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Selected Heavy Metals in Penaeus vannamei (White
Prawn) in Aquaculture Pond near Likas Lagoon, Sabah,
Malaysia
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Abstract—The issue of heavy metal toxicity has received
considerable attention in aquaculture field. Most studies of
heavy metal in aquaculture have only focused on fish species
and molluscs but not prawn. Thus, the key research objective of
this study is to identify and study selected heavy metals in
Penaeus vannamei in the study area. In this study, the mature
prawns (5 months old) were collected and 1g of sample is
digested using H,SO, and HNO; for 2 hours and filtered. The
heavy metal concentration in prawn samples is determined
using ICP-OES. The major heavy metals in the prawn head and
shell are dominated by Fe>Cu>Zn>Cr>Mn>Ni while in prawn
flesh is Fe>Zn>Cu>Cr>As>Ni>Mn. In this study, the highest
heavy metals toxicity are prawn head> prawn shell> prawn
flesh. In this study, it was found that most of the heavy metals
are accumulated in the head of prawn whereas the least is in the
shell of prawn.

Index Terms—Agquaculture, bioaccumulation, heavy metal
pollution, Penaeus vannamei.

I. INTRODUCTION

Agquaculture is the currently fastest growing food
producing sector in the world. This is due to high demands
from the consumers. Aquaculture industry plays an important
role for food security, food nutrition and income generation.
However, the food security and nutrition aspects are often
neglected. Researchers foresee that aquaculture industry will
face four inevitable challenges which are increase cultivable
areas without decreasing biodiversity or increase water
demand, improving food quality, producing ecosystem
services and adapting to climate changes [1]. Hence, it is
necessary to design aquaculture systems which use fewer
chemical products, more renewable resources and make the
best use of ecosystem services without impairing their
regeneration.

Estuaries and coastal area exhibit a wide array of human
impacts that can compromise their ecological integrity,
because of rapid population growth and uncontrolled
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development in many coastal regions worldwide. Hence,
aquaculture which uses water from the river, estuary and
coastal area is prone to external pollution and the produce
(fish, prawns) can be a health risk if consumed. This is
potentially serious as aquaculture grows rapidly especially
for prawn, a high value seafood whose consumer demands
far exceeds the supply [2], [3].

Understanding heavy metals accumulation is crucial
because of its potential to cause toxic effects in all living
things. There are numerous studies shown that aquatic
invertebrates tend to accumulate higher level of heavy metals
and most of them can be bioindicator of heavy metal
pollution. Prawn is considered by many as one of the good
bioindicator in environmental monitoring studies [4]. Thus,
the key research objective of this study is to identify and
study selected heavy metals in Penaeus vannamei in the
study area.

Il. MATERIALS AND METHOD

The research area of this study is located in Kingfisher
Inanam, Kota Kinabalu, the capital of Sabah (Fig. 1). Sabah
is a part of Malaysia and it is located in the north of Borneo.
The prawn samples were collected when it reached its
maturity (5 months). After collection, the shrimps were kept
in a cooler box (4°C) and transported to the laboratory as
soon as possible. Each shrimp was measured its physical
parameters (weight and length), they were separated into
head, shell and flesh. The samples were then rinsed with
ultrapure water to remove foreign particles and patted dry
with paper towels. Next, samples were dried under 60°C until
samples reached constant weight. After that, the samples
were frozen, freeze-dried, grounded into powder and
homogenized.

Fig. 1. Sampling location ofthis stud (Marked “X”).

The extraction of heavy metal of prawn was based on
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Standard Method 3030 G Nitric Acid - Sulphuric Acid
Digestion Method [5]. A 5ml of conc. H,SO4was added in a
crucible with 2ml of sample. The sample underwent heating
and HNO; was added drop by drop. The sample was left to
evaporate on a hot plate until dense white fumes of SO; were
released. Next, the solution was added with drop by drop of
HNOj; and repeat evaporation until it obtained clear solution.
All HNO3; was removed when the solution is clear and no
brownish fumes are evident. The sample was left to cool and
later it was diluted with 30 ml of ultrapure water. Samples
blank of each type of sampling and subject were prepared
using the same method as mentioned. Ultrapure water is used
for sample blank. All samples including blank were filter
using syringe filter of 0.45 pm prior of ICP - OES analysis.
All samples were analysed three times to obtain mean
concentration of heavy metals in prawn. The standard
deviation was determined.

I1l. RESULTS

Results showed that Fe, Cu and Zn are the most abundant
elements in different parts of prawns whereas Cd and Pb are
the least abundant elements detected. Based on Fig. 2, Fig. 3,
Fig.4 and Fig. 5, the rank profile of average heavy metals
levels in the analysed parts resulted as head>shell>flesh for
Mn, Ni, Pb and Cu while head >flesh> shell for As and Zn
whereas shell>flesh>head for Cr and Fe. The Cd
concentration was only found in the head of prawn.

The ranking profile of head for heavy metals concentration
is Fe> Cu> Zn> Cr> Mn> As> Ni> Pb> Cd with respective
mean concentration (mg/L) of 37.33620.222, 28.88430.106,
14.87440.225, 2.87340.019, 2.81440.016, 1.92840.094,
1.63940.004, 0.07740.057 and 0.02040.005. The highest
mean concentration is Fe whereas the lowest concentration is
Cd for the head of prawn.

The ranking profile of heavy metals concentration in flesh
is Fe> Zn> Cu> Cr> As> Ni> Mn> Pb with respective mean
concentration (mg/L) of 9.20040.118, 2.38140.021,
1.08740.023, 0.92440.010, 0.54940.018, 0.44640.003,
0.23940.004 and 0.01020.003. The highest mean
concentration is Fe while the least is Pb.

The ranking profile of heavy metals concentration in shell
is Fe> Cu> Zn> Cr> Mn> As> Ni> Pb with respective mean
concentration (mg/L) of 11.55040.045, 5.84940.041,
2.16540.003, 0.999+0.004, 0.83240.004, 0.458+0.011,
0.44940.002 and 0.02320.008. The highest mean
concentration is Fe while the least is Pb.

Selected Heavy Metals In Prawn

m Head

® Flesh

15 . shell
10

. -

0

Cu Fe n
Heavy Metals
Fig. 2. Heavy metals concentration in prawn for Cu, Fe and Zn.
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Fig. 3. Heavy metals concentration in prawn for As, Cr, Mn and Ni.
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Fig. 4. Heavy metals concentration in Prawn for Cd and Pb.
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Fig. 5. Overall ranking profile of selected heavy metals according to its parts
of prawn.

IVV. DISCUSSION

The water of the prawn pond which is originated from
estuaries possibly contained a high load of heavy metals. This
kind of situation has been seen in Sabah’s coastal areas,
where interaction between inshore water and land-based
activities is intense [6]. Aquatic organisms are sensitive to
metals when the concentration of these substances reaches a
certain level in the water. This is especially in the case of
prawn as invertebrates tend to accumulate more metal than
fish [7]. Besides that, other factors such as condition of water
quality in the pond, pond preparation, the seedlings, sediment
quality and others can be contributing factors for
bioaccumulation in prawn.

There are numerous abiotic factors affecting heavy metals
level in prawns such as parts of prawn, seasonal variation and
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sexes. In this research, we focused on parts of prawn. Prawn
heads contained the highest levels of heavy metals is not
surprising, as the head contains the hepatopancreas or
digestive gland. Hepatopancreas is an organ which is an
essential metal storage site in decapod crustaceans [8]. Thus,
the head of prawn is a good indicator tissue for metal
monitoring compared to other parts of prawn. From the
results of this study, the prawn head is not safe to consume.
According to previous studies, accumulated cadmium is
primarily concentrated in the hepatopancreas [9]. Hence, in
others parts of prawn, it is not detectable.

The highest concentrations in all parts are Ferum, Fe with
the ranking profile of head> shell> flesh. The function of
hepatopancreas in prawn head is to regulate the transfer of
dietary iron into the circulatory system. Environmentally
availability and general cellular demands are influencing the
iron uptake and utilization in species that have copper-based
hemocyanin. According to [10], the concentration of iron in
hepatopancreas  increased  linearly  with  dietary
supplementation. This shows the hepatopancreas is serving
as an excretory or storage organ. Thus, the presence of
highest concentration of Fe in prawn head due to its function
as storage organ of metals.

Concentration of Zinc, Zn is the second highest in ranking
profile of flesh while third in head and shell. The presence of
zinc in viscera of prawn of natural water is much higher due
to increase bioavailability of zinc in the aquatic environment
and enzymatic role as regulator of several enzymes of
hepatopancreas and glands in prawn’s head [11]. The
enzymatic activity regulated the metabolism of nucleic acid,
carbohydrates and protein in the prawn. Hence, its
concentration is higher in all parts of prawn compared to
other trace element except Fe and Cu. The ranking profile of
Zn is head> flesh> shell due to the high affinity for
metallothionein as zinc has low excretion rate and tends to
accumulate inside the cell [12].

The concentration of Copper, Cu is second highest in
ranking profile of head and shell of prawn. Cu plays an
important role in oxygen-carrying pigment hemocyanin same
as haemoglobin in the blood of vertebrates. However, it may
become toxic when it exceeds a specific threshold. The input
of copper into marine environment most probably are from
municipal waste waters, manure, fertilizers, antifouling
measures (paint and wood preservatives) and manufacturing
industries wastes. In other hand, Cu is the cheapest and most
commonly used pesticide in aquaculture industry and other
aquatic systems [13]. Most of the antifoulants use copper as
their active ingredient which can contribute to presence of
copper in the aquatic environment which contaminate
seafloor sediments around farm [14]. In this study, the
concentration of Cu in prawn head, flesh and shell are 28.884
mg/L, 1.087 mg/L and 5.849 mg/L respectively are found
below the permissible limit as prescribed by WHO (30 ppm).
The concentration of copper in prawn head is above
permissible level of 10 ppm for FAO maximum limits for
prawn.

In marine environment, arsenic, As is often found in high
concentration of organic form and it can go up to 50 mg /kg
of arsenic on a wet weight basis in some seafood including
seaweed, fish, shell fish, and crustaceans whereas it is
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normally found much lower (typically 0-20 jg/kg) in
livestock in fresh water and in the terrestrial environment.
The amounts of arsenic found in this study are in the range of
0.458 mg/L to 1.928 mg/L. Previous study showed that
majority of As in prawn and crab appears to be in the form of
less toxic organic form such an arsenobetaine. According to
[8], the 8.28 mg/L in a sample is not sufficient to assess the
risk from eating seafood and speciation analysis is necessary.
In this study, the concentration level of arsenic is lower than
8.28 mg/L, thus, it is not sufficient to assess the risk.

Chromium, Cr plays a role in glucose and lipid metabolism
as an essential nutrient [4]. Hence, presence of small amount
of Cr is essential for the growth of prawn. This study found
that the concentration of Chromium (2.87 mg/L) in prawn
head exceeded the maximum limits for prawn of FAO (1 ppm)
[15] whereas prawn flesh and shell are 0.924 mg/L and 0.999
mg/L are below the limits. Hence, the prawn head is not
suitable for human consumption. The concentration of Fe and
Zn in prawn head, flesh and shell are below the specific
Maximum acceptable concentration WHO (1992) limits
which is 100 ppm (Fe) and 1000 ppm (Zn) respectively [15].

Nickel, Ni is naturally occurring in soil and surface water
with concentration lower than 100 and 0.005 ppm
respectively [16]. However, anthropogenic activities such as
smelting, metal mining, vehicle emission, fossil fuel burning,
disposal of household, municipal and industrial wastes,
application of fertilizer and organic manures also
contributing Ni in aquatic environment. In this study, the
concentration of Ni found in head, flesh and shell are 1.639
mg/L, 0.446 mg/L and 0.449 mg/L respectively are below the
permissible level of WHO (0.5 ppm to 1.0 ppm) except
prawn head.

Lead, Pb is a cumulative poison and potent enzyme
inhibitor as it incorporates into enzymes structure [17]. It
inhibit the synthesis of heam in organisms where it interferes
the effective utilization of iron and blood circulation. The
main sources of lead pollution in aquatic environment
including effluents and emissions from industries, emission
from vehicles running on leaded petrol, the smoke and dust
emissions of coal and gas-fired power stations. In this study,
we found that Pb concentration are 0.077 mg/L, 0.010 mg/L
and 0.023 mg/L for prawn head, flesh and shell which are
blow permissible level prescribed by WHO (0.5 ppm).

Manganese, Mn is essential biological function where it
present in enzymes like oxidoreductases, transferases,
hydrolases, lyases and isomerases. High consumption of
manganese food can cause dermatitis, glucose metabolism
issue, bad formation of bones and etc. Excess amount of
manganese is toxicant and the nervous system is the most
vulnerable to it. In this study, the concentration of manganese
in prawn head, flesh and shell are 2.814 mg/L, 0.239 mg/L
and 0.832 mg/L respectively are below the permissible level
permitted by WHO (1 ppm) except prawn head.

Cadmium, Cd is a highly toxic metal which may enter into
the aquatic bodies through run off from agricultural lands
(rock phosphate fertilisers) and sewage sludge. Besides,
paper, electroplating, mining, PVC plastic, pigments and
ceramic industries, batteries and fossil fuel combustion may
contribute to the presence of Cd in aquatic environment.
Aquatic invertebrates take up cadmium and other trace
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elements from solution in their aquatic medium and diets
which varies according to its bioavailability of the metals in
water and food [18]. Most of the crustaceans do not regulate
the uptake and excretion of cadmium with newly acquired
concentrations being added to total body stores, mostly
bound to metallothionein. Penaied prawns can effectively
assimilate cadmium from dietary sources, and may be able to
slowly excrete it via cadmium-rich granules from the
hepatopancreas [19]. In this studies, Cd only found in the
head of prawn (0.020 mg/L) which is above the permissible
level of WHO (0.005 ppm).

V. CONCLUSION

The knowledge of heavy metal concentration in prawn is
very important with respect to environmental management,
human consumption of prawn and to determine the most
useful bioindicator species and polluted area. Excessive
amount of heavy metals in prawn is unsafe for human
consumption due to its bioaccumulation abilities.
Distribution pattern of toxic heavy metals is very important in
tracking the accumulation of such pollutants in organism and
the final transfer to human through seafood. In this study, the
concentration of As, Fe, Mn, Ni, Pb and Zn are below the
permitted level of FAO except Cd, Cu and Cr. The present
study shows the ranking profile of heavy metals
concentration is Fe> Cu> Zn> Cr> Mn> As> Ni> Pb> Cd.
Most of the heavy metals are accumulated in the head of the
prawn.
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