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ABSTRACT. Fish and shrimp are public sources of healthy protein for a large fragment of the Saudi population.
Therefore, the present work was conducted to assess the level of possible arsenic (As) and mercury (Hg)
contamination of these sea foods. Eight species of ﬁsh and two species of shrimp were collected from the local
markets of Eastern Province, Saudi Arabia. Mercury and arsenic concentration of samples was determined by
hydride generation atomic absorption spectrometry (HG-AAS). Highest average concentration of total Hg was
found in Siganus canaliculatus (0.54 ± 0.06 µg/g) while the lowest level was detected in Lethrinus miniatus (0.24
± 0.07 µg/g). For shrimp species, the levels varied from 0.13 to 0.91 µg/g for mercury and 0.19 to 0.53 µg/g for
arsenic. The rank order of shrimp species based upon mercury level was Penaeus semisulcatus > Penaeus indicus;
whereas based upon arsenic level it was almost similar. Mean levels of both Hg and As in all the species studied
are lower than the limits set by international health agencies; 0.550 µg/g for mercury and 6.0 µg/g for arsenic.
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INTRODUCTION
Fish and shrimp are low-cost sources of healthy protein for human consumption that provide
omega-3 fatty acids to reduce low density lipoproteins (LDL) levels in the blood stream and the
occurrence of stroke and coronary diseases [1]. In the Gulf countries, ﬁsh and shrimp are the
most important source of nutritional protein. In spite of well-known health beneﬁts of sea food
ingestion, there are many reports on its contamination by heavy metals. Toxic metals like
mercury and arsenic enter marine animals such as fish and shellfish by absorption through gills
or food. It is well recognized that highly contaminated ﬁsh and shrimp can produce hazardous
effects to human health [2]. Since past few decades, there has been significant interest in
evaluating the concentrations of heavy metals in the marine biota and sea food sources,
particularly shrimp and fish. Focus has been on mercury because of its wide distribution in the
aquatic environment, high tendency for bio-magniﬁcation, resistance to biodegradation and
detrimental effects on aquatic life and human well being. Mercury finds its way to the
environment from the combustion of fossil fuels and by industrial operations such as casting and
incineration [3, 4]. High levels of mercury found in the food chain can lead to serious health
issues. Well known Minamata disaster, which occurred among residents of Minamata Island in
Japan, was caused by the consumption of ﬁsh and shrimp containing high levels of
methylmercury. Mercury and arsenic consumption via polluted sea food has also been reported
in many other parts of the world, such as Brazil, Iraq and Canada [5, 6]. The common industrial
sources of arsenic into water bodies and sediments include mining, metallurgy, metal-enriched
slages, manufacturing processes, coal burning power plants, urban runoff, air depositions, land
reclaim and rapidly increasing urbanizing along the coastal lines [7, 8].
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Fish are known to have elevated mercury levels than any other foodstuff, although it is hard
to predict exact concentration, because it depends on species, weight, age, and living
environment of the fishes [9-11]. Mercury accumulation in fish and shrimp depends upon the
properties of the aquatic environment such as the available chemical form of Hg, ambient
temperature and pH [12, 13]. It has been shown that the presence of mercury in fish and shrimp
can pose a serious threat to the health of pregnant women and newborn [14, 15].
The Kingdom of Saudi Arabia, in general, and the Eastern Province in particular, has
experienced vast social, economic, and urban development during the last two decades. This
development is reflected in the industrial and agricultural sectors, the size of coastal population
centers and spread of public services and facilities. However, this vast development was
accompanied by several activities that have caused and continue to cause general environmental
challenges particularly those related to marine environment. Land filling, disposal of industrial
and domestic wastes, and oil spills are among the activities that have negatively impacted the
marine environment. The average depth of the Gulf is about 35 m, and it is almost land-locked.
The turnover and flushing time has been estimated to be in the range of 3 to 5 years. Therefore,
pollutants entering the Gulf are likely to reside there for substantial period of time [16]. In Saudi
Arabia, approximately 40% of the coastal belt has been developed by land reclamation.
Residential and commercial complexes have been made along the coast, particularly Jubail,
Dammam and Al Khobar. These areas of shallow sub-tidal coast are highly productive and form
nursery and feeding grounds for most commercial fish and shrimp species. The increase in
population density along the coastal areas has increased the discharge of many domestic and
industrial waste effluents into the Gulf water.
Despite the ecological and commercial importance of the Arabian Gulf, only a few studies
had been carried out to assess mercury and arsenic in fish and shrimp [17, 18]. The fisheries of
the Gulf, particularly for shrimp, are of global as well as regional importance. Recently many
fishery authorities of Gulf countries have indicated a loss of fisheries potential due to
anthropogenic activities along coastal lines. Such activities have negatively affected
biodiversity, habitats and fish stocks. The present study is conducted with an aim to measure
total mercury and arsenic levels in fish and shrimp species commonly consumed in the Saudi
Arabia and exported to neighboring countries. The results of the investigation were used to
determine whether the consumption of fish and shrimp can pose potential threat to the health of
consumers.
EXPERIMENTAL
The sampling was conducted from hypermarkets and seafood outlets all over the Eastern
Province. Eight different species of ﬁsh and two species of shrimps were selected. A total
number of 54 fish samples and 29 shrimp samples were randomly procured, wrapped in labelled
plastic bags and kept frozen at -20 °C until analyzed. The length and weight of the samples was
also measured and is mentioned in Table 1.
All the reagents used in the present study were of analytical grade purchased from E. Merck,
Germany. Doubly distilled high-purity water was used for the sample preparation, and all the
solutions were stored in clean Pyrex glassware. Prior to analysis, all laboratory glassware were
soaked in 5% HNO3 solution for at least 24 h and subsequently rinsed four times with deionized
water.
About 0.50 g of homogenized muscle samples were weighed in Pyrex beakers and 15 mL
aliquot of mixed acids solution (HNO3–H2SO4–HClO4–H2O in the ratios of 5:2:2:2) was added.
The samples were heated for one hour in a boiling water bath till a clear solution was obtained.
Digested samples were then diluted to 50 mL by adding deionized water. The resulting solution
was ﬁltered to remove any suspended particulate matter [19].
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The stock solutions of Hg and As (1000 mg/L) were prepared by dissolving accurate amounts
of the metal salts (E. Merck). The working standards were freshly prepared by suitable dilutions.
This was done by using 1.0 M HCl and 5% H2SO4 for mercury dilution and 7.0 M HCl for
arsenic dilution. Stannous chloride for mercury analysis was freshly prepared by dissolving 10 g
of SnCl2 in 100 mL of 6 M HCl. The resulting solution was boiled, cooled and nitrogen gas
bubbled through to remove any volatile mercury impurities [20].
Arsenic and mercury were determined in all the digested samples by using atomic absorption
spectrophotometer coupled with flow injection mercury/arsenic hydride analyzer (Agilent VGA
77 USA). Mercury and arsenic were determined at the wavelengths of 253.6 and 248.3 nm,
respectively. Each sample was run in triplicate and the validity of the current method was
checked by spiking the samples with known quantities of mercury and arsenic. Percentages of
the concentrations recovered are mentioned in Table 1.
Table 1. Characteristics of fish and shrimp species along with levels of As and Hg.
Common
name
Bluebarred
Scarus Ghabon Parrot fish
Fish species

Length
(cm)

Weight (g)

7

36.6 - 71.6
51.2±14.2

358-566
560±32

0.51±0.13 0.14 - 0.98 0.33±0.29

0.24 - 0.51

n

Hg (µg/g)

Range

As (µg/g)

Range

Epinephelus
microdon

Grouper

5

35.4 - 48.4
37.6±11.8

358-779
419±79

0.43±0.07

0.31±0.51

0.12 - 0.39

Epinephelus
coioides

Orange
Spotted
Grouper

8

43.7 - 51.0
49.2±10.3

421-680
545±66

0.49±0.11 0.11 - 0.86 0.51±0.23

0.17 - 0.62

Epinephelus
tauvina

Greasy
Grouper

9

42.9 - 55.3
45.9±12.0

516-657
586±89

0.52±0.08 0.24 - 1.10 0.41±0.32

0.11 - 0.59

Acanthoparagus Doublebar
bifasciatus
Bream

5

25.8 - 42.6
37.9±14.3

268-379
321±57

0.42±0.04 0.16 - 1.24 0.39±0.43

0.24 - 0.53

Siganus
canaliculatus

Rabbit fish

7

15.1 - 19.0
14.2±1.8

93.2-319
1245±36

0.54±0.06 0.15 - 0.88 0.57±0.40

0.35 - 0.61

Lethrinus
miniatus

Emperors

6

25.4-30.9
26.7±5.2

229-266
246±35

0.24±0.07 0.26 - 0.92 0.41±0.29

0.21 - 0.55

Lethrinus
nebulosus

Spangled
Emperor

7

21.6 - 32.4
25.3±5.1

199-246
220±20

0.35±0.06 0.32 - 0.89 0.49±0.36

0.36 - 0.58

Penaeus indicus

Indian
Prawn

12

9.5 – 16
13.2±3.5

90 - 130
87±24

0.29±0.03 0.13 - 0.74 0.25±0.16

0.19 - 0.38

Penaeus
semisulcatus

Green
Tiger
Prawn

17

11 - 19.5
15.2±4.2

95 - 160
110±45

0.37±0.05 0.19 - 0.91 0.29±0.47

0.27 - 0.53

0.17 - 0.6

Shrimp species

RESULTS AND DISCUSSION
A total of 54 fish samples and 29 shrimp samples were analyzed for total mercury and arsenic
contents. The results are mentioned in Table 1 and Figure 1. The results revealed that the levels
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varied from 0.11 to 1.24 µg/g for mercury and 0.11 to 0.61 µg/g for arsenic in the fish species
studied. For shrimp species, the levels varied from 0.13 to 0.91 µg/g for mercury and 0.19 to
0.53 µg/g for arsenic. Mean levels for Hg and As in fish species were found to be 0.44 µg/g and
0.42 µg/g; whereas the levels were 0.33 µg/g and 0.27 µg/g in shrimp, respectively. Mean levels
of both Hg and As in all the species studied are lower than the limits set by international health
agencies; 0.55 µg/g for mercury and 6.0 µg/g for arsenic [21
[21, 22]. The rank
ank order of shrimp
species based upon mercury level was Penaeus semisulcatus > Penaeus indicus;; whereas based
upon arsenic level it was almost similar.

0.6
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Figure 1. Levels of Hg and As in fish and shrimp species
species.
Both mercury and arsenic have been documented as toxic environmental pollutants even at
trace levels. Mercury accumulates in marine food chain and about 95% of methylmercury
contamination in human beings originates from sea food consumption [4, 8]. Methylmercury is
classified as a possible group C human carcinogen and neurological toxicant [21].
During a study carried out in the South Korea [24] where As levels in shrimp species, Acetes
japonicas, Fenneropenaeus chinensis,
chinensis and Metapenaeus joyneriranged
ranged between 1.12 ± 1.57,
0.997 ± 1.08, and 3.56 ± 2.96 mg/kg,
mg/kg respectively; and the average levels were 1.87 ± 1.82
mg/kg; these values was similar to our results from the Arabian Gulf despite of difference in the
species of shrimp.
European Commission have set the maximum limit for mercury in seafood
seafood at 0.5 µg/g for
fresh food, increasing to 1.0 µg/g for the muscular part of some listed species that accumulate
more mercury in their tissues because of metabolic reasons [21, 25]. However, the efficacy of
metal accumulation from the contaminated water may be different because of ecological needs,
metabolism and physicochemical characteristics of water such as salinity, temperature, BOD
and COD [20].
Benthic species are known to accumulate heavy metals from water and sediments [23, 26].
Shrimp and otherr crustaceans have different routes for bioaccumulation of pollutants, such as
absorption at the gill surface, ingestion of contaminated sediments, and feeding on the
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organisms which themselves have accumulated these pollutants in their tissues [27]. Therefore,
variations in the levels of As and Hg in the tissues of fish and shrimp consumed in Saudi Arabia
were broadly comparable to those found in similar national and international studies.
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