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Mercury is one of the most common and persistent heavy metals in aquatic
environments. It can enter the aquatic ecosystem either as a result of human
activity or from natural sources such as degassing of the earth’s crust, emissions
from volcanoes and evaporation from natural bodies of water. The worldwide
mining of mercury is estimated to yield about 10,000 tons/year, whereas natural
emissions of mercury has been estimated to be of the order of 2700-6000 tons per
year (WHO 1990). The change in mercury speciation from inorganic to
methylated forms is the first step in the aquatic bioaccumulation process. Once
methyl mercury is released, it enters the food chain by rapid diffusion and tight
binding to proteins. Fish can become a depository for methyl mercury directly
through the water or by bioconcentration. Because methyl mercury has a
biological half-life of 2 years, it can be a persistent contaminant in fish (Hazards
of mercury 1971). Severe neurological illnesses were reported following the
consumption of methylmercury- contaminated fish and shellfish (Matsumoto et al
1965; WHO 1990; Harada 1995; Mergler et al 1998; Clarkson 1998). After the
tragic incident of mercury poisoning at Minamata, Japan, a number of
investigations have been carried out to study mercury pollution in aquatic
ecosystems throughout the world (Raldua and Pedrocchi 1996; Ali et al 1997;
Joiris et al 1995, 1997a,b; Pinkney et al 1997; Henry et al 1998; Olivero et al
1998; Han et al 1998; Svobodova et al 1999). Comparatively, little information is
available for mercury levels in marine species from the Arabian Gulf (Khordagui
and Al-Ajmi 1991; Ahmad and Al-Ghais 1996). There is a major concern about
the contamination of Arabian Gulf fishes with heavy metals and polycyclic
aromatic hydrocarbons after the Gulf war in 1991. Furthermore, the presence of
major petroleum industries in the Eastern Province might contribute significantly
to contamination of aquatic environment.

Total fishery production of the Kingdom of Saudi Arabia in 1997 was 53,170
metric tons and the production in the Arabian Gulf was 22,875 metric tons
(Fisheries statistics of Saudi Arabia 1997). The ten major species fish groups
caught in 1997 for the Arabian Gulf were shrimps, emperors, king fishes,
seabreams, groupers, scads-jacks-trevallies, rabbitfish, snappers-jobfishes, marine
crabs and tunas.
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This study is undertaken in an attempt to provide some information on the level of
mercury in four different fish species and one crustacean commonly consumed by
the population of the Arabian Gulf at three different sites where there are
agricultural, municipal, and petroleum industrial activities.

MATERIALS AND METHODS

A total of 55 fish individuals and 15 shrimps were caught during the period
16/11/1998 until 05/12/1998 at three locations along the coastal Arabian Gulf of
the Eastern Province of Saudi Arabia. Mainly agricultural and municipal wastes
influenced Dammam and Sharg-dareen sites (an approximate distance of 26km
between the two sites). Industrial production was the source of pollution of
Mounifah site. The latter was located 160 km from Dammam and Sharq Dareen
sites. The fish and shrimp species were presented in Table 1. They are commonly
consumed by the local population in Saudi Arabia. A composite sample for each
species was prepared and homongenized from the whole tissue of 15 specimens in
a food processor and stored at -20C, except for Mounifah site where no
doublebar-bream fish was caught and the total number were 10. Reference
mercury standard was purchased from Plasma Standard (Philips Scientific York
Street, Cambridge CB1 2PX England).

Table 1. Studied fish species.

Common Name Scientific Name

Shrimps Penaeus semisulcatus
Emperors Lethrinus miniatus
Greasy-grouper Epinephelus tauvina
Rabbitfish Siganus canaliculatus
Doublebar-bream Acanthoparagus bifasciatus

Mercury measurements were performed using the ICP-701 Inductively Coupled
Plasma emission spectrometer equipped with the hydride generation system (ATI
UNICAM, Cambridge, UK) and 221 XL Gilson autosampler (Gilson, 95400
Villiers le Bel, France). A weighed sample of approximately 1.0 g whole fish
tissue were reacted with 5 ml of concentrated nitric acid into a 100 ml reflux
Pyrex digestion tubes. An automated Digestion system 12,0019 with a 1012
Autostep Controller (Tecator AB, Hoganas, Sweden) was programmed as follows:
10 minutes ramp to 150°C and hold for 5 minutes. When the digestion was
complete, and the tubes cooled at room temperature for two hours, 3 ml of 30%
hydrogen peroxide (Fisher Scientific Co., A.C.S.) was added to each sample. The
mixture was heated to 100°C for 5 minutes and hold for 20 minutes. After cooling
for two hours at room temperature and then kept overnight at 4°C, the digestate
was diluted to 10 ml with deionized water and filtered through filter paper
(Whatman No. 541). The sample is then ready for analysis. Five replicates of each
species were prepared for the analysis of mercury from each of the three sampling
sites. Triplicate determinations by the ICP were made on all samples.
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Working standard solutions were made up each day in the range 2.0 to 16.0 pug/L
using 50% nitric acid solution. A calibration curve of emission intensity versus
concentration of mercury was drawn and the concentrations of the unknown
samples were read from the calibration graph. There was a good linear relation
between emission intensity and standard concentration of mercury. Linear
calibration curves were generated with linear correlation coefficients between
0.999 to 1.0. Mercury was analyzed in five fish sample of each species.
Concentrations were expressed per weight as pg/g wet weight of fresh fish.

The accuracy of the method was determined by measuring the recovery of
mercury added to fish samples. These spiked fish samples were run with the test
samples using the same analytical procedure. The analytical recovery for mercury
at the various concentrations tested (0.05, 0.1, and 0.2 pg/g) was 97-98%.

The detection limit for mercury in fish samples of 1g according to the method
used was 0.004pg/g. The calculated detection limit, defined as 2 standard
deviation above the average blank signal.

RESULTS AND DISCUSSION

The mercury concentration found in each fish species from three sampling sites
are summarized in Table 2. No significant variations in mercury levels were noted
among the three sites (p>0.05), possibly reflecting similar pattern of pollution
received by waters of Arabian Gulf. Kruskal-Wallis one way analyses of variance
were carried out to test whether there is a variation in the concentration of
mercury among the different species within each sampling site (Table 2).
Significant differences were noted. In Dammam and Mounifah sites, the highest
mercury concentration was found in Greasy Grouper, whereas Rabbitfish had the
lowest mercury concentrations in the three studied sites. On the other hand,
Doublebar-bream sampled from Sharq-dareen site had the highest mercury
concentrations.

Table 2. Arithmetic means + SD (ug/g wet wt.) and ranges of mercury in the whole tissues of four
species of fish and one crustacean from the Arabian Gulf classified by area.

Sampling Shrimps Emperors Rabbitfish Doublebar- Greasy Test-
Site (n=5) (n=5) bream Grouper Statistic
(n=5) (n=5) (n=5) (p)
Dammam | 0.022 +0.008 | 0.055+0.009 | 0.002 +0.004 | 0.038 +0.004 | 0.105+0.009 | 22.922
(0.015-0.036) | (0.044-0.067) | (<DL-0.008) | (0.033-0.042) | (0.096-0.12) (0.0001)
Mounifah | 0.012 +0.001 | 0.059+0.006 | 0.006 +0.001 | ND 0.111+0.013 | 17.884
(0.011-0.014) | (0.054-0.066) | (0.004-0.007) (0.099-0.131) | (0.0005)
Sharq- 0.039+0.012 | 0.052+0.002 | 0.001 +0.001 | 0.198 +0.011 | 0.028 +0.003 | 21.582
dareen (0.027-0.056) | (0.049-0.053) | (<DL-0.003) | (0.182-0.212) | (0.025-0.032) | (0.0002)

Number between parenthesis represent the replicate of sample analysis that was taken from the
composite of each species.
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Table 3. Mercury in the whole tissue of four selected fish species and one
shrimp (ug/g wet wt.).

Species Dammam Mounifah Sharqg-dareen Test-statistics
(p-value)

Double-bream 0.038 +0.004* 0.198 +0.011 6.859
(n=10) (0.033-0.042)** N/A (0.182-0.212) (0.009)
Emperors 0.055 + 0.009 0.059 + 0.006 0.052 +0.002 5.333
(n=15) (0.044-0.067) (0.054-0.066) (0.049-0.053) (0.07)
Greasy Grouper | 0.105 + 0.009 0.111 +0.013 0.029 + 0.003 3.654
(n=15) (0.096-0.12) (0.099-0.131) (0.025-0.032) (0.008)
Rabbitfish 0.002 +0.004 0.006 +0.001 0.001 +0.001 6.469
(n=15) (<DL-0.008) (0.004-0.007) (<DL-0.003) (0.039)
Shrimps 0.022 +0.008 0.012 +£0.001 0.039 +0.012 11.501
(n=15) (0.015-0.036) (0.011-0.014) (0.027-0.056) (0.003)

* Arithmetic means + SD

** Ranges

Therefore, it was decided to pool the results of each species within each sampling
site. Apart from Emperors, Kruskal-Wallis one way-analysis of variance showed
statistical significant differences in mercury concentrations among the different
species within each sampling sites (Table 3). In Dammam and Mounifah, the
highest mercury concentrations was found in Greasy Gouper, whereas Rabbitfish
had the lowest mercury concentration. The pattern of mercury concentrations
among the four fish species and shrimp in Sharg-dareen site were in the following
order: (Doublebar-bream 0.198 pg/g wet wt.) > Emperors (0.052 pg/g wet wt.) >
Shrimps (0.039 pg/g wet wt.) > Greasy-grouper (0.029 pg/g wet wt) > Rabbitfish
(0.001 ng/g wet wt.).

Graphical presentation of the average mercury concentrations, according to the
species of the studied fish and one shrimp from each sampling site is shown in
Figure 1. Variations in the contamination level of fish might be related to a
number of factors such as age, size of fish, species, feeding habits, bioavalibility
of chemicals in food and water and physio-chemical parameters of the aquatic
environment (Pieters et al 1994; Ali et al 1997; Joiris et al 1997b; Castilhos et al
1998; Marins et al 1998; Bodaly and Fudge 1999; Svobodova et al 1999).

The levels of mercury reported here are lower than the corresponding proposed
Saudi legislation and the U.S.FDA limits in fish and shellfish of 1 pg/g (FDA
1979; SASO 1997) and below the maximum permissible limit established for
food by the Japanese and Brazilian legislation of 0.4 and 0.5 pg/g wet wt
respectively (Nakagawa et al 1997; Kehrig et al 1998). However, when we
calculated the daily intake of mercury, expressed as pg/day, obtained by
multiplying the average quantity of fish consumed per Saudi family per day
(9.967g) (Al-Nozha et al 1991) by the concentration of mercury in studied fish
and shrimp and divided by 6 (the average Saudi family members), it was found

579



Mercury Levels (ug/g wet wt.) Mercury Levels (ug/g wet wt.)

Mercury Levels (ug/g wet wt.)

0.12

0.1
0.08
0.06
0.04
0.02

0.15

0.12

0.09

0.06

0.03

0.24

02
0.16
0.12
0.08
0.04

a: Dammam Site

S L L R IR NI LN IR LR |

—

L

—
—

L

Doublebar-bream

Emperors Greasy-grouper Rabbitfish Shrimps
Species

b: Mounifah Site

. 1
———— 1
| —_— ]
—— e
Emperors Greasy-grouper Rabbitfish Shrimps
Species

c¢: Sharq-dareen Site

[ ——— % ]
C [m———————] ]
Doublebar-bream Emperors Greasy-grouper Rabbitfish Shrimps

Species

Figure 1. Box-plots of mercury concentrations (ug/g wet wt.) in the whole tissue
of four fish species and one shrimp classified by sampling site: (a) Dammam
Site; (b) Mounifah Site; and (c) Sharg-dareen Site. The mean lines represent
the median, the "boxes" the central 50% region, the "whiskers" the total range.
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that higher daily intake comes from the consumption of Doublebar-bream caught
from Sharg-dareen site (Table 4). Consumption of Greasy-grouper caught from
Dammam and Mounifah contributes also to higher daily intake of mercury. These
figures were higher than the maximum acceptable intake of mercury in Saudi
Arabia and the JECFA PTWI of 0.005 mg/kg body weight/week for a 60 kg adult
(SASO 1997; MAFF 1998).

Table 4. Calculated daily intake of mercury (ug/day) from the four fish species
and shrimp sampled.

Species Dammam Mounifah Sharq-dareen
Mean Max. Mean Max. Mean Max.

Double-bream 0.063 0.069 - 0.329 0.352

(n=10)

Emperors 0.091 0.111 0.098 0.11 0.086 0.088

(n=15)

Greasy-grouper | 0.175 0.199 0.184 0.218 0.048 0.053

(n=15)

Rabbitfish 0.003 0.013 0.01 0.012 0.002 0.005

(n=15)

Shrimps 0.037 0.059 0.02 0.023 0.065 0.093

(n=15)

It is reassuring that the reported mercury concentrations in the studied fish species
from the Arabian Gulf is sufficient to be of concern regarding their consumption
by the local population and its effect on health. Given the fact that frequent
consumption of these four fish species and shrimp which are the most popular and
economically important seafood in Saudi Arabia may increase the overall mercury
intake to dangerous levels especially for those who depend only on seafood as
their protein source. There is also a growing concern mercury exposure from high
fish diet adversely affects the fetus or children’s neurological development (Myers
et al 1998; Murta et al 1999; Grandjean et al 1999). Further investigations are
needed to assess the magnitude of the problem along other coastal regions of
Saudi Arabia and to evaluate human health risks from mercury among high fish
consumption populations in Saudi Arabia.

Acknowledgments.  We thank the following contributors from Ministry of
Agriculture and Water: Mr. Abdulaziz Al-Yahya, the General Director of Marine
Fisheries; Mr. Fahad Al-Jamea, the General Director of Fishery Research Centre
in Qatief; and Mr. Nabil Fita, the Fishery Specialist for their help in selecting
sampling sites, species of fish and providing fish samples.

REFERENCES
Ahmad S, Al-Ghais SM (1996) Metal contents in the tissue of Lutjanus
Sfulvifamma (Smith 1949) and Epinephelus tauvina (Forskal 1775) collected

from the Arabian Gulf. Bull Environ Contam Toxicol 57: 957-963.
Ali IB, Joiris CR, Holsbeek L (1997) Total and organic mercury in the starfish

581



Ctenodiscus crispatus and the polychaete Maldanes sarsi from the Barents Sea.
Sci Total Environ 201: 189-194,

Bodaly RA, Fudge RJP (1999) Uptake of mercury by fish in an experimental boral
reservoir. Arch Environ Contam Toxicol 37: 103-109.

Castilhos ZC, Bidone ED, Lacerda LD (1998) Increase of the background human
exposure to mercury through fish consumption due to gold mining at the

Tapajos river region, Para State, Amazon. Bull Environ Contam Toxicol 61: 202-
209.

Clarkson TW (1998) Human toxicology of mercury. J Trace Elem Exp Med 11:
303-317.

FDA, U.S. Food and Drug Administration (1979) Action level for mercury in
fish, shellfish, crustaceans, and other aquatic animals. Federal Register 44:
4012.

Fisheries statistics of Saudi Arabia. Ministry of Agriculture and Water Marine

Fisheries Department (1997).

Grandjean P, Budtz-Jorgensen E, White RF, Jorgensen PJ, Weihe P, Debes F,
Keiding N (1999) Methylmercury exposure biomarkers as indicators of
neurotoxicity in children aged 7 years. American J Epidemiol 150: 301-305.

Han BC, Jeng WL, Chen RY, Fang GT, Hung TC, Tseng RJ (1998) Estimation of
target hazard quotients and potential health risks for metals by consumption of
seafood in Taiwan. Arch Environ Contam Toxicol 35: 711-720.

Harada M (1995) Minimata disease: methylmercury poisoning in Japan caused by
environmental pollution. Crit Rev Toxicol 25: 1-24.

Hazards of mercury (1971) Special report to the secretary's pesticide advisory
committee, Department of Health, Education, and Welfare, November 1970.
Environ Res 4: 1-69.

Henry KS, Kannan K, Nagy BW, Kevern NR, Zabik MJ, Giesy JP (1998)
Concentrations and hazard assessment of organochlorine contaminants and
mercury in Smallmouth Bass from a remote lake in the Upper Peninsula of
Michigan. Arch Environ Contam Toxicol 34: 81-86.

Joiris CR, Ali IB, Holsbeek L, Bossicart M, Tapia G (1995) Total and organic
mercury in Barents Sea Pelagic fish. Bull Environ ContamToxicol 55: 674-681.

Joiris CR, Ali IB, Holsbeek L, Kanuya-Kinoti M, Tekele-Michael Y (1997a) Total
and organic mercury in Greenland and Barents Seas Demersal fish. Bull

Environ Contam Toxicol 58: 101-107.

Joiris CR, Laroussi Moatemri N, Holsbeek L (1997b) Mercury and poly-
chlorinated biphenyls in zooplankton and shrimp from the Barents Sea and the
Spitsbergen area. Bull Environ Contam Toxicol 59: 472-478.

Kehrig HA, Malm O, Moreira [ (1998) Mercury in a widely consumed fish
Micropogonias furnieri (Demarest, 1823) from four main Brazilian estuaries.
Sci Total Environ 213: 263-271.

Khordagui H, Al-Ajmi D (1991) Mercury in seafood: A preliminary risk
assessment for Kuwaiti consumers. Environ Int 17: 429-435.

MAFF, Ministry of Agriculture, Fisheries and Food (1998). Concentrations of
metals and other elements in marine fish and shellfish. Food Surveillance
Information Sheet 151. p, 16-17.

582



Marins RV, Lacerda LD, Paraquetti HHM, de Paiva EC, Villas Boas RC (1998)
Geochemistry of mercury in sediments of a sub-tropical coastal lagoon,
Sepetiba Bay, Southeastern Brazil. Bull Environ Contam Toxicol 61: 57-64.

Matsumoto H, Koya G, Takeuchi T (1965) Fetal Minamata disease. ] Neuropathol
Exp Neurol 24: 563-574.

Mergler D, Belanger S, Larribe F, Panisset M, Bowler R, Baldwin M, Lebel J,
Hudnell K (1998) Preliminary evidence of neurotoxicity associated with eating
fish from the upper St. Lawrence river lakes. Neurotoxicology 19: 691-702.

Murta K, Weihe P, Renzoni A, Debes F, Vasconcelos R, Zino F, Araki S,
Jorgensen PJ, White RF, Grandjean P (1999) Delayed evoked potentials in
children exposed to methylmercury from seafood. Neurotoxicol Teratol 21:
343-348.

Myers GJ, Davidson PW, Shamlaye CF (1998) A review of methylmercury and
child development. Neurotoxicology 19; 313-328.

Nakagawa R, Yumita Y, Hiromoto M (1997) Total mercury intake from fish and

shellfish by Japanese people. Chemosphere 35: 2909-2913.

Olivero J, Solano B, Acosta I (1998) Total mercury in muscle of fish from two
marshes in Goldfields, Colombia. Bull Environ Contam Toxicol 61: 182-187.

Pieters H, Geuke V (1994) Methyl mercury in the Dutch Rhine Sea. Water Qual
Int 30: 213-219.

Pinkney AE, Logan DT, Wilson HT (1997) Mercury concentrations in pond fish
in relation to a coal-fired power plant. Arch Environ Contam Toxicol 33: 222-
229.

Raldua D, Pedrocchi C (1996) Mercury concentrations in three species of
freshwater fishes from the lower Gallego and Cinca rivers, Spain. Bull Environ

Contam Toxicol 57: 597-602.

SASO, Saudi Arabian Standards Organization. Maximum limits of contaminating
metallic elements in foods Riyadh, Saudi Arabia, 1997.

Svobodova Z, Dusek L, Hejtmanek M, Vykusova B, Sid R (1999)
Bioaccumulation of mercury in various fish species from Orlik and Kamyk
water reservoirs in the Czech republic. Ecotoxicol Environ Saf 43: 231-240.

WHO, World Health Organization (1990). Environmental health criteria 101:
methylmercury. Geneva: Switzerland: World Health Organization.

583



