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Abstract

Background: This study performed a risk assessment of heavy metals (Cd, Hg, Pb, Zn, Fe, Cu, and As) in both local and imported milk
consumed in Nnewi, Anambra State, Nigeria, to evaluate potential health risks to consumers. Methods: A total of 24 milk samples were
collected and categorized into four groups: locally produced liquid milk, foreign imported liquid milk, locally produced powdered milk, and
foreign powdered milk. The samples were analyzed using atomic absorption spectrometry. Results: Local liquid milk contained the highest
levels of Cd, Zn, Fe, Pb, and Cu, while imported powdered milk showed the highest concentrations of As and Hg. Significant differences (p <
0.05) were found in Cu levels between foreign and local powdered milk, and in Cd, Zn, and Fe levels between foreign and local liquid milk. The
estimated daily intake (EDI) of iron from liquid milk exceeded the reference oral dose for all age groups, indicating a potential risk. Although the
hazard quotient (HQ) for each metal in powdered milk was below one (suggesting no significant individual risk), the hazard index (HI) revealed
that various milk sample groups posed risks to consumers, with all HI values exceeding one and the highest risks observed in females and
powdered milk samples. Conclusion: Contamination of milk by heavy metals represents a major public health threat. Rigorous monitoring of
both domestic and imported milk is essential to assess the contribution of milk to dietary heavy metal intake and to identify potential health risks.
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Introduction

measurement studies are lacking in Nigeria ['*-23], indicating
a regulatory and research gap. Heavy metals' environmental
presence raises concerns about food supply impact,
particularly in dairy products 1326271,

Heavy metals are naturally occurring elements in Earth's
crust that cannot be broken down ', They pose significant
health and environmental threats through persistence and
bioaccumulation in living organisms 7. Cadmium,
mercury, lead, and arsenic rank among the top hazardous
substances according to the Agency for Toxic Substances

This contamination risks public health, as consuming
contaminated milk can cause chronic health issues [5282°],

and Disease Registry 1% Milk and dairy products are vital
nutritional sources in Nigeria, with increasing consumption
[11-14] These products can become contaminated with heavy
metals through environmental exposure, agricultural
practices, and industrial emissions [!5!¢], Metal pollutants
enter the food chain, increasing toxic effects risk ['718],

The town of Nnewi in Anambra State serves as a critical
study location. As a major industrial hub within Nigeria, it
faces multiple contamination sources. Its consumption
patterns reflect both local and imported dairy products,
making it ideal for assessing food safety risks and quality
controls in urbanizing Nigerian contexts.

Industrialization in Nigeria has caused contamination of
land, air, and water with heavy metals, leading to serious
health implications ?4?*: While studies have examined
heavy metal contamination, comprehensive quality
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This study aims to address this research gap by assessing
risks associated with cadmium, mercury, lead, zinc, iron,
copper, and arsenic in milk consumed in Nnewi. By
analyzing milk samples and calculating health risk
indices, this research evaluates milk's contribution to
heavy metal intake and identifies health risks within this
specific context. The assessment of heavy metals in
various milk types will provide data for informing public
health policy and monitoring.

Materials and Methods

Study Area

This research was conducted in Nnewi, a town located
in the Idemili South Local Government Area of
Anambra State, Nigeria. The native residents of Nnewi
are part of the Igbo ethnic group, and the town is
bordered by Nnobi, Ichi, Ukpo, and Amichi %,

Ethical Approval

Approval for the study was granted by the Ethics
Committee of the Nnamdi Azikiwe University Teaching
Hospital (NAUTHEC), located in Nnewi, Anambra
State. Nigeria (Ref No:
NAUTH/CS/66/VOL.10/2017/129). This research was
carried out following the guidelines of the Ethics
Committee of the Nnamdi Azikiwe University Teaching
Hospital (NAUTHEC), located in Nnewi, Anambra
State, Nigeria.

Sample collection and initial preparation

A total of 24 milk samples were acquired directly from
the Super Market in Nnewi and sourced from various
representatives. These milk samples were categorized
into four (4) groups as follows:

Group I consisted of locally produced liquid milk,
including brands such as Three Crowns, Popular, Peak,
Luna, Coast, and Nunu.

Group II comprised imported foreign liquid milk,
featuring Crystal Valley, Oldeburger, Lactel, Peak,
Dano, and Nestle Cream.

Group III included locally produced powdered milk
with brands such as Three Crowns, Nunu, Cowbell,
Peak Milk, Loya, and Lactogen.

Group IV consisted of foreign powdered milk,
including Oldenburger, Flavor Charm, Marvel, Dano,
Good Morning, and Eldorin.

The samples were randomly selected based on their
expiration dates to ensure a variety of manufacturing
dates for each sample.

Quality Control

Before and during the experiments, all the
equipment and instruments utilized in this study
were calibrated to ensure that they functioned

correctly B, To eliminate heavy metals from their

surfaces, all glassware was treated with 10%
concentrated nitric acid (HNO3) solution 2],
Equipment, such as volumetric flasks, measuring
cylinders, and digestion flasks, were meticulously
cleaned with detergent and tap water, followed by
rinsing with deionized water [*31. Digestion tubes
were immersed in a 1% (w/v) potassium dichromate
solution in 98% (v/v) sulfuric acid (H2S04),
whereas volumetric flasks were soaked in a 10%
(v/v) HNOS3 solution for 24 h. After soaking, all
items were rinsed with deionized water, dried in an
oven, and stored in a dust-free environment until
analysis. Before each use, the apparatus was soaked
and rinsed with deionized water. The details of the
equipment and materials used are described below.

Preparation of samples

Digestion

A 2 g portion of milk was measured and placed in a
digestion flask. Subsequently, 20 ml of aqua regia was
introduced into the flask, which was sealed with a cork.
The mixture was heated until a clear digestion was
achieved. After the digestion became clear, it was diluted
to 100 ml with distilled water, filtered, and stored in a
reagent bottle for elemental analysis using an atomic
absorption spectrophotometer (AAS) B4

Methods for the analysis of heavy metals in milk
samples

At the Biotechnology Laboratory of Nnamdi
Azikiwe University in Awka, a Buck Scientific
210/211 VGP Atomic Absorption Spectrometer
equipped with a 220GF graphite furnace and a
220AS autosampler was used to analyze heavy
metals, including cadmium, zinc, iron, copper,
Mercury and lead 3 (Fig. 1).

-
:
. - -

==

Fig. 1 Heavy metal analysis Instrument at the
Springboard Laboratory, Awka Anambra State.
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Method Detection Limits and Limits of
Quantification

The sensitivity of the analytical method was
evaluated by determining the Method Detection
Limit (MDL) and Limit of Quantification (LOQ)
for each metal. The MDL was calculated as three
times the standard deviation of replicate blank
measurements, while the LOQ was derived as ten
times the standard deviation. These values,
summarized in Table 1, confirm that the method is
sufficiently sensitive to detect and quantify the
target heavy metals at concentrations relevant to
food safety monitoring.

Table 1: Method Detection Limits (MDL) and
Limits of Quantification (LOQ) for heavy metals
analyzed by AAS (mg/kg, wet weight)

Metal MDL (mg/kg) | LOQ (mg/kg)
Cd 0.01 0.03

Zn 0.10 0.30

Fe 0.20 0.60

Pb 0.05 0.15

Cu 0.05 0.15

As 0.02 0.06

Hg 0.005 0.015

Risk assessment

The potential health risks from consuming milk
contaminated with metals were assessed using the
target hazard quotient (THQ) ¢!, The quotient is
the ratio of the calculated dose to the reference dose
(RD). If this ratio is below 1, the population is
considered safe; however, if it is 1 or higher, there
is a health risk. This risk assessment method has
been validated by researchers 7! and is considered
reliable.

The hazard quotient (HQ) was used to evaluate the
non-carcinogenic health risks posed by a single
metal through dairy consumption %), This is the
ratio of the calculated dose of a pollutant to its
reference dose (RfD), which is determined using
the formula

Here, EDI represents the estimated daily intake of
heavy metals (mg/[kgday] ) and RfD is the oral
reference dose. The RfD values for Pb, Cd, Cu, Zn,
As, Fe, and Hg are 0.004, 0.001, 0.04, 0.3, 0.0003,
0.007, and 0.0003 mg/kg/day, respectively 1.

EDI=CX 1T, Eq2

where C is the average concentration of heavy
metals in milk samples (mg/kg) and I is the milk
intake per kilogram of body weight per day
(kg/day/kg). If HQ is less than one, the exposed
population is unlikely to experience noticeable
adverse effects.

The health index (HI) is employed to estimate the
overall non-carcinogenic health risk from multiple
heavy metals [“#1 The HI for a specific
receptor/pathway combination, such as diet, can be
calculated using the following equation 42!,

Estimated daily intake of metals (mg kg! day™)
for both sexes.

The daily intake of each metal was estimated by
multiplying the average concentration of metals by
the amount of milk consumed per day 4*/,

Milk consumption data (g day! bw') by age and
gender group.

Singh et al. ¥ provided data on milk consumption,
including information on milk, fruit juice, and sugar-
sweetened beverages across 187 countries. These
data were derived from annual food balance sheets
compiled by the United Nations Food and
Agriculture Organization. To address issues related
to measurement comparability, study
representativeness, and uncertainties in sampling
and modeling, the authors utilized a hierarchical
Bayesian model. This method is crucial for
effectively integrating and standardizing nationally
representative dietary surveys with food availability
data. This study examined various milk types, such
as skim milk, low-fat milk, whole milk, and other
dairy beverages. Our focus in this study was on
liquid and powdered milk, which account for
approximately 24% and 29% of Nigeria's total milk
consumption, respectively, according to the
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National Bureau of Statistics (NBS) dairy product
consumption data since 2006. To calculate the
average daily intake of milk powder and evaporated
milk in Nigeria, we applied factors of 0.29 for liquid
milk and 0.24 for powdered milk, respectively, to
the estimates provided by Singh et al. ¥ for each
age group and sex. These values were then divided
by the body weight of 60 kg.

Statistical analysis

Data were analyzed using SPSS version 20 and are
expressed as mean + standard deviation (SD). The
normality of data distribution was confirmed using
the Shapiro-Wilk test, and homogeneity of
variances was verified with Levene’s test.
Independent samples t-tests were used to compare
metal concentrations between two groups (e.g.,
foreign vs. local milk). One-way analysis of
variance (ANOV A) was applied to compare means
across the four milk categories. Where ANOVA
indicated significant differences (p < 0.05),
post-hoc pairwise comparisons were performed
using Tukey’s HSD test. A p-value < 0.05 was
considered statistically significant.

Results

An independent Student’s t-test was employed to
compare the average metal concentrations in
imported and locally produced milk products.
When the p-value for the mean metal
concentrations was greater than or equal to 0.05, the
differences were deemed not statistically
significant. Table 2 lists the heavy metal residues
found in both the liquid and powdered milk samples
from foreign and local sources. The table reveals a
notable difference (p < 0.05) in copper levels
(0.037) between the foreign and local powdered
milk samples. Furthermore, significant differences
(p < 0.05) were observed in cadmium (0.037), zinc
(0.027), and iron (0.014) levels between the foreign
and local liquid milk samples. Table 3 outlines the
differences in mean concentrations between
powdered and liquid milk, with significance
assessed using Student's t-test. A significant
difference (p < 0.05) was found in arsenic (0.625)
and mercury (0.260) levels between powdered and
liquid milk. Table 4 provides data on milk
consumption (in grams per day per body weight)
categorized by age and sex, showing a significant
difference (p < 0.05) in consumption between

powdered and liquid milk across the various age and
sex groups. Tables 5 and 6 detail the estimated daily
intake (EDI) of metals from powdered and liquid
milk for the different age groups. The EDIs of Cd,
Zn, Fe, Pb, Cu, As, and Hg (in mg/kg/day) from
powdered milk were below the reference daily
intake (RDI) for all age groups (Table 5). However,
Table 6 indicates that the EDI of iron surpassed the
RDI of 0.007 mg/kg/day in all age groups, posing a
potential risk to consumers.

Table 2 Differences between metal
concentrations based on methods
Metals Foreign (n=6) Local (n=6) p value
POWDERED
cd 0.33+0.29 0.34+0.27 0.964
/n 8.374+5.59 8.63+3.94 0.927
Fe 7.87+4.83 7.29+4.41 0.833
Pb 2.17+1.00 2.29+1.32 0.920
Cu 0.46+0.35 0.99+0.41 0.037
As 0.39+0.23 0.43£0.15 0.785
Hg 0.3620.11 0.37+0.07 0.845
LIQUID
cd 1.06+0.49 2.15+1.00 0.037
7Zn 33.07+5.79 47.02+11.81 0.027
Fe 30.24+6.97 44.48+9 47 0.014
Pb 6.39+7.46 10.41£7.51 0.374
Cu 2.89+2.38 1.9242.15 0.476
As 0.35+0.13 0.41£0.07 0.395
Hg 0.39+0.06 0.41+0.49 0.471

Differences were considered statistically significant at P
<0.05.

Table 3: Differences in the mean concentration
between powdered milk and liquid milk

Metals Mean + S.D
Powdered Liquid p value

Cadmium  0.34+0.27 1.61£0.95 0.001
Zinc 8.50+4.61 40.04+11.48 0.001
Iron 7.58+4.42 37.36+10.87 0.001
Lead 2.23£1.96 8.40+7.44 0.016
Copper 0.73£0.46 2.4142.22 0.025
Arsenic 0.41+0.19 0.38+0.11 0.625
Mercury 0.37+0.08 0.40+0.05 0.260

Differences were considered significant at p values <
0.05.
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Table 4: Milk consumption data (g day! bw™) by
age and sex

Gender Age (Years)

20-39 4059 [>60 [ Overall
Powdered
Male 0.41 0.45 0.57 0.50
Female 0.50 0.49 0.63 0.55
Liquid
Male 0.38 0.37 0.47 0.42
Female 0.42 0.41 0.52 0.45

Differences were considered statistically significant
at P <0.05.

Table 5: Estimated daily intake of metals through
powdered milk (mg kg day™!)

Age Metals
Growp  Feq [zn [Fe  [Pb |Cu |As  |Hg
Male

20-39 140x10* 349x10° 3.01x10° 9.14x10* 2.99x10* 1.68x10* 1.52x10°*
40-59 153x10* 3.83x10°° 341x10° 1.00x10° 3.29x10* 1.85x10 1.66x10°*
>60 1.94x10 4.85x10° 4.32x10° 1.27x10° 4.16x10* 234x10* 2.11x10°*
Overall  1.70x10* 4.25x10° 3.79x10° 1.12x10°* 3.65x10* 2.05x10* 1.85x10*
Female

20-39 170x10* 4.25x10°° 3.79x10° 1.12x10° 3.65x10* 2.05x10* 1.85x10°
40-59 L67x10* 4.17x10° 3.71x10° 1.09x10° 3.58x10* 2.01x10°* 1.81x10°*
>60 2.14x10* 536x10° 4.78x10° 1.40x10° 4.60x10* 2.58x10* 2.33x10°
Overall  1.80x10* 4.51x10° 4.02x10° 1.18x10° 3.87x10* 2.17x10* 196x10°*

RFD: Cd: 0.001, Zn: 0.3, Fe: 0.007, Pb: 0.004, Cu: 0.04,
As: 0.0003, Hg: 0.0003 (mg/kg/d)

Table 6: Estimated daily intake of metals
through liquid milk (mg kg! day™)

Age | Metals
Group | Cd
Male

[Zn [ Fe [P [Cu [As [Hg

20-39
40-59
60

Overall

6.12x10%
5.96x10*
7.57x10%
6.76x10*

1.52x10°
1.48x10*
1.88x10?
1.68x10”

1.42x1072
1.38x10*
1.76x10?
1.57x10°2

3.19x10°
3.1x10°8
3.95x10°
3.53x10°

9.16x10*
8.92x10"
1.13x10°
1.01x10°

1.44x10°
141x10*
1.79x10*
1.59x10°

1.52x10°
1.48x10*
1.88x10*
2.00x10*

Female

20-39
40-59
260

Overall

6.67x10%
6.60x10
8.37x10*
7.25x10%

1.68x10*
1.64x10?
2.08x102
1.80x10*

1.57x10*
1.53x10*
1.94x10°2
1.68x10*

3.53x10°
3.44x10°
437x10°
3.78x10°

1.01x10°
9.88x10*
1.25x10°
1.08x10°

1.50x10*
1.56x10°
1.97x10*
1.71x10*

2.00x10°%
1.64x10*
2.08x10*
1.80x10*

RfD: Cd: 0.001, Zn: 0.3, Fe: 0.007, Pb: 0.004, Cu: 0.04,

As: 0.0003, Hg: 0.0003 (mg/kg/d)

Table 7 displays the hazard quotient and hazard index for
metal intake from powdered milk across different age
groups, for both males and females. The table shows that
the hazard quotient values for all groups were below 1,
suggesting that these populations are unlikely to have
significant negative effects from metal exposure.
However, the hazard index, as detailed in Table 7,
indicates that the groups consuming powdered milk are
at risk, with values exceeding one, and the highest index
was recorded for females at 2.913. Table 8 outlines the
hazard quotient and hazard index for the metal
consumption from liquid milk. Similar to powdered milk,
the hazard quotient values for all groups were less than
1, implying that these populations were unlikely to
experience noticeable adverse effects from metal
exposure. Nevertheless, the hazard index, as shown in
Table 8, revealed that the groups consuming liquid milk
were at risk, with all values surpassing one. The highest
hazard index in this category was also found in females,
with a value of 6.044.

Table 7: HQs and HIs of metal consumption via
powdered milk

HQ HI

AgeGrowp oy o R [mo (G [ [hg

Male

20-39 0140 0012 0444 0229 00074 0560 0507 1.899
4059 0153 0013 0487 0250 0.0082 0.616 0553 2.080
260 0.194 0016 0617 0318 0010 0780 0703 2.624
Overall 0170 0014 0541 0280 0.0091 0.683 0617 2314
Female

20-39 0170 0014 0541 0280 0.0091 0.683 0617 2314
4059 0167 0014 0530 0273 0.0089 0.670 0.603 2.266
60 0214 0018 0683 0350 00115 0860 0777 2913
Overall 0.180 0015 0574 0295 00097 0723  0.653 2450

HQ > 1 suggests that the exposed population is
likely to experience adverse effects from the metals.
An HI > 1 indicates that the aggregate exposure of a
population to metals is a concern.
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Table 8: HQs and HIs of metal consumption via
liquid milk

Age Group HQ

c [m [Fe B |G A [hg HI

Male

20-39 0.612 0051 203 0798 0023 0480 0507 4.501
40-59 0.596 0049 197 0778 0022 0470 0493 4378
>60 0757  0.063 251 0988 0.028 0597 0.626 5569
Overall 0.676 0056 224 0883 0025 0530 0.667 5.077
Female

20-39 0676 0.056 224 0883 0.023 0500 0.667 5.045
40-59 0.660 0055 219 0860 0025 0520 0547 4.857
60 0.837 00609 277 0987 0.031 0657 0.693 6.044
Overall 0.725  0.060 240 1.093 0.027 0570 0.600 5475

HQ > 1 suggests that the exposed population is likely to
experience adverse effects from the metals.

An HI > 1 indicates that the aggregate exposure of a
population to metals is a concern.

Discussion

Analysis of both powdered and liquid milk samples from
international and domestic  sources revealed
contamination with various heavy metal residues,
posing considerable health hazards. All heavy metals,
including essential minerals like iron (Fe) and
nonessential metals like lead (Pb) and cadmium (Cd),
are toxic when they exceed certain limits. The highest
levels of Cd, Zn, Fe, Pb, and Cu were found in local
liquid milk, whereas imported powdered milk showed
the highest concentrations of As and Hg. The levels of
Cd, Zn, Fe, Pb, Cu, As, and Hg in this study surpassed
those reported in previous studies 4>,

Compared to many earlier global surveys, the data
reveal a notable rise in copper levels in local powdered
milk compared to foreign powdered milk. Furthermore,
there was a significant increase in Cd, Zn, and Fe levels
in local liquid milk compared to foreign liquid milk “*
591, The relatively high levels of heavy metals in Nigerian
milk may be due to contamination from improper
handling, exposure, and processing, which can involve
boiling and frying with steel or aluminum cookware
[51.52] - Additionally, elevated levels in locally produced
milk could be linked to open grazing practices, as cow
bodies can act as biological filters for heavy metals like
Cd, which may enter milk under certain conditions 3,
Other sources include packaging materials 4, and the
significant presence of Cd may result from natural or
anthropogenic sources like fertilizers and atmospheric
deposition 5331,

A notable difference was found in arsenic and mercury
levels when comparing powdered milk to liquid milk.
The estimated daily iron (Fe) intake from liquid milk
surpassed the reference oral dose [, while
concentrations of Pb, Cd, Cu, Zn, As, and Hg were
comparatively low. This aligns with the study by Salah et

al. 571 who also noted high estimated daily Fe intake.

The hazard quotient (HQ) is a valuable metric for
assessing risks 1*8, The HQ for all metals in powdered
milk was below one, indicating that residents are not at
significant risk from this single source, though other
exposure pathways were not assessed. For liquid milk, all
metals had HQ values below one except for iron (Fe),
which exceeded one, suggesting a risk. Excessive iron
can harm vital organs and increase the risk of various
diseases *). The HQ for overall lead (Pb) intake via
liquid milk in females is also above 1. Elevated Pb levels
may result from environmental exposure of lactating
cows or contamination from Pb-soldered cans [°*$!] and
the drying process can increase Pb concentration in
powder (62, The hazard index indicates that various milk
sample groups pose risks to consumers, with all values
exceeding one.

Conclusion

Contamination of milk by heavy metals presents a major
threat to public health, as the frequent consumption of
such tainted products can lead to a range of diseases and
lesions. This study revealed that locally sourced milk
exhibited higher levels of heavy metal contamination
than imported milk, although some differences were not
statistically significant. Therefore, it is crucial to
implement rigorous and regular monitoring of heavy
metal contamination in both domestic and imported
milks. This monitoring should aim to evaluate the actual
contribution of milk to dietary heavy metal intake and
identify potential health risks linked to these metals, their
bioaccumulation from long-term exposure, and their
movement and excretion in milk.

Declarations

Funding: Not applicable

Clinical trial number: Not applicable.

Consent for publication: Not applicable.

Conflicts of interest: The authors declare that they have
no conflict of interest.

Consent to participate: Not applicable.

Data availability: The datasets used and/or analyzed
during the current study are available from the
corresponding author upon reasonable request.

48 I Nigerian Journal of Basic and Clinical Sciences | Volume 23 | Issue 1 | January-April 2026



References

1.

Abubakar MY, Japhet AT, Kaugama AA,
Idris SA, Ahmad KB, Adam AB, et al.
Effects and remediation of heavy metals
contamination in soil and vegetables from
different areas: A review. EJCS 2024:445—
456.
https://doi.org/10.34198/ejcs.11324.44545
6

Heavy Metal Concentrations on
Vancomycin Resistance in Staphylococcus
aureus within Milk Produced by Cattle
Farms and the Health Risk Assessment in
Kurdistan  Province, Iran.  Animals
2024;14:148.

https://doi.org/10.3390/ani14010148.
Sarsembayeva NB, Zhumagulova
Abdigaliyeva TB, Utepova ZA, Biltebay

SZ,

2. Ullah H, Uddin J, ljaz M, Haziq M, AN. Heavy metal levels in milk and
Muhsinah AB, Ullah I, et al. Metabolic fermented milk products produced in the
dynamics and health risk assessment of Almaty region, Kazakhstan. Vet World
heavy metal accumulation in urban-rural 2020;13:609—-613.
interface vegetable systems. Environ Monit https://doi.org/10.14202/vetworld.2020.609
Assess 2025;197. -613.
https://doi.org/10.1007/s10661-025-14008- 10. Saadatzadeh A, Afzalan S, Zadehdabagh R,
3. Tishezan L, Najafi N, Seyedtabib M, et al.

3. Pan Z, Gong T, Liang P. Heavy Metal Determination of heavy metals (lead,
Exposure and Cardiovascular Disease. cadmium, arsenic, and mercury) in
Circulation Research 2024;134:1160-1178. authorized and unauthorized cosmetics.
https://doi.org/10.1161/circresaha.123.323 Cutaneous and  Ocular  Toxicology
617. 2019;38:207-211.

4. Devi VNM. Sources and toxicological https://doi.org/10.1080/15569527.2019.159
effects of some heavy metals—A mini 0389.
review. J Toxicol Stud 2024;2:404. 11. Giri A, Bharti VK, Kalia S, Kumar B,
https://doi.org/10.59400/jts.v211.404. Chaurasia OP. Health Risk Assessment of

5. Bhattacharya S. Can the Toxic Heavy Heavy Metals Through Cow Milk
Metals Be Beneficial at Trace Levels? Consumption in Trans-Himalayan High-
Understanding Their Outranged Biological Altitude Region. Biol Trace Elem Res
Functions. J Environ Pathol Toxicol Oncol 2021;199:4572-4581.
2024;43:71-77. https://doi.org/10.1007/s12011-021-02593-
https://doi.org/10.1615/jenvironpatholtoxic 6.
oloncol.2023049292. 12. Alinezhad Z, Hashemi M, Tavakoly Sany

6. Ejaz A, Banaee M, Ijaz S, Ullah S, Bilal M, SB. Concentration of heavy metals in
Mosotto C, et al. Bioaccumulation and pasteurized and sterilized milk and health
Health Risk Assessment of Heavy Metals in risk assessment across the globe: A
Labeo rohita and Mystus seenghala from systematic review. PLoS ONE
Jhelum River, Punjab, Pakistan. Water 2024;19:€0296649.

2024;16:2994. https://doi.org/10.1371/journal.pone.029664
https://doi.org/10.3390/w16202994. 0.

7. Bonfiglio R, Sisto R, Casciardi S, Palumbo 13. Choudhary D. A Study of Toxic Heavy
V, Scioli MP, Palumbo A, et al. The impact Metals in released Treated/Untreated Waste
of toxic metal bioaccumulation on Water from Slaughterhouses of Khurja,
colorectal  cancer:  Unravelling the Uttar Pradesh. J Sci Innov Nat Earth
unexplored connection. Science of The 2025;5:09-11.

Total ~ Environment  2023;906:167667. https://doi.org/10.59436/jsiane.323.2583-
https://doi.org/10.1016/j.scitotenv.2023.16 2093.
7667. 14. Martin NH, Evanowski RL, Wiedmann M.

8. Sadeghian Y, Karimi Darehabi H, Invited review: Redefining raw milk
Raeeszadeh M. The Impact of Metal and quality—Evaluation  of raw  milk

49 I Nigerian Journal of Basic and Clinical Sciences | Volume 23 | Issue 1 | January-April 2026



15

16.

17.

18.

19.

20.

21

22.

microbiological parameters to ensure high-
quality processed dairy products. Journal of
Dairy  Science  2023;106:1502—1517.
https://doi.org/10.3168/jds.2022-22416.

. Monteverde V, Camilleri G, Arfuso F,

Pennisi M, Perillo L, Patito G, et al. Heavy
Metal Levels in Milk and Serum of Dairy
Cows from Different Farms Located near an
Industrial Area. Animals 2022;12:2574.
https://doi.org/10.3390/ani12192574.
Boahen E. Heavy metal contamination in
urban roadside  vegetables:  origins,
exposure pathways, and health implications.
Discov Environ 2024;2.
https://doi.org/10.1007/s44274-024-00182-
7.

Oros A. Bioaccumulation and Trophic
Transfer of Heavy Metals in Marine Fish:
Ecological and Ecosystem-Level Impacts.
JoX 2025;15:59.
https://doi.org/10.3390/j0x15020059.
Singh V, Ahmed G, Vedika S, Kumar P,
Chaturvedi SK, Rai SN, et al. Toxic heavy
metal ions contamination in water and their
sustainable reduction by eco-friendly
methods: isotherms, thermodynamics and
kinetics study. Sci  Rep 2024;14.
https://doi.org/10.1038/s41598-024-58061-
3.

Biedunkova O, Kuznietsov P. Dataset on
heavy metal pollution assessment in
freshwater ecosystems. Sci Data 2024;11.
https://doi.org/10.1038/541597-024-04116-
Z.

Nneoyi-Egbe AF. Assessment of Heavy
Metal Contamination in Shrimp and Water
from the Great Kwa River: Implications for
Human Health and Aquatic Ecosystems.
[JBcRR 2024;33:27-35.
https://doi.org/10.9734/ijbcrr/2024/v331386
1

. Seo C, Jeong J-W, Lee JW, Kim T-S, Lee

Y, Lee SG, et al. Current technologies for
heavy metal removal from food and
environmental  resources. Food  Sci
Biotechnol 2023;33:287-295.
https://doi.org/10.1007/s10068-023-01431-
W.

Guerrieri N, Mazzini S, Borgonovo G. Food
Plants and Environmental Contamination:

23.

24.

25.

26.

27.

28.

29.

30.

31.

An  Update. Toxics 2024;12:365.
https://doi.org/10.3390/toxics12050365.
Cheng S. Heavy metal pollution in China:
origin, pattern and control. Environ Sci
&amp; Pollut Res 2003;10:192-198.
https://doi.org/10.1065/espr2002.11.141.1.
Onakpa MM, Njan AA, Kalu OC. A Review
of Heavy Metal Contamination of Food
Crops in Nigeria. Annals of Global Health
2018;84:488-494.
https://doi.org/10.29024/a0gh.2314.

Fatima G, Mehdi Raza A, Fedacko J, Dhole
P. Heavy Metal Exposure and Its Health
Implications: A Comprehensive
Examination 2024.
https://doi.org/10.20944/preprints202412.06
06.v1.

Su Q, Zhang Y, Xiang L, Zhang X, Sun G,
Li Z, et al. Risk assessment of heavy metal
pollution in agricultural soil surrounding a
typical  pharmaceutical = manufacturing
complex. Front Environ Sci 2023;10.
https://doi.org/10.3389/fenvs.2022.1105910

Pipoyan D, Stepanyan S, Beglaryan M,
Stepanyan S, Mendelsohn R, Deziel NC.
Health risks of heavy metals in food and
their economic burden in Armenia.
Environment International
2023;172:107794.
https://doi.org/10.1016/j.envint.2023.10779
4.

Scutarasu EC, Trinca LC. Heavy Metals in
Foods and Beverages: Global Situation,
Health Risks and Reduction Methods. Foods
2023;12:3340.
https://doi.org/10.3390/foods12183340.
Islam MS, Islam MM, Rahman MM, Islam
K, Islam MN, Kamal MM, et al. Presence of
Brucella spp. in Milk and Dairy Products: A
Comprehensive Review and Its
Perspectives. Journal of Food Quality
2023;2023:1-19.
https://doi.org/10.1155/2023/2932883.
Akajiobi GO. Awka-Etiti Chieftancy Dispute
and Related Crisis. 2005; Awka: Africa-
linked books.

Metge J, Giremus A, Décamps T, Mégret R,
Berthoumieu Y. Calibration of an inertial-
magnetic measurement unit without external

50

I Nigerian Journal of Basic and Clinical Sciences | Volume 23 | Issue 1 | January-April 2026



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

equipment, in the presence of dynamic magnetic
disturbances. Meas. Sci. Technol.
2014;25(12):125106.

Moghal AAB, Mohammed SAS, Almajed A,
Al-Shamrani MA. Desorption of Heavy Metals
from  Lime-Stabilized Arid-Soils using
Different Extractants. Int. J. Civ. Eng
2019;18(4):449-61.

Cabrera M, Do Q, Sapp T, Sommerhalter M,
Taher F, Llantada A. Effect of Water Hardness
on Catechin and Caffeine Content in Green Tea
Infusions. Molecules. 2021;26(12):3485.
Asfaw A, Wibetoe G. Simultaneous
determination of hydride (Se) and non-hydride-
forming (Ca, Mg, K, P, S and Zn) elements in
various beverages (beer, coffee, and milk), with
minimum sample preparation, by ICP-AES and
use of a dual-mode sample-introduction system.
Anal Bioanal Chem. 2005 Apr 23;382(1):173—
179.

Rayori D, Getabu A, Omondi R, Nchore H,
Oweno J, Gisacho B, Omondi A, Nyabaro O,
Orina P. Assessment of Heavy Metal
Concentrations (Cu, Cd, Pb, and Zn) in
Wastewater from Gusii Treatment Plant in Kisii
County, Kenya. Pan Afr. Sci. .
2024;2(01):122-38.

Dizman S, Goriir FK, Keser R. Assessment of
human health risk from heavy metals levels in
water and tissues of two trout species
(Oncorhynchus mykiss and Salmo coruhensis)
from the Firtina and Giineysu Rivers in Turkey.
Tox. Rev. 2017;36(4):306—12.

Sridhara CN, Kamala CT, Samuel D, Suman R.
Ecotoxicology. Env. Saf J. 2008; 69(3): 513-
524,

Hensawang S, Chanpiwat P. Health impact
assessment of arsenic and cadmium intake via
rice consumption in Bangkok, Thailand.
Environ. Monit. Assess. 2017;189(11).

US EPA. Regional Screening Level (RSL)
Summary  Table Available online at
http://www.epa.gov/reg3hwmd/risk/human/rbe
oncentration_table/Generic_Tables/docs/maste
r_sl table Olrun_ 2014 [Assessed 31 January
2018].

Thongyuan S, Khantamoon T, Aendo P, Binot
A, Tulayakul P. Ecological and health risk
assessment, carcinogenic and non-carcinogenic
effects of heavy metals contamination in the soil
from municipal solid waste landfill in Central,
Thailand. Human and Ecological Risk
Assessment: Int. J. 2020;27(4):876-97.
Abdollatif GA, Ardalan M, Mohammadi MT,
Hosseini HM, Karimian N. Solubility test in

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

some phosphate rocks and their potential for
direct application in soil. World Appl. Sci. J.
2009; 6(2): 182-190.

Malhat F, Hagag M, Saber A, Fayz AE.
Contamination of cow milk by heavy metals in
Egypt. Bull Environ Contam Toxicol. 2012; 88:
(4): 611.

Sajjad K, Robina F, Shagufta S, Mohammad AK,
Maria S. Health risk assessment of heavy metals
in the population via consumption of vegetables.
World Appl. Sci. J. 2009; 6(12): 1602-1606.
Singh GM, Micha R, Khatibzadeh S, Shi P, Lim
S, Andrews KG, Engell RE, Ezzati M,
Mozaffarian D. Global, regional, and national
consumption of sugar-sweetened beverages,
fruit juice, and milk: A systematic assessment of
beverage intake in 187 countries. PLoS ONE
2015; 10(8): e0124845.

Ostapezuk PP, Valenta H, Rutzel, Nurnberg
HW. Determination of Heavy metals in
environmental samples. Sci. Total Environ.
1987, 60:1-16.

Cortes E, Das HA, Tarafdar DA, Vasconcellos
BA. Toxic Heavy metals and other trace
elements in foodstuffs from 12 different
countries. Biol. Trace Elem. Res 1994; 20:415-
422.

Amal AG. Evaluation of aluminum migration
from cooking utensils into food. Egypt. j. food
$¢1.2000; 26:73-80.

Park YW. Comparison of mineral and
cholesterol composition of different commercial
goat milk products manufactured in U.S.A.
Small Rumin. Res. 2000; 37(1-2): 115-124.
Sharkawy AA and Manal SH. Evaluation of
some metallic pollutants in milk and milk
powder in Beni-Suef Governorate, Assiut Vet.
Med. J. 2002; 47(84): 211-232.

Abdulkhaliq A,Swaileh KM and Hussein RM.
Levels of metals (Cd, Pb, Cu, and Fe) in cow
milk products. Int. Food Res. J. 2012;19(3):
1089-1094.

Cole M, Lusher A, Jaén-Gil A, Gomiero A,
Haave M. Microplastic and PTFE contamination
of food from cookware. Sci. Total Environ.
2024;929:172577.

Biandolino F, Parlapiano I, Denti G, Di Nardo V,
Prato E. Effect of Different Cooking Methods on
Lipid Content and Fatty Acid Profiles of Mytilus
galloprovincialis. Foods (Basel, Switzerland).
2021;10(2):416.

Sharafi K, Mansouri B, Paknahad M, Miri
Kermanshahi S, Habibi Y, Nakhaee S, Azadi
NA. Human health risk assessment of potentially

51

I Nigerian Journal of Basic and Clinical Sciences | Volume 23 | Issue 1 | January-April 2026


http://www.epa.gov/reg3hwmd/risk/human/rbconcentration_table/Generic_Tables/docs/master_sl_table_01run_
http://www.epa.gov/reg3hwmd/risk/human/rbconcentration_table/Generic_Tables/docs/master_sl_table_01run_
http://www.epa.gov/reg3hwmd/risk/human/rbconcentration_table/Generic_Tables/docs/master_sl_table_01run_

54.

55.

56.

57.

toxic elements in the breast milk consumed by
infants in Western Iran. Sci. Rep. 2023;13(1).
Essential KSI and Hamdan WA. Essential and
Toxic Metals in Lebanese Marketed Canned
Food: Impact of Metal Cans. J. Food Res. 2013;
2(1): 19.

Chirinos-Peinado D, Castro-Bedrifiana J, Rios-
Rios E, Mamani-Gamarra G, Quijada-Caro E,
Huacho-Jurado A, Nufiez-Rojas W. Lead and
Cadmium Bioaccumulation in Fresh Cow’s
Milk in an Intermediate Area of the Central
Andes of Peru and Risk to Human Health.
Toxics. 2022;10(6):317.

Liu H, Zhang Y, Xu J, You X, Zhou X, Shi Y.
Source identification and spatial distribution of
heavy metals in tobacco-growing soils in
Shandong province of China with multivariate
and geostatistical analysis. Environ. Sci. Pollut.
Res. 2017;24(6):5964-75.

Salah FA, Esmat IA, Mohamed AB. Heavy
metal residues and trace elements in milk
powder marketed in the Dakahlia
Governorate. Int. Food Res. J. 2013; 20(4):
1807-1812.

58.

59.

60.

61.

62.

US FDA. Total Diet Study. US Food and Drug
Administration. Available online at
http://www.fda.Gov/Food/FoodSafety/FoodCon
taminantsAdulteration/TotalDietStudy/default.h
tm on 20/11/2012.2008 [Assessed January 14,
2018].

Datz C, Miiller E, Aigner E. Iron overload and
non-alcoholic fatty liver disease. Minerva
Endocrinol. 2017;42(2).

Monteverde V, Camilleri G, Patito G, Gioia G,
Piccione G, Castronovo C, Arfuso F, Pennisi M,
Perillo L. Heavy Metal Levels in Milk and
Serum of Dairy Cows from Different Farms
Located near an Industrial Area. Animals.
2022;12(19):2574.

Su P, Zhang J, Zhang C, Zhao X, Chen C, Yang
B, Liu Y. Pb-Based Perovskite Solar Cells and
the Underlying Pollution behind Clean Energy:
Dynamic Leaching of Toxic Substances from
Discarded Perovskite Solar Cells. J. Phys. Chem.
Lett. 2020;11(8):2812-7.

Nieuwenhuijse H, Huppertz T. Heat-induced
changes in milk salts: A review. Int. Dairy J.
2021;126:105220.

52

I Nigerian Journal of Basic and Clinical Sciences | Volume 23 | Issue 1 | January-April 2026


http://www.fda.gov/Food/FoodSafety/FoodContaminantsAdulteration/TotalDietStudy/default.htm%20on%2020/11/2012
http://www.fda.gov/Food/FoodSafety/FoodContaminantsAdulteration/TotalDietStudy/default.htm%20on%2020/11/2012
http://www.fda.gov/Food/FoodSafety/FoodContaminantsAdulteration/TotalDietStudy/default.htm%20on%2020/11/2012

