ABUAD INTERNATIONAL JOURNAL OF NATURAL AND APPLIED SCIENCES
ISSN: 2955-1021

AIJNAS Volume 5, Issue 1, 2025 pp 10-18

https://doi.org/10.53982/aijnas.2025.0501.02-j

Copyright ©2025

https://journals.abuad.edu.ng/index.php/aijnas

AIJNAS

Assessment of Heavy Metals and Phytochemicals in Soil and Rice Samples
Cultivated in a Selected Agricultural Region of Nigeria

Erhuen E*,; Ojo A. A., Onasanya A. A. and Adewole E.
Department of Chemical Sciences, College of Sciences, Afe Babalola University, Ado-Ekiti, Ekiti State, Nigeria

Abstract

Rice is a staple food consumed daily by millions of Nigerians, making the safety of its cultivation critical to public health. Given the potential
for bioaccumulation and toxicity, the presence of heavy metal residues in rice poses serious health risks, necessitating a thorough assessment
of both heavy metals and phytochemicals in rice and the soils where it is cultivated across selected agricultural regions of Nigeria. This study
assesses the concentrations of heavy metals and phytochemicals in soil and rice samples (parboiled and paddy) collected from Abuja and
Kogi State in Nigeria. Determination of Pb, Cr, Zn, Cd, Mn, Fe, Ni and Cu in soil and rice samples was analyzed Using AAS Buck Scientific
211 AAS VGP, while the Determination of essential elements (Ca, Na, K and Mg) in soil and rice samples was done Using flame photometry
(Jenway Digital Flame Photometer, PFP7 Model). The most prevalent essential and heavy metals are calcium (32.25+0.354), magnesium
(14.292+0.008), and zinc (28.167+0.004), and the results showed that paddy rice had higher amounts of these elements than parboiled rice.
Some metals exhibited bioaccumulation tendencies, with bioaccumulation values surpassing 1, particularly zinc and cadmium. Phytochemical
analysis was carried out using High Performance Liquid Chromatography (HPLC) with the highest flavonoid component, Apigenin (0.2632
mg/g) in paddy rice obtained from Kogi State, while rice samples obtained from Abuja, had Protocatechuic acid (0.9076 mg/g) and Ferulic
acid (0.97 mg/g) as the highest phenolic components. Higher amounts of phytochemicals, which are advantageous for their antioxidant
qualities, were retained in parboiled rice, suggesting that conventional parboiling techniques can aid in the retention of substances that
promote health. For adults, the Hazard Index (HI) values of the metals were all less than 1, indicating low health risk while the HI value for
the children in both locations was greater than 1 indicating potential adverse health effects. In order to guarantee food safety, the results

highlight the necessity of routinely checking rice for pollutants and encouraging safer farming methods.
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NTRODUCTION

Environmental contamination from heavy metals
residues, are having an increasing impact on agricultural
production (Alengebawy et al., 2021). Due to its ability
to bioaccumulate toxic and non-toxic substances from
soil and water, rice (Oryza sativa), a staple food for more
than half of the population of the world, is especially
vulnerable to these environmental pollutants (Uddin
et al., 2021). While its phytochemical content poses
possible health advantages depending on growth and
processing conditions, the possibility that rice could
become a medium of human exposure to heavy metals
raises serious concerns about food safety (Tan et al.,
2020). Lead (Pb), cadmium (Cd), mercury (Hg), nickel
(Ni), copper (Cu) and arsenic (As) are examples of heavy
metals, which are non-biodegradable and persistent toxic
substances in the environment (Uddin et a/., 2021). They
can build up in water, and soil, and bioaccumulate in
crops, thereby contaminating the food chain. The main
causes of heavy metal contamination in agricultural soils
include mining, industrial operations, use of inorganic
fertilizers in the farms, and inappropriate waste disposal
(Mitra et al., 2022 and Jin et al., 2020). Rice plants are
especially vulnerable to bioaccumulate heavy metals
from the surrounding soil and water because of the
special growth environment they experience in flooded
paddy fields (Liu et al. 2021). These metals cannot be

removed once they have been taken up by plants, and
when rice is consumed by humans, they may then
bioaccumulate in the body (Mitra et al., 2021). Dietary
consumption is the main method by which the general
public is exposed to heavy metals, and in nations
where rice is a staple food, it is a major source (Tan et
al., 2020). Numerous detrimental health effects have
been connected to extended exposure to heavy metals.
Exposure to arsenic is linked to skin lesions, cancer, and
cardiovascular disease, whereas exposure to cadmium
can cause kidney damage and osteoporosis (Zaynab et
al., 2022). Mercury damages the nervous system, and
lead exposure can cause developmental problems and
neurological abnormalities in children (Zaynab et al.,
2022).

Plants naturally contain substances called phytochemicals,
which are of interest due to possible health benefits. These
bioactive substances include phenolics, flavonoids,
and saponins (Biondi et al., 2021). They have anti-
inflammatory, anti-cancer, and cardiovascular protective
qualities in addition to acting as antioxidants (Guan et
al., 2021). Depending on variables including rice type,
soil composition, and production practises, the amount
of phytochemicals in rice can vary greatly, which can
have varying effects on human health (Tan et al.,2020).
Whereas oxidative stress resulting from accumulation of
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free radicals is linked to a number of chronic illnesses,
however, the main health benefits of phytochemicals
come from their capacity to combat these free radicals
and lessen oxidative stress. (Tan et al., 2020, Sen et al.,
2020). Flavonoids are known to improve vascular function
and prevent heart disease, while phenolic compounds
have anti-inflammatory properties that may help treat
illnesses like arthritis (Sen et al., 2020). Furthermore, by
preventing tumour growth and encouraging cancer cell
death, some phytochemicals found in rice are thought
to offer protection against specific types of cancer
(Fatchiyah et al., 2020). However, certain rice cultivars
contain saponins, which might function as anti-nutrients
by preventing the absorption of nutrients and possibly
causing gastrointestinal distress when ingested in excess
(Yu et al., 2020). This study assesses the concentrations
of heavy metals and phytochemicals in parboiled and
paddy rice collected from the Federal Capital Territory
(Abuja) and Kogi State in Nigeria and their respective
soil samples.

MATERIALS AND METHODS

Study area

This study was carried out using samples that were
collected from Abuja, the Federal Capital City of Nigeria
and Kogi State which shares a boundary with the capital
city. Both locations are home to rice cultivation and are
part of the middle-belt region of Nigeria.

Sampling

Upland rice samples and soils were collected from rice
field in Kwali, Abuja and Ibaji in Kogi State. Using a
soil auger, soil samples were taken between 0 and 15
cm below the surface. After being wrapped in black
polythene, the samples were brought to the laboratory.
Following air drying and pulverisation with a mortar and
pestle, they were sieved through a 2 mm mesh screen
before analysis.

MAP OF ABUJA AND KOGI
SHOWING THE EXACT LOCATION WHERE THE SAMPLES WERE TAKEN

Figure 1: Map of the study area showing sampling locations.

Analytical procedures

Heavy metals in soil and rice

2g each of rice and soil samples were wet digested by
the addition of 20 mL of HNO,:HCIO, (5:1) mixture
to obtain a clear solution. The digested samples were
cooled, filtered and transferred to 25 mL volumetric
flask and distilled water was made to mark, and the
metal concentrations were determined using an atomic
absorption spectrophotometer (AAS) (Buck 211) (Howe
et al.,2005).

Essential Metal Contents in rice

2g of rice samples were wet digested by the addition of
20 mL of HNO,:HCIO, (5:1) mixture to obtain a clear
solution. The digested samples were cooled, filtered and
transferred to 25mL volumetric flask and distilled water
was made to mark, and the metal concentrations were
determined using flame photometry (Jenway Digital
Flame Photometer, PFP7 Model), to identify Ca, K, Mg,
and Na, which are the essential metals found in rice and
soil samples (Tilahun et al., 2015).

Health risk assessment

Bioaccumulation factor

The bioaccumulation factor (BAF) refers to the ratio of
contaminant concentration in grains to that of the soil.
The BAF were determined as follows:

Cr
BAF = —
Cs

Where Cy is the concentration of contaminant in rice and
CS is the concentration of the same contaminant in the
soil (Zhang et al. 2010).

Bioaccumulation factor is rated as follows: BAF <1 - low
bioaccumulation; 1 to 10 - moderate bioaccumulation;
10 to 100 - high bioaccumulation; and >100 - very high
bioaccumulation.

Non-carcinogenic health risk for heavy metals

The health risk associated with heavy metals was
determined as shown below. The average daily dose was
determined as follows:

ADD = CxIRxEF xED
N BW x AT

Where: ADD is the average daily dose (mg/kg-day); C
is the concentration (mg/1); IR is the intake rate (I/day) =
70 kg/day; EF is the frequency of exposure (day/year) =
365 days/year; ED is the duration of exposure (year) = 70
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years; BW is the bodyweight (kg) = 70 kg; and AT is the
averaging time (day) = 25,550 days (Olaleye et al. 2022).

ADD

HQ:Rf—D

HI = HQ;+ HQ, + -+ HQ,

Where: HQ is the hazard quotient; HI is the hazard
index and Rfd is the reference dose for each metal. The
individual metal toxicity responses (dose response) are
1.0 x 1073 for Cd, 3.0 x 107 for Cr, 3.5 x 107 for Pb, 1.4
x 1072 for Mn, 7.0 x 107" for Fe, 3.0 x 107! for Zn, 4.2 x
1072 for Cu and 2.0 x 1072 for Ni, all in mg/kg/day as the
Oral Reference Dose (RFD) (USEPA IRIS, 2011 and
Wongsasuluk et al. 2014).

HQ > 1 indicates unacceptable risk of non-carcinogenic
health effects, and HQ < 1 indicates that the risk level
is acceptable. Also, HI > 1 indicates unacceptable risk
of non-carcinogenic health effects, and HI < 1 indicates
that the risk level is acceptable.

Phytochemicals in Rice

1g of powdered rice samples was placed in 10 mL of
distilled water for 4 hours. After that, the mixture
was filtered. Tests for the identification of tannins and
phenolic chemicals, the lead acetate test for flavonoids,
the foam test for saponins, and Mayer and Wager’s test
for alkaloids were all performed on the filtrate. The sole
phytochemical found in the samples, total phenols and
flavonoids, were then measured using spectrophotometry
and high-performance liquid chromatography. The
results of the analyses were recorded in mg/g (Harborne,
1973; Obadoni, 2001; Olajire et al., 2011; Sathish et al.,
2024).

Statistical analysis
The data obtained from all the analyses for this study
were entered into Microsoft Excel spreadsheets and

analysed using descriptive and inferential tests (paired
samples t-tests). Data presentation was done using charts
and labelled appropriately.

RESULTS

Essential and Heavy Metal Element Concentrations
The concentrations of essential elements (Ca, K, Mg and
Na) in soil and rice samples were determined and shown
in Table 1 and Figure 2. The essential metal contents
in Abuja ranged from 8.450 mg/kg (Na) to 17.700 mg/
kg (Ca) in soil, 12.369 mg/Kg and 12.813 mg/Kg (Mg)
t0 29.400 mg/Kg and 27.550 mg/Kg (Ca) in both paddy
and parboiled respectively. In Kogi, parboiled rice
had the highest value in Potassium (K), 29.600 mg/Kg
when compared with soil and paddy samples. All heavy
metals were below standard values, with Zinc having
the highest value in soil, paddy and parboiled samples
from both Abuja and Kogi. The elements with the highest
concentrations were Ca, Zn and Mg in that order. The
concentrations of heavy metals in soil and paddy rice
from Abuja and Kogi were significantly different at
p<0.05, while those of parboiled rice were not.

40
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Soil Abuja PD Abuja PB Abuja Soil Kogi PD Kogi PB Kogi

Figure 2: Essential Metal content in rice and soil from Abuja (Kwali)
and Kogi State (Ibaji)
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Figure 3: Heavy Metal content in rice and soil from Abuja (Kwali)
and Kogi State (Ibaji)
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Table 1: Determination of Essential and Heavy Metal Content (mg/kg) in Soil, Parboiled and Paddy Rice

collected from Kwali in Abuja and Ibaji in Kogi State.

S/N | Element | Soil PD PB Soil PD PB WHO/FAO (Mg/ | WHO/FAO (Mg/
Abuja Abuja | Abuja | Kogi Kogi Kogi Kg) (Soil) Kg) (Rice)

1 Na 8.450 13.600 | 13.550 |9.700 16.250 15.150
+0.045 | +0.08 +0.245 | +0.08 +0.005 +0.005

2 K 18.500 |20.450 |20.850 | 15.300 [21.550 29.600
+0.08 +0.045 | +0.02 +0.02 +0.0068 | +£0.02

3 Ca 17.700 29.400 | 27.550 | 12.450 |32.250 20.650 - -
+0.283 | £0.141 | +0.5 +0.212 | +0.354 +0.212

4 Mg 10.950 | 12.369 | 12.813 | 8.757 14.292 10.728 - -
+0.004 | £0.006 |=+0.004 |=+0.004 |=+0.008 +0.003

5 Cd 0.153 0.046 0.0175 | 0.0107 | 0.026 0.006 3 0.02
+0.004 | +0.002 |+0.004 |+0.004 |+0.001 +0.002

6 Cr 1.744 0.173 0.130 1.072 0.296 0.208 100 5
+0.002 | +0.006 |+0.003 |+0.002 |=+0.001 +0.003

7 Cu 1.271 0.428 0.313 1.946 0.519 0.293 100 40
+0.002 | +0.002 |+£0.045 |=+0.001 |[=0.006 +0.004

8 Fe 4.898 3.127 2714 5.217 4.613 2.085 - 450
+0.004 | +£0.004 |=+0.004 |=+0.006 |=+0.008 +0.002

9 Mn 1.281 0.478 0.251 0.906 0.547 0.509 2000 500
+0.076 | £0.006 |+0.005 |=+0.002 |[=+0.006 +0.004

10 Ni 0.212 0.068 0.054 0.174 0.102 0.086 100 1.5
+0.004 [+£0.003 |=+0.008 |=+0.006 |=+0.002 +0.003

11 Pb 0.210 0.022 0.014 0.107 0.069 0.012 60 0.30
+0.006 |+0.003 |=+0.001 |[=+0.002 |=+0.002 +0.001

12 Zn 10.256 | 21.529 | 17.254 | 7.136 28.167 17.357 300 60
+0.009 | +0.006 |+0.008 |=+0.001 |[=+0.004 +0.009

PD: Paddy, PB: Parboiled.

Phytochemicals in rice

The concentrations of flavonoids and phenolic compounds
in the rice samples from Abuja are shown in Figures 4 and
5. The concentrations of flavonoids in paddy rice ranged
from 0.2mg/g (Naringenin) to 0.262mg/g (Apigenin),
while phenolic compounds ranged from 0.168mg/g
(Feruloyl aldaric acid) to 0.97mg/g (Ferulic acid). For
parboiled rice, flavonoids ranged from 0.1939mg/g
(Quercetin) to 0.249mg/g (Apigenin), while phenolic
compounds ranged from 0.1247mg/g (Feruloyl aldaric
acid) to 0.9706mg/g (Protocatechuic acid).

The concentrations of flavonoids and phenolic compounds
in the rice samples from Kogi are shown in Figures 6
and 7. The concentrations of flavonoids in paddy rice
ranged from 0.2127mg/g (Naringenin) to 0.2632mg/g
(Apigenin), while phenolic compounds ranged from
0.1619mg/g (Feruloyl aldaric acid) to 0.9687mg/g
(Ferulic acid). For parboiled rice, flavonoids ranged
from 0.2043mg/g (Quercetin) to 0.2373mg/g (Apigenin),
while phenolic compounds ranged from 0.1463mg/g
(Feruloyl aldaric acid) to 0.9456mg/g (Protocatechuic
acid). The concentrations of flavonoids in paddy rice

from Abuja and Kogi were significantly different at
p<0.05, while those of flavonoids in parboiled rice and
phenolic compounds in paddy and parboiled rice were
not significantly different.

Table 2: Qualitative Phytochemical Analysis in rice

Sample Paddy Parboiled | Paddy | Parboiled
Abuja Abuja Kogi | Kogi
Phenols ++ ++ ++ ++
Flavonoids ++ ++ ++ ++
Terpenoids - - - -
Alkaloid + + - -
Steroids - - - -

0.2
0.15
0.1
0.05
0

Apigenin Rutin Quercetin Naringenin Catechin Epicatechin
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Figure 4: Flavonoids in rice samples from Abuja (Kwali).
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Figure 5: Phenolics in rice samples from Abuja (Kwali)
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Figure 6: Flavonoids in rice samples from Kogi State (Ibaji)
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Figure 7: Phenolics in rice samples from Kogi State (Ibaji)
Health risk assessment

Bioaccumulation factor

The bioaccumulation factor (BAF) values determined
during this study are presented in Table 3. For Abuja,
BAF values were less than 1 except for Zn in paddy rice
and, Cd and Cr in parboiled rice. For Kogi, the values of
BAF were all less than 1 with the exception of Zn and
Cd in paddy rice, and Zn in parboiled rice.

Table 3: Bioaccumulation factor for heavy metals in rice

Element Paddy Parboiled Paddy Parboiled
Abuja Abuja Kogi Kogi
Cd 0.301 1.556 2.429 0.561
Cr 0.099 1.170 0.276 0.194
Cu 0.337 0.114 0.267 0.151
Fe 0.638 0.074 0.884 0.399
Mn 0.373 0.246 0.604 0.561
Ni 0.321 0.554 0.586 0.494
Pb 0.105 0.196 0.645 0.112
Zn 2.099 0.255 3.947 2.432

Non-carcinogenic risk for heavy metals

The non-carcinogenic risk indices, which refer to the
potential for adverse health effects that are not related to
cancer, are calculated for heavy metals in soil and rice
and are presented in Table 4 to 7. The Hazard Quotient

(HQ) values for children in Abuja are less than 1 except
for Cd and Cr in soil. However, the HI values for rice
and soil exceeded 1, indicating a potential risk of non-
carcinogenic impacts. For adults, individual HQ values
are less than one except for Cr in soil. The HI values for
rice are less than 1 indicating no risk to health, however,
that of soil exceeds 1. The individual HQ values of metals
in Ibaji (Kogi State) for children are less than 1 except for
Cr in soil, however, the HI values calculated for soil and
rice exceed 1, pointing to possible adverse health impacts.
For adults, the individual HQ values of the metals were
all less than 1, indicating low health risk while the HI
value for the soil was greater than 1 indicating potential
adverse health effects.

Table 4: Non-carcinogenic risk from heavy metals in rice for

children (Abuja)
Element | Average Daily Dose Hazard Quotient
(ADD)

Paddy | Parboiled | Soil | Paddy | Parboiled
Abuja Abuja Abuja Abuja
Cd 0.0003 0.0001 1.8 0.6 0.2
Cr 0.001 0.0008 | 3.67 0.33 0.27
Cu 0.003 0.002 | 0.17 0.07 0.05
Fe 0.019 0.016 | 0.42 0.03 0.02
Mn 0.003 0.002 | 0.57 0.21 0.14
Ni 0.0004 0.0003 | 0.05 0.02 0.02
Pb 0.0001 0.00008 | 0.29 0.03 0.02
Zn 0.130 0.104 | 0.21 0.43 0.35
Hazard Index = 7.18 1.72 1.07

Table 5: Non-carcinogenic risk from heavy metals in rice for adults

(Abuja)

Element ADD Hazard Quotient
Paddy | Parboiled Soil Paddy | Parboiled
Abuja Abuja Abuja Abuja
Cd 0.000123 | 0.0000471 0.822 0.246 0.0942
Cr 0.000465 0.00035 1.563 0.155 0.1167
Cu 0.0011523 | 0.0008426 | 0.08145 | 0.02744 0.02006
Fe 0.0008418 0.007306 | 0.1884 | 0.001203 0.01043
Mn 0.001286 0.000675 | 0.24628 | 0.091857 | 0.048214
Ni 0.0001830 | 0.0001453 | 0.02854 | 0.00915 | 0.007265
Pb 0.0005923 | 0.00003769 | 0.16143 | 0.16923 | 0.010769
Zn 0.05796 0.04645 | 0.09203 0.1932 0.15483
Hazard Index = 3.18 0.89 0.52
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Table 6: Non-carcinogenic risk from heavy metals in rice for children
(Kogi State)

Element ADD Hazard Quotient
Paddy | Parboiled Soil | Paddy | Parboiled

Kogi Kogi Kogi Kogi

Cd | 0.0001 0.00004 0.12 0.2 0.08
Cr| 0.002 0.001 2 0.67 0.33
Cu| 0.003 0.002 0.29 0.07 0.05
Fe | 0.028 0.013 0.45 0.04 0.02
Mn | 0.003 0.003 0.36 0.21 0.21
Ni | 0.0006 0.0005 0.05 0.03 0.03
Pb | 0.0004 0.00007 0.17 0.11 0.02
Zn | 0.170 0.105 0.14 0.57 0.35
Hazard Index = 3.58 1.9 1.07

Table 7: Non-carcinogenic risk from heavy metals in rice for adults
(Kogi State)

Element ADD Hazard Quotient
Paddy Parboiled Soil Paddy | Parboiled
Kogi Kogi Kogi Kogi
Cd 0.00007 0.00001615 0.0576 0.14 0.0323
Cr 0.000796 0.00056 0.962 0.2653 0.1867
Cu 0.001397 0.0007888 0.1247 | 0.03326 0.01878
Fe 0.01242 0.005613 | 0.20066 | 0.01774 | 0.008018
Mn 0.001472 0.001370 0.17421 0.10514 0.09785
Ni 0.0002746 0.0002315 0.02342 | 0.01373 | 0.011575
Pb 0.0001857 | 0.00003230 | 0.082285 | 0.05306 | 0.009228
Zn 0.07583 0.04673 | 0.06404 | 0.25277 0.15577
Hazard Index = 1.689 0.88 0.52

DISCUSSION

There is notable variation in the metal concentrations
in rice and soil between the two sites. The highest
amounts of any mineral content are found in calcium
(Ca), which ranges from 17.7 mg/kg in Abuja soil to 32.25
mg/kg in paddy rice from Kogi. Previous studies have
recorded similar concentrations of metals to those in this
study (Wang et al., 2023, Tariq et al., 2021, Al-Hugail
et al.,, 2022) Due to variation in underlying geology
or agricultural vpractices, the differing soil mineral
contents of the two locations may be reflected in this
high Ca abundance (Kukusamude et al., 2021). Abuja
soil has significantly higher levels of Cd, Cr, Mn, Pb,
and Zn. Kogi soil has more Cu and Fe. These differences
suggest regional variation in geological composition
or contamination sources (e.g., fertilizers, industrial
activities). Localized sources of metal pollution,
possibly brought on by adjacent industrial operations or
agricultural inputs (Tariq et al., 2021), are suggested by
the substantial difference in heavy metal levels in soil
and paddy rice between Abuja and Kogi, as shown by
p-values less than 0.05. Parboiling may lessen heavy
metal levels in rice, as seen by the reduced concentrations

in parboiled rice. The removal of the husk, which can
have greater metal concentrations absorbed from the
soil, could be the cause of this (Goh et al., 2024; Gupta
et al., 2023).

Soil in Abuja generally has higher total metal
concentrations, but Rice (PD especially) from Kogi tends
to accumulate more Cd, Cr, Cu, Zn, and Pb, showing
greater bioaccumulation efficiency. These variations
highlight the complex interaction of environment,
rice variety, and processing in determining final metal
content. The ability of rice to bioaccumulate specific
metals from soil is shown by the bioaccumulation factor
(BAF) values, particularly for zinc (Zn) and cadmium
(Cd). Some BAF values are more than 1, suggesting
that the rice plant is more likely to concentrate metals
in edible sections than in soil. This agrees with previous
investigations (Usman et al., 2020, Leonard et al.,
2023). Given its vital role as a vitamin, the frequent
bioaccumulation of zinc is noteworthy, yet elevated
amounts may be harmful to health (Aziz et al., 2023).
Long-term exposure to cadmium, a hazardous and
non-essential metal, is especially concerning because
it has been linked to kidney impairment and bone
demineralization (Zaynab et al., 2022). Hence, rice is a
possible route for heavy metal exposure to humans, as
indicated by the higher BAF values for Zn and Cd in
paddy rice from both locations.

The profiles of flavonoid and phenolic compounds in
rice are consistent between Abuja and Kogi, with the
highest quantities linked to apigenin and protocatechuic
acid. Similar phytochemical profiles are reported in
other studies (Yu et al., 2022; Yu et al., 2021; Chen
et al., 2022). The relative variations in phytochemical
compositions between the two locations could be due
to genetic variations in rice cultivars or environmental
effects on phytochemical production (Bagchi et al.,
2021). These compounds improve the nutritional profile
of rice by providing anti-inflammatory, antioxidant, and
perhaps anticancer effects (Shahidi ef al., 2022). The
fact that these compounds are still present in parboiled
rice after processing is noteworthy because it shows
that Nigerian traditional parboiling techniques preserve
important bioactive components (Bagchi et al., 2021). In
contrast to paddy rice, parboiled rice has somewhat lower
quantities of flavonoids and phenolics, which suggests
slight processing losses (Bagchi et al., 2021; Shahidi et
al., 2022). Though the levels of the phytochemicals in this
study are considered beneficial to the health of humans,
however, excessive intake may be harmful, especially in
populations that consume large amounts of rice (Biondi
et al., 2021; Sen et al., 2020).
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Hazard quotient (HQ) values for specific metals (apart
from Cd and Cr in soil) that are less than 1 indicate no
immediate threat to the health of humans from isolated
exposure in both children and adults. This is similar
to findings in other studies (Kukusamude et al., 2021;
Huda et al., 2024; Almutari et al., 2021). However,
the cumulative non-carcinogenic risk, especially for
children, is indicated by the hazard index (HI) values
for rice and soil in the two studied areas, which are
greater than 1 (Zulkafflee et al., 2020). This is consistent
with the idea that young people are more susceptible to
exposure to toxins (Zaynab et al., 2022). However, BAF
values below 1 for the majority of residues in rice point
to limited transfer from soil to rice.

CONCLUSION

The quantities of heavy metals and phytochemicals in
rice and soil from Abuja and Kogi differ significantly,
according to this study. According to the results,
paddy rice has higher amounts of heavy metals than
parboiled rice. Metals like zinc and cadmium exhibit
bioaccumulation tendencies, though the amount of
Zinc in rice from Abuja and Kogi is safe for human
consumption because Zn is an essential nutrient, unlike
cadmium, which could be harmful to health, particularly
for young people. For adults, the Hazard Index values of
the metals were all less than 1, indicating low health risk
while the HI value for the children in both locations was
greater than | indicating potential adverse health effects.
These results highlight how crucial it is to regularly
monitor heavy metal levels in our rice farms, as heavy
metal pollution is a cause for concern to the health of
humans via the food chain. To improve food safety
and safeguard public health, this study emphasises the
necessity of raising consumer knowledge and promoting
safer farming methods.
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