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Health Risk from the Consumption of
Freshwater Prawn and Crab Exposed to Heavy
Metals in a Tropical River, Southern Nigeria
Abstract
The objectives of this study were to investigate the impact of heavy metals in two
freshwater decapods and to evaluate the toxicity and human health risks through
the consumption of these freshwater decapods. Nine (9) heavy metals were
investigated in accordance with standard procedures and analyzed monthly from
March 2015-August 2016 in the studied decapods. The results of the heavy metal
concentrations in the prawn and crab varied in this rank; Fe > Zn > Mn > Cu > Pb >
Cd > Cr > Ni = V for prawn and Zn > Fe > Mn > Cu > Pb > Cd > Cr > Ni = V for shrimp.
The results of the human health risk assessments revealed high values of Iron (Fe)
and Zinc (Zn) for the target hazard quotient (THQ) and estimated daily intake (EDI)
as well as high values of Iron (Fe), Zinc (Zn), and Manganese (Mn) for the health
risk impact (HRI). All most all the values obtained were above allowable limits in
prawn and crab respectively. Strict environmental laws should be reinforced and
compliance should be adhered to in order to protect humans from consuming
freshwater decapods sourced from various points.
Keywords: Decapods; Health risk; Trace metals; Contamination; Ossiomo river;
Pollution indices
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Introduction
In recent times, the hunts for freshwater decapods for man’s
consumption have increased. However, the ecospheres of these
freshwater species have been altered in many forms; through
some hydrological and ecosystem amplification processes viz;
underground pollutant seepage, bioturbation, movement of
pollutants into aquatic bodies via surface water and sediment
inundation and anthropogenic processes.
Man has used many heavy metals for centuries, but only in
the last few decades have the possible effects of heavy metals
in the environment and on human health been studied [1-5].
Heavy metals are introduced into the environment (e.g. Aquatic
systems) as a result of weathering of rocks and soils [6], thus the
highest contents of heavy metals are in metal-rich areas, such as
ore rich deposits.
Due to the non-biodegradable and persistent nature, heavy
metals accumulate in vital organs in the human body, such as
the kidneys, bones, and liver and are associated with numerous
serious Health disorders [7]. Individual metals exhibit specific
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signs of their toxicity. Lead, As, Hg, Zn, Cu and Al poisoning have
been implicated with gastrointestinal (GI) disorders, diarrhea,
stomatitis, tremor, hemoglobinuria causing a rust-red color to
stool, ataxia, paralysis, vomiting and convulsion, depression,
and pneumonia [8]. The nature of the health effects can be
toxic (acute, chronic or sub-chronic), neurotoxic, carcinogenic,
mutagenic or teratogenic [9].
Health risk assessment is an indelible tool for the evaluation
of possible impacts of pollutant to man when food materials,
especially from un-trusted areas are consumed [10-12]. Health
risk assessment is defined by the US Environmental Protection
Agency (USEPA) as the explanation of the probable adverse
health hazard to humans as a result of exposure to toxins [13].
In health risk assessment, hazard identification classifies the
possible adverse impacts and intensities at which effects may
occur by deciding if a specific chemical is or is not causally
associated to specific health effects. This leads to the exposure
assessment which estimates the level which the chemical in
humans or the environment may be exposed to by determining
the extent duration of exposure before or after application of
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regulatory controls. The risk characterization compares the
hazard/toxicity of exposure and determines the likely for and
extent of risk to an exposed individual or population nature,
including complementary ambiguity [14].
To the best of our knowledge, this is the first health risk assessment
on freshwater prawn and crabs sourced from this region. The
obtained information may provide a better understanding of
environmental risks of heavy metals in freshwater biotas.
On this note, the objective of this study is to assess some
selected heavy metals in two freshwater decapods and evaluate
the probable health risks associated with their consumption by
humans.

Materials and Methods
Study site
The study was conducted at about 5.1 km stretch of the Ossiomo
River (Ologbo axis), Benin City situated in the South West of
Nigeria, in the following geographical locations; Latitude 6°03’.1’’
N - Longitude 5°40’.3’’ E (Figure 1).
The river is mostly fed by surface runoffs from neighbouring
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communities of Okuku, Ugbenu, Ovade, Asaboro and Imasabor
respectively through adjoining streams and rivers. The tempo
of rainfall occurs in combination with the movement of the
Southern-West rainy season wind across the Atlantic Ocean and
the programming of this movement varies from year to year
[15]. There are two separate annual seasons associated with
this region: the rainy season, which begins in early March and
ends in late November, and the dry season which starts from
November and ends in March. The average rainfall for 2015 and
2016, ranged from 160.7-708.5 mm with the lowest recorded in
the month of May 2015 (158.4 mm) and the peak recorded in the
month of September 2015 (708.5 mm).
The principal aquatic macrophytes here included; Azolla africana
(Mosquito Fern or Water Velvet), Nymphaea lotus (red and blue
water lily), Cyperus alopecuroides (Umbrella palm), Salvinia
nymphellula (Water Moss), Echinochloa pyramidalis (Antelope
grass or Barnyard grass or Cockspur grass) and Pistia stratiotes
(water cabbage, Nile cabbage, or shell flower).
Human activities within and around this river included; logging,
fishing, boating, watercraft maintenance, discharging of cassava
effluent products, sawmilling, transportation, laundering, bathing
and swimming, crude oil exploration and processing.

Figure 1 Map of the study area and sampling stations.
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Field sampling and techniques
The sampling period spanned from March 2015 to August 2016.
Samples were collected from four designated stations on each
sampling day between the hours of 09.00 and 12.00 hours. Each
time, sampling began at station 1 and terminated at station 4.
Specimens of Macrobrachium rosenbergii (freshwater prawn)
and Sudanonautes africanus (freshwater crab) were collected at
low tide regime at the river bank using woven cylindrical traps
with a non-return valve. They were collected from a couple of
fishermen in order to assure regularity in fishing methods. The
samples were put in pre-cleaned black polythene bags and
preserved in an ice chest at 4°C and transferred immediately to
the laboratory for analysis [16].

Sample preparation and metal analysis
In the laboratory, prior to drying in an oven at 105°C, weights of
Macrobrachium rosenbergii and Sudanonautes africanus
samples were measured with the aid of electronic balance (Rs
9,000/Unit, Sigma MS Tablet dissolution apparatus, Sigma 135,
India) according to the methods of Enuneku et al. [16]. Two
grams of a dried homogenized sample of each tissue were
digested using a XT-9912 model microwave system (Xintuo,
China) in 15 ml hydrochloric acid, 5 ml nitric acid, and 5 ml
Perchloric acid (3:1:1) solution and heated in a digester until
brown fumes were expelled, tissues dissolved completely and a
colorless solution obtained. The flask and its contents were
allowed to cool and thereafter the digested sample was made
up to 50 ml of distilled water [17]. Prawn and Crab samples
were analysed for Fe (Iron), Mn (Manganese), Zn (Zinc), Cu
(Copper), Cr (Chromium), Cd (Cadmium), Ni (Nickel), Pb (Lead),
and V (Vanadium) using Atomic Absorption spectrophotometer
(SOLAAR 969AA UNICAM, Spectronic Unicam, Cambridge, UK).

Quality control analysis
The Atomic Absorption Spectrophotometer was first calibrated
using certified reference standard (SRM 1570) of the National
Institute of Standards and Technology for the respective heavy
metals to obtain calibration curve with the equation r2=99.7.
Reagent blank was run at intervals of every five sample analysis
to eliminate equipment drift [16]. All samples were analyzed in
triplicates for reproducibility accurate checks and precision.

Human health risk assessment
Target Hazard Quotient (THQ): The THQ method was adopted
from the United States EPA Region III Risk based concentration
table [18] as modified by Chien et al. [19]. The dosage estimation
was calculated as:
THQ =

Efr × EDtot × FIR × C ×10−3
RfDo × BWa × ATn

Where EFr is exposure frequency (365 days/year); EDtot is the
exposure duration 52 years, average lifetime); FIR is the food
ingestion rate (5 g/day) as collected using questioners; C is the
heavy metal concentration in crab/prawn (mg/kg); RfDo is oral
© Under License of Creative Commons Attribution 3.0 License
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reference dose (mg/kg/day) and ATn is average exposure time
for non-carcinogens in days. The following reference doses were
used: Cr=1.5, Fe=0.001, Zn=0.0006 (mg/kg/day), Mn= 0.001
(mg/kg/day), Cu=0.001 (mg/kg/day), Ni=2.0 x 10-2 (mg/kg/day),
Pb=4.0 x 10-3 (mg/kg/day) and Cd=1.0 x 10-3 (mg/kg/day). BWa
is the average adult body weight (70 kg) and ATn is the average
exposure time for non-carcinogens (365 days/year × number of
exposure years assuming 52 years). Since exposure to two or
more pollutants may result in additive and/or interactive effects,
total THQs in this study was treated as the arithmetic sum of the
individual metal THQ values, derived by the method of [20].
Estimated Daily Intake (EDI): The estimated daily intake
(EDI) method by Ali and Hau, [20] and Saha and Zeman [21]
for estimating heavy metal concentration in foodstuffs were
employed in this study. The estimated daily intake (EDI) of each
heavy metal in this exposure pathway was determined by the
equation:
EDI =

Ef × ED × CF × CM
WAB × TA

Where EF is the exposure frequency (365 days/year); ED is the
exposure duration, equivalent to an average lifetime (52 years
for Nigeria population); FIR is the fresh food ingestion rate (kg/
person/day), which was considered to be 5 for both decapods
[20]; Cf is the conversion factor (0.208) for fresh weight (FW)
to dry weight (Dw). Cm is the heavy metal concentration in
foodstuffs (mg/kg Dw.); WAB is the average body weight (bw)
(average adult body weight was considered to be 70 kg); and TA
is the average exposure time for non-carcinogens (equal to EF × ED).
Health Risk Impact (HRI): The health risk impact (HRI) method as
by Wang et al. was adopted for this study. Below is the equation:

HRI =

EDI
Rfd

An HRI less than 1 means the exposed population is unlikely to
experience obvious adverse effects; whereas at HRI above 1
means that there is a chance of non-carcinogenic effects, with
an increasing probability as the value increases. Where reference
oral doses (RfD) for Cr, Cu, Zn, Fe, Ni, Pb, and Cd are 1.5 x 10-3, 4.0
x 10-2, 3.0 x 10-1, 7.0 x 10-1, 2.0 x 10-2, 3.5 x 10-3, 1.4 x 10-1 and 1.0
x 10-3 mg/kg/ day respectively [22].
All data and charts were computed using Microsoft Excel version
2013©.

Results
Table 1 and Figure 2 show the rank of heavy metal concentration
in prawn and shrimp. The values revealed the rank of Fe > Zn >
Mn > Cu > Pb > Cd > Cr > Ni = V for prawn and Zn > Fe > Mn > Cu
> Pb > Cd > Cr > Ni=V for shrimp.

Target hazard quotients of heavy metals in
prawn (Macrobrachium rosenbergii) and crab
(Sudanonautes africanus)
Table 1 showed the results of the target hazard quotients (THQs)
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Table 1 THQs of the studied heavy metals in prawn (Macrobrachium rosenbergii) and crab (Sudanonautes africanus).
Elements
in mg/kg
Fe
Zn
Mn
Cu
Pb
Cr
Cd
Ni
V

Mean Concentration of heavy metals in
prawns
134.77
52.20
1.69
0.63
0.01
0.00
0.01
0.00
0.00

Mean Concentration of
heavy metals in Crabs
174.02
74.03
3.13
0.90
0.03
0.02
0.02
0.00
0.00

RfDo
0.001
0.001
0.001
0.001
0.000
1.500
0.001
0.020
0.010
TTHQs

THQ
in Prawns
9.63E+00
6.21E+00
1.21E-01
4.47E-02
2.37E-03
1.57E-07
9.34E-04
0.00E+00
0.00E+00
1.60E+01

THQ in
Crabs
1.24E+01
8.81E+00
2.24E-01
6.42E-02
4.71E-03
7.97E-07
1.19E-03
0.00E+00
0.00E+00
2.15E+01

NOTE: THQ: total hazard quotient, THQs: total hazard quotients and RFDo: reference dosage

Figure 2 The concentration of the heavy metals in the whole tissue of prawn and crabs sourced Ossiomo River (Mean
± Standard error).

of prawn (Macrobrachium rosenbergii) and crab (Sudanonautes
africanus). The highest THQ value for prawn was Fe with the value
of 9.63E+00 and Zn with a value of 8.81E+00 for crab. The least
THQ values were both Ni and V with values of 0.00 and 0.00 for
prawn and crab respectively. Moreover, the Total Target Hazard
Quotients (TTHQs) for both prawn and crab were 1.60E+01 and
2.15E+01 respectively.
However, the THQ values of each metal in this current study
fluctuated across the varied elements which differed by their
ranks as follows: prawns Fe > Zn > Mn > Cu > Pb > Cd > Cr > Ni=V,
while crab; Zn > Fe > Mn > Cu > Pb > Cd > Cr > Ni=V.
Figure 3 shows the median concentrations of the THQ. The
median THQ concentrations of the heavy metals, are in the rank
order of Fe (9.62E+00) > Zn (6.26E+00) > Mn (9.27E-01) for prawn
and Fe (1.21E+01) > Zn (8.13E+00) > Mn (2.43E-01) for crab
respectively.

4

Estimated Daily Intake (EDI) of heavy metals in
prawn (Macrobrachium rosenbergii) and crab
(Sudanonautes africanus)
Table 2 showed the results of the heavy metals; Fe, Zn, Mn,
Cu, Pb, Cr, Cd, Ni and V in prawn and crab in terms of to their
potential daily intake with the following values 0.25, 0.078, 0.00,
0.02, 0.05, 0.002, 0.19, 0.00 and 0.00% and suggested provisional
tolerable daily intake (PTDI) values by the Joint Expert Committee
on Food Additives (JECFA) 0.323, 0.110, 0.00, 0.003, 0.011, 0.008,
0.25, 41.80 and 0.00% in prawn and crab respectively. It was
noticed that almost all the heavy metals had a low percentage of
EDI to PTDI values.
The highest values of Fe and Zn were noticed in both
Macrobrachium rosenbergii and Sudanonautes africanus, and
this accounted for 0.25 and 0.008% for Fe and Zn in prawn and
0.32 and 0.11% for Fe and Zn in crab respectively.
This article is available in: http://heavy-metal-toxicity-diseases.imedpub.com/
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Health Risk Assessments (HRI) of heavy metals
in prawn (Macrobrachium rosenbergii) and crab
(Sudanonautes africanus)
Table 3 shows the results of the Health Risk Assessments (HRI)

Vol.3 No.2:5

of the various heavy metals (Fe, Zn, Mn, Cu, Pb, Cr, Cd, Ni, and
V). The results revealed that there were HRI values > 1 of Fe, Zn
and Mn (2.86, 2.59 and 25.1) and (3.69, 3.67 and 46.57) in both
prawn and crab respectively. Mn had the highest HRI for both
biotas.

Table 2 EDI of the studied heavy metals in prawn (Macrobrachium rosenbergii) and crab (Sudanonautes africanus).
Elements in mg/kg

Fe

Concentrations
EDI
% of EDI to PTDI

134.8
2.00
0.25

Concentrations
EDI
% of EDI to PTDI
PTDI {(FAO/WHO), 1999 and 2003}

174.0
2.6
0.32
800

Zn

Mn

Cu
Pb
Macrobrachium rosenbergii
52.20
1.69
0.63
0.01
0.78
0.03
0.01
0.00
0.08
0.00
0.00
0.01
Sudanonautes africanus
74.03
3.13
0.90
0.03
1.10
0.05
0.01
0.000
0.11
0.00
0.00
0.01
1000.00
NS
500
3.57

Cr

Cd

Ni

V

0.00
0.00
0.00

0.01
0.00
0.02

0.00
0.00
0.00

0.00
0.00
0.00

0.02
0.000
0.01
3

0.02
0.000
0.02
1

0.00
0.00
41.80
5

0.00
0
0.00
NS

NOTE: Provisional tolerable daily intake (PTDI) values (in mg/kg body wt/day) of all the metals were based on the data suggested by The Joint FAO/
WHO Expert Committee on Food Additives (JECFA) (1999 and 2003). NS means; not specified.

Figure 3 THQ values based on median of documented heavy metals concentrations for Prawn and Crab sourced
Ossiomo River.

Table 3 HRI of the studied heavy metals in prawn (Macrobrachium rosenbergii) and crab (Sudanonautes africanus).
Elements in mg/kg

Fe

Zn

Mn

EDI
HRI

2.00
2.86

0.78
2.59

0.025
25.1

EDI
HRI
RFDos

2.59
3.69
0.7

1.10
3.67
0.3

0.047
46.57
0.001

Cu
Pb
Macrobrachium rosenbergii
0.009
0.0002
0.232
0.001
Sudanonautes africanus
0.013
0.000
0.334
0.0028
0.04
0.14

Cr
4.89E-05
0.033
0.0002
0.166
0.0015

Cd

Ni

V

0.0002
0.194

0.00
0.00

0.00
0.00

0.0002
0.247
0.001

2.089
104.49
0.02

0.00
0.00
0.01

NOTE: RFDos: reference dosage, HRI: health risk assessment and EDI: estimated daily intake
© Under License of Creative Commons Attribution 3.0 License
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Discussion
The overall mean of heavy metals concentration in the prawn
and shrimp of this study were similar to the rank of heavy metals
obtained by Yilmaz and Yilmaz, Movahed et al. and Ehsani and
Roomiani [23-25].
The findings of THQ in this study clearly indicated that people
will experience major health risk from the consumption of
accumulated concentration of Fe, Zn and Mn metals from
Macrobrachium rosenbergii (prawn) and Sudanonautes africanus
(crab) sourced from points of collection. This is similar to the
works of Storelli, Li et al., Bogdanovic et al. [26-28].
Total target hazard quotient (TTHQ) values above 1 shows
that the intake of heavy metals by consuming these decapods
represents a probable hazard. The TTHQ for the heavy metal
intake from the decapods tested were above the threshold level
(THI < 1) suggested by USEPA, (2011) and Li et al. [29]. However,
TTHQ is not a measurable approximation of the likelihood of an
exposed population suffering an adverse health effect [30]. The
values obtained in this current study can indicate probable noncarcinogenic health risk from ingestion of all the heavy metal
through consumption of these decapods. This is in line with
the work of Li et al. [29] and Saher and Kanwal who stated that
humans are often exposed to more than one pollutant and suffer
combined or interactive effects. More so, based on the TTHQ
median concentrations of the heavy metals in the decapods,
the findings revealed strong health impact if the metals are
consumed additively. This finding is similar to what was observed
in the works of Adel et al. and Saher and Kanwal [31,32].
According to the data of PTDI as suggested by the Joint FAO/WHO,
[33] and JECFA [34], it was noticed that almost all the heavy metals
had the lowest percentage of EDI to PTDI values exempting Fe
and Zn. The highest value was noticed in Sudanonautes africanus
and was within the safe limits. It was observed that EDI values
were lesser than the set reference dosage. This indicates safe
daily consumption of the decapods without any adverse health
implications [35-39].
In general, HRI < 1 indicates that the exposed population is safe
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