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Abstract
Dry and smoked shrimp constitute an important nutrient supplement for the populace in
Ghana. Shrimp continues to represent one of the safest forms of muscle protein consumed in
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the world. Despite this safety record, shrimp have a high tolerance to toxins in polluted areas.
The effect of irradiation on the nutrient and mineral elements including heavy metals were
examined after storage for 4 months in dense polyethylene bowls. Elemental composition
was estimated by Atomic Absorption Spectrometry (AAS). The Flame Photometer (FP) was
used in the determination of Sodium and Potassium. There were clear differences in the
concentration of heavy metals, and macro nutrients (Mg, K, Na, Zn) due to influence of the
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type of water body they dwelled in. Irradiation had some or no effect on the concentration of
these listed elemental and components, but there were interactions between sources of
shrimp, storage time and irradiation dose in some instances. Multivariate analysis of
elemental composition showed that, accumulation of Fe, Cu, Zn, and N was generally
attended by uptake of Pb, Cr, Na, and K. The order of elemental concentration (in decreasing
order) was: Fe  Cu  Zn  N  Mn Pb Cr Na  K  Ni  Cd.

1 Introduction

metals in their tissues in varying proportions depending on the

Fresh and dried shrimp are commercially important products for
both national and international market. In Africa about 35 million
people depend wholly or partly on the fisheries sector, mostly
artisanal fisheries, for their livelihood. According to Mensah et

species, food habitat and environmental conditions and
inhibiting processes 4. Since the panaeid constitute an important
protein source, they are potentially and indirectly source of
metals entering the human body when consumed.

al.1 about 150,000 people are known to be engaged in marine

Heavy metals are trace metals that are at least five times

fisheries. It is also estimated that, 1.5-2 million people directly or

denser than water

indirectly rely on or support these fishermen. These include their

be metabolized by the body hence its resultant accumulation.

wives, children, close relatives, canoe carvers, input suppliers

Higher accumulation overtime can reach toxic levels within the

2

5

and for this reason; are stable, thus cannot

and office workers for industrial fleet . The importance of the

individual 6. Increasing usage of heavy metals by industries and

fishery sector is related to employment, livelihood support,

their deposition in marine environment can cause damage to

poverty reduction, food security and foreign exchange. In

both biodiversity and the ecosystem, due to their toxicity and

Ghana, the report indicated that fish and fish product accounts

accumulative tendency in the aquatic biota and pose danger to

for 60% of the population‟s protein intake. A study by Nketsia-

humans and other wildlife 7. Although there are preventive

Tabiri

3

revealed that the consumption preference for fish in

measures established to reduce the input of trace metals into

Ghana is 82% compared to livestock and poultry products. Like

oceans, rivers and estuaries, its accumulation in the different

the fish counterparts, shrimps are known to concentrate heavy

aquatic systems have been reported by

7, 8, 9

. Industrial wastes
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and mining are potential sources of heavy metal pollution in

of packaging by the local producers) and then transported to the

aquatic environment10. Metals like iron, copper, zinc and

Department of Botany laboratory of the University of Ghana.

manganese are required for metabolic activities in organisms,

The shrimps were poured into dense polypropylene containers

others like arsenic, cadmium, chromium, mercury, nickel and

and kept at a temperature (6-8C) appropriate for storage.

lead are toxic because of their long half-life, therefore they have

These were considered the population from which the samples

been included in the regulations for hazardous metals

11, 12

.

Mineral ratios are of great importance in the diet of all living
organisms, though at high levels, they could pose serious risks

were collected for further analysis.
2.2 Irradiation of shrimp samples and dosimetry method
Irradiation was done according to Varanyanond et al

in the organism.

18

and

19

These are necessary for maintenance of osmotic pressure,
acid-base balance, the regulation of pH of blood, haemolymph,
urine, and other body fluids

13, 14, 15

. Although minerals may be

present in adequate quantities in feedstuffs for shrimp diets
mineral

deficiencies

can

occur

under

intensive

culture

conditions. The lack of certain specific minerals may be due to
the presence of certain compounds that bind the elemental form
of the mineral that is used in the feed, and antagonistic or
synergistic reactions in the gastro-intestinal tract are factors that
sometimes cause dietary mineral imbalances or deficiencies
15

. According to

16,

17

, about twenty-two minerals both macro and

micro, have been found essential to fish and shrimp. Calcium,
phosphorus, potassium, sodium, chloride, magnesium and
sulfur are considered macro elements while iron, zinc, copper,
manganese, nickel, cobalt, molybdenum, selenium, chromium,
iodine, fluorine, tin, silicon, vanadium and arsenium are heavy
trace elements. Marine shrimps live in an environment that is
hypertonic and continually take up small amounts of water.
Information is lacking on the elemental composition of shrimp

Wang et al. with modifications. The samples were packaged in
dense polypropylene bowls which was able to satisfy this
condition (packaging material which is strong enough to resist
piercing/ puncture by the antenna of the shrimp was
considered) in accordance to the East African Standard (EAS,
CD/K/512:2010: ICS 67.120.30) for dried shrimp packaging.
The samples were treated with gamma irradiation (cobalt-60
irradiator) in a Category Four (4) Wet Storage Irradiator at the
Radiation Technology Centre at the Ghana Atomic Energy
Commission. Doses applied were 0 kGy (control), 4 kGy, 8 kGy
and 10 kGy within the range used by for dried shrimp in East
Asia. The dosimeter used was the Ethanolchlorobenzene (ECB)
Dosimetry system, which comprise of the Ethanolchlorobenzene
Dosimeter and the High Frequency Dosimeter Reader (HFDR).
The dosimeter was calibrated against an International standard
set by the International Atomic Energy Agency and read using
the HFDR. To minimize variations in radiation dose absorption,
the bags were turned at different angles halfway through the
procedure. Samples were analysed in triplicates for each
source. The dose rate used was 2.17 kGy / hour in air.

farmed from the different water sources in Ghana. The profile of
heavy metals in P. notialis harvested from Ghana waters need

2.3 Mineral element determination

to be investigated due to their possible bio-concentration and

This was done according to Obodai et al.

consequent bioaccumulation in human beings who occupy the

The Atomic Absorption Spectrometer (AAS), model (AA24OFS

top level on the food chain. This work therefore seeks to

Varian) was used in the determination of elemental composition

ascertain the accumulation of heavy metals (iron, manganese,

of both irradiated and control samples. The Milestone Acid

copper, zinc, nickel, calcium, cadmium, lead, cobalt and

Digestion was used. Each sample from the different sources

chromium) in P. notialis species collected at the different water

was blended into smooth powder. 0.5 g of each powdered

sources ; Sea, Lagoon and River using Atomic Absorption

sample was weighed into tephron beakers. 6mls of Nitric Acid

Spectrophotometer, in order to evaluate their hazard level in

(65 % Purity Level) and 1ml Hydrogen Peroxide (30 % Purity

relation to the maximum residual limit for human consumption.

Level) was added. The samples in the beaker was mounted on

2 Materials and Methods

a Rotor and placed into ETHOS 900 microwave digester.

2.1 Shrimp sample

The Rotor was then removed and samples were cooled in a

20

with modifications.

water bath. The samples were unscrewed from the tephron
Dehydrated-smoked shrimps from the sea, lagoon, and river,
were purchased from three different areas, “Faana”, “Tsokome”
and “Bortiano” respectively; all located at the coastal areas of
Ghana. The samples were dominated mainly by P. notialis
although there were other few varieties found in the population,

casket and diluted with distilled water to a final volume of 20ml.
The digested solution was then transferred into test tubes and
assayed for Iron, Manganese, Copper, and Zinc. Some heavy
metals such as Lead, Nickel, Cadmium, Cobalt and Chromium
were also identified.

which were identified as P. monodom and P. kerathucus. The
samples were them carefully sorted to ensure a homogenous

The final concentration is calculated using the following

population of P. notialis. They were then wrapped in a brown

equation:

paper and then placed in a black polyethylene bag, (main mode

Final concentration (mg/kg)

=

(

)
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1). After irradiation at the various doses its Fe content

2.4 Determination of Sodium and Potassium
The Flame Photometer method was used in the determination
of sodium and potassium in both irradiated and control samples.
Shrimp from different water sources (river, lagoon and sea)
were blended into powder and 0.2 g of each was measured into
a clean dry 125ml „Pyrex‟ conical flask. 4ml of concentrated
H2SO4 was added and the flask was swirled carefully to ensure

decreased to 57.85 mg/kg, 40.25 mg/kg and 64.10 mg/kg in
shrimps from sea, river and lagoon respectively. Fe content in
shrimps from river was highest but decreased significantly
(P<0.05) after irradiation, nonetheless Iron content in shrimp
from the sea and lagoon was directly proportional to the
radiation doses.

that entire sample was wetted. The samples in the flask were

Sodium and potassium in shrimp were in the range of 0.64

heated in a fume hood on an electric hot plate (with medium

mg/kg – 1.22 mg/kg and 0.78 mg/kg – 1.17 mg/kg respectively

heating). 4-5 drops of H2O2 was added slowly at a time (in

(Table 1). Shrimp from lagoon contained 1.08 mg/kg and that

order to avoid vigorous reaction of the contents) to clear the

from the sea was 1.04 before irradiation. Sodium content in river

solution. The solution was allowed to cool and transferred

was 0.63mg/kg before irradiation (Table 1). Potassium content

quantitatively into a 100ml volumetric flask. The contents were

in shrimp from river was highest (1.03 mg/kg) followed by

brought to a mark by adding distilled water. Two blanks digest

shrimp from the lagoon (1.02 mg/kg).

were prepared from the same amount of reagents (H2SO4 and
H2O2). Data was corrected against the blank value. Na and K
values were read from the same solution using the Flame

Nitrogen content was in the range of 3.18 – 8.02 mg/kg.
Nitrogen content in river was highest (7.47 mg/kg) followed by
nitrogen content in lagoon (5.66 mg/kg) (Table 1).

Photometer. The percentage sodium and potassium content
Magnesium content was within the range of 1.58 mg/kg- 9.88

were calculated as follows.
% Na =

(

mg/kg (Table 1). Shrimp from lagoon contained the highest

)

amount of magnesium with range of 6.97 mg/kg – 9.88 mg/kg
Manganese content in shrimp from the sea was within the range

%K=

(

of 1.58 mg/kg – 2.13 mg/kg whereas that from the river was

)

within the range of 2.04 mg/kg – 2.92 mg/kg.
Copper content was found between 7.06 mg/kg to 13.56 mg/kg

2.5 Statistics analysis

(Table 1). Cu content in shrimp recorded before irradiation was
The data was analyzed using Microsoft excel and analysis of
variance (two way ANOVA) using Statgraphics software
(centurion XVI.I) to assess whether the 2 independent variables
thus radiation dose at the different levels and sources of
shrimps had any effect on the variable been measured (various
parameters). Differences among mean values were processed
by Fisher‟s Least Significant Difference (LSD) procedure. Mean

7.74 mg/kg, 8.55 mg/kg and 7.34 mg/kg in shrimp from sea,
river and lagoon respectively. After radiation at different levels
of doses, there were changes in Cu content. The average Cu
content recorded after irradiation is 9.06 mg/kg, 8.38 mg/kg and
11.37 mg/kg in shrimp from the sea, river and lagoon
respectively.

difference values were reported and significance was defined at

Zinc content in shrimp was in the range of 4.2 mg/kg – 9.83

P0.05. Each analysis was subjected to its own unique

mg/kg, Lead in shrimp was in the range of 0 – 7.96 mg/kg,

experimental design in a randomized complete block.

Cadmium was in the range of 0 – 0.96 mg/kg and nickel was in
the range of 0 – 5.28 mg/kg (Table 1). Chromium content in

3 Results

shrimp was in the range of 0.57mg/kg – 2.12mg/kg (Table 1).

Multivariate analysis of the elemental composition showed that,
accumulation of Fe, Cu, Zn, N was generally attended by Pb,
Cr, Na, K (Table 1). Comparatively, higher concentrations of

Calculation of the Pearson correlation showed that most metals
were correlated. The values of the correlation matrix are shown
in Table 2. Strong correlations were recorded at 99 %

heavy metals accumulated in shrimp from the lagoon and sea

confidence level (p ≤ 0.001) and significant correlations were

followed by the riverine shrimp. The order of the heavy metals

recorded at 95 % confidence level (p ≤ 0.05). Association

concentration

was

as

follows,

(in

decreasing

order)

FeCuZnNMnPbCrNaKNiCd (Table 1).
The mineral levels of shrimp from the various sources have
been summarized in Table 1. The iron content in shrimp from
the various sources ranged between 34.54 – 68.14 mg/kg in
both irradiated and control shrimp. The average Fe content

between elements of strong correlation was Cd-Zn, whereas
associations between elements of significant correlations were
Fe-Na, Zn-Na, Cd-Na, Ni-N and K-N (Table 2).
Table 2 shows the means of the heavy metals and other mineral
elements before and after irradiation of shrimp from different
water sources with 0-10 kG.

recorded were 45.30 mg/kg, 67.43 mg/kg and 56.34 mg/kg in
shrimp from sea, river and lagoon respectively, at 0 kGy (Table
UK J Pharm & Biosci, 2017: 5(5); 45

8.59±0.25


7.67±0.61


9.58±0.30











L4

L8

L10

9.76±0.08


4.26±0.06


4.71±0.07


Zn
9.37±0.08

8.52±0.32

8.23±0.18

8.83±0.13

5.51±0.07

4.54±0.26

4.73±0.34

5.49±0.42

4.80±0.21


Cu
7.74±0.26

8.64±0.34

9.07±0.09

9.48±0.44

8.55±0.77

7.61±0.49

8.96±0.38

8.57±0.35

7.34±0.22

11.58±0.40


9.33±0.40

13.21±0.35



Pb

4.26±0.26


3.35±0.26


<0.001


<0.001

3.24±0.19

5.33±0.06

7.23±0.24

7.51±0.33

7.85±0.16

4.66±0.37

<0.001

<0.001


Cd

0.73±0.06


0.33±0.10


<0.002


0.82±0.16

0.87±0.09

0.64±0.07

0.62±0.22

0.42±0.09

0.56±0.05

0.20±0.03

<0.002

0.15±0.03


Ni

1.52±0.09


0.6±0.04


< 0.001


5.15±0.13

0.17±0.06

< 0.001

0.76±0.11

0.34±0.07

0.56±0.05

< 0.001

< 0.001

< 0.001


Cr

1.76±0.15


2.10±0.02


1.48±0.04


1.29±0.18

1.55±0.07

1.43±0.13

1.13±0.06

1.58±0.10

1.82±0.13

1.14±0.08

1.51±0.08

0.66±0.08


Na

1.180.04


1.120.06


1.060.04


1.040.03

1.150.04

1.130.03

1.150.04

1.070.02

0.920.10

0.740.03

0.740.04

0.660.02


K

0.920.04


0.910.02


0.930.03


0.830.02

0.810.03

0.810.02

0.830.03

1.030.02

1.050.13

0.880.03

0.860.03

1.020.02


N

4.440.18


4.980.79


5.570.32


3.350.18

4.520.27

4.900.23

4.280.07

7.470.48

4.960.29

5.210.07

5.170.14

5.660.52


Key: S0 – Sea shrimp, 0 kGy, S4 – Sea shrimp, 4 kGy, S8 – Sea shrimp, 8 kGy, S10- Sea shrimp, 10 kGy, L0 – River shrimp, 0 kGy, L4 – River shrimp, 4 kGy, L8 – River shrimp, 8 kGy, L10- River shrimp, 10 kGy, L0 –
Lagoon shrimp, 0 kGy, L4 – Lagoon shrimp, 4 kGy, L8 – Lagoon shrimp, 8 kGy, L10- Lagoon shrimp, 10 kGy. The highlighted figures represent the least and highest range

L0

R10

R8

R4

R0

S10

S8

S4

S0

Mn

2

1.62±0.04

1.78±0.04

2.04±0.08

2.84±0.08

2.08±0.04

2.48±0.04

2.38±0.05

9.82±0.06


Fe

45.30

51.48
(51.07-51.80)




67.430.53

40.65








Code

Table 1: MeanS.D of heavy metals concentration, mg/kg and other macronutrient in the irradiated samples from sea and river water sources
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Table 2: Pearson correlation coefficient between the mineral compositions of shrimps from three different sources

Main
effects

Fe mg/kg

Mn
mg/kg

Cu
mg/kg

Fe mg/kg

-

Mn mg/kg

0.484

-

Cu mg/kg

0.514

0.515

-

Zn mg/kg

0.160

-0.226

0.291

-

Pbmg/kg

0.269

-0.406

-0.005

0.073

-

Cd mg/kg

0.113

-0.369

0.005

0.799**

0.394

-

Ni mg/kg

-0.116

-0.123

-0.078

0.534

-0.233

0.519

-

Cr mg/kg

0.092

-0.007

0.336

-0.063

0.289

0.193

0.004

-

Na mg/kg

0.603*

-0.054

0.497

0.590*

0.364

0.655*

0.237

0.536

-

K mg/kg

0.125

0.403

-0.135

-0.615*

0.208

-0.347

-0.234

0.059

-0.339

-

N mg/kg

0.284

0.156

-0.072

-0.615*

0.228

-0.529

-0.605*

0.002

-0.236

0.642*

Zn mg/kg Pbmg/kg Cd mg/kg Ni mg/kg

N
mg/kg

Cr mg/kg Na mg/kg K mg/kg

-

Correlation matrix (significant figures in bold text)

4 Discussions

Results obtained agreed with published works of some

Iron is an essential trace element since it forms a significant part
of heamoglobin, and allows oxygen to be carried from the lungs
to the tissues. Results obtained in this study agreed with
published findings of

21

who recorded 4.83 ± 0.02 mg/100 g

(~4830 mg/kg). Adeyeye et al

22

also recorded 16.4 g/100g for

P.notabilis.

researchers such as

30

recorded values of 382±21.5 mg/kg and

579±84.8 mg/kg (P. longirostris and P. martia respectively). In
another study, Adeyeye and Adubiaro23 recorded 670 mg/kg
(P.notalias). Whithney25 and Kortei et al

15

underscored that

Magnesium toxicity is rare, but could be fatal when it occurs.
Magnesium is required for the body‟s enzyme system, bone
health; it is a major part of protein synthesis in soft tissues and

Adeyeye and Adubiaro23 reported values of 23030 mg/kg for

energy metabolism.

P.notialis. Ozden24 recorded 3018.98 mg/kg for Parapenaeus
longirostris. Sodium is the principal caution of the extra cellular
fluid, aids acid-base balance and is essential for nervous
system

25

. The level of Na in flesh of L. vannamei was found as

67.7 mg.

another

agreed

with30

who

recorded

0.729

mg/kg

(P.

Longirostris) and 0.145 mg/kg (P.martis) respectively.
Copper concentration was lower as compared with copper
concentrations reported in other species of shrimp by

Adeyeye and Adubiaro23 reported 31772 mg/kg for P. notalias.
In

Results

study,

Ozden24

recorded

4479.64g/kg

for

Parapenaeus longirostris. Potassium assists in maintaining

Adeyeye et al

22

31

.

reported values of 4.3 mg/100g for P.notabilis.

Results of Zinc concentrations obtained in this studies were
higher as compared to similar studies carried out by

31

. Baboli

fluid, electrolyte balance and cell integrity. During nerve

and Velayatzadeh

32

transmission and muscle contraction, potassium and calcium

Fenneropenaeus

merguiensis.

briefly exchange places across the cell membrane. Potassium

concentrations were lower than FAO recommended standard

requirement for human is about 2 g day-1.

(1000mg/kg) in fish and fishery products32. According to Oguzie

The average K contents of L. vannamei were found to be 56.7
mg, which is lesser compared to that reported by
tiger shrimp and

27

26

for green

recorded 459.7 mg/100g (sea bass) and

et al.

31

reported lower than 13.8±0.7 µg/g in
Nonetheless,

the

zinc

the recommended daily allowance for zinc intake is

10mg/day for growing children while for adults it is 15mg/day. A
deficiency of Zinc is marked by loss of taste, retarded growth
and hypogonadism leading to decreased fertility. Zinc has a

393.8 mg/100g (sea bream).

protective effect against toxicities of both cadmium

33

and lead

The body utilizes Nitrogen for promoting protein synthesis, the

34

creation of compounds and amino acids influence growth,

followed by that from the river. The Food and Agricultural

hormones, brain functions and the immune system. About 0.83

Organization 32 suggests limits for Cu and Zn of 30 mg/kg.

.

Shrimp from the sea contained high amounts of zinc

gram of protein per kilogram per day is considered sufficient to
cover nitrogen requirements

28

. Recently,

29

suggested a

maximum intake of 2 to 2.5 g/kg of body weight per day.

Shrimp from the various sources contained low amounts of
Lead, Cadmium and Nickel, though after irradiation they
increased. Shrimp from the river recorded the highest amounts
of Lead, nonetheless, Pb content in shrimp from sea and lagoon
UK J Pharm & Biosci, 2017: 5(5); 47
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were in traces but increased considerably after irradiation. The
range of Pb concentrations found in this thesis were higher than
those recorded by

31

and was above the recommended limit

(2mg/kg) in fish and fishery products as prescribed by32.
Shrimp from sea recorded the highest amounts of cadmium
followed closely by shrimp from the river (Table 1). The Cd
values recorded were below permitted limits (2.0 mg/kg) in fish
and fishery products. According to Calabrese et al.33, humans
are exposed to Cd through food intake; and so the average

5 Conclusion
Data obtained from this study showed that shrimp is a good
source of minerals, and other essential elements, although it
also contained some levels of toxic heavy metals. The
estimated mean concentrations for Cu, Zn in the present was
lower than the International Standards (WHO, 1996; Tuzen,
2009) which makes it safe for consumption. Although irradiation
had some significant effect on the mineral content, they were
within safe limits for consumption.

daily intake for adults was put at approximately 50mg. The
threshold for acute cadmium toxicity is a total ingestion of 3-15
mg, and severe toxicity symptoms occur at ingesting 10-326 mg
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5, 35
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when ingestion exceeds 350mg. Shrimp from lagoon contained
low amounts of Cd. There were high amounts of nickel content

Dr. Samuel Afful of Chemistry Department, Ghana Atomic
Energy Commission for making available the equipment and
materials for the analysis.

in shrimp from the sea, but reduced considerable after
irradiation at 4 kGy (Table 1).

Nickel content in river was

considerably low. The average concentrations of nickel
recorded were comparatively higher than those reported by

31

in

similar studies.

7 Conflicts of Interests
The authors hereby declare that there are no conflicts of
interests
8 Author’s contributions

Chromium content in shrimp from river was highest before
irradiation, followed by shrimp from the sea. Oguzie and
Achegbulu36 found the following heavy elements in P. notialis
from Ovia river in Edo State, Nigeria: Cd (Not detected-0.010
mg/kg, Cr (Not detected-0.035 mg/kg), Cu (20.185-26.172
mg/kg), Pb (0.351-3.810 mg/kg), Ni (Not detected-0.382 mg/kg)
and zinc (0.280-0.335 mg/kg). The concentrations of Cu and Pb
were higher than values recommended in fish and fishery

FA, GTO and NKK carried out data analysis/interpretation and
manuscript preparation. AAA and NKK worked on the final
document approval. FA and GTO carried out research
conception/design and data acquisition.
9 References
1.

Mensah MA, Koranteng KA, Yeboah D, Bortey A. Study
of the impact of international trade in fishery products on

products by the FAO.

food security. The case of Ghana. Report. 2003.

Chromium is an essential metal whose useable form plays an

2.

Food and Agriculture Organisation (FAO). Fisheries and

important role in glucose metabolism. An average human

Aquaculture

requires about 1g/daily of Cr. Cr deficiency causes impaired

http://www.fao.org/fishery/countrysector/FI-CP_GH/en

growth, disturbances in glucose, lipid and protein metabolism

33

12

but is known as one of the notified hazardous metals . Lead in

3.

. The maximum residue level for Ni is 70-80

Nketsia-Taibri.

J.

Traditional

Fish

processors:

D. Dessertation to Dept. of Nutrition and Food Science.

.

University of Ghana, Legon, Accra. Ghana. 1993.

Nickel was found in P. notialis at concentrations up to 0.536
mg/kg in Nigeria

Ghana.

Technology, quality, development and evaluation. A Ph.

37

36

Overview,

(Date read: 12.06.12). 2000-2008.

shellfish can cause renal failure and liver damage in humans if
taken in concentrations above 0.4 mg/kg recommended by

Sector

4.

Hossain MD, Khan YSA. Trace metals in Penaeid

mg/kg. The major source of nickel for human is food, as well as

shrimp and spiny lobster from the Bay of Bengal.

uptake from natural sources. The normal range of oral intake for

Science Asia, 2001; 27: 165-168.

nickel for humans is 300-600 g/day .
12

5.

Accumulation Profile of Heavy Metals in Fish Samples

Higher concentrations of heavy metals accumulated in shrimp

from

from lagoon and sea with the least in the riverine shrimp (Table

dwellings and industrial emissions

38

. The order of heavy metal

Densu

River,

Ghana.

Soetan KO, Olaiya CO, Oyewole OE. The importance of

plants-A review. African Journal of Food Science, 2010;
4(5): 200-222.

39

accumulated heavy metals in the order of Cu  Zn Pb Cd.

the

mineral elements for humans, domestic animals and

Zn  N  Mn Pb Cr  Na  K  Ni  Cd (Table 1). A similar
, on (Panaeus monodom) with

Along

2010; 3(1): 56-60, ISSN: 2041-0492.
6.

concentration was as follows (in decreasing order); Fe  Cu 

work was carried out by

Nsawam,

Research Journal of Environmental and Earth Sciences

1). This is not surprising because they serve as damping sites
of most waste and antropogenic contaminants from urban

Anim AK., Ahialey EK, Duodu GO, Ackah M, Bentil, NO.

7.

Kumar B, Rita S, Mukherjee D. Geochemical distribution
of heavy metals in sediments from sewage fed fish
UK J Pharm & Biosci, 2017: 5(5); 48

Akuamoa et al., Comparative studies on the mineral elemental composition
ponds

from

Kolkata

wetlands.

India.

Chemical

Speciation & Availability, 2011; 23 (1): 24-32.
8.

9.

fried shrimp (Penaeus vannamei). International Journal
of Food Science and Technology, 2010; 45: 1088–1096.

Dural M, Bickici E. Distribution of trace elements in the

20. Obodai M, Ofori H, Dzomeku M, Takli R, Komlega G,

Upeneus pori and Upeneus molucensis from the eastern

Dziedzoave N, Prempeh J, Sonnenberg A. Heavy metal

coast of Mediterranean, Iskenderun bay, Turkey.

and

Journal of Animal and Veterinary Advances, 2010; 9(9):

composting of cassava (Manihot esculenta) peels used

1380-1383. doi: 10.3923/javaa.2010.1380.1383.

in the cultivation of mushrooms in Ghana. African

proximate

composition

associated

with

the

Paller, MH, Litterell, JW. Long term changes in mercury

Journal of Biotechnology, 2014; 13(22): 2208–2214.

concentrations in fish from middle Savannah River.

21. Ekpenyong E, Williams IO, Osakpa UU. Variation in the

Science of the Total Environment, 2007; 382: 375-382.

Proximate,

doi: 10.1016/j.scitotenv.2007.04.018.

Different Body Parts of Macrobrachium macrobranchion

10. Gumgum B, Unlu E, Tez Z, Gulsun N. Heavy metal
pollution in water, sediment and fish from the Tigris
River in Turkey. Chemosphere, 1994; 290 (1): 111-116.
doi: 10.1016/0045-6535(94)90094-9.

Official Journal of Europian Communities 1.77/1. 2001.
and

Drug

and

Mineral

Compositions

of

(Prawn). Journal of Food Research, 2013; 2(2): 150155.
22. Adeyeye EI, Adubiaro HO, Awodola OJ. Comparability
of chemical composition and functional properties of

11. EC. Commission Regulation No. 466/2001, 08.03.2001.

12. USFDA.Food

Energy

Administration.

shell and ﬂesh of Penaeus notabilis. Pak. J. Nutr., 2008;
7 (6): 741-747.

Guidance

23. Adeyeye EI, Adubiaro, HO. Chemical composition of

Document for arsenic, chromium, nickel in Shellfish.

shell and flesh of three prawn samples from Eagos

DHHS/PHS/FDA/

lagoon. J. Sci. Food Agric., 2004; 8: 411-414.

CFSAN/Office

of

Sea

Food,

Washington, D.C. 1993.
13. Sadiq S, Bhatti N, Asif Hanif M. Studies on chemical

24. Ozden, O. Seasonal differences in the trace metal and
macrominerals in shrimp (Parapenaus longirostris) from

composition and nutritive evaluation of wild edible

Marmara

mushrooms. J. Chem. Chem. Eng. 2008; 27(3): 151-

Assessment, 2010; 162: 191-199.

154.
14. Dobaradaren S, Kaddafi K, Nazmara S, Ghaedi H.

Sea.

Environment

Monitoring

and

25. Whithney R . Understanding Nutrition (11th Edn. For
international student adition), USA. 2008; 410.

Heavy metals (Cd, Cu, Ni, and Pb) content in fish

26. Sambhu C, Jayaprakash V. Effect of hormones on

species of Persian Gulf in Bushehr Port, Iran. Afr. J.

growth, Food conversion and proximate composition of

Biotech, 2010; 32:6191-6193.

the white prawn, Penaeus indicus (Milne Edwards).

15. Kortei NK, Odamtten GT, Obodai M, Wiafe‐Kwagyan M,

Indian J. Mar. Sci., 1994; 23: 232-235

Addo E A. Influence of low dose of gamma radiation and

27. Erkan N, Ozden O. Proximate composition and mineral

storage on some vitamins and mineral elements of dried

contents in aqua cultured sea bass (Dicantrarchus

oyster mushrooms (Pleurotus ostreatus). Food Science

labrax), sea bream (Sparus aurata) analyzed by ICP-

& Nutrition, 2017; 5(3): 570-578.

MS. Food Chem. 2007; 102:721-725.

16. Wiafe-Kwagyan, M. Comparative bioconversion of

28. World Health Organization (WHO). World Health

lignocellulosic rice wastes and its amendments by

Organization Evaluation of Certain Foods Additives and

oyster mushrooms (Pleurotus ostreatus and Pleurotus

Contaminants

eous) and the use of the spent compost as biofertilizer

FAO/WHO Expert Committee on Food Additives); WHO

for the cultivation of tomatoe, pepper and cowpea

Technical Report Series, No. 683; WHO Library

(Doctoral dissertation, Ph.D thesis, Dept. of Plant and

Cataloguing-in-Publication

Environmental Biology, University of Ghana). 2014.

(Twenty-Six

Report

Data;

of

WHO:

the

Joint

Geneva,

Switzerland. 1982.

17. Tacon AJ. The nutrition and feeding of farmed fish and

29. Layman DK. Protein nutrition, meal timing, and muscle

shrimp. The essential nutrients. Training Manual. Food

health. In: Handbook of Nutrition and Food. Berdanier

and Agriculture Organization. Brasilia, Brazilpp. 1987;

CD, Dwyer JT, Heber D, (eds). 3rd ed. Boca Raton, FL:

Pp.73-84.

CRC Press. Pp 861-867. 2013.

18. Varanyanond W., Hirata T., Ishitani, T. Shelf-life

30. Oksuz A, Ozyilmaz A, Aktas M, Gercek G, Motte J,

extension of dried shrimps by irradiation and packaging

A. Comparative study on proximate, mineral and fatty

techniques. Thai Journal of Agricultural Science. 2000;

acid compositions

33 (3 and 4): 179-188.

(Parapenaeus longirostris, Lucas 1846) and red shrimp

19. Wang H, Yang R, Liu Y, Zhang W, Zhao W, Zhang Y,
Hua X. Effects of low dose gamma irradiation on

of deep seawater rose shrimp

(Plesionika martia, A. Milne-Edwards, 1883). J. Anim
Vet. Adv., 2009; 8, 183-189.

microbial inactivation and physicochemical properties of
UK J Pharm & Biosci, 2017: 5(5); 49

Akuamoa et al., Comparative studies on the mineral elemental composition
31. Baboli MJ, Velayatzadeh M. Determination of heavy

36. Oguzie

FA.,

Achegbulu

CE.

Heavy

Metal

metals and trace elements in the muscles of marine

Concentrations in Commercially Important Prawns of

shrimp, fenneropenaeus merguiensis from persian gulf,

Ovia River in Edo State. Research Journal of Fisheries

Iran, Journal of Animal and Plant Sciences, 2013; 23(3):

and Hydrobiology, 2010; 5(2): 179-184.

786-791.
32. FAO.

37. Patrick, L. Toxic metals and antioxidants: part II the role

Compilation

of

legal

limits

for

hazardous

of antioxidants in arsenic and Cadmium toxicity. (Toxic

substances in fish and fishery products. FAO Fishery

Metals Part II). Alternative Medicine Review, 2003; 8(2),

Circular No. 464. Food and Agriculture Organization of
the United Nations, Rome. 1983; 5-10.

106-129.
38. Ritter L, Solomon K, Sibley P, Hall K, Keen P, Mattu G,

33. Calabrese EJ, Canada AT, Sacco C. Trace elements

Linton B. Sources, pathways, and relative risks of

and public health Annual Review of Public health, 1985;

contaminants in surface water and groundwater: a

6: 131–146.

perspective prepared for the Walkerton inquiry. Journal

34. Sanstead, HH. Interaction of cadmium and lead with
essential minerals. In G. F. Nordberg (Ed.), Effects and
dose-response

relationships

of

toxic

metals.

Amesterdam: Elsevier. 1976; 511-525.
35. NAS-NRC. National Academy of Sciences- National
Research Council, Drinking Water and Health, National

of Toxicology and Environmental Health Part A, 2002;
65(1), 1-142.
39. Rajkumar, JSI. Marine organisms in toxicological
approach for the assessment of risk associated with Cd,
Cu, Pb and Zn. Universal Journal of Environmental
Research and Technology, 2011; 2(2):19-25.

Academic Press, Washington D.C. 1982.

UK J Pharm & Biosci, 2017: 5(5); 50

