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The results of a study of total-Hg (T-Hg) and MeHg
concentrations in zooplankton and various ®sh species
collected from Kuwait Bay and the northern area of
Kuwait are reported. T-Hg concentrations in zooplankton
ranged from 0.004 ± 0.035 lg gÿ1 (dry weight) with MeHg
representing <25% of the T-Hg. Total and MeHg con-
centrations in ®sh di�ered between species and ranged
from 0.073 lg gÿ1 (Liza subviridis) to 3.923 lg gÿ1

(Epinephelus coiodes). T-Hg and MeHg in ®sh tissue were
signi®cantly correlated at 0.01 level. They were also cor-
related with length and weight of the analysed species. The
mean percentage of MeHg ranged from 40.1% (Hilsha
ilisha) to 80% (Epinephelus coiodes) of the T-Hg. The
relationships between observed concentration, habitat and
feeding habits are examined. Of the ®sh analysed 20.6%
were >0:500 lg gÿ1 T-Hg, and exceeded the WHO limit.
For MeHg, 20.6% were >0:300 lg gÿ1. It is estimated
that �3:2 kg of Hg and �1:9 kg of MeHg are being
removed yearly by ®sh landings from Kuwait territorial
waters and introduced to the local food supply. Ó 2000
Elsevier Science Ltd. All rights reserved.
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There is a variety of signi®cant human health and en-
vironmental-associated issues with the geographically
widespread prevalence of elevated levels of both inor-
ganic and organic Hg compounds in freshwater and
marine biota. A linkage is evident between the bioac-
cumulation of MeHg in aquatic systems and the atmo-
spheric mobilization and deposition of Hg, which has
local, regional and global components (Mason et al.,
1994). Many mercury pollution problems can be linked

to speci®c sources and there are particular concerns
when such sources are adjacent to marine systems sup-
porting signi®cant ®sheries (Ninomiya et al., 1995). Such
an example existed in Kuwait and, although no longer
active, the legacy of its activities is still an important
in¯uence on local contamination levels. This paper ex-
amines some of the implications of this legacy on the
®sheries in Kuwait.

Kuwait Bay is a semi-enclosed area approximately
70 km in length that extends from the Arabian Gulf to
the west (Fig. 1). It is characterized by mud¯ats espe-
cially in the shallow northern part, which is less than 5 m
deep. The central part of the Bay is deeper with higher
wave energy whereas the shoreline that extends along
the open Gulf is characterized by sandy beaches. The
waters of Kuwait support a wide variety of sea plants
and ®shes, some of which are commercially valuable.
Almost 465 species of ®sh have been collected from the
Gulf (Kuronuma and Abe, 1986; Carpenter et al., 1997).

The major point source of pollution by Hg in Kuwait
was the Salt and Chlorine Plant (SCP) of the Petro-
chemical Industries Company (PIC) which was located
in Shuwaikh as shown in Fig. 1. The factory was com-
missioned in 1963 to provide the Cl

2
needed for the

expanding power/desalination industry and other mu-
nicipal and household needs. The SCP used the mercury
electrolytic cell process. The old plant contained 8 cells
and it was subsequently enlarged in 1973 to contain 36
cells. Each cell used and reused 600 kg of Hg, some of
which was lost with the evolved hydrogen gas, some
entered the discharge and some was spilled from pumps
onto the ¯oor. Although there were considerable e�orts
to retrieve the Hg lost from the cell, a loss rate of 0.2 kg
of Hg per tonne of chlorine manufactured was reported
(Szucs and Oostdam, 1977). The total estimated loss of
Hg for the period 1964±1985 based on the production of
SCP (ASA, 1986) is 20780 kg (�21 t of Hg).

Various workers have addressed measurements of Hg
in the Kuwaiti marine in the past and some of these data
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are summarized in Table 1. The present study was
conducted to examine a number of ®sh species that are
of particular importance in the local food supply and
also to examine mercury levels in local zooplankton. It
forms part of a comprehensive study of sources, distri-
bution and transformation of Hg in the marine envi-
ronment of Kuwait (Al-Majed, in preparation).

Materials and Methods

Zooplankton samples were collected in August 1996
from eight di�erent areas in Kuwait Bay (Fig. 1). Ob-
lique towing of two Kitahara's plankton nets of 334 lm
was used for collecting zooplankton samples. Fish
samples were purchased from the local ®sh market and
sampling was extended over a 20-month period between
August 1996 and early 1998. A total number of 330 ®sh

representing seven species (Liza subviridis, Acanthopag-
rus latus, Hilso ilisha, Arius thalassinus, Otolithes ar-
genteus, Scoberomorus guttas and Epinephelus coioides)
were collected and the edible muscle tissue analysed
(MOOPAM, 1989). The ®shes were caught mainly from
the northern area of Kuwait, between Uuha and
Faylakah Islands. The selected ®sh species are of great
commercial values in Kuwait and represent di�erent
habitat (epiplagic, mesopelagic and demersal) and
feeding habits (planktivorous, omnivorous and carniv-
orous). The overall mean standard deviation and the
mean with 95% con®dence interval (CI) of ®sh length
(cm) and weight (g) are summarized in Table 2. Dry
weight/wet weight ratios were measured for each sample
after freeze drying the pre-weighed samples to constant
weight. The dry weight/wet weight ratios for all seven
species (330 samples) had a mean of 0:25� 0:02.

TABLE 1

Previous studies of total mercury (T-Hg) and methyl mercury (MeHg) in the Arabian Gulf region.a

Region Species sampled T-Hg (lg gÿ1) MeHg (%) Reference

Arabian Gulf Epinephelus coioides+others 0.105±0.631 (ww) 7±100 ROPME (1988)
Arabian Gulf Various species (23) 0.35±1.320 (dw) 82±98.7 Habashi et al. (1993) and Al-Majed and

Rajab (1998) (MeHg data)
Arabian Gulf Hilsha ilisha+circenita

callipyge
0.051±1.230 (dw) 90.3±100 ROPME (1996)

Arabian Gulf Various species 0.25±3.201 (dw) 85.5±101.9 Al-Majed and Rajab (1998)
Kuwait Lutjanus coccineus 0.5±4.0 (dw) ± Anderlini et al. (1983)
Kuwait Various species Nd-1.57 ± Khordagui and Al-Ajmi (1991)
Kuwait Hilsha ilisha Scomberoides

commersonianus
0.015 (dw) 12±104 Al-Majed and Rajab (1998)

a dw ± dry weight; ww ± wet weight.

Fig. 1 The former location of the Salt and Chlorine Plant in Kuwait
Bay and the zooplankton sampling stations.
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Analysis of total mercury in zooplankton and ®sh
In order to release Hg from zooplankton or ®sh tis-

sue, the IAEA (1996) method was applied. The proce-
dure is based on oxidative digestion of dry samples using
a mixture of concentrated nitric acid (HNO3) concen-
trated sulphuric acid (H2SO4) and bromine chloride
(BrCl) in a semi-closed Te¯on vial. The mercury content
of the extract was determined using a PSA Mercury
Analyser. This machine utilizes a hydride reduction
stage followed by gold trap pre-concentration and
atomic ¯uorescence detection.

Determination of methyl mercury in zooplankton and ®sh
tissue

Measurement of MeHg was conducted using the
UNEP (1992) method. This method is based on liber-
ating the organic form of mercury (R±Hg) from the
dried biological matrices by homogenization of the
sample in an acid medium. Copper ions are added to
promote release of any R±Hg bond to sulphur. Bromine
is added to form the organo±mercury complex com-
pound. Final measurement of the methyl mercury con-
tent was made using an HP5890 Series II GC ®tted with
an ECD and a 1.6 m glass column packed with 5%
DEGS-PS on 100±120 mesh Supleco support.

Quality control and quality assurance (T-Hg)
The reliability and consistency, of T-Hg in zoo-

plankton analysis was con®rmed by using standard
reference materials (SRMs) of di�erent Hg levels which
were analysed in parallel with the samples. These in-
cluded CRM-414, LUTS-1, GBW-08571 and CRM-422.
Four SRMs were analysed with the samples. CRM 414
was analysed in triplicate. Six blank samples were also
analysed with the batch. The recovery values of SRMs
were in the range 95.5±98.0%. To check the reproduc-
ibility of analysis, 50% of the samples were analysed in
triplicate. The RSD varied between 0.00% and 6.93%.

For T-Hg in ®sh analysis the following SRMs were
used: CRM 4, LUTS-1, GBW 08571, DORM-2, DOLT-
2, CRM 422, IAEA-350 and MA-A-2. Five SRMs were
analysed with each batch of samples (each batch con-
taining 30 samples). Five blank samples were also
analysed with each batch. The recovery values for SRMs
were in the range 94±98%. To check the reproducibility
of analysis, 10% of the samples were analysed in trip-
licate and one SRM out of ®ve was treated in the same
manner. The RSD varied between 0.00% and 5.44%.

Quality control and quality assurance (MeHg)
Zooplankton samples were analysed in parallel with

SRMs of di�erent MeHg levels to ensure the reliability
and consistency. For this purpose LUTS-1, DOLT-2
and IAEA-350 were used. The three SRMs were anal-
ysed with the batch of zooplankton samples. The re-
covery values of SRMs ranged between 95.7% and
98.1%. LUTS-1, DOLT-2 and 50% of zooplankton
samples were analysed in triplicate to check the repro-
ducibility of the analysis (one sample per batch of
IAEA-350 was also analysed). The batch also included
®ve blank samples. The RSD varied between 0.00% and
0.38%.

For ®sh samples two SRMs were used. IAEA-350 and
another secondary SRM (EPD Ref. No.1) which had
previously been calibrated with IAEA-350 in a prelimi-
nary stage of this work. The mean recovery was 94.1%.
The RSD values ranged from 0.98% to 7.87%.

Results and Discussion

Levels of mercury in zooplankton
There is some uncertainty about the dominant zoo-

plankton species in Kuwait Bay. Michel et al. (1986)
have reported that the species composition is dominated
by copepods (83.1%) with larvaceans (7.1%), cladeoc-
erans (4.7%) and chaetognaths (12%) making up the
remainder. However, results reported a decade later by

TABLE 2

The overall mean, standard deviation and 95% CI of the mean of length and weight for ®sh species.

Fish code Species name Latin
(Local)

Variables Mean S.D. 95% CI for mean
boundary

Classi®cation of ®sh
according to

Lower Upper Habitat Feeding habits

L.su Liza subviridis Length (cm) 18.1 2.2 17.5 18.7 mezopelagic planktivorous
(Biyah) n � 51 Weight (g) 86.4 28.1 78.5 94.3

A.la Acanthopagrus latus Length (cm) 26.9 3.6 25.8 28 demersal carnivorous
(Sheim) n � 48 Weight (g) 488.4 193.9 432.1 544.7

H.il Hilsha ilisha Length (cm) 33.8 2.4 33 34.5 mezopelagic planktivorous
(Suboor) n � 47 Weight (g) 583.7 147.8 540.3 627.1

A.th Arius thalassinus Length (cm) 32.7 147.8 31.7 33.6 demersal carnivorous
(Chim) n � 62 Weight (g) 605.7 147.8 544.7 666.8

O.ar Otolithes argenteus Length (cm) 39.4 147.8 37 41.8 demersal carnivorous
(Newaiby) n � 50 Weight (g) 653.6 147.8 557.2 750

S.gu Scoberomorus guttas Length (cm) 46 147.8 44.2 47.9 epipelagic omnivorous
(Khubbat) n � 47 Weight (g) 918.3 147.8 814.8 1021.8

E.co Epinephelus coioides Length (cm) 60.6 147.8 55.6 65.6 demersal carnivorous
(Hamoor) n � 25 Weight (g) 3839.4 147.8 2762.8 4916
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EPD (1996), indicate a di�erent species balance with
copepods ranging from 44.9 to 69.1%, and the re-
maining population being distributed between plank-
tonic larvae 18.1±47.1% other crustacea 3.1±23.7% and
non crustacea 0.3±11.6%.

The overall mean of T-Hg in zooplankton was 0.011
(S:D: � 0:010) lg gÿ1 dry weight and ranged from 0.004
to 0.035 lg gÿ1. The lowest level (0.004 lg gÿ1) was
found in samples taken from area C and area E (Fig. 1).
The highest concentration (0.035 lg gÿ1) was detected in
samples from site A. This relatively high level could be
attributed to the shallowness of the area that has high
levels of suspended particulate matter. Nishimura and
Kumagai (1983) and Plourde et al. (1997) have sug-

gested zooplankton may acquire mercury through a
pathway, which involves uptake of contaminated sedi-
ment. However, no statistically signi®cant di�erences
(one-way ANOVA±Post Hoc Tests (ANOVA±PHT))
between the zooplankton from the di�erent areas were
observed.

Methyl Hg was also measured in zooplankton but the
results were found to be <0.001 lg gÿ1 (detection limit)
in all the analysed samples. Previous results (Back and
Watras, 1995) suggest that MeHg does not normally
exceed 30% of T-Hg in zooplankton and in our samples
it was <25% based on a minimum T-Hg value in
the sample (0.004 lg gÿ1) and a detection limit of
0.001 lg gÿ1.

Fig. 2 The overall mean concentrations of T-Hg, MeHg and MeHg%
(with 95% CI) for the seven ®sh species.

Fig. 3 The relationship between T-Hg and MeHg concentrations for
the seven ®sh species.
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In general, the concentrations of T-Hg in zooplank-
ton were found to be lower than those reported for
freshwater bodies of mid-northern Quebec (Canada)
and South-Central Ontario (Canada), Wisconsin USA
lakes (Back and Watras, 1995; Plourde et al., 1997).
The T-Hg concentrations obtained in this study could
not be compared to other coastal areas because of lack
of data.

Distribution of mercury in ®sh samples
Total and MeHg concentrations were determined in

all the ®sh muscle samples listed in Table 2. The con-
centrations are expressed as lg gÿ1 dry weight. In this
section, results are discussed according to ®sh type,
habitat and feeding habits. Other variables including,
ratio of MeHg to T-Hg (MeHg %), length (cm) and
weight (g) are also considered.

Distribution of mercury according to the ®sh type
The overall mean values of T-Hg, MeHg and

MeHg% with 95% con®dence intervals (CI) for the
seven analysed ®sh species are shown in Fig. 2. There is
a considerable variation in both T-Hg and MeHg con-
centrations between the di�erent species with H. ilisha
and L. subviridis exhibiting the lowest concentrations
and E. coioides the highest with a range across all species
of 0.01±3.92 lg gÿ1 for T-Hg and <0.001±3.27 lg gÿ1

for MeHg. The concentration range between species
was, however, fairly well constrained, probably as a
result of the restricted size ranges available in the mar-
ket. The values for T-Hg and MeHg correspond rea-
sonably well with those obtained previously (ROPME,
1988) when allowance is made for the fact that the
earlier values were reported on a wet weight basis.

The distributions of T-Hg concentrations were shown
to be log-normal (Kolmogrov±Smirnov test) for ®ve of

Fig. 4 The relationship between total mercury: (a) andmethylmercury;
(b) as a function of ®sh length.
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the analysed species (L. subviridis, A. latus, A. thalassi-
nus, S. guttas and E. coioides). In the other two re-
maining species (H. ilisha and O. argenteus) the
distribution was not statistically resolvable. MeHg
concentrations were all log-normally distributed.

There was a very strong and statistically signi®cant
�p < 0:01� correlation between T-Hg and MeHg con-
centrations as shown in Fig. 3. A similar correlation
has recently been described by Kannan et al. (1998).
Closer inspection of the data does however reveal that,
although there is a clear general trend the points may
be resolved by species with the slopes of the lines
being slightly less for species exhibiting the lower
contaminant concentrations. This has important im-

plications for the distribution of contaminants between
representatives of di�erent habitats that are discussed
below.

There were signi®cant correlations between both
T-Hg and MeHg concentrations and length for all spe-
cies except S. guttas (T-Hg) and L. subviridis and
S. guttas (MeHg) (Fig. 4a and b). It may be that the lack
of correlation for the latter species re¯ects di�erent
populations of ®sh being present in the market over the
collection period. There were also signi®cant correla-
tions (p < 0:0005±0.013) between T-Hg and MeHg
concentrations and weight for all species except L. sub-
viridis. This result represents the fact that weight is in
e�ect a proxy for age and hence exposure. The same

Fig. 5 The overall mean concentrations of T-Hg, MeHg and MeHg
(with 95%CI) with ®shes grouped according to their habitat/
feeding habits.

Fig. 6 The distribution of T-Hg in ®shes according to concentration
categories (Chvojka et al., 1990).
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positive correlation was found earlier by several authors
(Phillips et al., 1997; Sta�ord, 1997).

Analysis of the variance of the mean concentrations
between species (ANOVA±PHT) reveals signi®cant dif-
ferences between most species pairs. Generally, the dif-
ferences in contaminant burdens between the di�erent
species are related to the physiological di�erences be-
tween di�erent species (Nishimura and Kumagai, 1983;
Goldstein et al., 1996) or the quantity and type of food
taken by di�erent populations of the same species (Kim,
1995). Variations in concentration within species may
come about through the migration of ®sh species from
unpolluted areas to relatively more polluted areas. It

seems that a combination of several of these factors is
responsible for the observed di�erences.

The distribution of Hg according to habitat/feeding habits
The results may be categorized according to the

habitats occupied by the sampled species and their
feeding habits that are identi®ed in Table 2 and the re-
sults are shown in Fig. 5. There is a very obvious dif-
ference between the contaminant distributions in
mesopelagic ®sh and the other two groups (epipelagic
and demersal) as has previously been reported by
Andersen and Depledge (1997). The suggested reason
for this large di�erence relates to di�erences in feeding

Fig. 7 The distribution of (a) T-Hg and (b) MeHg in ®shes according
to WHO limits.
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habits (the mesopelagic ®sh are planktivorous) and also
di�erences in exposure with epipelagic ®sh being more
exposed to atmospheric inputs and photochemical pro-
duction of MeHg and demersal ®sh being more in¯u-
enced by sediment conditions.

The ®ndings of this study are similar to other studies
especially for the di�erence of the mean Hg content
between planktivorous and carnivorous (Nakagawa
et al., 1997; Joiris et al., 1997). Carnivorous ®sh can be
used as a good indicator for monitoring of mercury
pollution (Vigh et al., 1996) while other species with
other feeding habits should also be monitored for hu-
man health aspects.

Mercury concentrations and international limits
It is important to have an overall picture of the ob-

tained T-Hg in the analysed species from a public health

perspective. So as to achieve this it was ®rst necessary to
convert concentrations to a wet weight values using dry
weight/wet weight ratio (0:25� 0:02). It is then possible
to apply the categorization of Chvojka et al. (1990) who
described T-Hg in the wet weight of ®sh from 0.05 to
0.15 lg gÿ1 as very low, from 0.15 to 0.25 lg gÿ1 as
low, from 0.25 to 0.35 lg gÿ1 as medium, from 0.35
to 0.45 lg gÿ1 as high and total Hg (T-Hg) above
0.45 lg gÿ1 as very high. The results are shown in Fig. 6.
It is clear that the ®sh in the Ôvery highÕ category (e.g.
E. coioides and O. argentus) are drawn exclusively from
the omnivores and carnivores and that planktivorous
®sh represent signi®cantly lower health threats. A sim-
pler grouping utilizing the WHO permissible limits
(WHO, 1990) can also be used (Fig. 7a and b) where
0.5 lg gÿ1 is the limit for T-Hg and 0.3 lg gÿ1 for MeHg.
The results for T-Hg indicate that 79.4% of the samples

Fig. 8 The estimated human intake of MeHg (lg) from di�erent ®sh
species according to quantities of ®sh consumed.

Fig. 9 The estimated quantities (kg) of T-Hg and MeHg reaching the
Kuwait food supply based on ®sh landings (1994±1996).
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were <0.500 lg gÿ1 and 20.6% were P 0:500 lg gÿ1

and exceeded the WHO limit. For MeHg the results
indicate that 79.4% of the analysed samples are <0.300
lg gÿ1 and 20.6% are P 0:300 lg gÿ1 and exceeded the
WHO limit.

The results of this study were found to be similar to
other ®ndings (Minganti et al., 1995; Nakagawa et al.,
1997).

Public health implications
To assess the potential health impact, the 30 lg dayÿ1

maximum intake limit for MeHg of a 70 kg person was
used as a guideline (US-EPA, 1984). Using the observed
concentrations in the ®sh and a range of ®sh consump-
tion (100, 150, 200 and 250 g dÿ1) the results shown in
Fig. 8 were obtained. From this it can be seen that at a
consumption rate of 200 g dÿ1 or more the EPA limit
was approached or exceeded for all species except
L. subviridis and H. ilisha. Particularly high exposure is
associated with consumption of E. coioides. This level of
consumption is common amongst some consumer
groups in Kuwait (Al-Majed and Preston, 1999). Of
course these calculations relate only to the ®sh con-
sumption route of mercury exposure and other sources
must also be taken into account to reliably estimate the
total exposures.

Mercury removal by ®sh from Kuwait
The quantity of ®sh caught by artisans and which

reaching the local market in the years 1994±1996 ranges
between 10 000 and 11 000 tonnes annually (ASA, 1986).
The species sampled in this study represent 33.1% of the
total landings. Accordingly a total of �3.2 kg of Hg and
�1.9 kg of MeHg are being removed yearly by ®sh
landings. The results are summarized in Fig. 9. It should
be noted that this is the minimum estimation of the Hg
removed from Kuwait Bay by ®sh uptake since only
edible tissues were analysed. Levels of other organs
(liver, kidney, brain, skin, others) in the species are ex-
pected to contain more Hg than the tissues (Goldstein
et al., 1996). Nevertheless, in terms of the estimates of
the total mercury contamination in Kuwait Bay, this
removal mechanism is clearly not very signi®cant.
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