotometric Method approved by Standard
Method Committee (APHA, 1985). For the present work a Pye-Unicam Sp 3-
300 Infrared Spectrometer was used. Blank determination were carried out by re-
peating the procedure with a pre- extracted samples, using a calibration with Ma-
rib light crude and reference oil prepared as a mixture by volume of 37.5% iso-
octane, 37.5% hexadecane, and 25% benzene at 2930�1 absorbance.

Heavy metals in Tivela ponderosa were determined according to (ROMPE
Method, 1983). The sample grind (a mixture of conc. nitric and perchloric acid
were slowly added to 3 gm of dried samples in Teflon cups and left overnight
before heating. Samples were heated for two hours, then, left to cool and fil-
tered to remove non digested parts. The solutions was adjusted to volume 25
ml, the Cd,Cu, Pb, and were determined by flame A.A.S. using a Perkin-Elmer
Model 2380.

Results and Discussion

Petroleum hydrocarbon concentration in Tivela ponderosa collected from dif-
ferent stations along the Aden coast range from 9.5 µg/g dry weight at station
(4) to 40.38 µg/g at station (7) as presented in Table (1). It is apparent that mus-
sel obtained from the study area along Aden coast were contaminated to some
extent with oil. The oil concentration in different stations varied. Fat content in
Tivela ponderosa ranged from 0.2% at station 9 to 0.7% at station 8 as shown in
Table (1). The mean concentration of trace metals (Cd Cu, Pb, and Zn) are
shown in Table (2). The lower concentrations were observed at station (1) for
Cd, Cu and Zn 0.6,2.1 and 10.2 µg/g dry weight respectively, while concentra-
tions of Pb (9.8 µg/g dry weight) were observed at station (4). However, higher
concentrations of elements Cd, Cu, Pb and Zn were observed at station (7), with
values of 1.9, 25.3 23.7 and 120.3 µg/g dry weight respectively.
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TABLE 1. Mean concentration (µg/g dry weight) of petroleum hydrocarbons and fat content (%) in
Tivela ponderosa collected from Aden coast.

Station 
Petroleum hydrocarbons Fat content

Range Mean ± SD Range Mean ± SD

1   4.8 - 20.8 11.10 ± 7.17 0.35 - 0.56 0.530 ± 0.08

2 18.9 - 22.8 20.70 ± 1.37 0.47 - 0.75 0.632 ± 0.09

3 15.0 - 19.2 17.32 ± 1.52 0.47 - 0.70 0.604 ± 0.08

4   7.6 - 10.6   9.50 ± 1.02 0.30 - 0.37 0.336 ± 0.03

5 11.3 - 14.1 13.06 ± 1.02 0.38 - 0.42 0.400 ± 0.01

6 17.0 - 20.7 17.78 ± 1.24 0.28 - 0.32 0.300 ± 0.01

7 38.3 - 42.9 40.38 ± 1.66 0.58 - 0.62 0.600 ± 0.02

8 33.2 - 34.5 32.56 ± 1.75 0.68 - 0.72 0.700 ± 0.01

9   8.6 - 12.5 10.70 ± 1.24 0.18 - 0.22 0.200 ± 0.01

TABLE 2. Concentration and means of heavy metals (µg/g dry weight) in Tivela ponderosa collect-
ed from Aden coast.

Station
Zn Cu Pb Cd

Range Mean    SD Range Mean    SD Range Mean    SD Range Mean    SD

1   9.2 - 11.2   10.26 ± 1       1.1 - 2.8 2.13 ± 0.9 11.9 - 12.1 12.1 ± 0.2 0.47 - 0.76  0.6 ± 0.14

2 47.7 - 53.5      50 ± 2.89 19.1 - 19.5 19.3 ± 0.2 17.4 - 19.5 18.33 ± 1.06 1.2 - 0.2 1.56 ± 0.4  

3 54.3 - 56.2   55.33 ± 0.96  17.5 - 18.2 17.83 ± 0.35 14.9 - 16.5 15.7 ± 0.8 1.4 - 2.3 1.73 ± 0.49

4 15.3 - 16.2   15.8 ± 0.45 3.9 - 4.9    4.5 ± 0.52 8.9 ± 10.7   9.83 ± 0.91 0.57 ± 0.86  0.7 ± 0.14

5 70.5 - 71.5   70.9 ± 0.52 13.3 - 13.9 13.53 ± 0.32 12.2 ± 12.6 12.36 ± 0.2 0.77 - 0.96   0.9 ± 0.004

6 81.9 - 85.2 83.53 ± 1.65 14.5 - 15.9      15 ± 0.73 10.5 - 11.6      11 ± 0.55 0.9 - 1.2  1.1 ± 1.73

7 119.6 - 121.2 120.36 ± 0.8    24.5 - 26.2 25.36 ± 0.85 23.2 - 24.5 23.76 ± 0.66 1.89 - 1.98  1.92 ± 0.004

8 114.8 - 116.6 115.7 ± 1.46 22.5 - 23.2 22.76 ± 0.37 20.9 - 22.7 21.8 ± 0.9 1.1 - 2.2 1.56 ± 0.58

9 84.9 - 85.6 85.33 ± 0.4  13.3 - 14.2 13.7   ± 0.45 8.9 - 9.7   9.36 ± 0.41 0.9 - 1.9 1.33 ± 0.51
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The bioaccumulation of metals in any organism depends upon various factors
such as bio-availability amount of uptake, their threshold and the physiological
efficiency of the organism to excrete excess metals (Al-Saad et al., 1997). Cd is
not regulated in many marine mollusca while Zn is regulated. The ability to reg-
ulate Cu has been established for various species of mollusca, whereas the con-
centrations of Pb in the organisms depend on the concentration in the environ-
ment. This regulation will lead to different variation in trace metal con-
centration in this organism. Cd accumulated in higher level at station (7) due to
the effect of the waste discharge of Aden city, while higher levels of Pb in mol-
lusca is due to the effect of petroleum product from oil refinery of Aden, and
also heavily trafficked area leading to release Pb from exhaust of automobile
burning fuel (Heba and Al-Mdaffer, 2000).

The higher concentrations of both hydrocarbons and trace metals at station (7)
must be due to its proximity to Aden oil refinery at Aden City. The port area is
subjected to pollution by hydrocarbons and trace elements from various sources
(e.g. oil refinery discharge, municipal and industrial effluents and urban run-off).
While the lower concentration were observed at station (1), because it only re-
ceives rural run-off. The remainder of the stations are influenced by an oil refin-
ery; electricity generating station discharge; urban run-off of sewage effluent and
the transport from other stations in the area. The hydrocarbons in Tivela ponde-
rosa reflect the normal habitats and/or feeding strategies of the organisms. 

Mollusca are effective in packing both soluble and particulate hydrocarbons
residues in its fast sinking fecal pellets (al-Saad, 1995). Mollusca can metabo-
lize and extract hydrocarbons. It is observed that they can ingest large quantities
of small droplets of oil and eliminate them in fecal matter (Al-Saad et al.,
1998). Mollusca also take up dissolved hydrocarbons from water. The mollusca
possess enzyme systems which metabolize the hydrocarbons to various hydrox-
ylated metabolization and execration which might be responsible for the signifi-
cant differences of petroleum hydrocarbons and trace element content in Tivela
ponderosa.

However, the significance of the data obtained in the present work is best ap-
preciated by comparing with values of petroleum hydrocarbons and trace ele-
ment content in mussels collected from other part of the world (Table 3&4).
Our data indicate that the quantity of hydrocarbons and trace elements observed
in the Tivela ponderosa collected from Aden lie within the range of values re-
ported from comparable areas.

It may be concluded that from result of the analysis the Tivela ponderosa is
able to accumulate hydrocarbons and trace elements in its lipid pool. Thus, this
organism might be utilized as a self-integrating index in monitoring oil pollu-
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tion. Accumulation of hydrocarbons and trace metals in these species via food
chain are hazardous to human being. The data indicate that the Tivela pondero-
sa are not contaminated by heavily toxic trace metals because they are well be-
low potentially dangerous levels.

TABLE 3. Comparison of hydrocarbon content in mollusca collected from different region of the
world.

                  Area Concentration µg/g               Source

Western Port Bay (Australia) 0.0 - 23  Burns & Smith (1977)

Scottish coast 19 - 71  Mackie et al. (1980)

Northeast Gulf of Alaska 21 Wise et al. (1981)

The Sound of Copenhagen 11 - 47  Jenesen (1981)

Antarctica 0.0 - 124 Law (1981)

Arabian Gulf 13.1 - 34.6  Al-Saad & Dou Abul (1987)

Aden Coast 10.7 - 40.38 Present study

TABLE 4. Comparison of trace element content in molluscs collected from different region of the
world.

       Specie          Locality Cd (ppm) Pb (ppm) Cu (ppm) Zn (ppm)         References

Mytilus sp. Port of Laspeza, Italia 2.0 - 6.8 � 6.90 - 33.0 203 - 379 Capelli et al., (1978

Donax tranculus Alexandria, Egypt 23.2 38.3 338.4 61.2 Ghazaly (1988)

Mya arenmaria Gdansk Bay 1.80 17 11.50 130 Poitr (1986)

Pinctada radiaae Arabian Gulf 0.90 - 2.40 5.90 - 7.60 1.41 - 1.63 8.7 - 333.8 Hashim et al. (1994)

Mystilus strigata Mexico 1.63 � 9.32 140.50 Peaz  et al. (1994)

Mytilus edulis South Africa 1.3 - 4.3 0.60 - 224 3.0 - 4.80 124 - 282 Richardson  et al. (1994)

Tivela ponderosa Aden, Yemen 0.6 - 1.9 9.8 - 23.7 2.1 - 25.3 10.2 - 120.3 Present study
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r�«uM�« w� ©WKOI��«® ��eM�« Ê�UF*« Ë WODHM�«  U�u�d�Ë� bON�«
Êb� ZOK� s� Tivela ponderosa © U�u�d�«®

, v�«uA�« qO��  , t�� wK�bL�� ÊU��
bF��« V�U� b�U� Ë  bOF� sL�d�« b�� »uON�
WOMLO�« W��uNL'« − ¡UFM- WF�U� , ¡UO�_« r��

ÀuK�?�« Èu??�??�* Î«d�b??I� W??O�U??(«  U??�«�b�«  d??N�√ Æh?K�??�??�*«
(Tivela ponderosa) r�«uM�« w� WKOI��« Ê�UF*«Ë W?ODHM�«  U�u�d�Ë�bON�U�
w�U�_« Èu?��*« W?�dF* p��Ë v�d?F�« d�?��« − Êb� ZOK� q?�«u� s�

Æ r�«uM�« w� eO�«d��« ÁcN�
l� U?N?���U?I?�  sJ1 Ë W��U?I�?�  U�u?�?�?� �u?�u�  U?�«�b�« XI�UD�
o�UM� l� WIDM*« �c� w� WKO?I��« Ê�UF*«Ë WODHM�«  U�u�d�Ë�bO?N�« eO�«d�

Ær�UF�« s� Èd�√
π[µ  s� r�«u?M�« v� W??OD?HM�«  U�u�d???�Ë�b??O??N�« e??O??�«d?� X�Ë«d�
Ê�u?� Â«d?�ØÂ«d?�ËdJO?� ¥∞[≥∏  v�≈ ©¥WD?�?� w�® r�Ø Â«d?�ËdJO?�
Èu?�?�?�® »�Q?� ÂU?� jH?M� ¡v�UJ� ©± WD�?�®  u�e?�« ¡UMO?� w� ·U?�
vK�  πË ∏ W?D�??� w� % ∞[∑ −∞[≤ s� ÕË«d?� r�«uM�« �c� w?� s�b�«
s� wDHM�« ÀuK��« v�≈ W{dF?� r�«uM�« �c� ÊuJ� Ê√ sJL*« s� ©w�«u��«

: WO�U��«��UB*«
vK� �b??�«u?�*« j?HM�« w�U?B??� s�Ë jHM�«  ö??�U�  U??HK�?� m�d??H�
ÆÍd�?��« qIM�« ◊U?A�Ë  UO�U?F�Ë qO?L�?��«  UBM� v�≈ W?�U{≈ q�U?��«
o�UM*« e?O�«d� v�≈ U?N���U?I� sJ1 WKO?I��« Ê�U?F*« eO?�«d� Ê√ b�Ë p?�c�Ë
p�e�«Ë �U-d�«Ë �U?�M�«Ë ÂuO?��UJ�« Èu�?�L� Æ W��uK*« d?O� W�d?���«
q� eO�«d�  Ê√ U?L� Ær�UF�« s� Èd�√ o�UM� eO?�«d� sL{ r�«uM�« Ác� w�
ÆÊb� ZOK� r�«u� w� WKOK� X�U� WKOI��« d-UMF�«Ë   U�u�d�Ë�bON�« s�
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ÀuK��« ��UB� Ë qIM�«  U?OKL� s� v�Q�� b�  U�u�d?��bON�U� ÀuK��«
U2 d�?�√ WOFO?�� ��UB�  «�  ÊuJ� b� WKO?I��« d-UMF�« e?O�«d� Ê√Ë wDHM�«
 «� X�?O� d?-UMF?�« Ác� e?O?�«d� Ê√ vK� W�ô� vDF?� «c�Ë W?O?�UM- w�
W?��«d*«  U?OKL�  �«d?L�?� U� v-u� «c�Ë d?{U(« X�u�« v� W?O�?O� ��uD�
WKOI?��« d-UMF�« Ë  U�u�d�Ë�b?ON�« s� q� eO�«d?� Ê√Ë Êb� ZOK) WO�?O��«

ÆUO*U� t� v-u*«Ë t� ÕuL�*« b(« sL{ ÊuJ� Ê√ V��




