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ABSTRACT
The Nile tilapia (Oreochromis niloticus) and African catfish (Clarias gariepinus) from the Golinga reservoir in Northern Ghana are 
consumed as an alternative source of protein. In the current study, levels of selected metals (As, Cd, Fe, Co, Cr, Cu, Mn, Mo, Ni 
and Pb) in the two fish species and the fish condition were determined, and potential human health effects assessed. The metal 
concentrations in the edible fish muscles ranged from 0.16 mg kg−1 (Mn) to 101 mg kg−1 (Pb). The weight-length relationships 
showed that both fish were growing isometrically, and bioaccumulation of metals from the reservoir was considered insignificant 
with bioconcentration factors below 100 except for Mn, whose value was 161 in the gills of Oreochromis niloticus. The health risk 
assessment showed that Pb, Cd and As had Target Hazard Quotient values above 1 for both fish species, with that of As being 
as high as 19.6 for Oreochromis niloticus. The target cancer risk values for As, Cd, Cr and Pb were above the non-risk threshold 
of ≤10−6, indicating the risk of cancer developing over the years due to fish consumption. The metal concentration in the fish 
in the reservoir should therefore be constantly monitored and potential health risks associated with frequent consumption of 
the fish assessed.
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1. Introduction
The Golinga reservoir has been a source of socio-economic 

survival for local communities in the Tolon District and 
other neighbouring districts and towns in the Northern 
region of Ghana, notably the Kumbungu District and Tamale 
Metropolitan. Application of agrochemicals, especially 
pesticides and fertilisers, and surface runoff from domestic and 
wastewater effluents from the communities residing on the 
reservoir watershed may lead to contamination. While the fish 
from the reservoir is commonly consumed for their high protein 
value, the accumulation of heavy metals in fish muscles and 
organs is possible, which negatively impacts the health of the 
consumers. Therefore, the determination of heavy metals in the 
fish is necessary to assess the extent of metal bioaccumulation 
and perform a human health risk assessment, especially in 
areas where fish is frequently consumed. In Ghana, the per 
capita fish consumption is estimated at 28 kg yr−1, which is 
well above the African and world per capita averages of 10.5 
and 18.9 kg yr−1, respectively.1 Furthermore, fish accounts for 
as much as 60% of animal protein in the average Ghanaian 
diet and 22.4% of household food expenditures. It is estimated 
that the consumption rate is high in regions where fish from 
local dams form a major source of animal protein. As of 2010, 
the Tolon District population was 72 990, that of the Tamale 
Metropolis was 223 252 while the Northern Region as a whole 
is home to 2 479 461 inhabitants.2 

The Agency for Toxic Substances and Disease Registry has 
identified some heavy metals notably As > Pb > Cd > Ni > Zn 
> Cr > Cu > Mn in descending order as priority metals.3 The 
World Health Organization (WHO) and Food and Agricultural 
Organization (FAO) have provided guideline values for 

acceptable levels of some heavy metals in food sources.4  In this 
regard, various studies have been reported in the past decade 
to determine levels of heavy metals in fish species worldwide 
for health risk assessment towards humans,3–11 heavy metal 
poisoning for fish12–17 and as a biomarker for environmental 
contamination.18–22 Most of these studies have been done on 
commercial fish collected mainly from the sea and estuaries, 
while river fish22−24 and cultured fish25,26 are also mentioned.

In Africa, most communities catch fish species found in local 
dams for domestic consumption, while some are sold in nearby 
towns. However, monitoring of heavy metals in fish remains 
limited, with only a few studies reported. A few human health 
risk assessment studies due to heavy metals in non-commercial 
fish have been done for fish collected from African rivers, dams 
and reservoirs.21,27,28 Thus, this study investigated the levels of 
heavy metals (concentrations and bioaccumulation factors) and 
determined human health risk assessment (hazard quotients 
and cancer risk) due to consumption of the Oreochromis 
niloticus and Clarias gariepinus, respectively. The two freshwater 
fish species breed naturally in the Golinga reservoir and are 
consumed locally by the indigenes and nearby communities.

2. Experimental

2.1. Chemicals and Reagents
Nitric acid (70%, v/v) and hydrochloric acid (32%, v/v) 

were of analytical grade and purchased from Sigma-Aldrich 
(Johannesburg, South Africa). Certified reference standards for 
elements were purchased from Supelco Belefonte, USA. Ultra-
high purity water was generated at 18.2 MΩ cm−1 from a Milli-
QRO4 system 117 (Millipore, Bedford, MA, USA).

2.2. Instrumentation
An Agilent ICP-OES 700 Series (Agilent Technologies, Santa 
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Clara, CA, USA) was used for metal analysis. Calibration of 
the instrument was done in the 0.1–5 mg L−1 range. All the 
fish samples were digested using BIOBASE MLS-1200 MEG 
Multifunctional Bolt Design microwave digester (BIOBASE, 
Qingdao, China). The digester can hold 8 × 100 mL bomb 
vessels made of polytetrafluoroethylene, and its maximum 
operating power is 1000 W.

2.3. Sampling and sample preparation
Water and fish samples were collected from the Golinga 

Reservoir located in the Tolon District, Northern Region of 
Ghana. The source of water is the Kornin River and inflows 
from surface runoffs from the surrounding communities. All 
the samples were initially handled and preserved at the Council 
for Scientific and Industrial Research-Water Research Institute 
laboratory in Tamale, Ghana. They were stored in the freezer 
at -21°C and eventually transported to the University of South 
Africa, Johannesburg, South Africa, for analysis. 

The water samples were taken at four different points into 
500 mL polyethylene bottles, stored in an iced chest at 4°C and 
transported immediately to the laboratory. The water samples 
were filtered through 0.45 µm syringe filters and preserved by 
adding 5 mL HNO3. These samples were then transported to 
the University of South Africa, South Africa. On arrival, the 
water samples were immediately analysed for metals. Fresh 
fish (20 for each of the two species) were purchased from locals 
at the Golinga reservoir. At the laboratory in Ghana, the fish 
were weighed, and their fork length recorded. The fish were 
then dissected to separate various parts. The edible muscles of 
each fish species were then blended using a home blender and 
then stored in the freezer at -21°C. The same was done for the 
gills. The fish muscles and gills were eventually transported to 
the University of South Africa, South Africa, for analyses. Upon 
arrival, the samples were immediately freeze-dried, ground 
into a fine powder (<150 μm particle size), acid digested and 
finally analysed for metals.

2.4. Sample digestion
Dry powdered fish samples (500 mg) were weighed into 

microwave digestion bomb vials. 9 mL HNO3 and 3 mL HCl 
were added to the samples. The digestion bomb vials were then 
placed in the microwave digester, and digestion was done at 
175°C for 45 min. Both fish muscles and gills were digested in 
triplicate. The vials were then allowed to cool down to below 
70°C before opening the digester to minimise the loss of volatile 
elements. The digestate was transferred into 50 mL volumetric 
flasks and made up to the mark using ultra-high pure water. 
The digestate was then filtered through 0.2 μm syringe filters 
into ICP sample vials for analysis.

2.5. Fish condition
The condition of the fish from the reservoir was estimated 

using the weight-length relationship based on the standard 
allometric equation (Eq. 1), where W is weight and L is length. 
The linearised logarithmic form of Eq. 1 results in Eq. 2. A plot 
of log W vs log L should give the parameters a and b from the 
y-intercept and the slope of the plot, respectively. On the other 
hand, Eq. 1 has also been simplified as Fulton’s condition factor 
(FCF) (Eq. 3), in which the  parameter is a constant and is given 
a standard value of 3. 

W aLb= 	 (1)

logW loga blogL= + 	 (2)

FCF W L= ×100 3/ 	 (3)

When b = 3, Fulton’s condition factor is equal to 1 
(FCF = 1.0), and the growth of the fish is considered isometric 
resulting in an ideal shape. The allometric growth is positive, 
and the fish is healthier if FCF > 1 and negative and leaner if 
FCF < 1. In the weight-length relationship, the deviation of the  
b-parameter from the standard value of 3 is used to estimate the 
fish condition. In this regard, when b > 3 the fish is fatter and 
thinner when b < 3.

2.6. Bioaccumulation factors
The accumulation of metals by fish from aqueous 

environments occurs mainly through the food chain, ion 
exchange across the gills during breathing and ingestion 
of suspended particulate matter. The amount accumulated 
depends on various factors, such as the pollution status of 
the habitat and metal bioavailability. Bioaccumulation is also 
related to the environmental conditions of water, such as pH 
and temperature, and the fish species’ physiology, age and 
eating habits. The amount of metals accumulated in fish, as 
a ratio of the amount existing in aqueous solution, is defined 
as the bioaccumulation or bioconcentration factor (BF) and is 
calculated using Eq. 429. The fish would have accumulated the 
metal in its body if BF > 1. However, the accumulation is still 
considered insignificant if BF < 100.29 

BF C CF W= ×/ ( . )5 26 	 (4)

where BF is the bioaccumulation factor, CF is the concentration 
of a metal in a fish organ (mg kg−1 (dw)), 5.26 is the fish wet 
weight concentration factor, assuming 81% fish water content 
and CW the concentration of a metal in water.

2.7. Health risk assessment
The Estimated Daily Intake (EDI) of each metal due to the 

fish consumption from the reservoir was calculated using Eq. 
5. The per capita consumption of fish in Ghana is currently 
estimated at 28 kg yr−1.1 The community of Golinga consumes 
the two fish species from the reservoir at similar rates, which 
then equates to 0.0384 kg day−1 per fish species. Introducing 
the average fish dry factor of 0.190 based on 81% fish water 
content eventually equates to 7.29 g day−1 (dw) per fish species. 
Therefore, 7.29 g day−1 (dw) was used as the fish ingestion rate 
(FIR) in all calculations.

EDI C FIR BWm= ×( ) / 	 (5)

where EDI is the estimated daily intake of an element (mg kg−1 

day−1), Cm is the mean concentration of the element in the fish 
muscle (mg kg−1 (dw)), FIR is the fish ingestion rate per person 
(7.29 × 10−3 kg day−1 (dw)), and BW is the bodyweight of an 
adult (70 kg) in Ghana.

The potential non-carcinogenic health risk of each studied 
metal due to fish consumption was estimated as the Target 
Hazard Quotient (THQ) using Eq. 6. The THQ values represent 
the ratio of the estimated daily dose versus a reference dose (RfD). 
If the ratio is >1, then the exposed population may experience 
potential health risks over their lifetime. Conversely, the health 
risks are unlikely if THQ < 1 and any potential health effects are 
considered non-carcinogenic. Potential carcinogenic risks were 
calculated as Target Cancer Risks (TCRs), based on Cancer Slope 
Factor (CSF) values of metals with known carcinogenic effects, 
using Eq. 7. These metals are As, Cd, Pb and Cr, and their CSF 
values are 1.5, 6.3, 0.0085 and 0.5 kg-day mg−1, respectively.30 
The TCR values represent various cancer risk categories ranging 
from low risk (TCR ≤ 10−6) to high risk (10−1 ≥ TCR ≥ 10−3).24,30 
Risk is very high when TCR ≥ 10−1 indicating that consumption 
of such food will result in cancerous health effects. Estimating 
the permissible fish consumption rate for the communities 
relying on the fish from the Golinga reservoir was done using 
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Eq. 8. This estimation was used to determine the maximum 
amount of fish that can be consumed annually by an individual 
without the potential for health side effects, based on the 
measured concentrations in the fish muscles.

THQ EF ED FIR C Rf BW ATm D= × × × × ×( ) / ( ) 	 (6)

where THQ is the Target Hazard Quotient, EF is exposure 
frequency (365 days yr−1), ED is exposure duration (60 years),  
AT is the average time (365 days/year × 60 years = 21 900 days) 
and RfD is the reference daily oral intake (mg kg−1 day−1) of the 
element according to WHO/FAO30.

TCR EF ED FIR C CSF BW ATm= × × × × ×( )( ) / 	 (7)

where TCR is the Target Cancer Risk due to a carcinogenic 
element and  CSF is the Cancer Slope Factor of the carcinogenic 
element (kg-day mg−1) 

CR Rf BW EF Clim D m= × × ×( . ) /5 26 	 (8)

where CRlim is the maximum permissible fish consumption limit 
(kg yr−1 per person), and 5.26 is the wet weight concentration 
factor assuming 81% fish water content.

2.8. Statistical analysis
A one-way analysis of variance (ANOVA) was performed on 

Minitab 18.1.0 to compare the mean concentration of each metal 
in the two species and see if there was any variance in the gills 
and muscles of each species at a 95% significance level. Three 
values of a metal concentration obtained from triplicate analysis 

of a homogenised sample were used in each case. ANOVA 
was done in conjunction with the Tukey test31 to identify the 
source of variance, especially for those concentrations deemed 
significantly different at 95% confidence intervals. 

3. Results and Discussion

3.1. Concentration of metals in fish
The mean concentration of the metals in the reservoir water 

and the fish gills and muscles are given in Table 1. The metals 
with set drinking water guidelines as given by WHO32 had 
concentrations above the set limits except for Cu. As, Pb and 
Cd concentrations were more than 100, 290 and 500-fold higher 
than the respective guideline limits. These metals have the 
potential to accumulate in fish, which in turn becomes a health 
concern for those that consume the fish. In this regard, all the 
metals, except Cr, had concentrations in the fish organs above 
permissible limits defined by various organisations (Table  1). 
Considering that the bioaccumulation factors (Table  2) were 
insignificant, the high metal concentrations in fish were related 
to the observed water concentrations. The water from the 
Golinga reservoir is also used to irrigate traditional vegetables, 
with recent studies showing that toxic metals (Pb, Cd, Cr, and 
As) in those vegetables exceeded the WHO/FAO guideline 
limits.33

The two fish species have different feeding preferences.34 The 
C. gariepinus fish is an omnivorous predator with a preference 
for small organisms, mainly other fish, nematodes, insects and 

Table 1 Metal concentration and health risk assessment for fish from the Golinga reservoir

As Cd Fe Co Cr Cu Mn Mo Ni Pb 
Water (mg L−1) 1.19 ± 0.21 1.56 ± 0.01 5.79 ± 0.00 0.86 ± 0.11 0.23 ± 0.01 0.12 ± 0.03 0.17 ± 0.03 0.09±0.01 0.30 ± 0.02 2.91 ± 0.45
Drinking water  
guideline (mg L−1) 0.01 0.003 0.5 –50* NG 0.05 2 NG NG 0.07 0.01

Fish permissible limits - mg L−1 (dw)*

WHO 1989 – 0.19 19 – 9.5 5.7 0.19 – 0.095–0.19 0.38
FAO 1983 0.19 0.095 – – – 5.7 1.05 – – 0.095
EC – 0.0095 – – – – – – – 0.057
Oreochromis niloticus
Gills (mg kg−1 dw) 46.6 ± 2.43 52.8 ± 0.23 383 ± 88.1 18.2 ± 0.00 7.67 ± 0.01 33.5 ± 6.06 141 ± 14.5 6.40 ±1.74 18.0 ± 1.42 88.3 ± 8.67
Muscles (mg kg−1 dw) 56.4 ± 1.90 52.5 ± 0.59 56.2 ± 0.00 15.1 ± 2.12 8.32 ± 1.20 14.1 ± 0.92 3.39 ± 0.77 3.69±0.00 6.96 ± 0.00 69.7 ± 15.2
EDI (µg kg−1 day−1) 5.88 5.47 5.86 1.57 0.866 1.47 0.352 0.852 0.781 7.26
THQ 19.6 5.47 1.95 × 10−2 7.84 × 10−2 5.78 × 10−4 3.68 × 10−2 2.52 × 10−3 1.89 × 10−2 3.91 × 10−2 1.81
TCR 8.82 × 10−3 3.44 × 10−2 – – 4.33 × 10−4 – – – – 6.17 × 10−5

Clarias gariepinus
Gills (mg kg−1 dw) 36.4 ± 4.47 52.2 ± 1.59 455 ± 149 17.2 ± 3.00 7.80 ± 0.74 19.0 ± 0.77 40.6 ± 3.62 4.40±2.02 12.5 ± 0.00 105 ± 21.1
Muscles (mg kg−1 dw) 54.5 ± 4.67 52.8 ± 0.87 56.2 ± 0.00 16.7 ± 0.00 7.00 ± 0.11 16.5 ± 2.59 0.16 ± 0.03 6.20±0.23 5.87 ± 0.29 101 ± 5.38
EDI (µg kg−1 day−1) 5.67 5.50 5.86 1.75 0.728 1.72 0.0162 0.645 0.611 10.5
THQ 18.9 5.50 1.95 × 10−2 8.72 × 10−2 4.86 × 10−4 4.30 × 10−2 1.16 × 10−4 1.43 × 10−2 3.06 × 10−2 2.63
TCR 8.51 × 10−3 3.47 × 10−2 – – 3.64 × 10−4 – – – – 8.93 × 10−5

Estimated safe consumption rates (kg yr−1)
Oreochromis niloticus 0.61 2.19 614 153 20 767 326 4761 634 331 6.61
Clarias gariepinus 0.63 2.18 614 137 24 701 279 103 214 836 392 4.57
Total 1.25 4.37 1229 290 45 467 605 107 975 1470 723 11.2

Fish permissible limits converted to dry weight (dw) values using the 0.19 dry weight factor assuming 81% fish water content; EC = 
European Commission; EDI = estimated daily intake; THQ = target hazard quotient; TCR = target cancer risk.; NG = no guideline set,  
* concentration range of Fe in natural water (mg L−1)

Table 2 Fish weight-length relationships for Oreochromis niloticus and Clarias gariepinus

Fish species n Weight 
range (g)

Length 
range (cm) FCW RSD 

(%) a b logW loga blogL= + R2 W aLb=

O. niloticus 20 64.4−143 15.1−19.1 1.80 8.9 0.0062 3.37 y = −2.21 + 3.3708x 0.832 W= 0.0062L3.37

C. gariepinus 20 34.1−113 18.2−26.4 0.60 10.8 0.0064 2.98 y = −2.1905 + 2.9795x 0.925 W= 0.0064L2.98

FCF = Fulton’s condition factor [ FCF W L= ×100 3/ ],  W = weight of fish,  L = length of fish, a = y-intercept parameter, b = slope parameter
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snails. However, when prey is limited, they will feed on aquatic 
weeds. On the other hand, O. niloticus is mainly herbivorous 
and prefers to feed on phytoplankton, algae, detritus and 
macrophytes. Younger O. niloticus also eat zooplankton, 
nematodes and insects. While this implies that the metal 
concentrations in the two fishes may differ, in this study, we 
observed that the concentrations of Cd, Co and Cr in the two 
fish species were not significantly different at a 95% confidence 
interval. The indication is that the accumulation of metals was 
not related to the feeding habits or the physiology of the fish 
species.

On the other hand, the mean concentrations of Fe, Mo and Ni 
differed significantly between muscles and gills but remained 
similar in the organs of the two fish species. Bioaccumulation 
was more dependent on the organ than the fish species, with 
preferential accumulation in the gills for these metals. The 
results show that Fe was present in the highest concentration in 
the fish gills. Recording 383 and 455 mg kg−1 (dw) in O. niloticus 
and C. gariepinus, respectively. In muscles, the concentrations 
were as low as 56.2 mg kg−1. The distribution pattern for Fe in 
fish has been reported elsewhere for different fish species. The 
authors recorded 379.439 mg kg−1 in gills versus 12.494 mg kg−1 
in muscles of Acipenser ruthenus in Serbia.35

The concentrations of Cu, Mn, As and Ni were significantly 
different between the gills of the two fish species, preferentially 
accumulating in O. niloticus. The C. gariepinus fish tends to 
emerge out of the water, close its gills and breathe air via its 
mouth into specialised breathing organs other than the gills. 
In addition, Pb was high in the organs of C. gariepinus, which 
might be related to its carnivorous feeding habits. 

The study has also observed that most metal concentrations 
were highest in gills, except for As (Table 1). Fish gills are more 
susceptible to metal ions dissolved in their aquatic habitats 
through ion exchange during breathing. Fish continuously pass 
water through their gills to absorb oxygen dissolved in water. 
However, the gill filaments have a very large surface area. 
Other chemical ions, including metals, get absorbed, which 
might explain the high levels of metals in gills reported in this 
study. The preference for metal bioaccumulation in organs other 
than the muscles is a welcome observation because the muscle 
is the only consumed organ in fish. A higher concentration of 
As in fish muscles than gills has been reported in literature for 
various fish species, including Cyprinus carpio and Acipenser 
ruthenus in Serbia8,34 and Silurus glanis in Italy.36 For example, the 
mean concentration in muscle tissues of the Silurus glanis was 
0.06 mg kg−1 versus 0.01 mg kg−1 in gills.36 A higher concentration 
of As in the gills than muscles has also been reported in the 
Poyang Lake, China10 and the Danube River, Serbia.9 

Generally, the concentrations of metals reported in muscles 
of C. gariepinus and O. niloticus fish species in the current study 
are higher than what has been reported elsewhere for the same 
fish species from different habitats.21,24,28,37,38 In addition, the 
concentrations are also higher than those reported for other fish 
species across the world.3,8–10,15,16,29,35,39 For example, most metal 
concentrations were below detection limits in studies done on 
six different fish species collected from the Mediterranean coast 
of Turkey11 and seven fish species in Malaysia.39 However, similar 
concentrations have been detected in Brycinus longipinnis from 
Benin River, Nigeria27 while very high concentrations of Cu 
(1065.50 mg kg−1 (dw)) have been reported in Cynoglossurs arel 
fish in the Persian Gulf.5

3.1 Fish condition
The fish condition factors based on weight and length of 

20 of each of the fish species are given in Table 2. Expectedly, 
C. gariepinus with a characteristic elongated posture was 
significantly longer at a 95% confidence interval than O. niloticus, 

whose posture was rather compressed and compact. Inversely, 
the average weight of O. niloticus (82.0 g) was significantly 
higher than that of C. gariepinus (64.7 g) at a 95% confidence 
interval. Compared to literature, longer and heavier O. niloticus 
fish have been reported in the Langat River and Engineering 
Lake in Malaysia, where between 20 and 22 cm, and 220 to 
240 g was recorded.24 The weight-length relationships and 
their linear forms for the two fish species are given in Table 
2. Despite the metal concentrations in the reservoir above the 
WHO drinking water guideline limits (Table 1), the O. niloticus 
condition parameters (the b parameter and the FCF) were 
comparable with the standard values indicating that this fish 
species was growing isometrically. A healthy fish is more likely 
to perform normal activities, including reproduction which 
becomes essential in sustaining the communities that rely on 
the fish as a food source. Fish population studies at the Golinga 
reservoir may be done to confirm this supposition. 

On the other hand, the condition parameters for C. gariepinus 
were below the standard values indicating that this fish species 
was experiencing growth challenges in the reservoir. Other 
contributing factors may include other pollutants and food 
availability with considerations that C. gariepinus prefers small 
mammals and other fish as a food source. Elsewhere, based on 
weight-length relationships, healthy fish have been reported in 
the Olsztyn Lake, Poland.22 At the same time, negative growth 
has also been observed for Diplodus sargus, Diplodus puntazzo 
and Pagrus caeruleostictus in Tripoli-Lebanon.40 

3.2. Metal bioaccumulation
The bioaccumulation factors for metal uptake (Table 3 and 

Fig. 1) confirmed that the accumulation of metals in the fish from 
the Golinga reservoir were insignificant with the calculated BF 
values below 100, except for Mn, whose BF value in O. niloticus 
gills was 161. Limited bioaccumulation of metals, especially 
heavy metals, is essential in keeping the consumers at low 
risk for potential health side effects due to fish consumption 
from aquatic systems polluted with metal ions. Insignificant 
bioaccumulation of metals in fish has also been observed 
in seven fish species in the Ganga river, India.23 Elsewhere, 
a study on eight different fish species in the Taihu lake in 

Table 3 Bioaccumulation factors

Species and organ As Cd Fe Co Cr Cu Mn Mo Ni Pb 
O. niloticus muscles 9.0 6.4 1.8 3.3 6.9 22 3.9 18 4.4 4.6
O. niloticus gills 7.5 6.4 13 4.0 6.4 51 161 14 11 5.8
C. gariepinus muscles 8.7 6.4 1.8 3.7 5.8 25 0.18 14 3.7 6.6
C. gariepinus gills 5.8 6.4 15 3.8 6.5 29 46 15 7.9 6.9

Figure 1 Boxplot for bioaccumulation factors of metals in gills (g) and 
muscles (m) of Oreochromis niloticus and Clarias gariepinus fish in the 
Golinga reservoir
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China observed BF values higher than 100, with Pb reaching 
6260 in Aristichthys nobilis.30 Subotic et al.9 observed varying 
bioconcentration factors among four different fish species 
in the Danube River, Serbia. In their study, the accumulation 
of a single metal in different species varied significantly. For 
example, accumulation factors for As in the muscles of Lota lota 
and Cyprinus carpio were 197.27 and 223.64, respectively, while 
Sander lucioperca and Silurus glanis had BF ≤ 36.

3.3 Health risk assessment
The health risk assessment studies on the consumed 

fish muscles are presented in Table 1. Despite most metal 
concentrations in the edible fish muscles being above the 
permissible levels, their THQ values were still below one except 
for three heavy metals; Pb, Cd and As. The THQ values for these 
metals were above 1 for both fish species implying potential 
health risks due to consumption of the fish from the Golinga 
reservoir over one’s lifetime. The THQ values were predicted 
based on the per capita consumption of fish in Ghana currently 
estimated at 28 kg yr−1 1 and assuming that the value is additive 
due to consumption of the two fish species at equal rates. The 
metal with the highest THQ value was As (THQ = 19.6), which 
was related to high estimated daily doses compared to its 
reference dose. Other studies have also identified possible risks 
with THQ > 1 for Cd, Cr and As.5,12,26,39,41 High THQ values for As 
similar to the current study, have been reported in Cynoglossurs 
arel fish species in the Persian Gulf where the values were up to 
169.888.5 In Nigeria, the THQ values for most metals were below 
one except for Pb, which was 1.41.27 However, studies have 
reported a low risk of exposure to metal toxicities (THQ < 1) 
due to fish consumption from the Langat River and Engineering 
Lake in Malaysia24 and Poyang Lake in China10.

The TCR values for As, Cd, Cr and Pb were all above the non-
risk threshold of TCR ≤ 10−6 and fell in the range of 6.17 × 10−5 (Pb) 
to 3.47 × 10−2 (Cd), implying that consumption of the fish 
from the Golinga reservoir at an average rate of 28 kg yr−1 has 
moderate chances of causing cancer over the years. The metal 
concentration in the fish in the reservoir should therefore be 
constantly monitored, especially As (TCR = 10−3) and Cd 
(TCR = 10−2) because the fish are the main source of proteins 
for most communities in the Northern region of Ghana. TCR 
values of 1.34 to 7.17 × 10−4 have been reported for As in fish 
from the Corsican coast of the Mediterranean sea25, 7.63 × 10−3 
to 4.04 × 10−4 in fish from the Persian Gulf5 and 1.6 × 10−3 to 
6.6 × 10−5 in fish from the Mediterranean sea41. The average 
TCR values for As and Pb were 5.71 × 10−4 and 2.42 × 10−5, 
respectively, in sixteen fish species of the Mediterranean sea 
consumed in Turkey.11 Another study has reported TCR <10−5 
for As (and Cd) while for Pb, the value was <10−6, implying 
that fish from that aquatic system was relatively safe for lifetime 
consumption42. In four fish species from Chenab River, Pakistan, 
the TCR values for Cr and Pb were within the safe range while 
values for As were not safe.30 

The estimated safe consumption rates (Table 1) showed that 
the total yearly consumption of the two fish species from the 
Golinga region should not exceed 1.25 kg yr−1 per person mainly 
due to potential As health effects. Cd and Pb also had estimated 
safe consumption rates lower than the per capita consumption 
of fish in Ghana, currently estimated at 28 kg yr−1 per person1. 
However, the estimated safe consumption rates for most metals 
were higher than the per capita consumption. The implication 
is that the population remains at low risk due to other metals 
except As, Cd and Pb. 

4. Conclusions
In this study, health risk assessment due to consumption of 

two fish species (Oreochromis niloticus and Clarias gariepinus), 

breeding naturally in the Golinga reservoir and consumed by 
communities in the Northern region of Ghana, was conducted. 
The results showed that the selected metals in the reservoir 
were higher than the WHO drinking water guideline limits. 
In turn, the concentrations in the fish were also higher than 
most international guideline limits. However, these metals 
bioaccumulated preferentially in the gills compared to the 
edible parts. Most of the metals that had accumulated in the 
edible muscles of the fish have limited potential for human 
health risks in one’s lifetime, except for As, Cr, Cd and Pb. These 
four heavy metals may cause carcinogenic effects due to As and 
Cd, while potential non-carcinogenic effects may occur due 
to Pb and Cr. The fish of the Golinga reservoir is an important 
source of protein for the local communities. Therefore, 
continuous monitoring of pollutant accumulation in the fish of 
the Golinga reservoir is required, and where possible, protocols 
should be drafted to protect the communities from potential 
health effects. Currently, the estimated safe fish consumption 
rates that would ensure the population is safe from potential 
carcinogenic effects due to As, Cr, Cd and Pb are well below the 
per capita consumption of fish in Ghana. 
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