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This study represents a continuing effort to assess the sediment quality covering the industrial and urban areas south
of Ras Al-Ardh and the northern territorial waters of Kuwait that are influenced by the riverine input from the Shatt
Al-Arab and Iraq's so called “Third River”. The investigations show that offshore stations exhibit higher
concentrations of petroleum hydrocarbon than the inshore stations. The values for organic carbon range within
normal values for marine environments. Quartz is the most common mineral. The mineralogical variations at
different stations indicate variation in the sources of sediments. Regarding the biological evaluation, Mina Ahmadi
has the highest mean abundance of microfauna. Overall abundance was highest closest to shore. Based on the
different analyses, it is concluded that the northern territorial water of Kuwait marine environment is differ in their
nature from the southern region. Toxicity test indicated that the quality of sediments in the northern region is less
than those from the southern region. On the other hand southern region discriminates by high contents of TPHs and
PAHs. These hydrocarbons are mainly due to the increasing activities related to oil industry.

:ADDITIONAL INDEX WORDS Shatt Al-Arab, sediment toxicity, organic, inorganic pollution.

ABSTRACT

Assessment of Sediment Quality South of Ras Al-Ardh and Northern Territorial
Waters, Kuwait, Northern Arabian Gulf

A.A. El-Sammak A.N. Al-Ghadban and M.U. Beg†; † †

INTRODUCTION

MATERIALS AND METHODS

The role of sediment in the uptake, transport and deposition
of contaminants is well known. The determination of the
regional trends in sediment quality is necessary to identify and
delineate those areas that are excessively contaminated with
toxic chemicals and therefore, most in need of remedial action
( and , 1988). Sediment deposition zones
accumulate and integrate toxic chemical inputs from multiple
nearby sources over time ( and , ). The
marine environment is important to Kuwait as a renewable
source of food, source of desalinated water used for drinking
and agriculture and for recreational activities ( ,

., 1991). Most of Kuwait's coastlines south of Ras Al Aradh to
SaudiArabia border show a various degree of modification. It is
also sprawling industrial complex in the Shuaiba Industrial
area. The Shuaiba industrial complex is one of the largest
industrial complexes in the Gulf region and includes three large
oil refineries, a fertilizer plant, a chemical manufacturing plant,
melamine company, an industrial gas corporation, a paper
products factory and two water desalination and power plant.
The main source of freshwater into the Arabian Gulf is from
Shatt Al Arab River. This freshwater input mainly affects the
northern region of the Arabian Gulf and hence, the northern
territorial water of Kuwait.

The present study represents a continuing effort to assess the
sediment quality covering the industrial and urban areas south
of Ras Al-Ardh and the northern territorial waters of Kuwait
that are influenced by the riverine input from the Shatt Al-Arab
and Iraq's so called “Third River”. It aims at examining the
quality of sediments covering two distinct regions in Kuwait,
the northern territorial water which is mainly affected by the
runoff from ShattAlArab and the southern area , south of RasAl
Aradh, that is mainly affect by industrial and man-made
activities.

Sediments were collected from 15 stations covering the
offshore area south of Ras Al Ardh, and 6 stations covering the
northern territorial water (Figure 1). Samples from the area

LONG CHAPMAN

LONG CHAPMAN

AL MUZAINI

op. cit.

et
al

south of Ras Al Aradh, were collected from 5 transects, 3
samples were collected from each transect at 10, 100 and 1000
m distance from the coast. Heavy metals concentrations, total
organic matter (TOC), Total petroleum hydrocarbon (TPH),
polycyclic aromatic hydrocarbon (PAH), pesticides, grain
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Figure 1. Area of study showing the locations of sampling sites.
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ize parameters and mineralogy were measured according the
methods recommended by ROPME sea region
1999). For the toxicity test, the Microtox solid phase test
(Microtox-SPT) was used and (1995). The
biological evaluation (meio- and macro- faunae) was
preformed using Rose Bengal dye to stain the living and dead
organisms. The results of different analyses were graphically
represented and statistically analyzed using statistical software.

Table 1, represents the maximum, minimum and average (+
standard deviation) for the different measured parameters.
Figure 2, shows the variations of mean grain size, sorting and
TOC the area south of Ras Al Ardh is mostly covered by fine to
medium sand (except for station F3, the offshore station of
Fintas transect). Sorting values increased slightly toward the
northern region, which may indicate that this area received
sediment from more than one source. The northern region of the
Arabian Gulf including the northern territorial water of Kuwait
is mainly influenced by the runoff from Shatt Al Arab. The
fluvial runoff enters the Arabian Gulf now mainly via what is
called "the third river" ( and , 2002). In
spiteof this, (2002) also indicated that dust fallout
"aeolian sediments" is a major contribution to the sediments in
the northernArabian Gulf region.

Total organic carbon (TOC) concentrations in the sediments
fluctuate widely from one station to another. It ranges between a
maximum content of 3.6% and a minimum concentration of
0.93%. However, the values of TOC in the present study are
within the normal TOC concentrations in marine environment
(i.e. 2.5% + 0.6). Massoud et al., (1996) suggested diversified
sources for TOC in the sediments of the Arabian Gulf region. In
fact, anthropogenic (man-made) input and higher natural
production of organic matter are the main sources of high TOC
levels in some areas in Kuwait marine environment
( ., 1992).

Figure 3, represents the variations of different minerals at
different stations. It is obvious that silicalstics/carbonate ratio
decreases in the northern region compare to the area south of
Ras Al Aradh. Calcite mineral dominates in the northern
territorial water, while quartz dominates the minerals'
composition of the sediments in the area south of Ras Al Aradh.
The variations in mineralogical compositions in the studied
sediments are a sign for the multiplicity of sources of the
sediments. The variation in the silicicalstics/carbonate ratio,
from one hand and the dissimilarity in the quartz/feldspar ration
and ratio of different carbonate minerals inferred the
heterogeneity nature of the sediments of Kuwait marine
Environment. The sedimentlogical characteristics of the recent
marine bottom sediments off Kuwait reflect the interaction
between autochthonous calcareous fragments, mostly biogenic
origin, lime rock fragments derived from beachrocks and
submerged reef flats, and allochthonous terrigenous detritus
transported to the area mainly by dust storms and fluvial runoff
( , ., 1984).

The average pesticides contents show remarkable variations
between the area south of Ras Al Aradh and the northern
territorial water. The northern region is characterized by high
contents of pesticides comparing to the southern region.

, (1988) indicated that both Tigris and Euphrates
were the major sources for pesticides in dissolved and
particulate forms, that enter the northern region of the Arabian
Gulf via Shatt Al Arab and now through the third river via Khor
Al Zubair and KhorAl Subiyah ( and 2002).

Figure 4, represents the variations of TPHs and PAHs in the
sediments of the study area. The TPHs range between
maximum values of 774.25 ppm to minimum concentration of
36.9 with an average of 295.2 ppm + 231.0, while the PAHs

.
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Figure 3. Mineralogical composition of the sediments.
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Table 1. .Descriptive statistics for different parameters

Variables Average Minimum Maximum Std.Dev.

TOC (%) 2.5 0.93 3.6 0.6

Mz ( ) 3.7 0.93 6.9 2.0

Sorting ( ) 1.5 0.21 4.4 0.9

Quratz % 29.6 5.40 59.0 18.1

Feldspare (%) 14.1 0.00 25.0 6.9

Calcite (%) 28.8 10.00 54.0 12.6

Dolomite (%) 8.0 2.00 15.9 4.1

Aragonite (%) 19.5 0.00 53.0 13.8

Pesticides (ppb) 642.3 1.45 4615.5 1340.7

PAH (ppb) 270.1 9.96 1708.7 475.6

TPH (ppm) 293.2 36.9 774.25 231.0

Biodiversity (macro) 11.8 3.00 24.0 6.1

Macro-Abdc (m ) 78.3 9.00 450.0 92.3

Biodiversity (meio) 12.1 7.00 24.0 4.4

Meio-Abdc (m ) 120958 23371 536242 129871

ö

ö
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-2

Figure 2. variations of TOC concentrations and the values of
grain size and sorting for different stations.
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Figure 4. variations of pesticides (ppb) in the sediments of the
study area.
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concentrations are ranging between 1708.7 ppb and 9.96 ppb
(average of 270.1 + 475.6). Contrary to the pesticide
distribution, the northern region exhibits lower values for both
TPHs and PAHs comparing to the southern area of Ras Al
Aradh. , (2003) indicated that the area facing Min Al
Ahmadi and Shuaiba Harbor were heavily polluted with PAH.
They also mentioned that TPH levels in the Shuaiba coastal
sediments detected in their study were higher than previous
levels recorded for the same area during 1993-1994 by several
authors. They also pointed out that TPH were higher than those
for the Arabian Gulf and for Kuwait's northern area. These
results are in accordance with our observations. These may
indicated that the area south of Ras Al Aradh is receiving a fair
amount of petroleum-containing waste materials.

Figure 6, points out the biodiversity and species abundance
of the macrofauna in the marine sediments of the study area.
Apart from station F3 (Fintas 1000 m offshore station), there
were no significance discrepancy between northern and areas.
The same observations can be noticed for the meiofaunae. A
total of 30 macrofaunal species was recorded for the northern
territorial water, while a total of 92 species were recoded for the
southern area. For meifauna, the species diversity ranged from 5
to 24 species per sample with an overall circa 12/sample for the
southern area. For the northern region, a total of 28 meiofauna
species were identified, with a range of 7 to 17 species/sample.
Macrofauna species abundances range from 9 to 450 species m-
2 in the southern region and 16 to 111 species m-2 for the
northern region. The meiofauna species abundance were
ranging from 23371 to 536242 species m-2 for the southern
region and 56327 to 413595 species m-2 for the northern region.

The sediment samples were assayed by microtox solid phase
test (SPT), in view of its ability to test sediment in solid phase

state avoiding any manipulation during extraction process. In
microtox SPT the bacteria is placed directly in close vicinity of
solid particles and its response reflect in totality the action of
toxicants along with synergists and antagonists present in a
given sample. and (1995) standardized the
microtox SPT assay by using incinerator ash as a positive
control and clean lake sediment as negative control and found
that EC50 varied greatly between the two samples. Based on
their observations the same authors rated sediment samples as
toxic (EC50, 5g/l , moderately toxic (Ec50, >5-10 g/l) and non
toxic group (EC50, >10 g/l). Using this classification most of
the sediment samples exhibited EC50 <5 g/l to be categorized as
toxic. Among the toxic samples the samples collected from the
northern region showed toxicity less than 1g/l (i.e., 1000 mg/l)
thus, designated as very toxic compared to other samples from
the southern locations (Table 2).

Since many samples were collected from the locations very
close to the shore and fresh samples were used for the assay in
many cases the range of 95% confidence levels was large. This
may be attributed to the particle size variations in the samples.
This is further elaborated from the fact that with increasing
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Biological Evaluation

Microtox SPT Toxicity Assay For Sediments

Figure 5. TPHs and PAH variations in the sediments of the study
area.

Figure 6. Diversity and species abundance macrofaunae in the
sediments of the study area.
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Table 2. Microtox SPT Toxicity of Marine Sediment from
Northern and Southern Coast in Kuwait.

Table 3. Microtox Toxicity of Marine Sediment Elutriates
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distance from the shore the EC50 is lowered indicating higher
toxicity possibly due to abundance of finer particles at greater
depth. The samples from northern area have shown more
toxicity compared to samples collected from southern coastal
area in Kuwait. The reason may simply be attributed to the
abundance of finer particles and also the toxicant reaching in
this area due to drying of Iraqi marshes as observed in our earlier
studies ( , 1999; , 1999).

Sediment elutriates were prepared and immediately tested
for toxicity by Microtox basic test. For water sample,
and (1985) suggested that sample showing EC50
>100 % is to be categorized as non toxic, EC50 >75% <100%
slightly toxic; EC 50 51-75% Toxic; EC50 25-50% moderately
toxic; and EC50 <25% very toxic. Comparing the EC50
obtained with sediment elutriates none of the sample showed
any toxicity to Microtox (Table 3). The EC50 obtained was
greater than highest concentration of the elutriate. This
observation was in accordance with the earlier observations that
toxicants are not released in water phase by sea water elutriation
at concentration that exerts toxicity to Microtox ( ,
2001).

In order to study the spatial similarities between different
areas, the cluster analysis was used. Figure 8, represents the
dendrogram of the cluster analysis based on the meio- and
macrofauna abundances and diversities. It is obvious that
samples from the northern area were clustered together. Some
other groups were also identified, which inferred that closer
areas have similar biological composition. Figure 9, illustrates
the cluster analysis output in the form of tree diagram resulted
from a data base comprising from 15 variables (grain size,

sorting, TPH, PAH, pesticide, abundances and biodiversities
and different minerals) and 21 cases (stations). The same
observations were found, where the northern region stations are
discriminated from the southern region stations. It is important
to notice that this dendrogram clearly indicates the
dissimilarities in the nature of the north and south region. These
variations are mainly due to the different types of contaminants,
biological composition as well as the toxicity levels.

Based on the different analyses, it is concluded that the
northern territorial water of Kuwait marine environment is
differ in their nature from the southern region. Toxicity test
indicated that the quality of sediments in the northern region is
less than those from the southern region. On the other hand
southern region discriminates by high contents of TPHs and
PAHs. These hydrocarbons are mainly due to the increasing
activities related to oil industry.

This study is being jointly supported by the Kuwait
Foundation for Advancement of Sciences (KFAS) and Kuwait
Institute for Scientific Research (KISR). The dedication of all
KISR staff involved in this project is also appreciated.
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