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Introduction
Heavy metal contamination in freshwater fish tissue is a seri-
ous concern throughout the world. Consumption of these 
contaminated fish possesses serious threat to the associated 
consumers at a global level.1,2 Heavy metals are severe threats 
to both aquatic organisms and humans.1 The threat is increas-
ingly considerable in developing countries such as Ethiopia.2,3 
Heavy metals may be taken up and accumulate in fish muscles, 
which are consumed by humans,4 causing health hazards 
indifferent vital organs of humans5,6 and fish.7 As a result, 
heavy metals in human diets such as fish have emerged as seri-
ous hazards worldwide and warrant attention, particularly in 
developing nations such as Ethiopia.3,7

Oreochromis niloticus and Lates niloticus are the most com-
mercially important fish species in Ethiopia.8,9 The food 
sources of these fish in the Omo Delta include phytoplankton, 
attached algae in the sub littoral zone (attached to mud, sand, 
rock, leaves, etc.), Macrophytes (aquatic plants), corixids 
(aquatic insects), benthic insects, chironomid pupae and adults, 
zooplankton, mollusks, and fish.9,10 Oreochromis niloticus spe-
cies have diverse feeding habits and include plankton (phyto-
plankton and zooplankton), Macrophytes, aquatic insects and 
their larvae and pupae, nematodes (round and flatworms), and 
sediment.10,11 The diet of Lates niloticus in the Omo Delta con-
sisted of fish, insects, crustacea and mollusks. The type of prey 
ingested by the predator depended on both predator size and 

prey availability and abundance within a given habitat. The diet 
of Lates niloticus in the Omo Delta consists of fish, aquatic 
insects, crustacea and mollusks.10 It is a top predator in the 
Omo Delta. It exhibits different morphological attributes 
indicative of a predatory lifestyle in which a large gape size 
allows for the consumption of prey items and the presence of a 
tapetum lucidum enhances hunting under low light condi-
tions.10 The environmental factors that affect the distribution 
of fish in the Omo delta mainly include salinity, temperature, 
and incoming river floods.10,12

Various studies3,4,8 have revealed that elevated heavy metal 
levels occur in fish, similar to what occurs in human diets. In 
Ethiopia, their occurrence in fish muscle of human diets has 
been reported in the findings of different studies. Accordingly, 
Cd, Co, Cr, Cu, and Pb from fish tissue4; As, Co, Cr, Cu, Fe, 
Hg, Ni, Pb, Se, and Zn from fish muscle3; and As, Cd, Cr, Fe, 
and Zn from fish muscle8 have been reported in different parts 
of Ethiopia.

Recently, the Omo delta has experienced rapid growth of 
industry, urbanization, and intensive agriculture (use of agro-
chemicals) in its upper stream part, which drains into the 
delta10 and has already resulted in changes in the environment 
of the River delta and freshwater water chemistry.11,12 
Currently, the upstream part of the Omo delta is under heavy 
agro-processing, factory, and intensive irrigation, which are 
being undertaken with agrochemicals by the government and 
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at the private investment level in addition to urbanization 
along the River which drains to the delta.12 Moreover, various 
studies have revealed that elevated levels of heavy metals occur 
in fish tissues from Lake Turkana, which is adjacent to the 
Omo delta (present study area). Accordingly, the occurrences 
of Ag, Al, Cd, Cu, Cr, Li, Pb, and Zn in liver and muscle tis-
sues13 and of Cd, Cu, Ni, and Pb in fish muscle14 were reported 
from Lake Turkana. These differences could be attributed to 
the occurrence of heavy metals in the fish tissues investigated 
in the present study.

Despite these serious environmental concerns in the Omo 
delta (present study area), to the best of our knowledge, studies 
of the level of heavy metals in fish tissues and associated human 
health risks from Omo Delta in Ethiopia might not have been 
reported. Consequently, investigating the pollution level and 
human health risks of heavy metals in fish tissues from the 
Omo delta is imperative for addressing public health concerns. 
Therefore, the present study was done to assess the levels of 
heavy metals in the liver and muscle of commonly consumed 
fish species (L. niloticus and O. niloticus) and the associated 
human health risks of these metals through the consumption 
of fish muscle from the Omo delta near Lake Turkana.

Materials and Methods
Description of the study area

The present study was done at the Omo delta, which is approx-
imately 50 km downstream from Omorate town (Figure 1). 

The Omo delta is situated in the Eastern Arm of the Great 
Rift Valley of East Africa12 and lies across the Ethiopia–Kenya 
border in the Southern Ethiopia lowlands, forming the Bird’s 
foot delta with an area of 98 km2.10 It starts off in the south-
western Ethiopian highlands at 2200 meters above sea level 
(a.s.l.) and flows in its lower portion (Omo Delta) at an alti-
tude of 365 m.10 It is nearly 820 km south of Addis Ababa 
(capital city) and 508 km from the regional city (Hawassa). Its 
catchment is accompanied by heavily irrigated commercial 
agriculture, urbanization, and other developmental activities in 
its upstream. The mean annual air temperature and precipita-
tion in the study area from Omo Delta are 30°C and 400 mm, 
respectively.15 Many studies from Kenya in Lake Turkana, 
which is adjacent to the study area (Omo delta), revealed the 
occurrence of heavy metals in freshwater fish.13,14 However, no 
studies have been reported yet on the levels of heavy metals in 
the freshwater fish in this study area.

Sample collection and storage

Fish samples were taken from the Omo River Delta. The 
APHA and EMERGE methods were used for the collection 
and storage of samples.16,17 A sample of 30 fish per species was 
taken. Fish samples were taken from fishermen who collected 
fresh traps of L. niloticus and O. niloticus from the sampling 
sites using plastic nets between June and September 2022 for 
the study (Table 1). The fish samples were washed with deion-
ized water just before dissecting the tissues. The fish were then 

Figure 1. Coordinates in the Omo Delta Fish sampling site.
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dissected in the field using plastic blades to obtain liver and 
muscle tissue.17 After removal, each liver and muscle tissue 
sample was carefully covered with aluminum foil and sealed 
separately in polyethylene bags instantaneously after removal. 
The tissues were then separately labeled based on species and 
tissue type. The wrap samples were cautiously placed in an ice-
box, transported to Arbaminch Minch University of Chemistry 
Laboratory immediately after dissection and wrapping in an 
icebox and then stored in a freezer at −20°C until analysis.

Sample preparation and digestion

The samples were prepared following USEPA guidelines.18 
Accordingly, fish muscle and liver tissue was oven dried sepa-
rately at 60°C until a constant weight was obtained. To make 
powder, the dried tissues were then crushed using a mortar and 
pestle. The powdered tissue samples (0.5 g) were separated and 
ready for digestion. Ash digestion was carried out by taking 
0.5 g of muscle and liver tissue and placing it into a dish, which 
was then transferred into a furnace at a temperature of 550°C 
for 4 hours. After each sample was turned completely into ash, 
it was removed and cooled in desiccators. The ash samples were 
mixed with 10 ml of 20% HNO3 in 50 mL beakers, placed on a 
hot plate and then heated slowly at 120°C for 30 minutes. After 
digestion and cooling, dilution and filtration were carried out 
using distilled water and filter paper (Whatman No. 42), 
respectively. Digestion was performed using the analytical 
method for atomic absorption spectrometry.19

Sample analysis

The heavy metal content of the fish tissues was analyzed using 
a flame atomic absorption spectrometer (FAAS, novAA400p, 
Germany). Analytical grade standards of each target heavy 
metal were used to construct calibration curves. The analysis 
was carried out in accordance with the APHA guidelines.17

Human health risk assessment

Noncarcinogenic risks. The target hazard quotient (THQ) and 
hazard index (HI) were used to determine whether consuming 
heavy metals from fish muscles would likely pose noncarcino-
genic health risks to humans. The THQ result signifies health 
risk for a single heavy metal, while the HI result signifies 
cumulative risk in fish muscle. The human health risk was 
evaluated on a wet mass basis by using a conversion factor of 
4.8. A THQ and HI value <1 indicate that health effects are 
unlikely to occur on exposed individuals. However, when the 
THQ and HI values are >1.0, this implies that potential non-
carcinogenic health hazards are likely to occur in exposed 
individuals. The THQ and HI were estimated using EPA 
guidelines20equations (1) and (2) below:

 THQ
ED IR Cm

RfD WAB AT
=

× × ×( )
× ×

−EF
( )

10 3  (1)

 HI =∑THQ  (2)

Table 1. Sampling point, geographic coordinates and major anthropogenic activities in the Omo Delta catchments.

SAmPlInG POInTS GEOGRAPHICAl COORDInATES AnTHROPOGEnIC ACTIvITIES In THE CATCHmEnTS

1 4°27′42.60″n 36°3′14.42″E Agricultural activities and grazing

2 4°27′44.34″n 36°3′52.53″E vehicle traffic, residential area,

3 4°28′27.88″n 36°4′40.73″E Car washing, vehicle traffic, residential

4 4°28′59.88″n 36°5′20.88″E grazing, agricultural activities, fishing and recreational

5 4°29′30.61″n 36°6′35.87″E vehicle traffic, washing, car washing

6 4°30′43.60″n 36°6′13.60″E Agricultural activities and grazing

7 4°30′46.21″n 36°7′16.45″E Agricultural activities and grazing

8 4°30′30.30″n 36°7′59.41″E Irrigation, agricultural runoff

9 4°30′8.11″n 36°8′43.33″E Inflow from urban

10 4°30′0.29″n 36°9′53.50″E Incoming urban wastes

11 4°29′8.49″n 36°8′50.77″E Irrigation, agricultural runoff

12 4°28′25.92″n 36°8′48.33″E Fishing and recreational

13 4°27′47.30″n 36°9′40.06″E Grazing, agricultural activities

14 4°27′33.41″n 36°8′1.15″E Car washing, vehicle traffic residential and commercial area

15 4°27′54.98″n 36°6′50.51″E Car washing, vehicle traffic, residential and commercial area
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Where THQ is a noncarcinogenic health risk and ED is the 
exposure duration, which is equivalent to the average life 
expectancy in Ethiopia, which is 65 years for adults and 6 years 
for children.21,22 EF is the exposure frequency, which is 
365 days/year for people who eat fish muscle 7 times a week 
and 52 days/year for those who eat once a week23; IR is the 
average fish ingestion rate of an individual in a day (g/day/per-
son), which is 30g for adults and 15 g for children in 
Ethiopia.24,25 The RfD is the oral reference dose, which is the 
daily ingestion of a contaminant that is unlikely to cause health 
effects during the lifetime, as defined by Ref.26 in mg/kg/day, 
which was 0.001 for Cd, 0.003 (Cr), and 0.03 (Co); 0.040 (Cu), 
0.7 (Fe), 0.020 (Ni), 0.14 (Mn), 0.0035 (Pb), and 0.30 (Zn); 
AT is the average exposure time for noncarcinogens (EF × ED); 
cm is the average concentration of heavy metals in fish muscles 
(mg/kg dry weight); and WAB is the average body weight, 
which is 60 kg for adults and 21 kg for children in Ethiopians.21 
The consumption habits of Ethiopians have recently been 
increasing in areas with an adequate supply of fish.27 In such a 
society, annual fish ingestion can reach more than 10 kg/per-
son.23 Thus, the daily average fish ingestion rate for adults (IR) 
in Ethiopia was estimated to be 30 g/day/person.3,27 According 
to the WHO22 and USAD,24 child consumption is approxi-
mately one-half that of adults. Therefore, the daily average fish 
ingestion rate for children (IR) in Ethiopia was estimated to be 
15 g/day/person.22,24

Carcinogenic risk (TCR). The target carcinogenic risk (TCR) 
estimates an individual’s possibility of developing cancer over a 
lifetime while exposed to a potential carcinogen, and the 
acceptable risk levels for carcinogens range from 10−4 to 10−6.28 
The TCR was estimated using equation (3) below.

TCR
ED Cm IR CSFO

WB AT
=

× × × ×( )×
×

−EF 10 3

( )
 (3)

Where TCR is the target cancer risk; CSFO is an oral carci-
nogenic slope factor in mg/kg/day, and the values include 
1.7 mg/kg/day for Niand 0.5 (Cr), 0.001 (Cd) and 0.0085 for 

Pb.18 The other parameters are presented in equations (1) 
and (2).

Data quality

The precision of the method and validation of the results were 
checked via a recovery test.17 The fish samples were spiked 
with known concentrations of heavy metals, and spiked sam-
ples were digested in triplicate using the same method used for 
the original samples. The percent recovery was then calculated 
using equation (4).

Recovery
Amount added

=
−( )

×
Spikedresult Unspikedresult

( )
100%  (4)

All the recovery values were within the acceptable range 
(80%-120%) for heavy metal analysis29 and are summarized 
in Figure 2 below.

Data analysis

The data were analyzed using IBM SPSS 21 statistical soft-
ware. To determine a normal distribution and homogeneity of 
variance, Levine’s test was applied. Variations in the mean lev-
els of heavy metals between fish muscle and liver and species 
were evaluated using a T-test. A Pearson correlation coefficient 
matrix was used to determine the correlation between metal in 
the fish tissues. The target hazard quotient (THQ), hazard 
index (HI), and target cancer risk (TCR) were used to evaluate 
human health risks.

Results and Discussion
Heavy metal concentrations in L. niloticus and O. 
niloticus

The mean levels of the detected heavy metals in the muscle and 
liver tissues of both fish species are presented in Table 2. The 
mean level of heavy metals ranged from 0.013 to 1.81 mg/kg. 
The maximum mean concentration of heavy metals detected in 
the liver of L. niloticus was Fe (1.81 ± 0.465 mg/kg), and the 
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Figure 2. Percentage recovery in muscle of L. niloticus and O. niloticus.
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minimum mean level was Ni (0.018 ± 0.01 mg/kg), which was 
detected in the liver of O. niloticus. Similarly, the maximum 
mean level in muscle of O. niloticus was 0.89 ± 0.099 mg/kg for 
Fe, and the minimum muscle level was for Ni (0.013 ± 0.006 
mg/kg. The Fe content in the muscle tissues of O. niloticus in 
the present study was lower than that in the study by Samuel 
et al3 in Ethiopia from Lake Hawassa. A lower mean level of 
Ni was recorded in the study by Samuel et al3 and Magu et al.14 
The mean concentrations of the metals in the liver and muscle 
of L. niloticus generally occurred in the order of Fe > Zn > Pb 
> Cu > Mn > Cr > Co > Ni and Fe > Pb > Zn > Mn > 
Cu > Co > Cr > Ni, respectively.

Similarly, the mean concentrations in the liver and muscle 
tissues of O. niloticus were as follows: Fe > Pb > Zn > Mn > 
Cu > Cr > Co > Ni and Pb > Fe > Zn > Mn > Co > Cu 
> Ni. Except for Cd, all the investigated heavy metals were 
detected in the liver tissues of both species. Cadmium was not 
detected in the muscle and liver of L. niloticus and O. niloticus 
which was similarly reported in the study by Gure et al.4 This 
might be due to the pollution sources of the freshwater fish 
may not contain significant level of cadmium or not at all. 
Higher levels of heavy metals were generally observed in liver 
tissues. This difference may be related to the content of the 
metallothioneins protein in the liver tissue which is rich in 
thiol content that helps to bind the heavy metals. The liver acts 
as a detoxifying filter by storing heavy metals. High metal 
accumulation capabilities make the liver the most important 
target and storage tissue in aquatic organisms. The Pb levels in 
muscle and liver tissues from both fish species were above the30 
permissible limits. This implies that lead toxicity related health 
complication to human health and, decreased growth and 

reproductive rates in fish.3,14 The mean concentration of man-
ganese (Mn) ranged from 0.384 to 0.394 mg/kg. The maxi-
mum and minimum mean concentrations of Mn were observed 
in the liver of L. niloticus and muscle of O. niloticus, respectively, 
following the order L. niloticus (liver)>O. niloticus (liver) > L. 
niloticus (muscle) > O. niloticus (muscle). The detected concen-
tration is below the30 permissible limit for human diet and is 
comparable to that reported for the muscle of O. niloticus spe-
cies from Lake Hawassa.31 The Mn content of muscle tissues 
(O. niloticus) in the present study was lower than that in previ-
ous reports in Ethiopia from Lake Hawassa31,32 and from the 
Volta Basin of Ghana.33 A possible explanation might be due 
to different agricultural activities and pollution from cities and 
villages in the basin may have acted as additional Mn sources, 
and the continued release of Mn from estuarine soils led to Mn 
accumulation.

The mean zinc level ranged from 0.394 to 1.127 mg/kg. The 
maximum mean level was detected in the liver of L. niloticus, 
whereas the minimum was observed in the muscle of O. niloti-
cus, following the order L. niloticus (liver) > O. niloticus (liver) 
> L. niloticus (muscle) > O. niloticus (muscle) > O. niloticus 
(muscle). The Zn content in the muscle tissues of O. niloticus in 
the present study was greater than that in the study by Zenebe34 
in Ethiopia. However, the Zn content in the muscle of O. 
niloticus in this study was lower than that in earlier studies of 
freshwater fish from Ethiopia3,32 in the Volta Basin of Ghana33 
and from freshwater fish in Kenya.14 Similarly, the level of Zn 
in the liver tissues of O. Niloticus in the present study was 
greater than that in previous studies of the same species.35 This 
difference might be due to differences in the pollution sources 
in the catchment area and the large amounts of agrochemicals 

Table 2. mean concentrations of heavy metals (mg/kg, dry weight) in L. niloticus and O. niloticus from Omo Delta.

HEAvY 
mETAlS

mEAn ± SD OF HEAvY mETAl COnCEnTRATIOnS (mG/kG DRY wEIGHT) In 
TISSUES OF THE 2 FISH SPECIES

mPl (mG/kG) REFEREnCE

LAtEs nILOtIcus OrEOcHrOmIs nILOtIcus  

lIvER mUSClE lIvER mUSClE  

mn 0.394 ± 0.004 0.385 ± 0.005 0.387 ± 0.004 0.384 ± 0.006 1.0 FAO/wHO, 1989

Zn 1.127 ± 0.87 0.428 ± 0.393 0.556 ± 0.506 0.394 ± 0.26 40 FAO/wHO, 1989

Cu 0.407 ± 0.419 0.129 ± 0.283 0.291 ± 0.424 0.071 ± 0.198 3.0 FAO/wHO, 1989

Cr 0.154 ± 0.023 0.039 ± 0.085 0.151 ± 0.028 nD 0.15 FAO/wHO, 1989

Cd nD nD nD nD 0.2 FAO/wHO, 1989

Pb 1.124 ± 0.151 0.89 ± 0.099 0.845 ± 0.269 0.597 ± 0.153 0.5 FAO/wHO, 1989

Fe 1.81 ± 0.465 0.94 ± 0.395 1.741 ± 0.691 0.411 ± 0.131 100 FAO/wHO, 2011

ni 0.033 ± 0.011 0.019 ± 0.003 0.018 ± 0.01 0.013 ± 0.006 0.15 FAO/wHO, 1989

Co 0.085 ± 0.015 0.045 ± 0.021 0.065 ± 0.029 0.082 ± 0.023 - -

mPl is maximum permissible limit in the diet of human according to FAO/wHO 1989.
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containing zinc that may leach into freshwater, which could 
contribute to heavy metal pollution in fish tissue.

The copper level of the tissues ranged from 0.071 to 
0.407 mg/kg. The maximum and minimum mean Cu level was 
detected in the liver tissue of L. niloticus and in the muscle tis-
sue of O. niloticus, respectively. The order of Cu concentrations 
was, L. niloticus (liver) > O. niloticus (liver) > L. niloticus 
(muscle) > O. niloticus (muscle). The levels in all tissues are 
below the30 maximum permissible limit in the human diet. 
The mean Cu content in muscle tissues of O. Niloticus in this 
study was greater than that in earlier reports.34 However, the 
Cu content in muscle tissues of O. Niloticus in the present 
study was lower than that in previous studies.4,14,32 Similarly, 
the concentration of Cu in the liver tissues of O. niloticus in the 
present study was greater than that in the previous study35 but 
lower than that reported previously.4 The mean muscle con-
tent of Cu in L. niloticus in the present study was lower than 
that in previous studies36 but higher than that in studies by 
Magu et al.14 As depicted in Table 3, the concentrations of the 
investigated heavy metals in fishes were significantly corre-
lated with each other.

The chromium level ranged from being below the detection 
limit to 0.154 mg/kg. A greater level of Cr was observed in the 
liver tissues of L. niloticus. Chromium was not detected in the 
muscle tissues of O. niloticus in the present study, which was 
similar to the findings of earlier study.32 This difference may be 
due to the high binding capacity of the liver for metals in which 
the liver acts as a filter detoxifying by storing heavy metals.

The muscle content of Cr in L. niloticus in this study was 
lower than that in previous studies.3,33 However, the Cr con-
tent in the liver tissue of both fish species in the present study 
was greater than that in the study by Gerenfes and Teju35 and 
lower than that in the study by Gure et  al4 from Ethiopia. 
Cadmium was not detected in the liver and muscle of both 
species. This might be because the pollution source of fresh-
water might not contain cadmium. This was similarly reported 
by Ermias et al.32

The lead level ranged from 0.597 to 1.24 mg/kg. The maxi-
mum mean concentration of Pb was recorded in the liver tissue 
of L. niloticus, whereas the minimum level of Pb was observed 
in the muscle tissue of O. niloticus, following the order L. niloti-
cus (liver) > L. niloticus (muscle)> O. niloticus (liver) > O. 
niloticus (muscle). The mean Pb levels in the muscle of both 
species were above the FAO/WHO recommended limits in 
the human diet.30 This finding implies that the consumption of 
these 2 fish muscles results in health complications from the 
toxicity of lead. The Pb content in muscle tissues of both fish 
species in this study was greater than that in earlier reports3,14,37 
but lower than that in previous reports.36 However, the Pb con-
tent in the liver tissue of O. niloticus in the present study was 
lower than that in previous studies.4,35 On the other hand, the 
Pb content in the muscle of L. niloticus in the present study was 
greater than that in previous reports14 but lower than that in 
reports.36 This difference might be due to the difference in pol-
lution sources in the study area.

The mean concentration of Fe ranged from 0.411 to 
1.81 mg/kg. The maximum mean Fe concentration was 
detected in the liver of L. niloticus, whereas the minimum was 
detected in the muscle of O. niloticus, followed by L. niloticus 
(liver) > O. niloticus (liver)>L. niloticus (muscle) > O. niloticus 
(muscle). The tissue levels of Fe in this study are below the38 
allowable limits and were below those recorded for the muscle 
of O. niloticus.37 The present findings also indicated that O. 
niloticus had lower Fe contents in muscle tissues than the study 
reported by Gerenfes and Teju.35 In contrast, the Fe content in 
the liver of O. Niloticus in the present study was greater than 
that in a previous study.35

The mean nickel concentration ranged from 0.013 to 
0.033 mg/kg. The maximum mean concentration was detected 
in the liver tissue of L. niloticus, while the minimum level was 
detected in the muscle tissue of O. niloticus, in the order L. 
niloticus (liver) >L. niloticus (muscle) > O. niloticus (liver) > 
O. niloticus (muscle). These concentrations are within the30 
recommended permissible human diet intake levels. The Ni 

Table 3. Pearson correlation coefficient matrix for metal concentrations in the fish muscle.

mn Zn CU CR PB FE nI CO

mn 1.0  

Zn −.3 1.0  

Cu .535** −.2 1.0  

Cr .2 −.2 .388* 1.0  

Pb .3 −.1 .450** .533** 1.0  

Fe .3 −.1 .442** .705** .489** 1.0  

ni .2 −.2 .2 .638** .3 .571** 1.0  

Co .0 .0 −.381* −.3 −.2 −.2 .1 1.0

*Correlation is significant at the .05 level (2-tailed).
**Correlation is significant at the .01 level.



Andemo et al 7

contents of muscle tissues from O. niloticus and L. niloticus in 
the present study were comparable to those in previous 
reports3,14,34 and lower than those in studies.33

The cobalt content in the liver and muscle tissues ranged 
from 0.045 to 0.085 mg/kg. The maximum mean content of 
Co was detected in the liver of L. niloticus, while the minimum 
was detected in the muscle of L. niloticus, followed by L. niloti-
cus (liver)> O. niloticus (muscle) > O. niloticus (liver)> L. 
niloticus (muscle). The mean muscle level of cobalt in O. niloti-
cus was greater than that in a previous report.3 However, the 
mean Co level in the present study was lower than that in the 
study of the muscle and liver tissue of O. niloticus.4

The Cu in fish tissues may be from the agrochemicals 
through the use of fungicides, algaecides, and insecticides on 
agricultural land, which can be drained by runoff to the fresh-
water fish.39 Thus, the occurrence of Cu in the fish tissues in 
this study could be from agrochemicals that may have arisen 
from irrigation land along the Omo River, which may drain 
into the River delta. The Pb concentration in freshwater fish 
may increase from different anthropogenic sources, such as 
agricultural discharge, factories, solid waste and wastewater, 
that may reach the River delta and subsequently fish tissues40. 
Consequently, the occurrence of Pb in the fish tissues in the 
present study could be attributed to agrochemical activity from 
intensive irrigation farmland to the delta, urban discharge and 
solid waste from Omorate town, which is adjacent to the delta, 
wastewater from upstream factories and other anthropogenic 
activities. The presence of Ni in the fish tissues in this study 
could be due to the location of the river in the rift valley, where 
it is naturally abundant in the Earth’s crust.14 The occurrence 
of Zn in fish tissues in the present study could be due to the 
urban runoff, wastewater and agrochemical use observed in the 
catchments.41 The occurrence of the detected heavy metals in 
the present study could also be attributed to Lake Turkan, 
which is adjacent to the present study area (Omo delta), as 
reported by different researchers, who revealed the presence of 
Cr, Cu, Mn, Ni, Pb, and Zn.13,14,42 The statistically significant 
differences in the mean contents of the detected heavy metals 
between the fish tissues of both fish species are presented in 
Table 4 according to the T-test. A T-test (P < .05) revealed 
that there were significant differences in the mean levels of all 
heavy metals except for Mn, Cu, and Ni in the muscle and liver 

tissues of L. niloticus. Similarly, significant differences in the 
mean levels of heavy metals were detected between the muscle 
and liver tissues of O. niloticus, with the exception of Zn and 
Co. There were also species-dependent significant differences 
in the mean contents of Pb, Ni, and Co in the liver tissues of L. 
niloticus and O. niloticus. Similarly, the mean contents of Pb, Fe, 
and Ni in the muscle tissues of both species were significantly 
different (P < .05). Many researchers have shown that fish spe-
cies-dependent differences in heavy metal accumulation might 
be associated with feeding habits, such as carnivores, herbi-
vores, or omnivores, and the habitats of fish species.43,44 
Differences in habitat utilization and feeding practices may be 
the cause of the variations in the mean heavy metal concentra-
tions observed in the present study between L. niloticus and O. 
niloticus.45 The differences in heavy metal concentrations 
between L. niloticus and O. niloticus43,46 in the present study 
could be attributed to the biological factors, such as age and the 
growth rate of the fish species.

The differences in the mean levels of heavy metals between 
the fish tissues (liver and muscle) in these studies could be due 
to the ability of various metals to bind with carboxylate oxygen, 
amino functional groups, and nitrogen in metal-binding pro-
teins.4,39,47 The variations in metal concentrations among tis-
sues could also be ascribed to differences in the physiological 
role of each tissue in which muscle generally accumulates lower 
levels of heavy metals.41-46 Many studies have confirmed that 
there is variation in heavy metal levels among fish tissues and 
species,3,4 which was also observed in the present study.

In general, L. niloticus had a greater burden of heavy metals 
than O. niloticus. This could be due to differences in the behav-
ior and feeding habits of the 2 species. Thus, the relatively high 
level of metals in the L. Niloticus tissues in the present study 
could be attributed to their feeding habits, as they are bottom-
dwelling carnivores that feed on zooplankton, shrimp, clams, 
snails, insects and other fish species, unlike O. niloticus, which 
feeds on algae and other vegetables.14,16 Carnivores are more 
likely to accumulate heavy metals than are other fish.46

Human health risk

The noncarcinogenic health risks associated with the heavy 
metals detected in adults and children who consumed muscle 

Table 4. The mean difference of heavy metals among the fishes tissues.

TISSUES O FISH SPECIES SIG. (2-TAIlED)

mn Zn CU CR PB FE nI CO

liver and muscle of L. niloticus 0.4 0.02* 0.23 0.00** 0.00** 0.00** 0.83 0.00**

liver and muscle of O. niloticus 0.05* 0.24 0.00** 0.00** 0.00** 0.00** 0.00** 0.11

liver of O. niloticus and L. niloticus 0.806 0.775 0.464 0.769 0.001** 0.762 0.001** 0.041**

muscle of O. niloticus and L. niloticus 0.402 0.023 0.482 0.003 0.00** 0.00** 0.00** 0.11

*Is significant at the .05 level (2-tailed). **Is significant at the .01 level.
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from L. niloticus and O. niloticus from the Omo delta were 
assessed using THQ and HI indices. The human health risk 
was evaluated on a wet mass basis by using a conversion factor 
of 4.8. The index results (THQ and HI) obtained by eating the 
muscle of fish within 1 to 7 times a week are presented in 
Tables 5 and 6 for adults and children, respectively. The THQs 
in the muscle of L. niloticus and O. niloticus for all the ingestion 
levels (1, 3, 5, and 7) decreased in the order Pb > Cr > Cu 
>Mn > Co > Zn > Fe and Pb > Mn > Co > Cu > Zn > 
Fe, respectively.

The HI values due to consumption of L. niloticus muscle 7 
times a week were 0.668 (for adults) and 0.942 (for children). 
Similarly, the HI values for O. niloticus were 0.433 (for adults) 
and 0.653 (for children). The maximum THQs were observed 
for Pb in both L. niloticus (0.872) and O. niloticus (0.585), 

whereas the minimum THQs were observed for Fe in the mus-
cles of O. niloticus and L. niloticus. In all the evaluated samples, 
the THQs for heavy metals in fish muscle ingested by adults 
and children were less than 1, which indicates that individuals 
are unlikely to experience considerable health risks due to 
ingestion of individual heavy metals through intake of the fish 
muscles. Similarly, the HIs of the combined heavy metals were 
less than 1, indicating that there was no substantial adverse 
health effect due to the intake of L. niloticus and O. niloticus 
muscle tissues from the Lower Omo River source at the pre-
sent time of study. As seen from the risk assessment data, more 
emphasis should be given to the noncarcinogenic risk of Pb in 
the muscle of both fish species. A previous study in the Volta 
Basin River, Ghana, recorded a lower THQ value for Mn 
(0.00325) than for Mn (0.04389) from O. niloticus.33 They also 

Table 5. Estimated THQ and HI in adults due to heavy metal exposure in muscle of L. niloticus and O. niloticus.

FISH 
SPECIES

lEvEl OF 
ExPOSURE 
(D/w)

TARGET HAZARD QUOTIEnT (THQ) HAZARD 
InDEx

mn Zn CU CR PB FE nI CO (HI)

L. niloticus 1 0.000941 0.00049 0.001104 0.004445 0.086947 4.59E-04 3.25E-04 0.000514 9.55E-02

3 0.002822 0.001464 0.003307 0.013334 0.260837 1.38E-03 9.74E-04 0.001541 2.86E-01

5 0.004699 0.002438 0.005515 0.022224 0.434726 2.29E-03 1.62E-03 0.002563 4.76E-01

7 0.0066 0.003422 0.007742 0.0312 0.610286 3.22E-03 2.28E-03 0.0036 6.68E-01

O. niloticus 1 0.000936 0.000449 0.000605 nD 0.05832 2.01E-04 2.26E-04 0.000936 6.17E-02

3 0.002813 0.001349 0.001819 nD 0.174965 6.00E-04 6.67E-04 0.002803 1.85E-01

5 0.00469 0.002246 0.003034 nD 0.291605 1.00E-03 1.11E-03 0.004675 3.08E-01

7 0.006581 0.003154 0.004262 nD 0.409373 1.41E-03 1.56E-03 0.006562 4.33E-01

Abbreviation: d/w, days per week.

Table 6. Estimated THQ and HI in children due to heavy metal exposure in muscle of L. niloticus and O. niloticus.

FISH 
SPECIES

lEvEl OF 
ExPOSURE 
(D/w)

TARGET HAZARD QUOTIEnT (THQ) HAZARD 
InDEx

mn Zn CU CR PB FE nI CO (HI)

L. niloticus 1 0.001344 0.000696 0.001574 0.00635 0.124205 0.000658 4.64E-04 0.000734 1.36E-01

3 0.004032 0.002093 0.004728 0.019051 0.372619 0.001968 1.39E-03 0.002198 4.08E-01

5 0.006715 0.003485 0.007877 0.031747 0.621034 0.003278 2.32E-03 0.003662 6.80E-01

7 0.009427 0.004891 0.011059 0.044573 0.871838 0.004603 3.26E-03 0.005141 9.42E-01

O. niloticus 1 0.001339 0.000643 0.000869 nD 0.083318 0.000287 3.17E-04 0.001334 8.81E-02

3 0.004018 0.001925 0.002602 nD 0.24995 0.000859 9.50E-04 0.004003 2.64E-01

5 0.006701 0.003206 0.004334 nD 0.416582 0.001435 1.59E-03 0.006677 4.41E-01

7 0.043886 0.004502 0.006086 nD 0.584818 0.002011 2.23E-03 0.00937 6.53E-01

Abbreviations: nD, not detected; d/w, days per week.
Cd was not detected in the muscle and liver of both fish species.
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reported lower THQs for Zn (9.2 × 10−5) and Fe (2.14 × 10−8) 
than did the present study via the intake of O. niloticus muscle 
by adults and children. On the other hand,3 from their study in 
Ethiopia from Lake Hawassa, reported higher THQ values for 
Fe (0.01), Cu (0.02), and Zn (0.039) than did the present find-
ings. However, Samuel et  al3 reported lower THQs for Co 
(0.001) and Pb (0.026) than for Co (0.00937) and Pb (0.872), 
respectively.

The probable cancer risk due to the ingestion of Cr, Pb, 
and Ni through the muscle of L. niloticus and O. niloticus at 
1, 3, 5, and 7 days a week is presented in Table 7. The target 
cancer risk (TCR) values in the muscles of both L. niloticus 
and O. niloticus were in the order of Cr > Pb. All levels of 
exposure to Pb in this investigation had TCR values within 
the acceptable range (10−6 to 10−4).48 Taken together, these 
findings demonstrated that eating Cr and Pb through the 
muscle of L. niloticus and O. niloticus at any exposure level 
was not a carcinogenic health concern. It was also observed 
that children had a greater probability of developing risk 
when exposed to heavy metal pollution. The results of this 
study showed that people who consumed O. niloticus muscle 
had a TCR for Pb of 1.22 × 10−5, which was greater than that 
found in a previous study that evaluated the TCR for Pb 
(7.65 × 10−8).33

The TCRs for Pb and Cr in this study were within the tol-
erable range of 10−6 to 10−4 48 for all levels of exposure. Taken 
together, these findings revealed that there was no carcinogenic 
health risk from the ingestion of Cr and Pb through the muscle 
of L. niloticus and O. niloticus at all levels of exposure in adults. 
It was also observed that children had a greater probability of 
developing risk when exposed to heavy metal pollution. A 
study in Ethiopia from Lake Hawassa reported a lower TCR 

for Pb (7.65 × 10−8) than that in the present study (1.22 × 10−5) 
via the intake of O. niloticus muscle by adults.3

Limitations of the Study
The limitations of this study include the nonconsideration of 
heavy metals such as arsenic and mercury.

Conclusions and Recommendations
The present study provides the first baseline information on 
the pollution levels of 9 heavy metals in L. niloticus and O. 
niloticus from Ethiopian lowland freshwater bodies (Omo 
Delta). With the exception of Pb and Cr, the levels of all heavy 
metals under investigation were below the allowable limits set 
by Ref.30 This implies that consumptions of the muscle of the 
2 fish spices might results to human health complication 
caused by lead and chromium toxicity. Higher accumulations 
of heavy metals were generally observed in the liver and muscle 
tissues of L. niloticus than in those of O. niloticus, which might 
be due to difference in feeding habit of the species. Generally, 
the liver accumulated more heavy metals than did the muscle 
tissues. This might be due to the fact that liver tissue is rich in 
thion content which helps to bind the heavy metals.49

The study indicated that the level of heavy metals in fish 
tissue is a warning signal for early intervention. The health risk 
assessments showed that exposure to the studied heavy metals 
is less probable to impose potential human health risk. However, 
the mean Pb levels found in the liver and muscle tissue of both 
fish species were above the FAO/WHO (1989) allowable level, 
which might call for regular monitoring of freshwater fish from 
the Omo Delta. In view of the extensive agriculture and agro-
industry currently being undertaken in the catchments of the 
study area, the level of heavy metals in the investigated fish 

Table 7. TCR in adults and children due to heavy metal exposure in muscle of L. niloticus and O. niloticus.

FISH SPECIES lEvEl OF 
ExPOSURE (D/w)

CARCInOGEnIC RISk (CR) CARCInOGEnIC RISk (CR)

ADUlTS CHIlDREn

CR PB CR PB

L. niloticus 1 6.67E-06 2.59E-06 9.53E-06 3.70E-06

3 2.00E-05 7.76E-06 2.86E-05 1.11E-05

5 3.33E-05 1.29E-05 4.76E-05 1.85E-05

7 4.68E-05 1.82E-05 6.69E-05 2.59E-05

O. niloticus 1 nD 1.74E-06 nD 2.48E-06

3 nD 5.21E-06 nD 7.44E-06

5 nD 8.67E-06 nD 1.24E-05

7 nD 1.22E-05 nD 1.74E-05

Abbreviations: d/w, days/week; E, exponent; nD, not detected.
E= exponent (power of 10). Cd was not detected in the muscle of both fish species.
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species may increase in a short period of time. Therefore, moni-
toring heavy metal levels in the tissues of L. niloticus and O. 
niloticus is vital, and policy makers are attempting to take 
appropriate action at this alarming level to protect freshwater 
fish and people from the threat of heavy metal pollution from 
the River Delta.
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