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Abstract

Background: The abattoir wastes contain numerous pollutants, many of which can inhibit
the growth of soil microorganisms, plants, animals, and negatively impact the entire
ecosystem. Carica papaya grown around the Ikwiriri abattoir is widely consumed, yet data on
heavy metal contamination from abattoir waste is limited.

Objective: To assess the levels of selected heavy metals (Cr, Cu, Pb, Cd, and Zn) in carica
papaya fruits, and soils around the abattoir in Ikwiriri Ward.

Methods: This study measured selected heavy metals in papaya fruits and their soils using
Atomic Absorption Spectroscopy equipped with a continuous flow of Vapour Generation
Accessory (VGA).

Results and Discussion: Metal concentrations in the fruits decreased in the order (mg/kg):
Zn (7.155) > Cu (3.376) > Pb (0.558) > Cr (0.447) > Cd (0.196). Estimated daily intake
indicated increasing exposure in the sequence Cu < Zn < Cr < Cd < Pb for both adults and
children. Hazard Quotients for Cd and Cu exceeded 1 and Hazard Index values (7.2903—
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7.6973) were above the acceptable limit, indicating notable non-carcinogenic risks.
Carcinogenic risk assessment showed Cr levels (1 x 1073 to 1.2 x 107%) and Cd levels (3.8 x
10~ to 4.2 x 10*) above permissible thresholds, while Pb (2.6 x 107 to 2.8 x 107°) remained
within acceptable limits.

Conclusion: Overall, the findings reveal significant health risks from heavy metal exposure
through papaya consumption and emphasize the need for ongoing environmental monitoring,
particularly for chromium due to its elevated carcinogenic potential.

Novelty: This study will provide the first evidence of heavy-metal contamination and
associated human health risks from Carica papaya irrigated with abattoir wastewater,
highlighting a previously unexamined pathway of exposure within the local food chain.
Future studies could extend this work by studying other food materials in the country.
Keywords: carcinogenic risk, daily intake, hazardous index, hazard quotient, transfer factor

Introduction

Food safety remains a critical global public health issue, with dietary intake recognized as the
primary pathway for human exposure to environmental contaminants. Studies indicate that
more than 90% of such exposure occurs through food consumption, compared to relatively
minor contributions from inhalation and dermal contact (Zahir et al, 2025). It is estimated

that approximately 30% of human cancers are linked to chronic, low-level exposure to
carcinogenic substances present in the diet (Abnet, 2007). These contaminants include certain
microminerals when present at concentrations above physiological requirements as well as
toxic heavy metals.

Heavy metal contamination is increasingly recognized as a major environmental and public
health challenge, largely due to the persistence, toxicity, and non-biodegradable nature of
these elements (Aweng et al/, 2011). Unlike organic pollutants, heavy metals accumulate in
soils, water, and biota, with the potential to bio-magnify along the food chain, thereby

threatening human health, animals, and entire ecosystems (Briffa et al, 2020). Commonly
reported heavy metals in polluted environments include chromium (Cr), copper (Cu), lead
(Pb), cadmium (Cd), and zinc (Zn). While Cu and Zn are essential micronutrients required in
trace amounts for normal biological functions, their excessive buildup can lead to toxicity. In
contrast, Pb, Cd, and certain valence states of Cr have no biological role and are highly toxic
even at minimal concentrations (Navarrete & Asio, 2011).

Various sources of pollution have been identified, which may originate from point sources
such as industries, refineries, and mining activities, or from non-point sources like cars,
buses, and trains. Abattoirs have also been recognized as contributors of many pollutants
(Oluwole et al, 2021). Among these contaminants, heavy metals are frequently present in
trace amounts. Even at low concentrations, these metals pose significant environmental risks,
as they can accumulate in living organisms through bioaccumulation or bio-concentration
(Wong et al, 2002). Additionally, abattoirs generate substantial amounts of secondary waste,
primarily in the form of large quantities of animal feces (Seaward, 2004).
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Abattoirs are facilities where animals are slaughtered and processed for human consumption,
resulting in the generation of large amounts of waste. These wastes contain various pollutants
that can inhibit the growth of soil microorganisms, plants and animals, thereby impacting the
entire ecosystem. A significant portion of abattoir waste consists of heavy metals (Osu and
Okereke, 2015). Abattoirs are recognized as potential sources of environmental

contamination due to the large volumes of wastewater, blood, fats, and other organic wastes
they discharge into the surrounding environment (Mozhiarasi and Natarajan, 2022). These

effluents may contain significant amounts of heavy metals originating from animal feed,
veterinary drugs, disinfectants, and equipment used in meat processing (Nandomah and
Tetteh, 2023). When improperly managed, such wastes infiltrate surrounding soils, surface
water, and groundwater, eventually entering the food chain through crops cultivated in
contaminated soils or irrigated with polluted wastewater (Mohammed et a/, 2020).

Carica papaya (C. papaya) is one of the most widely consumed tropical fruits, valued for its
nutritional and medicinal benefits. Its cultivation in peri-urban and rural areas often occurs
near residential and commercial zones, including abattoirs (Bhattacharjee, 2001). Due to its
fast growth and high-water content, papaya can readily absorb contaminants from soil and
irrigation sources, making it a potential bio-indicator of environmental pollution (Christen et
al, 2008). Assessing heavy metal accumulation in papaya fruits is therefore critical for
evaluating the extent of contamination and potential risks to human health.

Ikwiriri Ward located in Rufiji District, Tanzania, hosts an active abattoir that generates
substantial waste on a daily basis. The proximity of this abattoir to cultivated lands raises
concerns about the possible transfer of heavy metals into soils, wastewater, and edible crops

such as papaya. However, little is known about the extent of heavy metal contamination in

this area.

Objectives of the study

This study therefore aims to assess the levels of selected heavy metals (Cr, Cu, Pb, Cd, and

Zn) in Carica papaya fruits and soils around the abattoir in Ikwiriri Ward. This study was

quidded by the following specific objectives:

i. To analyze the levels of heavy metals in soils where Carica papaya grown and irrigated
with abattoir wastewater.

i1. To determine the concentration of heavy metals in the edible parts of Carica papaya
grown on wastewater-irrigated farms.

iii. To evaluate potential non-carcinogenic and carcinogenic health risks associated with
heavy metal exposure using established risk assessment models.

Literature Review

Abattoir waste has been used as manure or irrigation purpose for the crop, vegetables and

fruits production. These waste materials consist of several pollutants such as faeces, blood,

bone, hone, fat, animal trimmings, paunch content and urine from operations, stunning or

bleeding, carcass processing, and by-product processing (Thomas et al., 2024). Abattoir

wastewater constitutes one of the greatest threats to environmental safety probably because of
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the presence of mineral constituents. Among the numerous contaminants present in abattoir
wastewater, heavy metals are of particular concern because of their persistence in the
environment, ability to bioaccumulate, and toxic effects on living organisms (Abidola, et al.,
2025). In abattoir settings, these metals may be introduced into wastewater through
contaminated animal feed, the use of veterinary pharmaceuticals, and different stages of the
slaughtering and processing operations. These elements are of particular concern because
they can accumulate in soil and crops, enter the human food chain, and pose significant
human health risks upon consumption (Savari et al., 2025).

The prolonged exposure of crop plants in soils with heavy metals increases their absorption

and depends on factors such as cation exchange capacity, clay content, pH, organic matter
content, and redox potential; these determine the soil capacity to retain or mobilize heavy
metals (Amaro-Espejo et al., 2020). The solubility of trace cations increases as the pH is
more acidic, thus increasing its mobility in soil and availability of absorption to crop plants; it
has been reported that at pH 5, it is considered a medium absorption for Cd, weak for Co and
Zn, and too weak for Cu, Cr, and Pb (Barrow and Hartemink, 2023).

There have been a number of studies on heavy metals in soils and carica papaya, including an
assessment of heavy metal contents in roadside dust, wastewater-irrigated papaya, showing
carica papaya can bioaccumulate heavy metals in fruit and leaves when grown in

contaminated environments. Assessment of heavy metal concentrations in pawpaw (Carica
papaya Linn.) around automobile workshops (Eludoyin and Ogbe, 2017) and the assessment
of heavy metals in pawpaw (Carica Papaya) cultivated near a dumpsite, exposed to
environmental pollution and susceptible to possible absorption of those metals (Ikenna et al.,
2025). Hence recommended that farming activities proximate to waste dumps are to be
checked by remediating the soil prior to planting and sensitizing the farmer on the effect of

waste dump activities on the soil and plants. Given Carica papaya’s potential to
bioaccumulate metals, consumption of papaya irrigated with such wastewater could expose
local communities to chronic health problems, including kidney damage, neurological
disorders, and increased cancer risk. Risk assessment helps identify potential exposure levels
and protect consumers’ health.

However, none of these studies have investigated the influence of abattoir wastes on C.
papaya, despite the fact that it is a common plant growing naturally around abattoir house in
most of African countries including Tanzania. This study aims to assess human health risks
associated with heavy metals contamination in carica papaya irrigated with abattoir
wastewater in lkwiriri Ward. While direct research for Ikwiriri Ward is lacking, regional
evidence from Tanzania and global trends supports the plausibility of heavy metal
accumulation in crops irrigated with untreated or poorly treated abattoir wastewater.

Materials and Methods

Study Area

This study was taken at Ikwiriri Ward, Rufiji District of Pwani Region, situated at latitude -
7.956° and longitude 38.972°. The area is bordered to the north by Kisarawe and Mkuranga
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Districts, to the east by the Indian Ocean, to the south by Kilwa District in Lindi Region, and
to the west by Morogoro Region.

Sample Collection

Before sample collection, a reconnaissance survey was conducted to identify the study areas.
Fruit and soil samples were collected in January - February 2025. Five (5) partially ripe
Carica papaya (C. papaya) fruits were harvested from selected trees near the abattoirs. The
harvested fruits were bagged, properly labeled, and transported to the laboratory for heavy
metal analysis following standard procedures.

Five soil samples (about 500 g each) from garden where C. papaya fruits grown were
collected at a depth of about 15 cm using a hand auger, stored in in pre-cleaned polyethylene
bags and sent to GST Tanzania laboratory where it is oven-dried at 60°C for two days. At the
discharge point of the abattoirs, the sample bottles (polyethylene bottles) were properly
labeled and rinsed twice with the wastewater before collection. Information such as the date
of collection, location and serial identification for each sample was recorded on labels affixed
to each container. A total of three samples of wastewater (effluent) were collected to three
pre-cleaned bottles and acidified with 1 ml HNOs. The purpose of the acid is to keep the
metals in solution and to avoid adsorption to the container walls.

Sample preparation and digestion

The carica papaya fruit samples were washed thoroughly under running tap water and peeled.
The edible part was crushed using a domestic blender and filtered using a sieve. About 2g of
the sample juice was weighed out on a weighing balance and put in a beaker and 10mL of a
mixture of nitric acid and perchloric acid in the ratio (4:1). The mixture was then digested for
15 minutes, allowed to cool, and diluted with distilled water. The mixture was filtered
through acid-washed Whatman No. 44 filter paper into a 50 mL volumetric flask and diluted
to the mark volume. The sample solution was then aspirated into the Atomic Absorption
Spectroscopic machine at intervals.

The soil samples were grounded with a mortar and pestle and sieved through a 2 mm sieve.
Approximately 1.0 g of the oven-dried, ground sample was weighed into a 250 mL beaker
that had been previously washed with nitric acid and distilled water. A mixture of 5 mL
HNOs, 15 mL concentrated H2SO4, and 0.3 mL HClO4 was added to the sample using a
pipette. The mixture was digested in a fume cupboard, with heating continued until a dense
white fume appeared. This was then digested for 15 minutes, allowed to cool, and diluted
with distilled water. The mixture was filtered through acid-washed Whatman No. 44 filter
paper into a 50 mL volumetric flask and diluted to the mark volume. The sample solution was
then aspirated into the Atomic Absorption Spectroscopic machine at intervals.

To determine the metal concentration in wastewater from abattoir, the first step is to
concentrate the metal, minimizing any potential interference. The wastewater samples from
each sampling bottle were thoroughly mixed by shaking. A 50 mL filtered aliquot of each
wastewater sample was pipette into a digestion flask. The metal content in the water was
determined by digesting the sample in 3 ml of concentrated HNO3 and 3 mL of H>O; at
temperatures below 80°C for 1 hour until a clear solution was obtained. This clear solution
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was then diluted to 100 ml with distilled water in a volumetric flask, and a blank digestion
was performed in the same manner (Birtukan and Gebregziabher, 2014). The blank solution
contained all reagents except the wastewater. All samples were digested in triplicate. The
digests were analyzed for toxic heavy metals using Atomic Absorption Spectroscopy (AAS)
equipped with a continuous flow of Vapour Generation Accessory (VGA) at Geological
Survey of Tanzania (GST).

Quality Assurance

Calibration of the instrument was done by using standard values to ensure quality control.
Quality control was ensured through the use of standard laboratory measurements and quality

control methods, including replication, the use of standards for each metal investigated, and
verification of instrument accuracy. Standard solutions for lead (Pb), copper (Cu), iron (Fe),
zinc (Zn), and arsenic (As) were supplied by Merck (Germany) with a purity level of 99.98%.
A 1000 mg/L standard solution for Pb, Cu, Zn, Fe, Cr and Cd was prepared, and an average
standard concentration of 100 mg/L was obtained. Subsequently, working standards of 0.001,
0.015, 0.15, 1.05, and 2.50 mg/L were prepared using 1% HNOs. The detection limits ranged
from 0.001 to 0.0015 mg/L. In this way, deionized water was used throughout the work. The
average range recoveries for soil, wastewater and fruit were Pb (98 -103%), Cu (93 - 96%),
Cd (90 - 98%), Cr (94 - 97%) and Zn (91 - 95%).

Human Health Risk Assessment

Soil to Fruit Transfer Coefficients

Soil-to-fruit transfer is a major pathway for human exposure to metals through the food
chain. The Transfer Factor (TF) is a parameter used to describe the movement of trace
elements from soil to fruit and it is influenced by both soil and plant properties (Opaluwa, et
al, 2012). The percentage transfer coefficient is calculated by dividing the concentration of
heavy metals in vegetables by the total heavy metal concentration in the soil (Equation 1).

Concfruits
F = s 00 (1)

Con Csoil

This coefficient quantifies the relative differences in metal bioavailability to plants and
depends on the properties of both soil and plants. A higher transfer coefficient indicates either
poor retention of metals in soils or a greater efficiency of plants in absorbing metals, while a
low coefficient suggests strong sorption of metals to soil colloids (Wilson and Pyatt, 2007).
Risks of individual heavy metals

Risk assessment is defined as the methods of evaluating the probability of occurrence of any
given probable amount of the harmful health impacts over a determined time period
(Wongsasuluk, et al, 2014). The health risk assessment of each contaminant is normally
based on the estimation of the risk level and is classified as carcinogenic or non-carcinogenic
health hazards (Custodio, et al, 2020). To estimate the heavy metal contamination and
potential carcinogenic and non-cancer health risk caused via ingestion of heavy metals in C.
papaya fruits; Hazard Quotients (HQ) and Hazard Index (HI) to adults were used.

84



Nepal Journal of Multidisciplinary Research (NJMR)
Vol. 8, No. 5, December 2025. Pages: 79-98
ISSN: 2645-8470 (Print), ISSN: 2705-4691 (Online)
DOI: 10.3126/njmr.v8i5.87136

Estimated Daily Intake of Heavy Metals
The estimated daily intake (EDIM) of heavy metals was calculated based on the equation (1):
Co *C,* D,

EDIM = Avgy

(1)
Where Cum, Cr, Dsi and Avew denote the concentration of heavy metals, conversion factor,
daily food intake and average body weight respectively. A conversion factor of 0.085 was
applied to convert the fresh sample weight to dry weight (Avila et al, 2017). Calculations
were conducted based on the standard assumptions used in the integrated USEPA risk
analysis (USEPA, 2005), considering adults and children with average body weights of 60 kg
and 32.7 kg, respectively. The average daily consumption rates for fruits were assumed to be
0.345 kg person! day! for adults and 0.173 kg person' day! for children (Nie et al, 2023).
Non-Carcinogenic Risk Assessment
Hazard Quotient (HQ)
For the non-carcinogenic risk this was evaluated using the hazard quotient (HQ), which was
calculated by dividing the exposure value by the reference dose (Equation 2) (Custodio, et al,
2020).
HQ= EDIM

RfD

)
Where HQ is the hazard quotient for ingestion or skin contact, EDIM is estimated daily
intake. According to Nkpaa, et al, (2016), the RfD (mg/kg.day) standard values for ingestion
are Cr = 0.003, Cd = 0.001, Pb= 0.0035, Zn = 0.3 and Cu = 0.004. If a value of HQ < 1
indicates that adverse health effects are unlikely. When HQ > 1 reveals probable adverse
health effects, while when HQ > 10 indicates high chronic risk. The general potential for non-
carcinogenic effects has been assessed by integrating the HQs calculated for each element
and expressed as a hazard index.

HI = ZHQ: HQp,+HQ+ HQ,,+HQ., +HQ,,

i=l1

3)
Where HI is the hazard index for ingestion or dermal contact, n is the total number of
chemical elements considered. If HI < 1, the non-carcinogenic adverse effect due to a

particular route of exposure or chemical is assumed to be insignificant.

Carcinogenic risk and ingestion cancer slope factors

According to ATSDR (2010) and Ma’aruf et al, (2024) ingestion cancer slope factors are
used to evaluate the lifetime (average of 70 years) probability of contracting cancer due to

certain levels of exposure to a potential carcinogen. The carcinogenic risk is expressed as:
C,= EDIM x Ci,

(4)
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Where Cr, EDIM and Csr are the carcinogenic risk, estimated daily intake of heavy metals
and ingestion cancer slope factor respectively. According to Yang et al, (2015), the Csr of
assessed metals (mg/kg.day) were Cr (0.5), Pb (0.0085), and Cd (0.38). The classification of
carcinogenic risk index between 107¢ and 10~ indicates an interval of allowable predicted
lifetime risks for cancer causing agents. Thus, chemicals having risk factors less than 107°

may not be treated as chemicals for further concern (Nkpaa 2016).

Results and Discussion

Concentration of Heavy Metals in Soil around Abattoir

The concentration of heavy metals in soil within an abattoir can be affected by secondary
wastes generated during the slaughtering process. These secondary wastes include blood, fat,
organic and inorganic contents from the animal stomach and various chemicals used during
processing (Oluwole et al, 2021). The distribution of mean concentrations of elements
present in the soils is shown in Table 1. In order to reduce the levels of heavy metals

contamination in agricultural soils, the National environmental policies should be reinforced.
According to Tanzania Environmental Management (Soil Quality Standards) Regulation
(TBS. 2007), the maximum allowable limits in soil should not exceed should not exceed
these levels (mg/kg); Cd (1.0), Cr (100), Pb (200), Cu (200) and Zn (150).

Table 1 Concentration of Selected Heavy Metals in Soil around Abattoir House

Soil (n=5) Cr Cu Pb Zn Cd
Maximum 34.466 15.672 1.793 103.254 1.739
Minimum 29.563 13.996 0.645 94.204 0.947
Mean 31.591 14.778 1.043 97.782 1.327
STD 1.849 0.676 0.458 3.645 0.356
CV (%) 5.853 4.574 43.744 3.728 26.827

Levels of Cr varied between 29.563mg/kg and 34.466 mg/kg with a mean value of
31.591+1.849 mg/kg. This range is higher than 4.25 to 5.86 mg/kg reported by Ubwa et al
(2013) ranged from 0.072 to 0.136 mg/kg. The distribution of Cr in studied abattoir soils
indicated very low degree of variability as shown by the coefficient of variation (CV) value
of 5.853%. This means chromium levels in soil near the slaughterhouse are relatively
consistent from site to site (De-Silva et al, 2023). Therefore, chromium contamination source
(e.g., abattoir waste or runoff) is evenly distributed and the soils have similar characteristics
(such as pH, texture, or organic matter) that influence chromium retention.

Copper (Cu) is an essential micronutrient required for the proper growth and development of
plants. However, excessive concentrations can lead to copper toxicity, a condition that

disrupts biological systems when Cu levels exceed the optimal range (Vlcek and Pohanka,
2018). The availability of Cu in soil is influenced by several factors, particularly soil pH its
solubility tends to be higher in acidic soils compared to alkaline ones as well as the presence
of organic matter (Keiblinger et a/, 2018). In this study, Cu concentrations ranged from
13.996 to 15.672 mg/kg, with a mean value of 14.778 + 0.676 mg/kg. These findings are
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consistent with previous research on Nigerian abattoir soils by Etuk et al, (2019), who
reported values ranging from 14.74 to 23.03 mg/kg with a mean of 18.88 + 3.22 mg/kg. The
observed range in this study is lower than the 36.46—40.60 mg/kg reported by Owagboriaye et
al, (2016) but higher than the 0.10-0.20 mg/kg obtained by Sanda et al, (2016) in similar
environments. The distribution of Cu in studied abattoir soils indicated very low degree of
variability as shown by the coefficient of variation (CV) value of 4.574 %.

Levels of Pb obtained in studied abattoir soils varied from 0.645 mg/kg to 1.793 mg/kg with a
mean value of 1.043+0.458 mg/kg. This range is lower than 0.185 — 1.676 mg/kg and 0.001 —
2.900mg/kg reported by Ubwa et al. (2013) and Osu & Okereke (2015) respectively. The
distribution of Pb in the studied abattoir soils indicated a fair degree of variability with a CV
value of 43.744%. This indicates anthropogenic addition of Pb by abattoir wastes to the
studied soils. However, the range obtained is lower than 200 mg/kg recommended for
agricultural soil in Tanzania (TBS, 2007). Consequently, Pb may not be considered a
pollutant in the studied soils but its availability should be observed to avoid bioaccumulation
over time with associated problems on the environment.

Zinc (Zn) levels in studied abattoir soils ranges from 94.204 — 103.254 mg/kg with mean
97.782 + 3.645 mg/kg. This range is higher than 18.70 — 21.60 mg/kg and 1.1302 — 5.2362
mg/kg reported by Neboh et al. (2013) and Ubwa et al, (2013) respectively in abattoir waste-

impacted soils. Variation in the distribution of Zn between the studied abattoirs soils was low
as indicated by a CV value of 3.728%. This could be attributed to the high availability of Zn
in the study area (Onyedika, 2015). However, the obtained mean value is lower than 150.00
mg/kg maximum limit for agricultural soil in Tanzania (TBS, 2007). Hence, the level of Zn at
each studied abattoir soil could be essential for normal enzymatic activities in plants.

Levels of Cd in studied abattoir soils ranged from 0.947 — 1.739 mg/kg with a mean value of
1.327 £ 0.356 mg/kg. This range is in line with previous study (Etuk ez a/, 2019), in abattoir
soils ranged from 1.08 — 1.52 mg/kg with a mean value of 1.30+0.16 mg/kg. higher than
0.006 — 0.014mg/kg and 0.43 — 0.74mg/kg reported by Sanda et al, (2016) and 0.001 —
0.007mg/kg reported by Simeon and Friday (2017) respectively in abattoir waste impacted
soils. The distribution of Cd in the studied abattoir soils indicated a fair degree of variability
with a CV value of 26.827 %. This indicates anthropogenic addition of Cd by abattoir wastes
to the studied soils. Accordingly, activities in these abattoirs may have introduced additional
Cd into soils studied. The mean value is also higher than 1.0 mg/kg recommended Tanzania
agricultural soil (TBS, 2007). Thus, considering its toxic nature, the level our environment
should be closely monitored to forestall health problems associated with Cd toxicity along the
food chain.

Heavy Metal Concentration in Carica Papaya Fruits

Plants have an inherent ability to absorb toxic substances, including heavy metals, which can
subsequently be transferred along the food chain (Mohamed, et al, 2025). Therefore, heavy
metal contamination in plants is a matter of serious concern, as plant-based foods constitute a
significant part of the human diet. The results presented in Table 2 show the concentrations of
the analyzed heavy metals.
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Table 2 Heavy Metal Concentrations in Carica papaya (Carica Papaya) Friuts (mg/kg)

Carica papaya (n =5) Cr Cu Pb Zn Cd
Maximum 0.518 4.808 0.956 7.842 0.312
Minimum 0.398 2.796 0.209 6.931 0.097
Mean 0.447 3.376 0.578 7.155 0.196
STD 0.047 0.819 0.278 0.857 0.078
WHO/FAOQ (2012) 0.1 2.0 0.2 99.4 0.02

The concentrations of heavy metals in C. papaya followed the decreasing order: Zn > Cu >
Cr > Pb > Cd. Zinc (Zn) is an essential trace element and a vital component of numerous
enzymes involved in metabolic processes. However, acute oral exposure to excessive
amounts of Zn may cause symptoms such as nausea, vomiting, tachycardia, vascular shock,
and pancreatic dysfunction. In this study, C. papaya fruits exhibited the highest mean
concentration of Zn (7.155 £+ 0.857 mg/kg). This value is comparable to the 7.31 mg/kg
reported by Ihesinachi and Eresiya (2014) in Nigeria. Furthermore, the Zn concentration
obtained in this study is approximately ten times lower than the maximum permissible limit
of 99.40 mg/kg established by WHO/FAO (2012), indicating that the Zn levels in the
analyzed samples are within safe limits.

Copper (Cu) is an essential trace element necessary for maintaining good health when present
within appropriate limits. However, excessive accumulation of Cu in fruits can be detrimental
to human health, while insufficient intake may lead to various physiological disorders such as

growth retardation, skin lesions, and gastrointestinal disturbances. In the present study, the
concentration of Cu in Carica papaya fruits ranged from 2.796 to 4.808 mg/kg, with a mean
value of 3.376 + 0.819 mg/kg. This maximum concentration falls within the WHO/FAO
(2012) permissible limit of 0.5 mg/kg.

Lead content of the C. papaya ranged from 0.209-0.956 mg/kg with mean 0.578 £+ 0.278
mg/kg. Lead is non-essential and toxic even at low concentrations. The WHO/FAO (2012)
safe limit for Pb in fruits is 0.01 mg/kg. The mean exceeds the maximum acceptable
suggesting possible environmental contamination likely from vehicle emissions, industrial
waste, or contaminated irrigation water.

The level of Cr ranged from 0.398 — 0.518 mg/kg with mean 0.447 + 0.047 mg/kg. Most
importantly, Cr level observed is 4 times higher than WHO/FAO (2012) permissible limit of
0.1 mg/kg. This finding was however is contrast to that of Sobukola et al/, (2010) and
Ogunkunle et al, (2014) who reported the absence of chromium in some fruits from selected
markets in Nigeria.

Cadmium (Cd) is a non-essential and highly toxic heavy metal commonly found in foods and
natural waters, with a tendency to accumulate primarily in the kidneys and liver (Khan et
al,2022). The concentration of Cd in fruits varies depending on the plant species and its

ability to absorb cadmium from the surrounding environment where it is cultivated (Mausi et
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al, 2014). In the analyzed C. papaya samples, Cd concentrations ranged from 0.097 to 0.312

mg/kg, with a mean value of 0.196 £ 0.078 mg/kg.
Transfer Coefficient

The soil-fruit transfer coefficient is a crucial factor in human exposure to heavy metals via
the food chain, as it describes the movement of contaminants from soil to plants. In
respective to this, we have evaluated the transferability of heavy metals from soil to fruit this
study considered Carica papaya, which is commonly consumed in study area and data for
percentage bioconcentration factor (BFC) of the heavy metals analyzed has been given in

Figure 1.
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Figure 1: The Percentage Transfer Coefficient
The percentage transfer coefficients for heavy metals in descending order are Pb > Cu > Cd >
Zn > Cr. These findings indicate that Pb has the highest transferability showing the greatest
absorption capability. Additionally, the transfer coefficient is influenced by the
bioavailability of the metal, the levels of metal in the soil, the chemical form of the metal,
plant uptake capabilities, and the growth rate of the plant species (Tinker, 1981).

The elevated concentrations of these heavy metals could be due to increased contamination
from wastewater irrigation from abattoirs, solid waste disposal, sludge applications, solid
waste combustion and agrochemicals (Enock et al., 2025). Physical and chemical parameters
such as organic matter content, pH, cation exchange capacity, soil texture, and clay content
(Mustafa et al, 2024) can influence the migration and transformation of metal ions. Plants
play a crucial role in the biotransformation of chemical elements from soil, air, and water,
making soil metal content a significant entry point into the food chain. The physical and
chemical state of the metal is critical for its transport mechanisms and bioaccumulation

(Hong, et al, 2023). These findings could also explain why Cr was detected in the soil was
very low compared to levels in the fruits. Indeed, metals are more not readily soluble in water
forming ionic forms, which can be up taken by plants (Castafieda, et al, 2025).

Estimated dietary intake of heavy metals

Assessment of dietary intake of food is an essential tool for measuring the amount heavy
metal intake which may be lead to deficiencies or health risks. The average concentration of
heavy metals in fruit dietary intake of metals for adult individual and children was estimated
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and presented in Table 3. According to FAO/WHO (2025) the Maximum Tolerable Dietary
Intake (MTDI) mg/day of heavy metals of interest are Cr = 0.008, Cu = 30, Pb = 0.0005, Zn
=0.43 and Cd = 0.002.

Table 3: Heavy Metals in Carica papaya Fruit Daily Intake for Adult and Children
(mg/kg.day)

Heavy Metal Cr Cu Pb Zn Cd
Estimated Daily Intake | Adult 0.0020 0.0194 | 0.0033 0.0413 | 0.0011
(EDIM) Child 0.0024 0.0179 | 0.0031 0.0380 | 0.0010
% Contribution to MTDI Adult 32.1 0 666 9.6 56.5
Child 29.5 0 612 8.8 52.0

Hazard Quotient (HQ) Adult 0.6667 4.850 |0.9429 0.1377 | 1.100

Child 0.8000 4.475 | 0.8886 0.1267 | 1.000

Carcinogenic Risk (Cr) Adult 0.0010 - 0.000028 | - 0.00042

Child 0.0012 - 0.000026 | - 0.00038

Based on average values the daily intake of Pb is higher than Maximum Tolerable Dietary
Intake (MTDI) mg/day (FAO/WHO, 2025). This indicates Pb is significantly contributing to
possible health risks from fruit consumption. Based on average % contribution, the result
showed that daily intake of metals through C. papaya fruit consumption in Ikwiriri abattoirs
was in the ascending order Cu < Zn < Cr < Cd < Pb for both adults and children. This
showed that the EDIM for known carcinogen elements (Cr, Cd and Pb) were higher than
essential trace metals like Cu and Zn.

The value obtained is lower than values detected earlier (Elbagermi, et al, 2012), where the
estimated daily intake of heavy metals from fruits were Pb (0.0248), Cd (0.0133), Zn (0.008)
and Cu (0.0497).

Hazard Quotient (HQ)

In order to give an estimate of the non-carcinogenic health risk due to oral exposure to heavy
metals, the hazard quotient (HQ) and hazardous indexes (HI) of heavy metal in carica papaya
fruit was calculated (Table 4). The HQ in ascending order was Zn < Cr < Pb < Cd < Cu for
both adults and children (quantitative terms), where Cd and Cu were > 1, indicating that the
residents at the sampling site may be exposed to potential non-carcinogenic health risk due to
Cd and Cu intoxication. Thus, other heavy metals (Zn, Cr and Pb) were less than one which
implies that the daily intake of these metals by the populace were below the reference oral
dose and the population is may be safe from Zn, Cr and Pb intoxication. Getacho et al. (2025)
reported that maximum HQ value poses relatively higher potential health risk to human
beings especially for residents in the locals with serious metal contamination. Thus, the daily
intake of Cu and Cd for most of the carica papaya samples from Ikwiriri abattoirs were above
the reference oral dose indicating a level of concern.
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Hazardous Indexes (HI)

The Hazard Index (HI) values for the heavy metals analyzed ranged from 7.2903 to 7.6973,
exceeding the threshold value of 1, which indicates a non-acceptable level of non-
carcinogenic adverse health effects. Therefore, the HI recorded in the Ikwiriri slaughterhouse
suggests that heavy metal contamination may contribute to cumulative health risks through
the consumption of C. papaya fruit. The elevated HI values for all the heavy metals studied
highlight a significant potential health risk to consumers. This suggest that the use of
untreated abattoir wastewater is unsafe, as it leads to heavy metal accumulation in edible
crops at levels that can harm consumers.

Similarly, a study by Ametepey et al, (2018) reported HI values ranging from 6.51 to 29.30.

The consequences of such contamination could be more severe for vulnerable populations
within the slaughterhouse environment, particularly the elderly and pregnant women, due to
potential health risks associated with heavy metal accumulation through C. papaya
consumption. Although fruit intake represents only a portion of total dietary consumption,
other complementary foods such as vegetables and fish (Wang et al, 2005; Saria, 2017), meat
(Zheng et al, 2007; Bortey-Sam et al, 2015), and rice (Zheng et al, 2007) may also contribute
to, or further increase, heavy metal exposure.

Carcinogenic Risk (CR)

Cancer slope factors were applied to estimate the carcinogenic risk (CR), and the results are
presented in Table 4. The estimated average lifetime cancer risk due to the intake of heavy
metals (Cr, Pb, and Cd) ranged from 2.8 x 10~ to 1.0 x 1073 for adults and 2.6 x 10 to 1.2 x
1073 for children. According to the USEPA (1989) guidelines, except for Pb, the CR values
for Cr and Cd fall within the acceptable range of predicted lifetime cancer risk. Therefore,

over a lifetime exposure period of 70 years, these values represent the probability of
developing cancer as prescribed by USEPA standards. The average carcinogenic risk values
obtained for Cr and Cd in this study suggest that these metals should be considered for further
evaluation as chemicals of concern (Aendo et al, 2022). At the time of this study, data on the

carcinogenicity or mutagenicity of Zn and Cu in humans and animals remained limited or
inconclusive (Assem er al, 2011).

Conclusion and Recommendations

This study demonstrated that C. papaya cultivated around the Ikwiriri abattoir accumulates
significant levels of heavy metals originating from contaminated soils influenced by abattoir
waste discharge. Zinc and chromium were the predominant metals in soil, while zinc and
copper were most abundant in C. papaya fruits. Transfer coefficient analysis indicated that
lead exhibited the highest mobility and bioaccumulation potential. Health risk assessments
revealed that daily intake of certain metals particularly cadmium and lead may pose health
hazards to both adults and children. Furthermore, Hazard Quotient values for cadmium and
copper exceeded recommended safety limits, and the elevated Hazard Index values confirmed
substantial non-carcinogenic risks.
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Carcinogenic risk analysis showed that chromium and cadmium concentrations exceeded
acceptable thresholds, suggesting increased lifetime cancer risk, whereas lead remained
within permissible levels. Overall, the findings provide strong evidence that consumption of
C. papaya grown near the Ikwiriri abattoir presents both carcinogenic and non-carcinogenic
health risks, reinforcing the need for improved environmental oversight and continuous
monitoring of heavy metal contamination in the area.

Routine monitoring of heavy metals in soils, C. papaya, and other edible crops around the
Ikwiriri abattoir is essential, with particular attention to chromium and cadmium due to their
elevated risk profiles. The abattoir should adopt safer and more efficient waste handling and
disposal practices to minimize environmental contamination. Further investigations should
assess heavy metal accumulation in other locally consumed plants and evaluate long-term
ecological and human health implications.

To reduce human health risks associated with heavy metals in Carica papaya irrigated with
abattoir wastewater, abattoirs should implement basic but effective wastewater treatment
technologies such as screening and sedimentation tanks, stabilization ponds, constructed
wetlands, and low-cost filtration systems using sand, activated carbon, or biochar to remove
heavy metals before discharge. The abattoir wastewater treatment technologies, farmer and
community education and structured monitoring by local authorities provides a practical and
sustainable approach to reducing heavy metal exposure and protecting public health in
Ikwiriri Ward.

Study Limitations and Future Scope

The use of only five samples (n = 5) for both soil and Carica papaya fruits represents a
notable limitation of the study. This sample size was adopted primarily due to resource and
logistical constraints, including limited funding, time, and laboratory analytical costs
associated with heavy metal determination. In addition, the study area is relatively
homogeneous in terms of land use, irrigation source (abattoir wastewater), soil type, and
farming practices, which reduced variability and supported the use of a smaller,
representative sample size for this preliminary investigation.

Furthermore, the study was designed as an exploratory or pilot assessment aimed at
generating baseline data on heavy metal contamination and associated human health risks in
papaya grown under abattoir wastewater irrigation in Ikwiriri Ward. As such, the findings
provide an initial indication of potential risks rather than definitive conclusions for the entire
area.

Nevertheless, it is acknowledged that a small sample size limits the statistical power,
generalizability, and robustness of the results. Therefore, the findings should be interpreted
with caution, and future studies should incorporate larger sample sizes and multiple sampling
periods to better capture spatial and temporal variability and to strengthen risk assessment
outcomes.

Acknowledgements

Authors thank Geological Survey of Tanzania (GST) staff members who provided access to
the laboratory where digestion and heavy metal analyses were carried out.

92



Nepal Journal of Multidisciplinary Research (NJMR)
Vol. 8, No. 5, December 2025. Pages: 79-98
ISSN: 2645-8470 (Print), ISSN: 2705-4691 (Online)
DOI: 10.3126/njmr.v8i5.87136

Author Contributions

JS: Conceptualization, methodology, data collection and laboratory analysis, data analysis,
and writing an original draft. LY: Conceptualization, supervision, data curation, writing an
original draft.

Contflicts of interest: The authors declare no conflict of interest.

References

Abidola, T. B., Olaoye J. and Yekinni O. S. (2025). Environmental assessment of heavy metal
contamination and physicochemical properties in abattoir wastewater, GSC Advanced
Research and Reviews, 22(03), 092-102, https://doi.org/10.30574/gscarr.2025.22.3.0067

Abnet C. C. (2007), Carcinogenic food contaminants. Cancer Invest. 25(3):189-96.
https://doi.org/10.1080/07357900701208733

Aendo P., Netvichian R., Thiendedsakul P., Khaodhiar S. and Tulayakul P. (2022). Carcinogenic
Risk of Pb, Cd, Ni, and Cr and Critical Ecological Risk of Cd and Cu in Soil and
Groundwater around the Municipal Solid Waste Open Dump in Central Thailand. J
Environ Public Health. 28, 3062215, https://doi.org/10.1155/2022/3062215

Amaro-Espejo, I. A., Castaiieda-Chavez, M. D. R., Murguia-Gonzalez, J., Lango-Reynoso, F.,
Bafiuelos-Hernandez, K. P., & Galindo-Tovar, M. E. (2020). Geoaccumulation and
Ecological Risk Indexes in Papaya Cultivation Due to the Presence of Trace
Metals. Agronomy, 10(2), 301, https://doi.org/10.3390/agronomy10020301

Ametepey, S.T., Cobbina, S. J., Akpabey, F.J., Duwiejuah, A. B. & Abuntori, Z. N. (2018).
Health risk assessment and heavy metal contamination levels in vegetables from Tamale
Metropolis, Ghana. International Journal of Food Contamination, 5(5), 1 — 8,
https://doi.org/10.1186/s40550-018-0067-0

Assem F. L., Holmes P. and Levy L. S. (2011). The mutagenicity and carcinogenicity of
inorganic manganese compounds: a synthesis of the evidence. J Toxicol Environ Health B
Crit Rev. 14(8):537-570, https://doi.org/10.1080/10937404.2011.615111

ATSDR, Agency for toxic substance and disease registry (2010). Public health assessment and

health consultation. CENEX supply and marketing, Incorporated, Quicy, Grant County,
Washington D. C. [Available at https://wwwn.cdc.gov/TSP/PHA/PHALanding.aspx]
Avila, P.F. Ferreira, S. E. Candeias, C. (2017). Health risk assessment through consumption of

vegetables rich in heavy metals: the case study of the surrounding villages from
Panasqueira mine, Central Portugal, Environmental Geochemistry and Health 39, 565-589,
https://doi.org/10.1007/s10653-016-9834-0
Aweng, E. R., Karimah, M. & Suhaimi, O. (2011). Heavy metals concentration of irrigation
water, soils and fruit vegetables in Kota Bharu area, Kelantan, Malaysia. Journal of
Applied Sciences in Environmental Sanitation, 6(4), 463-470, [Available inhttp://w
ww.trisanita.org/jases]
Barrow, N. J. and Hartemink, A. E. (2023). The effects of pH on nutrient availability depend on
both soils and plants. Plant Soil 487, 21-37, https://doi.org/10.1007/s11104-023-05960-5
Bhattacharjee, S. K. (2001). Carica papaya. In: Hand book of medicinal plants, 3rd revised
edition, by Shashi Jain (Ed), Pointer Publisher, Jaipur. Pp1-71

93


https://gsconlinepress.com/journals/gscarr/
https://gsconlinepress.com/journals/gscarr/
https://doi.org/10.30574/gscarr.2025.22.3.0067
https://doi.org/10.3390/agronomy10020301
https://doi.org/10.1186/s40550-018-0067-0

Nepal Journal of Multidisciplinary Research (NJMR)
Vol. 8, No. 5, December 2025. Pages: 79-98
ISSN: 2645-8470 (Print), ISSN: 2705-4691 (Online)
DOI: 10.3126/njmr.v8i5.87136

Birtukan A. and Gebregziabher B. (2014). Determination the level of some heavy metals (Mn and
Cu) in drinking water using wet digestion method of Adigrat Town. International Journal
of Technology Enhancements and Emerging Engineering Research 2(10):32-36,
[Available at https://api.semanticscholar.org/CorpusID:15551501

Bortey-Sam, N., Nakayama, S. M. M., Ikenaka, Y., Akoto, O., Baidoo, E., Yohannes, Y. B.,

Mizukawa, H. & Ishizuka M. (2017). Human health risks from metals and metalloid via
consumption of food animals near gold mines in Tarkwa, Ghana: estimation of the daily
intakes and target hazard quotients (THQs). Ecotoxicology and Environmental Safety,
111(1),160-167. https://doi.org/10.1016/j.ecoenv.2014.09.008

Briffa, J., Sinagra, E. and Blundell R. (2020). Heavy metal pollution in the environment and their

toxicological effects on humans, Heliyon, 6(9), e04691,
https://doi.org/10.1016/j.heliyon.2020.e04691

Castafieda, M., Avila,B. S., Rios S. E. G. and Pefiuela, G. A. ( 2025). Levels of heavy metals in

tropical fruits and soils from agricultural crops in Antioquia, Colombia. A probabilistic

assessment of health risk associated with their consumption, Food and Humanity, 4,
100503, https://doi.org/10.1016/j.foohum.2025.100503
Christen, W., Liu, S., G, R. J., Gaziano, J. M. and Buring, J. E. (2008). Dietary carotenoids,
Vitamin C and E, and risk of cataract in woman. Arch. Opthalmology. 1261,102-109,
https://doi.org/10.1001/archopht.126.1.102
Chukwu U. J. and Anuchi S. O. (2016). Impact of abattoir wastes on the physicochemical

properties of soils within Port Harcourt metropolis. Int J Eng Sci. 5, 17-21, [Available at
https://www.theijes.com]
Custodio, M., Walter C., Pefialoza, R., Montalvo R., Ochoa S. and Quispe, J. (2020). Human risk
from exposure to heavy metals and arsenic in water from rivers with mining influence in
the Central Andes of Peru, Water, 12, 1-20, https://doi.org/10.3390/w12071946
De-Silva S., Carson P., Indrapala D. V., Warwick B. and Reichman S. M. (2023). Land
application of industrial wastes: impacts on soil quality, biota, and human health. Environ
Sci Pollut Res Int. 30(26), 67974-67996. https://doi.org/10.1007/s11356-023-26893-7

Mustafa, A. R. A., Abdelsamie, E. A., Mohamed, E. S., Rebouh, N. Y., & Shokr, M. S. (2024).
Modeling of Soil Cation Exchange Capacity Based on Chemometrics, Various Spectral
Transformations, and Multivariate  Approaches in Some Soils of Arid
Zones. Sustainability, 16(16), 7002. https://doi.org/10.3390/sul6167002

Elbagermi, M. A., Edwards, H. G. M., and Alajtal, A. 1., (2012). Monitoring of heavy metal

content in fruits and vegetables collected from production and market sites in the Misurata

area of Libya. International Scholarly Research Network (ISRN), Analytical Chemistry,
2012,1 — 5, https://doi.org/10.5402/2012/827645
Enock J., Kaluri A. and Magdalene M. (2025). Evaluation of heavy metal pollution in farm soil
and irrigation water in Yamaltu Deba Gombe State, Nigeria, Journal of Energy
Technology and Environment 7(2), 68-82, https://doi.org/10.5281/zenodo.15606446
Eludoyin O. S.and Ogbe O. M. (2017). Assessment of Heavy Metal Concentrations in Pawpaw
(Carica papaya Linn.) around Automobile Workshops in Port Harcourt Metropolis, Rivers
State, Nigeria. J Health Pollut. 7(14), 48-61, https://doi.org/10.5696/2156-9614-7.14.48

94


https://doi.org/10.1016/j.ecoenv.2014.09.008
https://doi.org/10.1001/archopht.126.1.102
https://doi.org/10.3390/w12071946
https://doi.org/10.1007/s11356-023-26893-7
https://doi.org/10.5402/2012/827645

Nepal Journal of Multidisciplinary Research (NJMR)
Vol. 8, No. 5, December 2025. Pages: 79-98
ISSN: 2645-8470 (Print), ISSN: 2705-4691 (Online)
DOI: 10.3126/njmr.v8i5.87136

Etuk, H. S. Ebong, G. A. and Dan E. U. (2019). Metal accumulation and Risk assessment of
abattoir wastes in soil and leafy vegetables, European Academic Research VI(10), 5806 —
5833, [Available at www.euacademic.org]

Getacho F., Birhanu M., Lemessa B. M. (2025). Human health risks of heavy metals
contamination of a water-soil-vegetables farmland system in Toke Kutaye of West Shewa,
Ethiopia, Toxicology Reports 14, 102061 ,https://doi.org/10.1016/j.toxrep.2025.102061.

Hong, H., Liu, C., and Li, Z. (2023). Chemistry of soil-type dependent soil matrices and its
influence on behaviors of pharmaceutical compounds (PCs) in soils. Heliyon, 9(12),
€22931, https://doi.org/10.1016/j.heliyon.2023.e22931

Ihesinachi, K. and Eresiya D. (2014). Evaluation of heavy metals in orange, pineapple, avocado
pear and carica papaya from a farm in Kaani, Bori, Rivers State Nigeria, [International
Research Journal of Public and Environmental Health 1(4), 87-9, [Available at t
http://www.journalissues.org/irjpeh]

Ikenna S. E.; Tony-Njoku R, F..; Ejiogu C. C. and Umeohana O. S. (2025). Investigation on
possible heavy metals by pawpaw (Carica Papaya) cultivated near a dumpsite in Nekede
mechanic village, IIARD International Journal of Geography & Environmental
Management, 11(10), 97 — 105,
https://doi.org/10.56201/ijgem.vol.11.n010.2025.pg97.105

Keiblinger K. M., Schneider M., Gorfer M., Paumann M., Deltedesco E., Berger H., Jochlinger
L., Mentler A., Zechmeister-Boltenstern S., Soja G. (2018). Assessment of Cu applications

in two contrasting soils effects on soil microbial activity and the fungal community
structure. Ecotoxicology. 27,217-233, https://doi.org/10.1007/s10646-017-1888-y
Khan Z. Z., Elahi, A., Bukhari, D. A. and Rehman, A. (2022). Cadmium sources, toxicity,
resistance and removal by microorganisms-A potential strategy for cadmium eradication,
Journal of Saudi Chemical Society, 26(6), 101569,
https://doi.org/10.1016/j.jscs.2022.101569
Ma’aruf A. M., Sabi’'u R. A., Mustapha S., Anas A., Abdul O. (2024). Carcinogenic and
Noncarcinogenic Health Risk Assessment of Heavy Metals on Some Selected Traditional
Herbal Drugs. Research Journal of Food Science and Quality Control (RJIFSQC), 09
(32024), 66-79, https://doi.org/10.56201/rjfsqc.v10.n03.2024.pg66.79
Mausi G., Simiyu G. and Lutta S. (2014). Assessment of selected heavy metal concentrations in

selected fresh fruits in Eldoret Town, Kenya, Journal of Environment and Earth Science,
4(3), 1-8, [Available at https://www.iiste.org]

Mohamed, H. 1., Ullah, 1., Toor, M.D., Tanveer N. A., Din M. M., Basit, A., Sultan Y. and
Muhammad M. (2025). Heavy metals toxicity in plants: understanding mechanisms and
developing coping strategies for remediation: a review. Bioresour. Bioprocess. 12, 95
https://doi.org/10.1186/s40643-025-00930-4

Mohammed A. I., Ahmed, A. A. and Dauda T. E. (2020), Determination of levels of heavy metals
and physicochemical parameters in waste water of Kasuwan shanu abattoir, Maiduguri J.
Chem. Lett., 1(2), 84-88, [Available at https://www.j chemlett.com]

Mozhiarasi V. and Natarajan T. S. (2022). Slaughterhouse and poultry wastes: management
practices, feedstocks for renewable energy production, and recovery of value-added

95


https://doi.org/10.1016/j.heliyon.2023.e22931
https://doi.org/10.56201/ijgem.vol.11.no10.2025.pg97.105
https://doi.org/10.56201/rjfsqc.v10.no3.2024.pg66.79
https://doi.org/10.1186/s40643-025-00930-4

Nepal Journal of Multidisciplinary Research (NJMR)
Vol. 8, No. 5, December 2025. Pages: 79-98
ISSN: 2645-8470 (Print), ISSN: 2705-4691 (Online)
DOI: 10.3126/njmr.v8i5.87136

products. Biomass Convers Biorefin, 10,1-24, https://doi.org/10.1007/s13399-022-02352-
0

Nandomah, S. and Tetteh, I. K. (2023). Potential ecological risk assessment of heavy metals
associated with abattoir liquid waste: A narrative and systematic review, Heliyon, 9(8),
e17359, https://doi.org/10.1016/j.heliyon..e17359

Navarrete, I. A., & Asio, V. B. (2011). Heavy metals content of two red soils in Samar. Annals of

Tropical Research, 33, 162—174, https://doi.org/10.32945/atr3329.2011
Neboh, H. A., Ilusanya, O. A., Ezekoye, C. C., and Orji, F. A. (2013). Assessment of [jebu-Igbo
abattoir effluent and its impact on the ecology of the receiving soil and river. IOSR Journal
of Environmental Science and Food Technology, 7(5), 61-67, [Available at
www.iosrjournals.org]

Nie G., TuT.,Hu L., Wu L. and Zhou Y. (2023). Accumulation characteristics and evaluation of
heavy metals in soils and vegetables of plastic-covered sheds in typical red soil areas of
China, Quality Assurance and Safety of Crops & Foods, 15(3), 22-35,
https://doi.org/10.15586/qas.v15i3.1222

Nkpaa, K.W. Iwuanyanwu. K.C.P. Wegwu, M.O. and Essien, E. B. (2016). Health risk

assessment of hazardous metals for population via consumption of seafood from
Ogoniland, Rivers State, Nigeria; A case study of Kaa, B-Dere, and Bodo City,
Environmental Monitoring and Assessment 188, 1-10, https://doi.org/10.1007/s10661-
015-5006-4
Ogunkunle A. T. J., Bello O. S. and Ojofeitimi O. S. (2014). Determination of heavy metal
contamination of street-vended fruits and vegetables in Lagos state, Nigeria. International
Food Research Journal 21(6), 2115-2120, http:/www.ifrj.upm.edu.my
Oluwole S. O., Ogun M. L., Oyetunji O. S., Asokere S. Y., O’Daniel S. C. Shittu AO, (2021).
Environmental assessment of heavy metal concentrations of Colocasia esculenta L.,

Vernonia amygdalina Del. and Amaranthus spinosus L. and soils collected around some
abattoirs in Lagos State, Nigeria. British. Journal of Environmental Sciences, 9(6), 2054-
2636, https://doi.org/10.37745/bjes.2013
Onyedika, E. M. (2015). Effect of solid waste source (dumpsite type) on heavy metal
contaminations in urban soils of Bauchi, Nigeria. American Chemical Science Journal,
9(2), 1-14, https://doi.org/10.9734/ACSJ/2015/18039
Opaluwa, O.D., Aremu, M.O., Ogbo, L.O., Abiola, K.A.,Odiba, I.E., Abubakar, M.M. and
Nweze, N.O. (2012). Heavy metal concentrations in soil, plant leaves and crops grown
around dumpsites in Lafiametropolis, Nasarawa State, Nigeria. Advances in Applied

Science Research, 3(2), 780-784, Available online at www.pelagiaresearchlibrary.com
Osu, C. I. and Okereke, V. C. (2015). Heavy metal accumulation from abattoir wastes on soils
and some edible vegetables in selected areas in Umuahia metropolis. Int. J. Curr.
Microbiol. App. Sci., 4(6),1127 — 1132, [Available at http://www.ijcmas.com]
Owagboriaye, F. O., Dedeke, G. A. and Ademolu, K. O. (2016). Glutathione-S-transferase
production in earthworm (Annelida: Eudrilidae) as a tool for heavy metal pollution
assessment in abattoir soil. Rev. Biol. Trop. 64(2), 779-789,
https://www.scielo.sa.cr/pdf/rbt/v64n2/0034-7744-rbt-64-02-00779.pdf

96


https://doi.org/10.1016/j.heliyon..e17359
https://doi.org/10.32945/atr3329.2011
https://doi.org/10.1007/s10661-015-5006-4
https://doi.org/10.1007/s10661-015-5006-4
http://www.ifrj.upm.edu.my/
https://doi.org/10.9734/ACSJ/2015/18039

Nepal Journal of Multidisciplinary Research (NJMR)
Vol. 8, No. 5, December 2025. Pages: 79-98
ISSN: 2645-8470 (Print), ISSN: 2705-4691 (Online)
DOI: 10.3126/njmr.v8i5.87136

Sanda, A. R., Ahmad, 1. and Gaye, C. A. (2016). Heavy metal content of abattoir waste and
municipal sludge in soil and water along Jakara River in Kano, Kano State, Nigeria. Open
Access Library Journal, 3, 1 — 5, https://doi.org/10.4236/0alib.1102896

Saria, J. A. M. (2017). Assessment of human health hazard due to metal uptake via fish
consumption from coastal area of Tanzania. Ethiopian Journal of Environmental Studies
and Management, 10(4), 555-565. https://dx.doi.org/10.4314/ejesm.v10i4.12

Savari M., Amghani M. S, and Malekian A.(2025), Treated wastewater irrigation: A bridge
between water scarcity, a healthy environment, and safe food production, One Health.
21,101251. https://doi.org/10.1016/j.onehlt.2025.101251

Seaward M. R. D. (2004). The use of lichens for environmental impact assessment, Symbiosis.
37,293-305, https://dx.doi.org/10.13189/eer.2025.130403

Simeon, E. O. and Friday, K. (2017). Index models assessment of heavy metal pollution in soils
within selected abattoirs in Port Harcourt, Rivers State, Nigeria. Singapore Journal of
Scientific Research, 7,9 — 15, https://doi.org/10.3923/sjsres.2017.9.15

Sobukola O. P., Adeniran O. M., Odedairo A. A. and Kajihausa O. E. (2010). Heavy metal levels
of some fruits and leafy vegetables from selected markets in Lagos, Nigeria. African
Journal of Food Science 4(2), 389 — 393, [Available at http://www.acadjourn.org/ajfs

Thomas, A. J., Akande, I., Oso, O. M., Oke, A. B. and Akindamini, T. (2024). Global waste
management practices in abattoir: Challenges for implementation in Nigeria. Journal of
Environmental Protection, 15, 1022-1034, https://doi.org/10.4236/jep.2024.1512061

Tinker, P. B. (1981). Levels, distribution and chemical forms of trace elements in food plants.
Philosophical transactions of the Royal Society B: Biological Sciences, 294(1071), 41—
55, https://doi.org/10.1098/rstb.1981.0088

Ubwa, S. T., Atoo, G. H., Offem, J. O., Abah, J. and Asemave, K. (2013). Effect of activities at
the Gboko abattoir on some physical properties and heavy metals levels of surrounding
soil, International Journal of Chemistry, 5(1), 49 — 57,
https://doi.org/10.5539/ijc.v5n1p49

TBS (2007). United Republic of Tanzania, The Environmental Management (Soil Quality
Standards) Regulation, Dar es Salaam, Tanzania, [Available at
https://tanzlii.org/en/akn/tz/act/gn/2007/238/eng@2007-12-07]

USEPA (1989). Risk assessment guidance for superfund, Volumel: Human health evaluation
manual (Part A) Washington, DC, USA: United States Environmental Protection Agency,
[Available at http://www.epa.gov/swerrims/riskassessment/risk _superfund.html)

USEPA (2005). Guidelines for carcinogen risk assessment forum U.S. Environmental Protection
Agency Washington, DC, [available at http://www.epa.gov/swerrims/riskassessment
/risk_superfund.html)

Vlcek V., Pohanka M. (2018). Adsorption of copper in soil and its dependence on physical and
chemical properties. Acta Univ. Agric. Silvic. Mendelianae Brun. 66, 219-224.
https://doi.org/10.11118/actaun201866010219

Wang, X., Sato, T., Xing, B., & Tao, S. (2005). Health risks of heavy metals to the general public
in Tianjin, China via consumption of vegetables and fish. Science of the Total
Environment, 350(1-3), 28-37. https://doi.org/10.1016/j.scitotenv.2004.09.044

97


http://dx.doi.org/10.4236/oalib.1102896
https://dx.doi.org/10.4314/ejesm.v10i4.12
https://doi.org/10.4236/jep.2024.1512061
https://doi.org/10.1098/rstb.1981.0088
https://doi.org/10.5539/ijc.v5n1p49
http://www.epa.gov/swerrims/riskassessment
https://doi.org/10.1016/j.scitotenv.2004.09.044

Nepal Journal of Multidisciplinary Research (NJMR)
Vol. 8, No. 5, December 2025. Pages: 79-98
ISSN: 2645-8470 (Print), ISSN: 2705-4691 (Online)
DOI: 10.3126/njmr.v8i5.87136

WHO/FAO (2012). Summary and Conclusion, joint FAO/WHO expert committee of food
additives. (JECFA/73/Sc) 73rd meeting, Geneva, Available at
http://www.who.int/ipcs/food/jecfa/en/index.html

FAO/WHO (2025). General standard for contaminants and toxins in food and feed, CXS 193-
1995, http://www.codexalmentarius.org

Wilson, B., and Pyatt, F.B. (2007). Heavy metal dispersion, persistence, and bioaccumulation
around an ancient copper mine situated in Anglesey, UK, Ecotoxicology and Environmental
Safety, 66, 224-231, https://doi.org/10.1016/j.ecoenv.2006.02.015

Wong S. C., Li X. D., Zhang G., Qi S.H. and Min Y.S. (2002). Heavy metals in agricultural soils

of the Pearl River Delta. South China. Environmental Pollution, 19,33-44,
https://doi.org/10.1016/S0269-7491(01)00325-6

Wongsasuluk P., Chotpantarat S., Siriwong W., Robson M. (2014). Heavy metal contamination

and human health risk assessment in drinking water from shallow groundwater wells in

an agricultural area in Urban Ratchathani province, Thailand, Environ. Geochem. Health.
36,169—182, https://doi.org/10.1007/s10653-013-9537-8

Yang, Z.P.; Zhao, J.J.; Cao, M.Z.; Lu, W.X. (2015). Assessment on human health risk of
potentially toxic heavy metals in urban soil of Changchun City. Chin. J. Soil Sci. 46, 502—
508, https://doi.org/10.1016/j.gexplo.2010.09.006

Zahir, A., Ge Z. and Khan, I. A. (2025). Public Health Risks Associated with Food Process
Contaminants — A Review, Journal of Food Protection, 88(2), 100426,
https://doi.org/10.1016/1.jfp.2024.100426

Zheng, N., Wang, Q., Zhang, X., Zheng, D., Zhang, Z., & Zhang, S. (2007). Population health
risk due to dietary intake of heavy metals in the industrial area of Huludao city, China.
Science of the Total Environment, 387(1-3), 96-104.
https://doi.org/10.1016/j.scitotenv.2007.07.044

Views and opinions expressed in this article are the views and opinions of the author(s), Nepal Journal of
Multidisciplinary Research shall not be responsible or answerable for any loss, damage or liability etc. caused in
relation to/arising out of the use of the content.

98


http://www.who.int/ipcs/food/jecfa/en/index.html
http://www.codex/
https://doi.org/10.1016/j.ecoenv.2006.02.015
https://doi.org/10.1016/S0269-7491(01)00325-6
https://doi.org/10.1007/s10653-013-9537-8
https://doi.org/10.1016/j.gexplo.2010.09.006
https://doi.org/10.1016/j.jfp.2024.100426
https://doi.org/10.1016/j.scitotenv.2007.07.044

