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Abstract

Human health is seriously endangered by heavy metals, particularly when they are found in water supplies. A large number
of people living around Nwangele River depend on surface water for a variety of needs, including drinking, cooking, and washing.
These population are in seriously danger of heavy metal contamination from the surface water due to the solid waste disposal site's
close proximity. The surrounding environment may suffer if heavy metals are found in water bodies. It may have an effect on aquatic
life, upset the balance of the food chain, and have permanent ecological repercussions. Therefore, determining the heavy metal
concentrations in the surface water close to the location of the dumpsite will help lessen the effects on the ecosystem through proper
treatment. The study therefore evaluates the potential health risk of siting a dumpsite close to Nwangele River in Amaigbo, Imo
state, Nigeria. The heavy metal levels in the soil and water samples were assessed using an atomic absorption spectrometry (AAS),
which was following by a physicochemical analysis of both samples. The potential health risk of these metals were determined
using the hazard quotient (HQ), lifetime cancer Risk (LCR), and lifetime average daily dose (LADD). It was observed that iron (Fe)
and zinc (Zn) were numerically high but were of non-carcinogenic risk when compared to WHO regulatory limits. On other hand,
lead (Pb) and cadmium (Cd) which appeared to be numerically low exceeded the WHO permissive limits for metals in soil and were
of carcinogenic risk. The proximity to the dumpsite appears to significantly influence on the concentrations of heavy metals in the
surface water. Downstream points, particularly in Okumpi and Onuezuze, consistently showed higher levels of lead, cadmium, and
nickel, with corresponding increases in LADD, HQ, and LCR values. These findings suggest that the waste disposal site may be
contributing to the contamination of the water sources, posing a carcinogenic health risk, particularly in downstream areas where
heavy metals have accumulated to higher levels. Therefore, regular monitoring and potential remediative measures may be necessary

to protect public health and mitigate the risks of prolonged exposure to these contaminants.
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1. Introduction

Siting dumpsites near surface water poses
significant potential health risks which could lead to the
contamination of drinking water and the spread of infectious
diseases, exposure to from toxic chemicals and heavy metals
[1]. Protecting human health and ecosystems requires careful
planning, waste management, and mitigation strategies which
include: proper site selection, monitoring, and remediation
efforts. It's essential to avoid placing dumpsites near water
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sources to reduce these risks and ensure the safety of both
human populations and the environment [2]. A health risk
assessment of dumpsite soil near a river involves identifying
contaminants, understanding the exposure pathways,
assessing the potential health impacts, and recommending
mitigation strategies [3]. The goal is to protect human health,
minimize environmental damage, and restore the affected
areas through comprehensive testing, monitoring, and risk
management to mitigate potential adverse health outcomes
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and reduce long term advance environmental effects [1-3].
Consuming contaminated water can cause gastrointestinal
diseases, neurological damage, or even cancer, depending on
the contaminants present. When waste materials decompose,
they can release toxic substances, known as leachates into the
surrounding soil and groundwater [4]. These leachates often
contain harmful chemicals such as heavy metals (e.g.,
arsenic, mercury, lead), organic compounds (e.g., pesticides,
solvents), and pathogens [5]. If the dumpsite is near a water
source used for drinking, these contaminants can seep into the
water, potentially leading to water contamination [65].
Secondly, waste in dumpsites, particularly if it includes
medical or human waste, can harbor harmful bacteria (e.g.,
Escherichia coli, Salmonella spp., Vibrio cholerae) and
viruses (e.g., hepatitis A, rotavirus) that can enter surface
water causing waterborne diseases like cholera, dysentery,
gastroenteritis, and typhoid fever when consumed or used for
recreational purposes (e.g., swimming or fishing) [66].
Heavy metals (lead, cadmium, mercury) and organic
pollutants (such as polychlorinated biphenyls, or PCBs) can
enter surface water through leachates from the dumpsite [6].
These substances can accumulate in the tissues of aquatic
organisms (fish, crustaceans, etc.), and subsequently
bioaccumulate along food chain. People who consume
contaminated fish or other aquatic organisms may be exposed
to these toxic substances. For example, mercury poisoning
can cause neurological damage, kidney damage, and
developmental delays in children [7]. Furthermore, surface
water contaminated by a nearby dumpsite can be used for
irrigation, leading to contamination of crops. Chemicals such
as pesticides, herbicides and heavy metals can be absorbed by
plants, resulting in contaminated food products. Consuming
contaminated crops can lead to long-term health risks such as
poisoning, neurological damage, and other chronic illnesses.
Ingestion of contaminated water by livestock can also affect
the food chain and the health of animals [8-9]. Increased risk
of respiratory problems can arise especially with industrial
chemical waste, volatile organic compounds (VOCs) can
evaporate into air and affect air quality [10-11]. Inhalation of
VOCs can cause respiratory problems, such as asthma,
bronchitis, and even lung cancer in long term. Waste sites,
particularly open dumps, can release dust particles that may
be inhaled by people living nearby. These particles can
contain harmful substances which include heavy metals and
pathogens, contributing to respiratory and cardiovascular
issues [12-13]. Surface water contaminated by waste from a
nearby dumpsite poses a significant risk to recreational water
activities (e.g., swimming, boating, and fishing). Pathogens,
chemicals, and hazardous materials can be ingested or come
into contact with skin, leading to infections, rashes, or
systemic health issues [14-15]. Direct exposure to toxic
leachates in the water can cause burns, allergic reactions, or
more serious long-term health effects.

Long-term Health impacts from chronic exposure to
contaminated water, whether through consumption, direct
contact, or consumption of contaminated food (e.g., fish), can
lead to chronic health conditions [16]. These may include
cancers, reproductive problems, kidney damage, liver
damage, and developmental issues in children. Many
chemicals found in dumpsites, such as phthalates, dioxins,
and certain pesticides, can act as endocrine disruptors,
interfering with hormone function and leading to
reproductive and developmental problems [17]. Finally,
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Pollutants from the dumpsite can disrupt the local ecosystem
[18-19]. Contaminants in the water can kill aquatic life or
disrupt their reproductive cycles. Over time, the balance of
the aquatic food chain can be damaged, affecting biodiversity
[20-21]. Toxic substances in water can also affect plants and
animals that rely on the surface water for habitat and food,
leading to broader ecological impacts [22]. Communities
living near dumpsites are often the most vulnerable
particularly if they lack the resources to address water
pollution (e.g., access to clean drinking water, healthcare,
etc.) [23]. Low-income or marginalized populations may
suffer disproportionately from health effects of contaminated
surface water [24]. The placement of dumpsites near water
sources often leads to environmental justice issues, where
disadvantaged communities bear the burden of negative
impacts while others may benefit from cleaner water or land
[25-26]. This present study is intended to evaluate potential
health risk of dumpsite soil of Nwangele River in Amaigbo,
Imo State.

2. Materials and Methods
2.1. Area of Study

The study area is Nwangele River, located in
Nwangele, Imo state, Nigeria and the five other rivers in
Nwangele Local Government Area. The Nwangele River,
located in Nwangele, Imo state, Nigeria, serves as a vital hub
for district trade and commerce. As of the 2006 census, its
area was 63 km? (24 sq mi), and its population was 127,691.

2.2. Sample Collection/ Pre-Treatment

A sterile plastic bottle was used to gather the
samples from the surface waters and soil samples. Prior to
collecting samples, the plastic bottles used for surface water
collection were properly labelled, cleaned, dried and soaked
in 10% HCI for 48 hours. Surface water samples from the
Nwangele River were collected using the plastic bottle for
three different sampling locations: upstream, midstream, and
downstream. The samples are then acidified with nitric acid
(HNO:3) to a pH of less than 2 to preserve metals in solution
and transported to the laboratory for analysis [3].

2.3. Soil sample collection

Using a stainless-steel auger, various soil samples
were collected at depth of (0-15 cm) across the solid waste
dump site within the solid waste dump site at Nwangele River
[27]. Each sample is put into a pre-labelled plastic bag. The
sampling locations were chosen to represent various distances
from the dumpsite, including directly at the site, 50 meters
away, and 100 meters away. These locations were chosen to
symbolize different zones and possible pollution sources. In
order to get a complete picture of the distribution of heavy
metals, there were some considerations for regions with high
concentration of human activity with respect to waste
disposal and disposal methods.

2.4. Physiochemical Analysis

Water samples were collected from various
locations from the five rivers in Nwangele Local Government
Area, particularly near the solid waste dumpsites using plastic
bottles which had been soaked in a 10% hydrochloric acid
solution for 48 hours. Samples were taken at different depths
and distances from dumpsite to provide a comprehensive
representation of the water quality. Once collected, the water
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samples underwent filtration through a 0.45-micron filter to
remove any particulate matter which was followed by a
digestion process with concentrated nitric acid and perchloric
acid. After digestion, samples were diluted to a specified
volume with deionized water. The diluted samples were then
analyzed using an Atomic Absorption Spectrophotometer
(AAS) [28]. Calibration curves were established using
standard solutions of known concentrations to ensure the
accuracy of the measurements. Also, soil samples were
collected from the solid waste dump site using a stainless-
steel auger. Samples were taken from wvarious depths,
typically 0 to 15cm, and placed in pre-labelled plastic bags
for identification. Soil samples were air-dried at room
temperature and then sieved through a 2 mm mesh to remove
larger particles and debris. A representative sub-sample of the
sieved soil, approximately one gram, was weighed and
subjected to a digestion process using a mixture of
concentrated nitric acid, hydrochloric acid, and hydrofluoric
acid in a microwave digestion system. After digestion, the
soil samples were also diluted with deionized water to prepare
them for analysis. The diluted soil samples were analyzed
using the AAS. Calibration curves were developed for each
metal, and rigorous quality control measures were employed
to ensure reliability of results [29].

2.5. Instrumentation

A sample is subjected to atomization during this
analytical procedure, which turns its component elements
into free, gaseous atoms. When these atoms come into contact
with a radiation source, they then absorb light at specific
wavelengths. By measuring this absorption, the AAS makes
it possible to precisely identify and quantify particular heavy
metals using their distinct spectral fingerprints. The device
precisely measures the amount of heavy metals such as lead,
cadmium, and mercury in environmental samples by
calibrating against established standards. The AAS
instrument is calibrated using standard solutions with known
quantities of each heavy metal (Pb, Cu, Fe, Ni, Mn, Zn, and
Cd). A calibration curve is developed for each metal. The
digested and diluted samples are drawn into the AAS
instrument. The apparatus detects each metal's absorbance at
a given wavelength which is equivalent to its concentration
in the sample. Quality control measures such as the analysis
of blank samples, spiked samples (samples with known
additions of metals), and certified reference materials are
conducted alongside the samples [30-31]. Heavy metal
concentrations acquired via AAS are compared to recognized
recommendations and criteria, such as those published by the
World Health Organization (WHO) and the United States
Environmental Protection Agency (USEPA).

2.6. Data Analysis

To assess the proximity of heavy metal
contamination in soil and water samples, a systematic
approach is employed. This involves measuring the distance
from potential pollution sources, such as waste disposal sites,
and correlating these distances with the concentrations of
heavy metals found in the samples. The potential source of
contamination, such as municipal solid waste disposal sites is
identified. Sampling locations were points at varying
distances from the identified pollution sources which include
points directly adjacent to the source and points further away.
A GPS coordinates or mapping tools was used to measure the
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distance from each sampling point to the nearest pollution
source. Soil and water samples were collected from each
designated location and distances and corresponding heavy
metal concentrations for each sample was recorded. Using
SPSS software, the association between the variable was
established using Pearman's correlation coefficient analysis,
and the test statistics were utilized to look for variations in the
means at the 5% level of significance. The acquired data was
processed using pollution index models [32-33].

2.7. Health Risk Assessment

To assess the potential health risks associated with
exposure to heavy metals in both water and soil samples, the
parameters measured include: Hazard Quotient (HQ),
Lifetime Cancer Risk (LCR), and Lifetime Average Daily
Dose (LADD). Each of these parameters provides valuable
insights into the potential health impacts of contaminants
based on exposure levels, age, and body weight [34-35]. Then
the LADD, LCR, & HQ would be determined using the
formula
LADD = (EC X IR X EF X ED) / (BW X AT)
LCR =LADD X CSF
HQ=LADD /RfD

3. Results and discussion

The investigation into the levels of heavy metals in
soil samples from the solid waste dumpsite in Amaigbo, Imo
State, yielded significant findings that raised concerns about
environmental contamination and potential health risks on the
local population. Study focused on quantifying
concentrations of key heavy metals, including lead, cadmium,
copper, and zinc which are commonly associated with waste
disposal practices and industrial activities [36]. Considering
the data from figures (Table 2), concentration of copper, iron,
nickel and Zinc were within the WHO permissive limit.
However, lead and cadmium concentration were of a serious
concern. Lead concentrations ranged from 587 mg/kg to 620
mg/kg which is notably higher than permissible limit of 300
mg/kg set by the Nigerian Federal Ministry of Environment
for agricultural soils and other regulatory agencies [37-38].
Also, Cadmium levels exceeded the acceptable limit of 3
mg/kg for agricultural soils. The elevated presence of lead
and Cadmium is particularly of public health concern, as they
are toxic metals with severe health implications, including
neurological damage, developmental delays in children, and
various other health issues in adults [39-40]. From the
correlation analysis, p-value for lead was 0.270 which was
strongest correlation, Manganese was 0.078 (approaching
significance but still above the threshold), and 0.196 for
Cadmium. This means that based on this specific analysis
with a sample size of 15 (3 points per 5 rivers), none of the
observed linear relationships between the overall distance of
a river system from the dumpsite (Table 1) and its heavy
metal concentrations were statistically significant. However,
lack of statistically significant results in this specific
correlation test does not automatically disprove the influence
of the Amaigbo dumpsite on river water quality. According
to [41-42], there is a need for a comprehensive understanding
of the impact of heavy metal contamination in the solid waste
dumpsite. The accumulation of these metals in soil can have
detrimental effects on immediate ecosystem, including
potential for leaching into surface water and groundwater
which could further exacerbate public health risks [43-44].
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Figure 1: Nwangele River and the study rivers in Nwangele L.G.A. of Imo state, Nigeria
Source: (Joseph et al., 2019) [27]
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Table 1: Distance of the rivers from the dumpsite

Sample ID Location Distance from Pollution Source (m)
Wi Nwangele 200
w2 Okumpi 500
w3 Onuezuze 600
w4 Ogbajarajara 650
W5 Obiaredu 1000

Table 2: The level of heavy metals in soil samples of solid waste dumpsite in Amaigbo-Imo State

Sample Pb Cu Fe Ni Mn Z/n Cd
Point (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Point A 605 22.3 3500 15.7 78.9 110.5 0.45
Point B 587 20.9 3420 13.5 75.2 108.2 0.40
Point C 612 23.1 3550 16.3 80.1 112.8 0.48
Point D 594 21.5 3460 14.2 76.5 109.6 0.42
Point E 620 24.0 3600 17.0 82.3 115.0 0.50

Nlemchukwu et al., 2025

123



International Journal of Chemical and Biochemical Sciences (IJCBS), 27(21) (2025): 117-127

The comparative analysis of the impact of proximity
of waste disposal site to the surface water revealed that
manganese had a moderate negative correlation of -0.468
suggesting that as the distance from the dumpsite increased,
the concentration of manganese in the surface water tends to
decrease [45-47]. However, the significance level of 0.078
indicates that this correlation is not strong enough to be
statistically conclusive [48-50]. Similarly, the correlations for
zinc and cadmium showed weak negative relationships with
proximity, as indicated by Pearson correlation values of -
0.178 and 0.354, respectively. These results suggest minimal
influence of proximity on their concentrations in surface
water. Notably, the correlations for copper and iron were also
weak, with values near zero, indicating that their levels in
surface water are not significantly affected by the distance
from the dumpsite [51-52]. In contrast, the correlation for
nickel showed a positive relationship with proximity,
indicating that higher concentrations of nickel were observed
closer to the dumpsite [53-54]. The finding from this study
suggests that the closeness to the dumpsite is an important
consideration when evaluating the quality of the water and
any potential health risks [55-56]. It further implies that the
dumpsite's proximity to residential areas, along with poor
waste management procedures, had contributed to heavy
metal deposition in the soil [57-58]. Also, other studies have
confirmed these observations [59-60].

The findings from the analysis of LADD, HQ, and
LCR values for the heavy metals across the various sampling
points suggest varying degrees of health risks (Fig. 4, 5 and
6). The concentration of copper, manganese, nickel and zinc
were within regulatory limits and were of non-carcinogenic
risk. On other hand, lead concentrations consistently
increased downstream at Okumpi and Onuezuze. The LADD
values were higher in these areas, indicating greater exposure
to lead, especially near the dumpsite [2-61]. The hazard
quotient (HQ) for lead exceeded the value of 1 in some
locations, indicating potential carcinogenic risks to those
consuming the water. Although the lifetime cancer risk
(LCR) values for lead were relatively low, they still surpassed
acceptable safety thresholds at certain points, implying a
slight carcinogenic risk over prolonged exposure, particularly
in downstream regions [2-62-63]. Cadmium levels were
generally low but increased downstream, especially in
Okumpi, Ogbajarajara, and Onuezuze. Although the LADD
for cadmium was relatively low, its tendency to accumulate
over time raises concerns about long-term exposure. The HQ
for cadmium remained below 1, indicating minimal
carcinogenic risks, but its LCR values though small indicated
that chronic exposure could result in carcinogenic outcomes,
particularly in areas near the dumpsite [64].

4. Conclusion

The  comprehensive  examination of  the
environmental and health implications of the Nwangele River
and its nearby solid waste disposal site provided notable
discoveries across the various locations sampled. The
proximity to the dumpsite appears to significantly influence
the concentrations of heavy metals in the surface water.
Downstream points, particularly in Okumpi and Onuezuze,
consistently showed higher levels of lead, cadmium, and
nickel, with corresponding increases in LADD, HQ, and LCR
values. These findings suggest that the waste disposal site
may be contributing to the contamination of water sources,
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posing a carcinogenic health risk, particularly in downstream
areas where heavy metals have accumulated to higher levels.
Regular monitoring and potential remediation may be
necessary to protect public health and mitigate the risks of
prolonged exposure to these contaminants. The consistency
of laboratory results with secondary data and current
literature emphasizes the critical need for health risk
assessments and intervention methods to reduce exposure to
these heavy metals. The findings highlight the crucial
relevance of tackling environmental contamination in order
to maintain the health and well-being of the local community,
emphasizing the need for proper waste disposal techniques
and public health initiatives.

References

[1] J. Yakubu, U. Udochukwu. (2022). Impact of Solid
Waste on Soil Bacterial and the Municipal Waste
Management in Some Communities of Lagos Island.
Nigerian Journal of Biotechnology. 39(2): 20-28.

[2] U. Udochukwu, P. Amupitan. (2022). Impact of
chemical constituents in hair dressing salon effluent
on soil and soil bacteria. London Journal Press.
22(2): 61-70.

[3] J. Joseph, U. Udochukwu, E. Ehinmitan, M. Tom-
Otu. (2022). Community waste management and its
health impact on Obalende and Lafiaji Villages of
Lagos Island. Scientia Africana. 21(1): 115-122.

[4] H.-O. Adami, S.C.L. Berry, C.B. Breckenridge, L.L.
Smith, J.A. Swenberg, D. Trichopoulos, N.S. Weiss,
T.P. Pastoor. (2011). Toxicology and epidemiology:
improving the science with a framework for
combining toxicological and epidemiological
evidence to  establish causal inference.
Toxicological sciences. 122(2): 223-234.

[5] W. Ahmad, R.D. Alharthy, M. Zubair, M. Ahmed,
A. Hameed, S. Rafique. (2021). Toxic and heavy
metals contamination assessment in soil and water
to evaluate human health risk. Scientific Reports.
11(1): 17006.

[6] B. Adelekan, K. Abegunde. (2011). Heavy metals
contamination of soil and groundwater at
automobile mechanic villages in Ibadan, Nigeria.
International Journal of the Physical Sciences. 6(5):
1045-1058.

[7] W. Ajibike, A. Adeleke, F. Mohamad, J. Bamgbade,
M. Nawi, T. Moshood. (2021). An evaluation of
environmental sustainability performance via
attitudes, social responsibility, and culture: A
mediated analysis. Environmental Challenges. 4:
100161.

[8] M.M. Ali, D. Hossain, M.S. Khan, M. Begum, M.H.
Osman. (2021). Environmental pollution with heavy
metals: A public health concern. In Heavy metals-
their environmental impacts and mitigation. 771-
783.

[9] S. Altomonte, J. Allen, P.M. Bluyssen, G. Brager, L.
Heschong, A. Loder, S. Schiavon, J.A. Veitch, L.
Wang, P. Wargocki. (2020). Ten questions
concerning well-being in the built environment.
Building and Environment. 180: 106949.

[10] C. Anunihu, U. Udochukwu, U. Ekenasi. (2024).
Toxicological Assessment of Aluminium Extrusion

124



[11]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[22]

International Journal of Chemical and Biochemical Sciences (IJCBS), 27(21) (2025): 117-127

Effluent on the Water Quality of Okatankwo River
in Akabo Ikeduru, Imo State, Nigeria. Journal of
Applied Sciences and Environmental Management.
28(9): 2865-2871.

A.C. Gogo, E. Victor. Spatial Distribution and
Toxicity Assessment of Pollution Indices of
Nitrogen I'V Oxide in Ambient Air of Oil Producing
Communities of Egbema Imo State. Eur. Chem.
Bull. 12(11): 105-113.

T.A. Aragaw. (2021). Microplastic pollution in
African countries’ water systems: a review on
findings, applied methods, characteristics, impacts,
and managements. SN Applied Sciences. 3(6): 629.
B.M. Asenahabi. (2019). Basics of research design:
A guide to selecting appropriate research design.
International Journal of Contemporary Applied
Researches. 6(5): 76-89.

M.K. Awasthi, J. Zhao, P.G. Soundari, S. Kumar, H.
Chen, S.K. Awasthi, Y. Duan, T. Liu, A. Pandey, Z.
Zhang, Sustainable management of solid waste. In
Sustainable Resource Recovery and Zero Waste
Approaches, Elsevier: 2019; pp 79-99.

R.W. Battarbee, F. Donald, C.B. CHARLES, B.F.
Cumming, L Renberg. (2010).
Diatomsasindicatorsof surface-wateracidity. The
diatoms: applications for the environmental and
earth sciences. 98.

S. Bolisetty, M. Peydayesh, R. Mezzenga. (2019).
Sustainable technologies for water purification from
heavy metals: review and analysis. Chemical
Society Reviews. 48(2): 463-487.

A. Casteel, N.L. Bridier. (2021). Describing
populations and samples in doctoral student
research. International journal of doctoral studies.
16(1).

F.N. Chowdhury, M.M. Rahman, Source and
Distribution of Heavy Metal and their effects on
Human Health. In Heavy Metal Toxicity: Human
Health Impact and Mitigation Strategies, Springer:
2024; pp 45-98.

1.S. Chukwuemeka, N.V. Obinna, I.F. Chizoruo.
(2021). Application of Assessment Models for
Health Risk and Pollution from Surface Water from
Okumpi River in Nwangele, Imo State, Nigeria.
World News of Natural Sciences. 38: 20-36.

J.W. Creswell, J.D. Creswell. (2017). Research
design: Qualitative, quantitative, and mixed
methods approaches. Sage publications.

C.A. Cuthbertson, C. Newkirk, J. Ilardo, S.
Loveridge, M. Skidmore. (2016). Angry, scared, and
unsure:  Mental  health  consequences  of
contaminated water in Flint, Michigan. Journal of
Urban Health. 93: 899-908.

S. Dash, A.S. Kalamdhad. (2021). Understanding
the dynamics of heavy metals in a freshwater
ecosystem through their toxicity and bioavailability
assay. Environment, Development and
Sustainability. 23(11): 16381-16409.

M.H. Eid, M. Eissa, E.A. Mohamed, H.S. Ramadan,
M. Tamas, A. Kovacs, P. Sziics. (2024). New
approach into human health risk assessment
associated with heavy metals in surface water and

Nlemchukwu et al., 2025

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

groundwater using Monte Carlo Method. Scientific
Reports. 14(1): 1008.

V.C. Eze, V.I. Onwukeme, J.O. Ogbuagu, C.C.
Aralu, C.N. Aduaka, N.J. Okoro. (2023). Evaluation
of selected physicochemical properties of River
Otamiri, Imo State. Health and environment. 4(1):
209-216.

R. Garcia, A. Béez. (2012). Atomic absorption
spectrometry (AAS). Atomic absorption
spectroscopy. 1: 1-13.

O. Jongbo. (2014). The role of research design in a
purpose driven enquiry. Review of Public
Administration and Management. 400(3615): 1-8.
A. Joseph, D. Majesty, U. Friday. (2019). Water
quality assessment of Nwangele river in Imo State,
Nigeria. Journal of Ecobiotechnology. 11: 1-5.

A. Kicinska, R. Pomykata, M. Izquierdo-Diaz.
(2022). Changes in soil pH and mobility of heavy
metals in contaminated soils. European Journal of
Soil Science. 73(1): e13203.

C.L. Kimberlin, A.G. Winterstein. (2008). Validity
and reliability of measurement instruments used in
research. American journal of health-system
pharmacy. 65(23): 2276-2284.

G.K. Kinuthia, V. Ngure, D. Beti, R. Lugalia, A.
Wangila, L. Kamau. (2020). Levels of heavy metals
in wastewater and soil samples from open drainage
channels in Nairobi, Kenya: community health
implication. Scientific Reports. 10(1): 8434.

M.W. Lema, W.J. Mwegoha. (2023). Assessment of
surface water quality near municipal Solid Waste
dumping facility in Bukoba, Kagera Region,
Tanzania. Environmental Quality Management.
32(4): 293-300.

B.G. Kitchener, J. Wainwright, A.J. Parsons. (2017).
A review of the principles of turbidity measurement.
Progress in Physical Geography. 41(5): 620-642.
J.S. Kshatri, S.K. Palo, M. Panda, S. Swain, R.
Sinha, P. Mahapatra, S. Pati. (2021). Reach,
accessibility and acceptance of different
communication channels for health promotion: a
community-based analysis in Odisha, India. Journal
of Preventive Medicine and Hygiene. 62(2): E455.
C. Li, G.M. Sanchez, Z. Wu, J. Cheng, S. Zhang, Q.
Wang, F. Li, G. Sun, RK. Meentemeyer. (2020).
Spatiotemporal patterns and drivers of soil
contamination with heavy metals during an
intensive urbanization period (1989-2018) in
southern China. Environmental Pollution. 260:
114075.

L. Lin, H. Yang, X. Xu. (2022). Effects of water
pollution on human health and disease
heterogeneity: a review. Frontiers in Environmental
Science. 10: 880246.

L. Linnan, A. Steckler. (2002). Process evaluation
for public health interventions and research.

K. Liu, C. Li, S. Tang, G. Shang, F. Yu, Y. Li
(2020). Heavy metal concentration, potential
ecological risk assessment and enzyme activity in
soils affected by a lead-zinc tailing spill in Guangxi,
China. Chemosphere. 251: 126415.

L. Liu, J. Chen, C. Liu, Y. Luo, J. Chen, Y. Fu, Y.
Xu, H. Wu, X. Li, H. Wang. (2022). Relationships

125



[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

International Journal of Chemical and Biochemical Sciences (IJCBS), 27(21) (2025): 117-127

between biological heavy metals and breast cancer:
a systematic review and meta-analysis. Frontiers in
Nutrition. 9: 838762.

L.S. Miranda, B. Wijesiri, G.A. Ayoko, P.
Egodawatta, A. Goonetilleke. (2021). Water-
sediment interactions and mobility of heavy metals
in aquatic environments. Water Research. 202:
117386.

L. Parida, T.N. Patel. (2023). Systemic impact of
heavy metals and their role in cancer development:
a review. Environmental Monitoring and
Assessment. 195(6): 766.

P. Patil, D. Sawant, R. Deshmukh. (2012). Physico-
chemical parameters for testing of water—A review.
International journal of environmental sciences.
3(3): 1194-1207.

D.A. Mengistu. (2021). Public health implications
of heavy metals in foods and drinking water in
Ethiopia (2016 to 2020): systematic review. BMC
public health. 21: 1-8.

D.J. Paustenbach. (2017). Human and Ecological
Risk Assessment: Theory and Practice (Wiley
Classics Library). John Wiley & Sons.

S.K. Rai, R. Xalxo, T.K. Patle, A. Verma, R.
Chauhan, P.K. Mahish, Analyzing contamination of
heavy metals-AAS and fluorescence spectroscopy.
In Heavy Metals in the Environment: Management
Strategies for Global Pollution, ACS Publications:
2023; pp 167-204.

J. Ritchie, J. Lewis, G. Elam, R. Tennant, N. Rahim.
(2003). Designing and selecting samples.
Qualitative research practice: A guide for social
science students and researchers. 2: 111-145.

K.S. Ritter, Paul Sibley, Ken Hall, Patricia Keen,
Gevan Mattu, Beth Linton, Len. (2002). Sources,
pathways, and relative risks of contaminants in
surface water and groundwater: a perspective
prepared for the Walkerton inquiry. Journal of
Toxicology and Environmental Health Part A.
65(1): 1-142.

M. Sadeghi Poor Sheijany, F. Shariati, N.
Yaghmaeian Mahabadi, H. Karimzadegan. (2020).
Evaluation of heavy metal contamination and
ecological risk of soil adjacent to Saravan municipal
solid waste disposal site, Rasht, Iran. Environmental
Monitoring and Assessment. 192(12): 757.

P. Shrivastava, M.S. Smith, K. O’Brien, L. Zsolnai.
(2020). Transforming sustainability science to
generate positive social and environmental change
globally. One Earth. 2(4): 329-340.

S.S. Sonone, S. Jadhav, M.S. Sankhla, R. Kumar.
(2020). Water contamination by heavy metals and
their toxic effect on aquaculture and human health
through food Chain. Lett. Appl. NanoBioScience.
10(2): 2148-2166.

G.G.N. Thushari, J.D.M. Senevirathna. (2020).
Plastic pollution in the marine environment.
Heliyon. 6(8).

J.W. Tracy, A. Guo, K. Liang, J. Bartram, M. Fisher.
(2020). Sources of and solutions to toxic metal and
metalloid contamination in small rural drinking
water systems: a rapid review. International journal

Nlemchukwu et al., 2025

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

of environmental research and public health.
17(19): 7076.

U. Ugueri, E. Influence, A.S. Lucky, I.V. Chika,
E.M. Ogechi, E.A. Chijioke. (2023). Security and
Health Implications of Covid-19; Prevention and
Control Using Lime and Lemon Hand Sanitizer.
Scope Journal. 13(3): 1155-1163

T.J. Van der Kuijp, L. Huang, C.R. Cherry. (2013).
Health hazards of China’s lead-acid battery
industry: a review of its market drivers, production
processes, and health impacts. Environmental
Health. 12: 1-10.

G. Walker. (2012). Environmental justice:
Concepts, evidence and politics. Routledge: pp.

U. Udochukwu, B.N.C. Nlemchukwu, M.O. Echeta,
P.O. Theme, C.L. Anunihu, V.C. Igiri. (2024b).
Evaluating Polycyclic Aromatic Hydrocarbon
Levels and Toxic Impact of Hairdressing Salon
Effluent on Soil Nitrifying Bacteria. [JCBS. 25(19):
685-691.

A. Wi, C.-H. Chang. (2019). Promoting pro-
environmental behaviour in a community in
Singapore—from raising awareness to behavioural
change. Environmental Education Research. 25(7):
1019-1037.

U. Udochukwu, O.L. Asemota, G.C. Theanacho,
C.A. Nwachukwu, P.O. Theme, A.U. Ugenyi.
(2024a). Toxicity of Plastics in Soil: Influence on
Soil Bacteria, Aporrectodea Longa, Nutrient and
Phytochemical Properties of Telfairia Occidentalis.
Scope Journal. 14 (01): 523-543

D.C. Wilson, C.A. Velis, L. Rodic In Integrated
sustainable waste management in developing
countries, Proceedings of the Institution of Civil
Engineers-Waste and Resource Management, 2013;
ICE Publishing: 2013; pp 52-68.

T. Raj, S. Sompura, K. Chandrasekhar, S.K. Singh,
S. Pandey, L.K. Singh, M.S. Rajput, D. Kumar, S.K.
Bhatia, A.K. Patel. (2023). Technology
development and challenges for the transformation
of municipal solid waste into sustainable energy
production. Biomass and Bioenergy. 178: 106965.
E.S. Ravipati, N.N. Mahajan, S. Sharma, K.V.
Hatware, K. Patil. (2021). The toxicological effects
of lead and its analytical trends: an update from 2000
to 2018. Critical reviews in analytical chemistry.
51(1): 87-102.

Q. Wu, J.Y. Leung, X. Geng, S. Chen, X. Huang, H.
Li, Z. Huang, L. Zhu, J. Chen, Y. Lu. (2015). Heavy
metal contamination of soil and water in the vicinity
of an abandoned e-waste recycling site: implications
for dissemination of heavy metals. Science of The
Total Environment. 506: 217-225.

B. Yalwaji, H. John-Nwagwu, T. Sogbanmu.
(2022). Plastic pollution in the environment in
Nigeria: A rapid systematic review of the sources,
distribution, research gaps and policy needs.
Scientific African. 16: e01220.

Q. Yang, Z. Li, X. Lu, Q. Duan, L. Huang, J. Bi.
(2018). A review of soil heavy metal pollution from
industrial and agricultural regions in China:
Pollution and risk assessment. Science of The Total
Environment. 642: 690-700.

126



International Journal of Chemical and Biochemical Sciences (IJCBS), 27(21) (2025): 117-127

[64] S.H. Yazdi, A. Vosoogh. (2019). Mini review on
heavy metals in groundwater; pollution and
removal. Journal of Biochemical Technology. 10(2-
2019): 149-164.

[65] M. Amaechi, S.U. Onwuka. (2021). Determination of
the Presence and Level of Heavy Metals in Soils of
Automobile Workshops in Awka, Anambra State.
International Journal of Environment and Pollution
Research, 9(3), 18-32.

[66] 0.0. Aluko, T.H. Obafemi, P.O. Obiajunwa, C.J.
Obiajunwa, O.A. Obisanya, O.H. Odanye, A.O.
Odeleye, (2022). Solid waste management and
health hazards associated with residence around
open dumpsites in heterogeneous urban settlements
in Southwest Nigeria. International Journal of
Environmental Health Research, 32(6), 1313-1328.

Nlemchukwu et al., 2025 127



