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Introduction: This study aimed to measure the concentration of toxic heavy
metals in wastewater samples and Nile tilapia (Oreochromis niloticus) species
inhabiting wastewater (waste stabilization ponds) and evaluate their safety as a
food source in southwestern Ethiopia. For this purpose, toxic metals like lead
(Pb), cadmium (Cd), arsenic (As), and mercury (Hg) in wastewater samples and
fish tissues (muscle, gill, and liver) were independently examined.

Methods: A laboratory-based cross-sectional study was performed to ascertain
the levels of Pb, Cd, As, and Hg in the fish tissues of O. niloticus and wastewater
samples. Heavy metal levels were analyzed by microplasma atomic emission
spectrometry (Agilent 4210 MP-AES) and hydrogen-generated atomic
absorption spectrometry (HGAAS, novAA 400P, Germany).

Results: Heavy metal concentrations were measured in the following decreasing
order (ug L™): Cd>Pb>As>Hg in facultative and maturation ponds, with Cd
(27.66 pug L™ having the highest concentration and Hg (0.349 ug L™ having
the lowest concentration. Among the heavy metals detected in the wastewater
samples, Hg showed a statistically significant difference between the sampling
points (p =0.023). The maximum metal concentration was measured for Pb
(0.35mg kg™ and Cd (0.24 mg kg™) in the muscle tissue of O. niloticus. The
value of arsenic (0.02 mg kg™) detected in fish edible muscles exceeded the
FAO/WHO maximum permissible limit (MPL =0.01) for human consumption.
The carcinogenic and non-carcinogenic health risks of consuming fish due to
trace metals were relatively low and posed fewer potential threats to human
health. According to this finding, children were more susceptible to heavy
metal exposure than adults.

Conclusion: Due to the high quantities of these harmful heavy metals,
wastewater from oxidation ponds should not be used for fishing to avoid
bioaccumulation. The target carcinogenic risk (TR) and target hazard quotient
(THQ) indicated that all heavy metals were below the safe threshold. This
research will provide a baseline for monitoring trace metals in various edible
aquatic creatures and for future research in artificial habitats and regulatory
considerations.
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Heavy metal pollution has been identified as a great concern
for the aquatic environment and aquatic organisms including fish
(1, 2). These metals accumulate harmful chemicals in the aquatic
ecosystem and, consequently, in humans. Thus, it is critical to
regulate the use of heavy metals (3). Moreover, some of the
heavy metals are toxic, causing hazardous impacts on aquatic
organisms and finally leading to serious human health concerns (4).

Several metals are considered important to organisms because they
are constituents of several critical enzymes and play an important role
in the metabolism of various essential nutrients (5). However, several
studies have indicated that an excess of these metals creates significant
abnormalities in an organism’s cells and organs (6, 7). Heavy metal
exposure causes a variety of complications, including liver damage,
kidney  dysfunction,
disruptions, and, in extreme cases, death (8, 9). Furthermore, heavy

cardiovascular  irregularities, metabolic
metals exert many neurotoxic and carcinogenic effects due to the
buildup of metals in target human organs, such as the liver, kidney,
and bones, upon intake of contaminated fish (10, 11). Cadmium
(Cd) toxicity results in kidney dysfunction and proteinuria.
Furthermore, severe lead (Pb) toxicity not only disrupts the
cognitive development of children but is also accountable for various
cardiac complications in adults (12).

in fish bodies through food

consumption and the exchange of various ions in their gills (13).

Heavy metals build up

As a result, different studies and monitoring programs on metal
accumulation in fish bodies are organized all over the world (14).
Fish is a balanced, popular food item throughout the world that
is considered an important source of protein, energy, and
essential minerals. Several studies have revealed that heavy metals
accumulate in the human body primarily when fish are taken as
food (15,
the primary indicators for estimating heavy metal contamination

). For this reason, fish have been regarded as one of

in freshwater ecosystems and associated human health risks.

A common global practice for water reuse involves utilizing
treated municipal wastewater and its associated nutrients for
aquaculture (17, 18). These concerns are significant since, in 2014,
more fish for human consumption were obtained from artificial
aquaculture than from global fisheries (19), and this needs to retain
and satisfy future international food production needs. In Ethiopia,
it is common practice for waste stabilization ponds (WSPs) to aid
aquaculture operations. The misunderstanding of the links between
wastewater reuse methods for fishing and the bioaccumulation of
). Few
studies have focused on integrated wastewater reuse with fish

new pollutants, such as heavy metals, is exacerbated (

farming in developing countries. In Ethiopia, no published study
has specifically monitored the quality of treated wastewater for
fishing and the safety of fish harvested from artificial ponds. This
study initially assessed the levels of toxic heavy metals in
wastewater samples and fish tissues collected from a waste
stabilization pond in southern Ethiopia. The main objective is to
determine the levels of toxic heavy metals, including Pb, Cd, As,
and Hg, in wastewater samples and fish tissues to establish their
suitability for human consumption.

02

10.3389/fenvh.2024.1386827

Study area

The study was conducted at Jimma University, Jimma,
Ethiopia. The wastewater samples and fish were taken from a
waste stabilization pond located in the Institute of Technology
campus of Jimma University in Jimma town, which is 352 km far
from the capital of Addis Ababa in the southwest. The
geographic coordinates are approximately 7°30 latitude north
and 36°15" longitude east. The annual average temperature in
the town is 19.3°C (11.5°C-27.1°C), with an annual rainfall of
approximately 1,749.1 mm. The WSPs
69,236.70 m> (6.9 ha). The facility was designed to cater to a
population of over 42,000 people. It consists of seven ponds with

cover an area of

a total capacity of receiving more than 2,250 m*/day of raw
wastewater. The WSP is designed to serve a population of 40,000
(21). Initially,
the wastewater generated from the student dorms is directed to

and contains seven ponds, as shown in

septic tanks to remove solids, after which it is emptied into
WSPs.
combined and disposed of in the waste stabilization pond,

The untreated domestic wastewater and runoff are

resulting in elevated concentrations of various impurities, such as
heavy metals, in the influent wastewater. To attain acceptable

the both
and Dbiological minimize

standard levels, raw  wastewater undergoes

physicochemical treatments  to
suspended solids and biochemical oxygen demand (BOD).

The waste stabilization pond consists of three components.
Each has a distinct size and depth, although the facultative and
maturation ponds share the same depth. There are two
dimensions to the ponds: anaerobic ponds are deeper and

smaller than other ponds. The size and depth are shown as follows:

A =anaerobic pond (2 in number)=77.94 (L) x46.49 (W) x
4.75 (D) m

F = facultative pond (1 in number) =193.83 (L) x 101.53 (W) x
2.10 (D) m

M = maturation pond (4 in number)=122.83 (L) x 65.61 (W) x
2.10 (D) m

Study design

A laboratory-based cross-sectional study design was employed
to assess the levels of heavy metals in wastewater and fish tissues
(muscle, gill, and liver) collected from the WSPs. Health risk
estimation models were employed to assess the human health
risks from fish consumption.

Sample collection
The wastewater samples were collected from the surface

(0-50 cm), middle (1-1.5m), and bottom (2.10m) of the
facultative and maturation ponds using a heart valve water
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FIGURE 1
Location Map of waste stabilization ponds in southwestern Ethiopia. Source: Google Earth, 2022.

sampler, as described in a previous study (22). To ensure the
accuracy of the analyses, the samples were then homogenized
(23). The wastewater samples were collected in triplicate from
each point using 300 ml polyethylene bottles, which were rinsed
twice using distilled water, followed by the wastewater samples
before the sample collection. The samples were then stored by
adding 2.5ml of concentrated HNO; to prevent heavy metal
precipitation and algal growth, preserved in the cold chain, and
analyzed further in the laboratory of the Department of
Environmental Health Science & Technology of Jimma University.

A total of 32 Oreochromis niloticus species were collected from
the facultative and maturation ponds. The fish samples were
collected by local fishermen using gill nets and wrapped in
plastic biosafety bags and then were transported using a cold
chain storage to the laboratory for the identification, dissection,
and collection of fish tissues (muscle, gill, and liver) for the
heavy metal analysis (24, 25).

Sample preparation, digestion, and analysis

Wastewater: 100 ml of the filtered wastewater sample was
pipetted into a digestion flask with 10ml of aqua regia
(a mixture of HNO; and HCI) in a 3:1 ratio. When the sample
stopped reacting with HNO; and HCI, the flask was placed on a
hot plate and heated at 60°C for 30 min. The sample was then
allowed to cool before adding 5 ml of H,O, until a clear solution
was observed. The content of the flask was transferred into a
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50 ml volumetric flask and diluted to the mark of 0.01 N HNO;
according to a previous study (26) All the procedures were
performed in the fume hood (27).

Fish: In the laboratory, the samples were cleaned by washing
with distilled water. Subsequently, fish tissues, such as muscle,
gill, and liver, were separated and sliced into small pieces using a
stainless steel knife. Each tissue was then washed with distilled
water and dried in an oven at 103°C for 24 h. A 3 g portion was
taken into a Teflon beaker and mixed with 5 ml of 70% HNO;
(Spectrosol). The beaker was placed on a hot plate and heated at
60°C for 30 min. After cooling the beaker, 15 ml of HNO; was
added and gradually heated to 120°C before removing it from
the hot plate once the temperature reached 150°C, turning the
contents black. The beaker was allowed to cool before adding
5ml of hydrogen peroxide (ACS reagent, Aldrich, UK). The
sample was then filtered into a 100 ml volumetric flask. The
sample blank was prepared in the same manner as the sample
preparation. Finally, the treated samples were cooled and filtered
using the Whatman No. 42 filter paper. The contents of the beaker
were diluted up to 50 ml with 0.01 N HNO; for analysis (28-30).

The analysis of the physicochemical parameters in the
wastewater samples involved the use of a multiparameter probe
(HQ40d) for the field monitoring of the pH, temperature,
dissolved oxygen (DO), and electrical conductivity. Turbidity was
measured using a turbidity meter (EUTECH TN-100, Singapore).
Chloride, total suspended solids (TSS), BOD, nitrate, and
phosphate were analyzed in the Department of Environmental
Health Science & Technology of Jimma University. The nitrate

frontiersin.org
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and phosphate concentrations were determined using a
spectrophotometer (DR 5000) at a wavelength of 410 nm and
690 nm, respectively (31).

Heavy metal analysis: Heavy metals (Pb, Cd, As, and Hg) were
detected in the pre-treated samples of wastewater and fish tissues
through micro plasma atomic emission spectrometry (Agilent
4210 MP-AES) for Pb and Cd and hydride-generated atomic
absorption spectrometry (HGAAS, novAA 400P, Germany) for
As and Hg. The prepared sample was sent to the Ethiopian Food
and Drug Authority and the Ethiopian Construction Design and
Supervision Work Authority in Addis Ababa for laboratory
analysis. The wavelength and detection limits of each heavy
metal were as follows: 405.781 nm and 0.005 mg L~! for Pb;
193.7 nm, 228.80 nm, and 0.005 mg L7! for Cd; 253.7 nm,
253.65 nm, and 0.0001 mg L' for Hg; and 193.7nm and
0.0001 mg L™" for As.

Bioaccumulation factors: The accumulation of toxic metals in
fish was calculated with a bioaccumulation factor (BAF) as the
ratio of the concentration of an individual heavy metal in the
fish tissues to the concentration of the metals in the water (32).

The BAF was estimated based on a study done by Kumar (16).

Concentration of HM in dry tissues of fish(ug/L)

BAF = (1)

Concentration of HM in pond water(j.g/L)

Health risk assessment

The possible public health risks of toxic metals through fish
consumption from the study area were evaluated. The data and
reference values for the input parameters and the heavy metal
contents detected in the fish muscles used for the human health
risk assessment are summarized in Table 1

10.3389/fenvh.2024.1386827

Estimated daily intake

The estimated daily intake (EDI) was used to assess the
susceptibility to heavy metals in children and adults from direct
consumption exposure pathways. The EDI of heavy metals from
muscle consumption was assessed by using the concentration of
heavy metals in fish samples, daily ingestion of fish by the
community, and average Body weight (BW) by using the method
followed in the previous studies (39, 41):

FIR«MC*CF
WAB

EDI = (2)

FIR is the daily fish consumption rate. Although people around fish
sources are usually meat consumers, consumption lifestyles have
currently been changing to fish in regions and societies where
fixed and adequate fish stock is available. In such societies, the
annual fish ingestion can surpass 10 kg/capita (19). Accordingly,
the daily mean fish consumption rates (CR) projected for adults
and children were considered to be 0.03 and 0.016 kg/person/
day, respectively (33). These data were taken from previous
studies because of the absence of national per capita fish
consumption databases in the country.

MC is the concentration of heavy metals (by milligrams per
kilogram) detected in fish meat.

BW,, denotes the mean body weights set by the WHO as 15 kg
and 60 kg for Ethiopian children and adults, respectively (34).

Daily consumption limit

In terms of carcinogenic risk, the following model predicted the
maximum permitted daily ingestion rate or limit (CRy;,,) of metals

TABLE 1 Summary statistics of the input parameters in the human health risk assessment.

roameer Descripton (uni) chidren

Fish ingestion rate (g day™")

EF Exposure frequency (day year™")
ED Exposure duration (year)
BW Body weight (kg)
AT Average time (day year™")
RfD Oral reference dose (mg kg™ day™)
Cancer slope factor (mg kg™ day™)
CSF
MC Heavy metal content in fish muscle (mgkg™")
ARL Acceptable risk level
CF Conversion factor

Frontiers in Environmental Health
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365 365
6 65 (34)
15 60 (35)
6 % 365 65 x 365 (36)
Pb 0.004 (37)
Cd 0.001
As 0.0003
Hg 0.0001
Pb 0.0085 (38)
Cd 0.38
As 1.5
Pb 0.346 and 0.306 Present study
Cd 0.234 and 0.199
As 0.018 and 0.017
Hg 0.033 and 0.024
1x107° (39)
0.208 (40)

frontiersin.org
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in fish (kg day_l) (40):

_ ARL¥BW

CRlim = =cEMC

3)

where CRy;, is the maximum allowable daily consumption rate or
limit of contaminated fish (kg day™'); BW is the mean BW of the
consumer population (kg); RfD stands for the oral reference dose
(mg kg~'day™"); and MC is the metal concentration in the edible
part of fish (mg kg_l) (39).

In terms of non-carcinogenic risk, the maximum allowed daily
intake of fish was estimated using the following equation (40):

_ RfD+BW

CRlim MC

(4)

where CRy;,, is the most permissible daily consumption rate or
restriction of contaminated fish tissue (kg day™'); BW is the
mean BW of the consumer population (kg); RfD is the oral
reference dose (mg kg™ day™"); and MC is the concentration of
heavy metals determined in fish tissue (mg kg™ ).

Non-carcinogenic risk assessment

The non-carcinogenic risk was explored using the target hazard
quotient (THQ), which is a measure of the risk level (non-
carcinogenic) associated with pollutant exposure. The hazard
quotient was computed using the following equation (40):

EF x ED x FIR x CF x MC

THQ =
Q RfD x WAB x ATn

(5)

The oral reference dose (RfD) for Cd=0.001, Pb=0.004, As=
0.0003, and Hg=0.0001 (37).

While the oral RfD = oral reference dose of a substance (mg/kg/
day) based on the oral intake for every metal for a grown-up client
with an average BW of 60 kg, THQ < 1.0 points out that negative
fitness chances are not likely to occur. If the THQ is greater than
or equal to at least one, it is most probable that an adverse
health hazard could happen (42).

Exposure to two or more metal contaminants may have
additive health consequences. Therefore, the cumulative health
risk was calculated by summing the THQ [also known as the
hazard index (HI)] (43).

HI = (THQ(Pb) + THQ(Cd) + THQ(As) + THQ(Hg))  (6)

A value of HI greater than 1 shows a greater health risk.

Carcinogenic risk assessment

The target cancer risk (TR) was computed to assess the
carcinogenic effects. The method for estimating the TR is also

05
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available in the USEPA Region III Risk-Based Concentration
Table (37). The model for estimating the TR is as follows (29):

_MC><FIR><CSF><ED><EF

TR
BW x ATn

(7)

where CSF is the cancer slope factor (mg kg™ day™), which was
1.5 mgkg™" day™" for As, 0.0085 mgkg™' day™" for Pb, and 0.38
for Cd, while the other parameters have been defined previously.
The TCR was estimated for As, Cd, and Pb since these elements
may promote both non-carcinogenic and carcinogenic effects
depending on the exposure dose. As and Cd are known as
Group A carcinogens, and Pb is known as a Group B carcinogen.

Data management, analysis, and
quality assurance

The collected data were coded and entered into Epi Data version 3.1
before being exported to SPSS (version 26) for analysis. Descriptive
analysis was conducted for each variable, and correlation analysis was
performed to analyze the intermetallic association and the
significance level with physicochemical parameters. A paired ¢-test
was conducted to determine the statistical significance between two
sampling points. To evaluate whether heavy metal concentrations in
fish tissues varied based on the site, a one-way analysis of variance
was employed at a significance level of a=0.05. The concentrations
of all metals were reported in micrograms per liter for wastewater
and in milligrams per kilogram on a dry weight basis for fish tissues.

To maintain the quality of the data, laboratory instruments
were calibrated, bank measurements were performed, and
triplicate analyses were made for each sample. Stock standard
solutions (1,000 mg Lfl) containing 2% HNO; of Pb, Cd, Hg,
and As (Buck Scientific Puro-Graphic) were used. The calibration
curve was determined using serial dilutions. All the reagents used
in the experiments were analytically pure. The samples were then
digested without delay and analyzed by HGAAS and MP-AES
following documented procedures.

Ethical considerations

The study was carried out following acceptance of an ethical
clearance letter from Jimma University’s Institute of Health Science.
To get the necessary cooperation for the study, the Institute of
Health, Jimma University, issued a letter of support to the Institute
of Technology, Jimma University and laboratory facilities.

Physicochemical characteristics of the
wastewater

The assessments of various physicochemical parameters,
namely, pH, temperature, turbidity, BOD, DO, conductivity, TSS,
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TABLE 2 Level of physicochemical characteristics in wastewater samples
from a waste stabilization pond in southwestern Ethiopia.

Parameters Sampling site

Anaerobic Facultative Maturation

pond pond pond
Average £ SD | Average = SD | Average = SD

pH 7.44%0.18 10.51 +£0.013 8.84 +0.07
Temperature (°C) 24.5+0.87 25.06 £ 0.115 24.76 +0.057
DO (mgL™) 1.11£0.01 2.65+0.01 52+0.01
EC (uScm™) 1,199.67 £27.43 | 421.33+0.577 25033+ 0.577
Turbidity (NTU) 238.67 +23.03 68.3+0.53 16.85 +0.708
BOD (mgL™") 41693 +4.58 22323 +4.13 101.57 +3.78
TSS (mgL™") 160 + 30 40+10 16.67 +5.77
Chloride (mg L™") 124+2 54.67+1.16 28+2
Phosphate (mg L™") 122.92+4.8 37.03 £0.88 9.15+0.39
Nitrate (mg L™") 0.55 +0.001 0.37 +0.001 0.195 + 0.002

chloride, nitrate, and phosphate, were conducted using standard
methods as described in the American Public Health Association
(44). The average pH and DO values increased from the inlet to
the outlet of the pond, while the other parameters showed a
decreasing order along the wastewater treatment process (Table 2).

Heavy metal concentration in the
wastewater samples

The calibration curves for Cd, Pb, As, and Hg were obtained by
using standard solutions prepared from their respective stock
solutions. The correlation coefficients of heavy metals ranged
from 0.996 to 0.999, indicating a strong relationship. The
correlation coefficients of the heavy metals were determined
using prepared standards vs. their corresponding absorbance.
Finally, quality results were obtained from the sample analysis
for each heavy metal using HGAAS and MP-AES.

The heavy metals were found to be in decreasing order of
concentration (g LY, that is, Cd>Pb>As>Hg, in both the
facultative and maturation ponds. Cd showed the highest
concentration among the heavy metals throughout, while Hg had
the lowest concentration. The maximum levels of all heavy metals
were obtained from the facultative pond. Furthermore, the Cd and
Pb concentrations exceeded the acceptable levels established by the
WHO (32) and the USEPA (36), which may pose a huge threat to
public health and the natural environment (Table 3).

The correlation analyses performed on the data enabled the
identification of the possible common characteristics of heavy
metals in wastewater. Cd exhibited a negative correlation with As

10.3389/fenvh.2024.1386827

(r=-0.314, p<0.05) and a positive correlation with Hg
(r=0.239, p<0.05). Pb showed a strong positive correlation with
Hg (r*=0.779) and a moderately positive correlation with As
and cadmium (+?=0.229, 0.415). The significant  positive
correlations obtained among some heavy metals proved that they
may have similar accumulation behaviors or originate from the
same environmental sources of pollution (45).

The between
physicochemical parameters has also been assessed using the
Pearson correlation coefficient (r), and the association was
statistically significant at two-tailed (p<0.01). Pb showed a
strong positive correlation with the pH, EC, turbidity, BOD, Cl,
PO; 3 and NO;, and the association was statistically significant at
two-tailed (p <0.05). Moreover, Hg and Pb showed a strong
correlation with DO. The significant
of Hg and Pb with other
parameters may confirm that a considerable share of wastewater

association heavy metals and other

negative positive

correlations physicochemical
parameters is associated with the adsorption and oxidation of
trace metals. The lack of a significant correlation between heavy
metals and other wastewater parameters might be caused by the
compositional variety controlling heavy metals. A paired sample
t-test analysis revealed no significant variation for the heavy
metals being studied, except for Hg, which demonstrated a
substantial between facultative
maturation ponds (¢ =6.450, p =0.023).

statistical ~ difference and

Heavy metal concentration in the
fish tissues

Biometric data, such as the length and weight of O. niloticus
fish collected from the WSPs, were measured. The average
length and weight of O. niloticus (n=32) collected from the
facultative and maturation ponds were 24.76+0.64 cm and
108.33+7.89 g, 16.54 + 1.68 cm, and 82.33 +4.67 g, respectively. It
can be used to provide information concerning the aquatic health
and environment.

The heavy metal concentrations expressed as mgkg ' dry
weight were detected in the muscle, liver, and gill of O. niloticus
through HGAAS and MP-AES. In the liver, O. niloticus
accumulated the highest concentration of Pb, which ranged from
0.34 mgkg™' to 0.37 mgkg™', and the gill exhibited the highest
value of Cd, which ranged from 0.345 mg kg™ to 0.406 mg kg~
in the maturation and facultative ponds, respectively. However,
the muscle showed the lowest concentration of all heavy metals.
It can be noticed that different organs exhibited different
patterns of accumulation, that is, gill, Cd>Pb>Hg> As; liver,

TABLE 3 Mean and standard deviation of the heavy metal concentration (ug L™%) in wastewater from a waste stabilization pond in southwestern Ethiopia

compared to the international standard.

Sampling points Parameter Pb (@] As Hg
Facultative pond Mean + SD 20.67 +2.081 27.66 +1.527 0.387 +0.124 0.349+0.013
Maturation pond Mean + SD 16.13 £0.321 26.53 +0.568 0.375+0.103 0.197 +0.042
International standards (WHO, 2004) 10 3 10 1
(USEPA, 2015) 15 5 — —
Frontiers in Environmental Health 06 frontiersin.org
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Pb>Cd>Hg>As; and muscle, Pb>Cd>Hg>As from both
ponds (Figures 2 and 3).

The results of the analysis of variance revealed that there are
significant differences in the metal concentrations in the different
fish tissues (p <0.05). Mercury was selectively accumulated in all
types of fish tissues, with a statistically significant difference at
p<0.05. The Cd concentration showed significant differences
between the liver and the muscle (p < 0.05), whereas As and Pb did
not show significant differences between the fish tissues. It indicates
the accumulation efficiency of any particular metal in fish tissues.

The highest concentrations of lead and cadmium were
recorded in the muscle of O. niloticus. The arsenic concentration
in the muscles was above the MPL of 0.01 mgkg™' as the
FAO/WHO recommended standard (46) (Figure 4).

The bioaccumulation of toxic metals in the fish tissues collected
from the WSPs was determined. The maximum BAF of Hg in the
liver of O. niloticus was calculated using Equation 1, which was
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1,302.5 and 764.73 at the maturation and facultative ponds,
respectively. It was observed that the bioaccumulation factors
were increased in the order of Cd <Pb < As << Hg for all tissues
(Table 4). This is a clear indication that the bioaccumulation
factors of Hg in all O. niloticus tissues were higher compared
with other metals.

TABLE 4 Bioaccumulation factor of heavy metals in the tissues of
O. niloticus from a waste stabilization pond in southwestern Ethiopia.

Site Parameter Pb cd As Hg

Facultative pond Water/gill 17.75 14.67 59.17 1552
Water/liver 22.54 12.97 51.94 764.73
Water/muscle 16.73 8.46 46.25 94.5

Maturation pond Water/gill 21.02 12.77 46.13 221.83
Water/liver 21.08 14.2 49.87 1,302.5
Water/muscle 18.97 7.51 45.41 120.3

Human health risk assessment

EDI

The EDI of heavy metals was evaluated according to the
average concentrations of each metal in fish muscle and the
respective daily consumption rate. The daily intake of As, Cd,
Hg, and Pb through the consumption of fish muscle from WSPs
by adults and children was estimated (Equation 2). Carcinogenic
and non-carcinogenic effects of the contaminants, the maximum
allowable daily consumption of fish was determined using
Equation 3, 4 respectively. The results are expressed as per unit
BW per day (mgkg™" day™") (Table 5). The highest toxic metal
consumption by fish ingestion was linked to Pb, which was
estimated 318 x 107> mg kg™" day™ to 35x%
10° mgkg ™ day™' for adult and 6.78x107°
mgkg™" day™" to 7.19 x 107> mg kg ™" day ™" for children.

from
consumers

Non-carcinogenic risk assessment
The non-carcinogenic THQ and HI of the four heavy metals
due to muscle consumption from the WSP in Jimma were
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TABLE 5 Estimated daily intake (EDI) of heavy metals in the muscle of O. niloticus from waste stabilization ponds in southwestern Ethiopia in 2022.

EDI (mg kg~ day™")

Heavy metals

CRjim NON-carcinogenic CRjim carcinogenic

Children Adults

Children Adults Children Adults

Facultative pond Lead 7.19%107° 3.59%107° 0.17 0.69 0.05 0.2
Cadmium 519x107° 24%x107° 0.06 0.26 0.002 0.007
Arsenic 3.97x107° 1.86x 107° 0.25 1 0.006 0.024
Mercury 7.25%107° 34x107° 0.05 0.18 NA NA

Maturation pond Lead 6.78x107° 3.18x107° 0.2 0.78 0.06 0.23
Cadmium 4.42%107° 2.08x107° 0.07 0.3 0.002 0.03
Arsenic 3.7%x107° 1.77x107° 0.26 1.05 0.05 0.02
Mercury 525%x107° 2.39x107° 0.06 0.2 NA NA

TABLE 6 Target hazard quotient (THQ) and hazard index (HI) of heavy metals from consumption of O. niloticus from a waste stabilization pond in
southwestern Ethiopia in 2022.

Category THQ (Pb) THQ (Cd) THQ (As) THQ (Hg)
Facultative pond Adult 0.009 0.024 0.0062 0.034 0.069
Child 0.019 0.052 0.0132 0.073 0.156
Maturation pond Adult 0.00795 0.0207 0.0059 0.0239 0.059
Child 0.0169 0.044 0.0123 0.0525 0.126

estimated by Equation 5. The THQ of the contaminants declined in
the following order: Hg>Cd>Pb>As. The THQ is a ratio
between potential exposure to a particular toxic heavy metal and
the respective oral reference dose. It is employed to calculate the
potential health effects related to chronic exposure to nutritional
metals. The risk index (HI) risk values were 0.069 and 0.156 at
the facultative pond and 0.059 and 0.126 at the maturation pond
for adults and children, respectively, for the entire study duration
(Table 6). HI is the mathematical sum of the calculated THQ
values. The contribution of individual THQ values to the HI was
evaluated (Equation 6), and the results showed that Hg
contributed more than 49.27% to the combined THQ through
this ingestion exposure pathway of edible muscles. Consequently,
for the non-carcinogenic effects, further consideration should be
given to Hg pollution in the study area.

Carcinogenic risk assessment

The carcinogenic risks were estimated by calculating the
incremental probability of an individual developing cancer over a
lifetime as a result of exposure to potential carcinogen metals
using Equation 7. According to the findings, Pb, As, and Cd
were below the safe limit of 1x10™% Pb, As, and Cd exposure
had no carcinogenic risk on adults or children. When the risk
levels were compared, the concentration of Cd was higher than

TABLE 7 Target cancer risk of heavy metals due to consumption of
O. niloticus from a waste stabilization pond in southwestern Ethiopia
in 2022.

Category

Target cancer risk

Pb Cd As

Facultative pond Adult 3x1077 9.2x107° 2.79%107°
Child 6x1077 1.97x107° | 595x107°
Maturation pond | Adult 2.7 %1077 7.9%107° 2.65%107°
Child 57x1077 1.68x107° 55x107°
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that of As and Pb, demonstrating that Cd is the primary
pollutant responsible for carcinogenesis. Comparing the health
risks between adults and children, children have exhibited more
carcinogenic risks than adults, indicating that children are
vulnerable to toxic metals in fish muscle (Table 7).

Discussion

The highest concentration of Cd was found in the facultative
pond, exceeding the WHO limit of 3 ug L™". For several decades,
this area has been associated with intense cropping and
substantial inputs of agrochemicals, such as phosphate fertilizer.
Other sources of Cd include welding, fertilizer, surface runoff,
and solid waste disposal, which all contribute to the nickel-
cadmium battery’s leakage into neighboring water bodies
(47, 48). The Cd released from these sources affects aquatic
environments, which can easily affect humans through the food
chain, drinking water, and breathing. The USEPA (2004)
recognized Cd as a probable human carcinogen, with both acute
and chronic exposures resulting in detrimental health effects for
people and animals (49).

The highest concentration of Pb was observed in the facultative
pond, which was above the legal limits set by the USEPA in world
river water (WRW) (3 ug L™. In developing countries, leaded
gasoline is still widely used, which considerably increases the
amount of Pb in urban soils due to its non-degradability (50)
and is finally disposed of in surrounding water bodies. Pesticides,
car washing at the side of the streams, and lead pipe from the
city’s old and corroded wastewater distribution line were the
other sources of elevated lead levels (51). According to several
studies, lead predominates in the majority of regularly used
metallic products, such as cables, and

paints, pipelines,
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insecticides, and this may account for the higher levels seen in
wastewater (52, 53).

The mean concentrations of As were 0.38+0.12 ug L™" and
0.39+0.10 ug L7! in the maturation and facultative ponds,
respectively. Agricultural activities and the use of arsenic trioxide
insecticides are responsible for the highest concentration of As
(54,

herbicides, pigments, and the use of wood preservatives containing

). WSPs are located in the city, where pesticides, insecticides,

arsenic have contributed to environmental contamination (54).
More significantly, the persistence of As in water bodies causes
pollution, kills aquatic and terrestrial creatures, and eventually has
an impact on human health (56).

A higher Hg (0.35 +0.01 ug L™") concentration was detected
in the facultative pond, which is much lower than the legal limits
set by the WHO and the USEPA (
because 80% and 90% of heavy metals in influent wastewater

). This is not unusual

are known to accumulate in sewage sludge. This value is lower
than the finding by Astatkie et al. (58), who reported that the
Hg value was 12.1+1.7pugL™" in Awetu River. Thus, it
suggests the elemental mercury contained in dental amalgam,
emission of fossil fuels and batteries, combustion of medical
waste generated by laboratories and dental clinics, and
inorganic mercury from the aquatic environment (59).

Anthropogenic activities, such as agriculture, municipal
wastewater releases, mining, incineration, and emissions of
commercial wastewater, are the most significant sources of
mercury contamination (60).

The concentration of As detected in the muscle tissue exceeded
the MPL, which is recommended by FAO/WHO (0.01 mg kg™").
Similar As values were found in fish tissue in Ghanaian
seawaters, which were 1.52+0.70 mgkg™" (61). This might be
due to the chemical properties and bioavailability of the metal.
Arsenic poses a significant risk to humans due to its effects on
plasma, liver, kidneys, and cell systems, potentially leading to
bone marrow disruption, central necrosis, and cirrhosis (62).

Pb and Cd were bioaccumulated mainly in the liver and gills.
The bioaccumulation patterns of pollutants in aquatic organisms
are mainly determined by their absorption and elimination rates
(63). The anatomical position of the gill tissues allows for direct
and constant interaction with external contaminants, resulting in
significant metal accumulation patterns. Gills are the main route
for the metal ion exchange from water due to their large surface
area and ability to rapidly diffuse hazardous metals (64). Lead
and cadmium are non-essential and, therefore, have toxic effects
on living organisms by accumulating in the tissues and bodies of
aquatic organisms and being biomagnified in the food chain,
causing physiological damage to human consumers. The health
effects of lead and cadmium are cancer and damage to the
nervous, urinary, reproductive, circulatory, and respiratory
systems (65, 66).

In this study, the THQ and the HI for all heavy metals were
lower than 1, indicating that the fish muscle was safe for
consumption. This showed that adverse health effects are still
unlikely to result from eating 30 g and 16 g of fish per day for
adults children, the

Accordingly, Hg exhibited a higher non-carcinogenic risk than

and respectively, in study area.
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other metals due to its low RfD value. Another study also
estimated the maximum THQ for mercury from the intake of
fish tissues from Lake Hawasa and the Boacha River, which
ranged from 0.29 to 2.02 (29).

The highest TCR value was obtained due to Cd exposure;
however, it was within the acceptable range. A cancer risk lower
than 107° represents the metals’ insignificant exposure, ranging
from 107° to 10™* means an acceptable range, and higher than
10™* indicates a terrible exposure (67). Furthermore, Cd causes
endocrine disruption, which can result in the failure of key
organs, such as the kidney and the brain. Long-term Cd
exposure can cause problems with the blood circulation system,
bone weakening, and the prostate. Cadmium has been shown to
cause cancer in both people and animals (68). As claimed, a
prolonged Cd exposure could promote breast cancer. Girls and
boys aged 5 years old with low levels of Cd exposure are linked
to lower IQ, and boys aged 10 years old with low levels of Cd
exposure are linked to reduced effectiveness (69).

This study presented data on levels of heavy metals in
wastewater and tissues of O. niloticus from the WSPs in
The show high
concentrations of Cd, Pb, As, and Hg in the wastewater,

southwestern  Ethiopia. results obtained
indicating that it is unsuitable for fishing to prevent human
exposure and health risks. It can be concluded that toxic metals
bioaccumulate in fish when arsenic exceeds the permissible limit
set for heavy metals by the WHO and the USEPA. Therefore,
these fish are not fit for consumption. These results call for
significant concerns and highlight the need for constant
monitoring of the WSPs to ensure the safety and well-being of

people associated with them.
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