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Arsenic is ubiquitous in the environment (NAS 1977) and can
accumulate in food via contaminated soil, water or air (Navarro et al.
1993). It enters the food chain through dry and wet atmospheric
deposition (Numberg 1977). Combustion of oil and coal, use of
arsenical fertilizers and pesticides and smelting of ores contributes
significantly to the natural background of arsenic in soils and sediments.
The metal can be transferred from soil to man through plants (Marcus-
Wyner and Rains 1982) and animals (Baxter et al. 1983).

In spite of variation in acute, subacute, and chronic toxic effects to
plants and animals, evidence of nutritional essentiality of arsenic for
rats, goats, and guinea pigs has been suggested, but has not been
confirmed for humans (NAS 1977). Adverse toxic effects of arsenic as
well as its widespread distribution in the environment raises concern
about levels of arsenic in man's diet. Higher levels of arsenic in the diet
can result in a higher accumulation rate.

Arsenic levels in marine organisms are influenced by species
differences, size of organism, and human activities. Bottom dwellers
such as shrimp, crab, and lobster accumulate more arsenic than fish due
to their frequent contact with bottom sediments (Attar et al. 1992).
Shrimp constitute approximately 30% of mean total seafood
consumption in Kuwait (Khordagui and Al-Ajmi 1991). This study was
designed to determine the accumulation of arsenic in the commercially
important jinga shrimp (Metapenaeus affinis) and grooved tiger prawn
(Penaeus semisulcatus).
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Figure 1. Shrimp sampling locations in Kuwait.

Materials and Methods

Shrimp were collected with a small trawl net at six stations in the
Arabian Gulf (Fig. 1). The samples were washed with distilled water
and carapace length and total weight measured. Approximately 3 g of
homogenized tissue of each shrimp was weighed in tarred Vycor beaker
and 10 ml of concentrated nitric acid (Aristar) were added. The contents
were mixed thoroughly with a glass rod to wet the tissue sample and the
glass rod rinsed with a minimum amount of distilled deionized water.
The beaker was covered with a watch glass and left at room temperature
for 1 hr followed by heating at 90°C for 2 hr. An additional 10 ml of
concentrated nitric acid were added to the cool beaker and the contents
were heated again at 900C for 1 hr. The beaker was transferred to a
muffle furnace at room temperature. The temperature of the furnace was
set at 100°C for the first hour, then increased to 1500C for 3 hr,
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muffle furnace at room temperature. The temperature of the furnace was
set at 100°C for the first hour, then increased to 150°C for 3 hr,
followed by an incremental increase of 100°C every hour to a
temperature of 4500C. The sample was then ashed at 450°C for 12 hr,
until a white residue was finally obtained. Ten ml of 25% hydrochromic
acid (Aristar) were added to the cool residue, followed by warming on a
hot plate until dissolution. The contents of the beaker were finally
transferred into a 25-ml volummetric flask and diluted to the mark with
distilled deionized water.

The concentration of arsenic was determined by Perkin Elmer AA-5100
using mercury hydrade system (MS-200). The recovery of arsenic was
calculated on the basis of recovery of prepared arsenic standards.
Recovery was 92% = 0.35% (n = 5). Arsenic concentrations are
expressed in pg/g wet weight. The relationships between weight, length,
and arsenic concentration were studied by linear regression analysis.

Results and Discussion

Table 1 presents the mean and range of arsenic concentrations in both
species at different sampling stations. The mean arsenic concentration
ranged from 0.45 (station F) to 1.11 (station D) pg/g wet wt for
Metapenaeus affinis and from 0.59 (station C) to 1.90 (station B) pg/g
wet wt for Penaeus semisulcatus. Differences between arsenic
accumulation by M. affinis and P. semisulcatus (Table 1) indicate that
these levels are not influenced by local inputs of arsenic (natural and/or
anthropogenic). Factors influencing arsenic concentration in marine
organisms include species differences and size (NAS 1977). The length
of M. affinis ranged from 8.5 to 12.0 cm with a mean of 9.3 cm,
whereas the length of P. semisulcatus ranged from 7.0 to 15.0 cm with a
mean of 12.2 cm. The total weight of M. affinis ranged from 9.1 to 30.8
g with a mean of 15.4 g, while the total weight of P. semisulcatus
ranged from 6.4 to 52.1 g with a mean of 32.2 g.

Significant linear relationships were observed between logg(total body
weight) and log;g(length) for P. semisulcatus (R2 = 0.95, p<0.01) and

M. affinis (R2 = 0.97, p<0.01) (Fig. 2). These relationships are similar to
that calculated for the opossum shrimp Mysis relicta by Lasenby and
Van Duyn (1992).
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Table 1. Arsenic concentrations (ug/g wet weight) in shrimp from
several stations in the Arabian Gulf.

Metpenaeus affinis Penaeus semisulcatus
Station
n Mean  Range n Mean  Range

A 5 058 0.33-1.05 5 1.85 1.26-2.13
B 5 077 0.56-0.99 5 1.90 1.44-2.66
C 5 072 0.60-0.82 4 0.59 0.50-0.71
D 5 111 0.81-1.23 5 1.15  1.00-1.65
E 5 122 0.71-1.69
F 5 045 0.29-0.59

Linear regressions describing the relationship between body weight and
arsenic concentration in shrimp were calculated by the following
equation [logq (arsenic body burden, ng) =b . log; (total body weight,
g) + logyo a] (Fig. 3). The regression coefficient, b, was >1 for P.

semisulcatus (R2 = 0.8) indicating a concentration increase with
increasing body weight and <1 for M. affinis (R2 = 0.28) indicating a
lower correlation concentration decrease with increasing body weight.
Differences in these relationships can be observed from the results of
other investigators. Smock (1983) found an inverse relationship between
metal concentration and organism dry weight for a wide variety of
metals and aquatic invertebrates, while Lasenby and Van Duyn (1992)
found that smaller mysids had a lower percentage of total metal burden
associated with their molts than larger mysids.

To assess public health impacts associated with arsenic in shrimp, it is
important to estimate human exposure to the metal via shrimp
consumption. In this study, the maximum concentration of arsenic was
detected in a single P. semisulcatus from station B (2.66 pg/g wet wt.).
This concentration exceeded the highest permissible concentration for
seafood in Saudi Arabia (0.5 ng/g), but is below that of Hong Kong (10
ng/g) (Attar et al. 1992). Also, it is lower than the mean arsenic
concentration in shrimp (Penaeus semisulcatus), lobster (Thenus
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Figure 2. The relationship between length and body weight of shrimp.
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Figure 3. The influence of shrimp body weight on arsenic body
burden.
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orientalis) and crab (Lupa pelagica) from the Saudi Arabian marine
environment (Attar et al, 1992).

Based on shrimp consumption in Kuwait (86.0 g wet wt/ person month)
estimated by Khordagui and Al-Ajmi (1991), and considering the likely
preference of consumption of highly contaminated shrimp, the daily
intake of arsenic through the ingestion of shrimp may be calculated
assuming the maximum detected arsenic concentration as a potential
extreme in exposure [2.66 ng/g wet wt x 86.0 g/ month x 1 month/ 30
day = 7.63 ug/person day]. This estimate does not exceed the WHO
provisional tolerable daily intake of 100 pg (WHO 1983). In addition, it
is lower than the daily intake rate of arsenic in Japan (70-170 pg/person
day) (Nakao 1960, Ishizaki 1979) and within the range observed in
Canada, UK, USA, and France (7-60 pg/person day) (WHO 1973).
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