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Abstract
Metal exposure through cereal-based breakfasts was studied in humans of varied ages (infants, toddlers, children, adoles-
cents, adults, and the elderly) to assess the potential health risks metals in food pose to consumers. The total concentra-
tions of As (0.59–0.69 mg/kg), Cd (1.27–1.41 mg/kg), Cr (4.66–9.85 mg/kg), Mn (8.26–9.73 mg/kg), Ni (5.01–5.81 mg/kg) 
and Pb (0.83–0.92 mg/kg) were all higher than the regulatory limits for metals in cereal-based foods. Metal concentrations 
assessed via in-vitro bioaccessibility extracts were below the detection limits. Toxicity indices of As, Cd, Cr, Ni, and Pb were 
above their respective WHO-permissible tolerable daily intake for all age groups, implying possible health risks due to 
over-exposure to metals. While the hazard quotients for Cr and Mn among the age groups were less than 1, those for Cd 
and Ni were greater than 1. There was no public health concern for cancer risk associated with oral exposure to Pb among 
the various age groups. However, the estimated cancer risk of Cd (185.4 ×  10–3) and As (9.2 ×  10–3) was greater than the 
de minimus  (10–6), suggesting a public health concern among various age groups. The study found a significant level of 
metal contaminants in cereal-based foods, which can potentially pose health risks to consumers who consume them.
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1 Introduction

Cereal-based breakfast meals constitute a major human diet. Cereals have long been a staple of the human diet due 
to their widespread cultivation and variety, high nutritional value, and remarkable storage qualities [1]. Metals enter 
cereal grains through the soil in which they are cultivated, agrochemicals used on farms, or processing machinery. They 
might also contaminate with metal through water, fertilizers, and pesticides [2]. As a result, some levels of potentially 
toxic metals are often detected in cereal meals. Long-term consumption of trace levels of metals through food, on the 
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other hand, causes adverse physiological effects in humans, particularly in infants, children, and the elderly, who are the 
primary consumers of cereal-based breakfast meals.

The ingestion pathway accounts for nearly 90% of human exposure to metals [3], making it the primary entry route for 
metals in the human body [4]. Once ingested, the metals accumulate in the human body’s tissues and organs and affect 
the central nervous system [5]. They may also be deposited in the circulatory system and disrupt the normal functioning 
of internal organs such as the kidney and liver [6]. Though some metals, such as Mn and Ni, play essential roles in human 
growth, metabolism, and immune development, the others, such as As, Cd, and Pb, have no biological importance in 
the human body and are toxic even at the lowest concentrations [7]. For example, chronic exposure to Pb could lead to 
growth and intellectual disorders in children and blood pressure increase in adults [8]. Cadmium is a probable carcinogen 
[9] and causes a painful bone disease [10]. Arsenic exposure can cause cancer, skin lesions, cardiovascular disease, and 
diabetes through long-term ingestion via food [11].

As a result, heavy metal contamination in food is among the most critical components of food quality control. How-
ever, there is a scarcity of data on the extent to which cereal-based breakfast meals expose consumers to toxic metals. 
Furthermore, cereals grown in contaminated fields can translocate toxic metals from the soil into their grains [12]. Con-
sequently, given that cereals are the first staple foods in most parts of the world, they can contribute to toxic metals 
exposure, mainly due to their high consumption rates [13].

Metal exposure has been routinely assessed using the total metal concentrations. Nonetheless, this method overesti-
mates exposure because not all metal contaminants are adsorbed into the bloodstream during digestion. The bioavail-
ability of a contaminant represents the amount absorbed into systemic circulation via major exposure pathways (dermal, 
oral, and inhalation). In-vivo studies are the best way to assess oral bioavailability. However, due to the high cost, time 
commitment, and ethical issues associated with animal testing, in-vitro bioaccessibility assays that mimic the processes 
of the gastrointestinal system in humans have been developed for use [3, 14]. Integrating bioaccessibility data in risk 
estimations increases the reliability of the assessment [15, 16]. This study assessed the levels of potentially toxic metals 
in cereal-based breakfast meals and determined the potential health risks associated with human exposure to the metals 
through ingestion using in-vitro bioaccessibility assay as a substitute for oral bioavailability.

2  Materials and methods

2.1  Study area

The Kumasi Metropolis of the Ashanti Region lies between latitudes 6.35–6.40° and longitude 1.30–1.37° with tropical 
rainy and dry climatic conditions and fairly steady temperature levels throughout the year [17]. According to the National 
Population and Housing Census [18] data, 443,981 people reside in the Kumasi metropolis. Kumasi is a large trade and 
commercial convergence hub, with two big markets (Kejetia and Adum) and many satellite markets, such as Asafo, Atonsu, 
Ayigya, Bantama, and Oforikrom Markets (Fig. 1), that serve traders from West African sub-region.

2.2  Sampling

A total of 54 samples of locally-produced cereals-based breakfast meals consisting of 31 breakfast cereals, 20 biscuits 
and 3 bread types were obtained from markets in the study area in December 2021. Samples were categorized accord-
ing to the main cereal classes (wheat, rice, maize, sorghum and millet) and taken to the laboratory for further treatment 
prior to analyses.

2.3  Sample preparation

Samples were milled into a fine powder using a laboratory stainless steel blender at high speed for about 20 min. The 
milled samples were sieved through < 250-micron mesh into labelled polyethylene zip-lock bags and sealed for subse-
quent laboratory analyses.
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2.4  Total metals concentration by XRF and ICP‑MS

The samples were analyzed for potentially toxic metals using a Niton XL3t GOLDD + X-ray fluorescence (XRF) spectrom-
eter. The XRF was calibrated with standard reference material (NIST 2711), and a system check was carried out each day 
before use. An aliquot of the sieved sample (2 g) was placed in the sample holder so it was three-quarters full, covered 
with a Mylar film, and cupped. The cupped sample was placed in the XRF shroud and scanned for 180 s. Replicate analysis 
was performed on each sample, and the average of the readings was recorded [15].

The powdered samples were analyzed for total metals by ICP-MS after acid digestion using USEPA Method 3052 [19]. 
Approximately 0.5 g of the sample was weighed into a microwave digestion vessel. Aliquots of 9 mL of concentrated 
nitric acid and 3 mL hydrochloric acid were added to the vessel and digested for 15 min in an Anton Parr Multiwave GO 
Plus microwave system. The digested was made to 40 mL volume with deionized water and analyzed by ICP-MS based 
on USEPA Method 200.8 [20].

2.5  In‑vitro bioaccessibility extraction

The extraction protocol was based on USEPA standard operating protocols [21]. The sieved cereal-based breakfast sample 
(1.00 ± 0.05 g) was weighed into a 125 mL acid-cleaned HDPE bottle. An aliquot (100 ± 0.5 mL) of extraction fluid consist-
ing of 30 g/L glycine adjusted to a pH of 1.5 with concentrated HCl was added to the bottle. The bottle was then sealed 
and placed into an extractor in batches of eight and rotated end-over-end in a 37 ± 2 °C water bath for 1 h. The extract 
was filtered through a 0.45-μm cellulose acetate filter and subsequently analyzed for metals by ICP-MS using USEPA 
Method 2008.8 [20]. The percentage bioaccessibility was calculated by dividing the metal concentration in the extract 
by the total metal concentration of powdered cereal-based food as determined by ICP-MS analysis. Bioaccessibility was 
not calculated for the samples with extract concentrations below the detection limits.

2.6  Quality assurance and quality control

To ensure the results’ validity, reliability, and accuracy, various quality assurance and quality control measures were 
employed in this study. Polyethylene zip lock bags containing the samples were carefully sealed and coded. All equipment 

Fig. 1  Map of Africa [A] showing Ghana [B] and the markets the Kumasi Metropolis where samples were taken
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and glassware used were cleaned to reduce cross-contamination. During analysis, the use of procedure and reagent 
blanks, NIST 1575a control samples, and duplicates were carried out to ensure reproducibility and minimal contamina-
tion from filters, vessels, and sample containers.

Satisfactory recoveries were obtained for three replicate analyses of the NIST 1575a standard reference material, with 
an average recovery of 92 ± 11% for As, 85 ± 5% for Cd, 91 ± 16% for Cr, 90 ± 9% for Mn, 98 ± 6% for Ni, and 99 ± 6% for 
Pb. The method’s detection limits, computed based on the mean of the blank, the standard deviation of the blank, and 
the analytical sensitivity (slope) of the calibration plot employing a confidence factor of 3.2, ranged from 0.5 mg/kg (As) 
to 3.4 mg/kg (Mn). Reproducibility was assessed through the analyses of 5 duplicate samples, and the average relative 
percent difference between duplicate samples ranged from 9 to 14%, indicating satisfactory reproducibility.

2.7  Health risk assessment

The human health risk assessment was determined by the estimated dietary intake, carcinogenic and non-carcinogenic 
risks. To estimate both carcinogenic and non-carcinogenic health risks from cereal-based breakfast among various age 
groups, the estimated daily intake (EDI) of As, Cd, Cr, Ni, Mn, and Pb were computed (Eq. 1) based on Monte Carlo simula-
tion software (Palisade, @Risk, USA).

where C is the metal concentration in the cereal-based breakfast meal (mg/kg); the MF (mean daily intake of cereal-based 
breakfast meals) is 265 g/day for adolescents, elderly, adults, and 106.9 g/day for children, infants, and toddlers [22]. BW, 
(average body weight), as per category, is as follows: 62 kg for adolescents, 74 kg for elderly individuals, 70 kg for adults, 
23 kg for children, and 12 kg for infants and toddlers [22–24].

The metals’ hazard quotient (HQ) was calculated using Eq. 2. If the HQ value is higher than 1.0, then there may be 
adverse health effects on human health.

where EDI is the estimated daily intake of metal (mg/day), and the oral reference dose (RfD) for the metals under study 
were 1.500, 0.001, 0.00357, 0.02, 0.140, and 0.0003 mg/kg/bw for Cr, Cd, Pb, Ni, Mn, and As, respectively [25]. The cancer 
risks (CR) of As, Cd and Pb exposure were estimated using Eq. 3.

The PF (potency factor) used for estimating cancer risk due to As Cd and Pb were adopted from USEPA regional screen-
ing levels of 1.5, 15, and 8.5 ×  10–3 mg/kg (bw)-day, respectively [26].

2.8  Principal component analysis

The principal component analysis (PCA) assessed the multivariate relationships and variances among the elements 
after the Varimax rotated data [27]. Principal components having eigenvalues of 1.0 or higher were considered. The PCA 
allows a considerable reduction in the number of variables and the detection of structure in the relationships of differ-
ent variables.

3  Results and discussion

3.1  Total metal concentration

Table 1 presents the statistical analysis of the concentrations of the metals (As, Cd, Cr, Mn, Ni, and Pb) in food samples 
(maize, oats, millet and sorghum, rice, and wheat) analyzed. The mean As concentration ranged from 0.59 ± 0.03 mg/kg 
in oats to 0.69 ± 0.08 mg/kg in millet and sorghum. The As concentrations in all the five cereal classes were above the 
permissible limits of 0.2 mg/kg for cereal-based foods [28]. Increased exposure of human beings to arsenic from food 

(1)EDI =
C ×MF

BW

(2)HQ =
EDI

RfD

(3)CR = EDI × PF
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causes cancer, diabetes and cardiovascular diseases, increased mortality in young adults and negative impacts on cogni-
tive development in children [11, 29].

The concentration of Pb showed a minimum of 0.83 ± 0.03 mg/kg in oats samples and a maximum of 0.92 ± 0.09 mg/
kg in millet and sorghum samples. The maximum permissible limit of Pb in cereal-based products is 0.2 mg/kg [11, 29], 
which is lower than what was reported in this study, raising concerns about the potential health risks associated with 
the consumption of these products. In a study from Brazil, a mean Pb concentration of 0.36 mg/kg was reported for 
rice-based meals [30]. A higher Pb concentration of 2.2177 mg/kg and 2.2780 mg/kg was reported in maize and millet 
samples, respectively, from the Tolon District of Ghana [31]. Lead is a persistent, bio-accumulative and toxic element. 
The presence of Pb in cereal-based breakfast is of great concern since it can bioaccumulate in small quantities and cause 
cardiovascular diseases in adults and neuro-developmental disorders in children [32].

Among the five cereal-based classes, the mean Cd concentration ranged from 1.27 ± 0.08 to 1.41 ± 0.13 mg/kg. The 
maximum permissible level of Cd in cereal foods is 0.1 mg/kg [11]. In Iran [34], a Cd concentration of 0.41 mg/kg was 
found in wheat cereal. Frequent ingestion of developmental toxicants, such as Cd-contaminated meals, has been linked 
to osteoporosis and lung cancer, which are more common in adults [35].

The mean Cr content in the current study ranged from 4.66 ± 2.08 to 9.85 ± 10.66 mg/kg. The mean Cr concentra-
tion of 5.06 mg/kg in rice-based and 5.29 mg/kg in wheat-based samples in this study were higher than Cr levels in 
rice (0.024 mg/kg) and wheat cereals (0.021 mg/kg) in Beijing, China [36]. The mean Cr concentration in wheat-based 
(5.29 mg/kg) and maize-based samples (4.66 mg/kg) in this study were higher than those reported (0.43 mg/kg for wheat 
and 0.52 mg/kg in maize, respectively) in Ambo City, Ethiopia [37]. The WHO has not evaluated permissible limits for Cr 
[11]. The Chinese authorities have set the standard residual level for cereal-based products to 1 mg/kg [33], which was 
lower in all five cereal-based food samples. Oral Cr exposure has been linked to chronic kidney disease, stomach ulcers, 
bone tissues, liver cancer, and oral cancer [38, 39].

The mean Ni in this study ranged from 5.01 ± 0.29 to 5.81 ± 1.02 mg/kg. There are currently no maximum limits for 
nickel as a food contaminant in the European Union’s regulations [40]. A precise nickel migration restriction of 0.02 mg/
kg has been set for natural mineral water, drinking water, food, and food simulant from plastic materials and items, which 
are included in Commission Regulation (EU) No 10/20116 [40]. The value reported in this study for Ni in wheat and oat 
cereal exceeds the specific ingestion limit of 0.02 mg/kg for food and drinking water [41], although a previous study [42] 
found mean Ni levels of 0.27 mg/kg and 2.53 mg/kg in wheat and oat cereal, respectively.

Nickel is a transition metal that naturally occurs in the environment and can be found in various food sources. However, 
excessive exposure to high levels of Ni can potentially lead to adverse health effects, particularly for individuals sensitive 
or allergic to nickel. Regular oral exposure to high levels of Ni has been linked to heart disease, gastrointestinal disease, 
cancer, neurological and thyroid disorders in humans [43].

The values for Mn in the breakfast meals analyzed in this study were 8.26 ± 0.82 mg/kg (in oats-based cereals) and 
9.73 ± 1.51 mg/kg (in millet and sorghum). Currently, no guidelines exist on maximum residual limits for Mn in foods. 
Breakfast cereal products in Poland [44] had Mn concentration of 21.30 mg/kg, higher than what was reported in this 
study. Manganese is an essential metal needed in trace amounts in biological systems for blood sugar regulation, immune 
function, digestion, and blood coagulation [6, 45].

The variation in metal concentrations between the five processed cereal-based foods analyzed in this study and other 
studies could be due to the differences in environmental factors, including contamination and pollution of soil with met-
als, sources of raw materials and processing technologies such as the addition of additives and food dyes. The release of 
metal from machinery food processing may contribute significantly to metal contamination. A study conducted in Nigeria 

Table 1  Total metal 
concentrations ± SD (mg/kg) 
detected in cereal-based food 
collected from major open 
markets within the Kumasi 
metropolis

M&S millet and sorghum

Cereals As Cd Cr Mn Ni Pb

Wheat 0.63 ± 0.04 1.29 ± 0.07 5.29 ± 0.27 8.30 ± 0.51 5.15 ± 0.42 0.85 ± 0.05
Rice 0.64 ± 0.02 1.32 ± 0.05 5.06 ± 0.23 8.57 ± 0.69 5.22 ± 0.24 0.85 ± 0.02
M&S 0.69 ± 0.08 1.41 ± 0.13 9.85 ± 10.70 9.73 ± 1.51 5.81 ± 1.02 0.92 ± 0.10
Maize 0.65 ± 0.09 1.30 ± 0.16 4.66 ± 2.08 8.43 ± 1.68 5.22 ± 0.87 0.87 ± 0.11
Oats 0.59 ± 0.03 1.27 ± 0.08 5.41 ± 0.26 8.26 ± 0.82 5.01 ± 0.29 0.83 ± 0.03
Maximum 

limits [33]
0.2 0.1 1 – – 0.2
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[46] revealed that milling cereal-based foods using milling plates led to the release of significant amounts of Cr, Pb, and 
Ni into the food. Findings like this highlight a potential risk to human health associated with consuming contaminated 
cereal-based foods and emphasize the need for proper quality control measures during the milling process and adher-
ence to recommended guidelines to ensure the production of safe and non-toxic food products.

Cereals are a common dietary source of Cd and Ni exposure, particularly for vegetarians whose diets include a high 
intake of cereals, nuts, oilseeds, and pulses. To protect consumers from unnecessary exposure, the European Union has 
established stringent regulatory thresholds for cadmium and nickel levels in food products [47]. Individuals should limit 
their intake of cereals known to contain high levels of cadmium and nickel to reduce potential health risks associated 
with heavy metal exposure.

3.2  Multivariate relationships and variances among the elements

The principal component analysis performed identified two principal components that account for 89.1% of the total 
variability in the analysed potentially toxic elements (Supplementary Table S1). The two principal components denote two 
sources of heavy metals in the analysed cereals. The first principal component, PC1, with an eigenvalue of 7.96 accounting 
for 79.7% of the total variance, is almost equally positively loaded with As, Cd, Ni, Mn and Pb but negatively loaded with 
Cr. The contribution of Cr to the variance is not significant. The PC1 source could be the contribution of natural soils on 
which the cereals were grown [48].

The second principal component, PC2, which has an eigenvalue of 0.94 ≈ 1, accounts for 9.4% of the total variability. It 
is negatively loaded heavily with Cr and Mn. The PC2 loaded positively with As, Cd, and Ni almost equally. This PC2 may 
be an addition to the manufacturing, processing and packaging of the cereals [49].

3.3  Bioaccessibility

Metal concentrations in most of the in vitro extracts were below the limits of detection as follows; As (< 1.7 µg/L), Cd 
(< 2.2 µg/L), (Cu < 1.0 µg/L), Ni (< 2 µg/L), Pb (< 1.4 µg/L). The low concentrations in the extracts could be attributed to 
the relatively low total metal concentrations in the cereals. Bioaccessibility was therefore not calculated, and relative 
bioavailability was assumed to be 1 in the risk calculations.

3.4  Estimated dietary intake (EDI)

Table 2 compares the exposure profiles for the various age groups to the toxic metals under consideration with the oral 
reference dose. The mean EDI indicates high exposure in the order; toddlers (1–3 years) > infants (6–12 months) > adults 
(18–65 years) > adolescents (10–17 years) > elderly (65–75 years) > children (3–9 years). This raises concerns about the 
potential health consequences of such exposure, as children and infants are more vulnerable to the adverse effects of 
toxic substances. These findings highlight the importance of targeted efforts and interventions to reduce exposure and 
mitigate health risks, particularly among the most vulnerable age groups.

All age groups are exposed to Cd levels above the PTMDI of  10–3 mg/kg (bw)/day. The exposure of the various age 
groups to Cd in wheat is in the order toddler > infant > adolescent > adult > elderly > children. The EDI of Cd in wheat 
cereal-based samples varies by age group, ranging from 3.72 ×  10–3 mg/kg (bw) in children to 13.59 ×  10–3 mg/kg(bw) 
in toddlers. Toddlers had an average Cd EDI of 12.54 ×  10–3 mg/kg (bw)/day in rice, 12.14 ×  10–3 mg/kg (bw)/day in oats, 
and 13.43 ×  10–3 mg/kg (bw)/day in millet and sorghum samples. The lowest EDI of Cr was recorded in children, and the 
highest was recorded in toddlers, indicating that toddlers are at high risk of Cr exposure.

The highest mean EDI of As [6.55 ×  10–3 mg/kg (bw)/day] was recorded in toddlers, suggesting that toddlers are at 
high risk of As exposure. A study [50] found the mean EDI for As in rice, wheat, and maize were 0.21 ± 0.17, 0.015 ± 0.001, 
and 0.017 ± 0.012 mg/kg (bw)/day, respectively. These findings indicate varying levels of arsenic exposure through the 
consumption of these cereal crops, with rice showing a potentially higher risk of arsenic intake. The results underscore 
the need for further analysis and evaluation to assess the safety implications of these arsenic levels and their potential 
impact on human health.

The mean EDI of Mn in all the age groups ranged from 26.55 ×  10–3 to 84.8 ×  10–3 mg/kg (bw)/day. All age groups are 
exposed to Mn levels higher than the PTMDI of 0.36 mg/kg (bw)/day at this mean exposure. The EDI of Pb to adults in 
maize was 3.29 ×  10–3 mg/kg (bw)/day. All EDI values reported in this work are higher than those earlier reported [31] 
but bear only a passing resemblance to those reported in Bangladesh [51].
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3.5  Hazard quotient (HQ)

Table 3 presents the mean HQ values for the cereal-based food samples for the different age groups. Metals (including 
Cr, Mn and Pb) in all the five cereal-based food samples had their HQ values below 1, suggesting low non-carcinogenic 
health risks among the various age groups [53]. However, infants, toddlers, children, adolescents, adults, and older 
people may have an adverse health risk of Ni and Cd exposure. The HQ of Cd and Ni in all samples was greater than 
one, indicating a potential high adverse health effect, particularly in toddlers and infants with the highest mean HQ 
values.

Continuous intake of cereals with high amounts of Cd and Ni may provide possible health hazards such as neu-
rological, liver, kidney, respiratory, and cancer-related issues, especially in vulnerable groups such as toddlers 
and infants. Cadmium and nickel are toxic metals that can accumulate in the body over time and cause serious 
health problems. Cadmium is primarily toxic to the kidneys and can cause renal failure. Long-term exposure to 
cadmium has also been linked to an increased risk of cancer, osteoporosis, and cardiovascular disease. Nickel, 
on the other hand, is a known carcinogen and can cause lung cancer, nasal cancer, and other respiratory prob-
lems when inhaled. The severity of the non-cancer adverse health risk to the various age groups was as follows: 
toddler > infant > adolescent > adult > elderly > children.

Table 2  Estimated dietary 
intake (×  10–3 mg/kg) of heavy 
metals in sampled cereal-
based foods

M&S millet and sorghum

Element Cereal type Estimated dietary intake (EDI ×  10–3) mg/kg(bw) PMTDI [52]

Infants Toddlers Children Adolescents Adults Elderly

As Wheat 5.61 6.00 2.03 2.73 3.23 2.26
Maize 5.24 5.42 1.67 2.24 2.04 1.98 0.42
Rice 5.69 5.60 2.06 2.76 2.42 2.32
M&S 6.12 6.55 2.21 2.97 2.60 2.46
Oats 5.52 5.90 2.00 2.68 2.34 2.22

Cd Wheat 11.55 12.36 4.18 5.61 4.91 4.64 1
Maize 11.60 12.41 4.19 5.64 4.93 4.66
Rice 11.72 12.54 4.24 5.70 4.98 4.71
M&S 12.55 13.43 4.54 5.05 5.05 5.05
Oats 11.35 12.14 4.10 5.52 4.82 4.56
Wheat 47.08 50.38 17.03 22.88 20 18.93 0.1
Maize 43.12 46.14 15.59 20.96 18.32 17.33

Cr Rice 47.15 50.45 17.05 22.92 20.03 18.95
M&S 41.08 45.34 18.08 21.15 22.67 18.76
Oats 48.23 51.61 17.44 23.44 20.50 19.39
Wheat 7.60 8.13 2.75 3.69 3.23 3.05 3.57
Maize 7.75 8.30 2.80 3.77 3.29 3.12

Pb Rice 7.57 8.10 2.74 3.68 3.22 3.04
M&S 8.20 8.77 2.97 3.99 3.48 3.30
Oats 7.42 7.94 2.68 3.46 3.15 2.98
Wheat 73.42 78.57 26.55 35.69 31.20 29.51 0.36
Maize 71.23 76.31 29.02 38.09 34.56 34.65

Mn Rice 76.37 81.73 27.62 37.12 32.45 30.70
M&S 79.3 84.8 28.7 38.50 33.7 4.19
Oats 73.55 78.71 26.60 35.75 31.26 29.57
Wheat 46.13 49.37 16.68 22.42 19.60 18.54 –
Maize 46.46 49.72 16.80 22.58 19.75 16.68

Ni Rice 46.46 49.72 16.80 22.58 19.75 18.78
M&S 51.77 55.40 18.72 25.16 22.00 20.81
Oats 44.69 47.83 16.16 21.73 18.99 17.97
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3.6  Cancer risk (CR)

Carcinogenic health risks—the incremental probability of a person developing cancer at some point in a lifetime 
[54]—were assessed for As, Cd, and Pb for the various age groups (Table 4). The cancer risk value of  10–5 due to Pb 
exposure is below the USEPA threshold, implying that cancer incidence is unlikely across all age groups. The mean 
cancer risk values of  10–3 due to As, Cd and Pb exposure, as found in Table 4, were above the USEPA threshold level, 
the de minimus  (10–6) across all age groups, with toddlers having the highest cancer risk.

4  Conclusion

The concentrations of the metals (As, Cd, Cr, Ni, Mn and Pb) analyzed in cereal-based foods (wheat, rice, oat, maize, 
and millet and sorghum) exceeded FAO/WHO limits. The estimated HQ values for Cr and Mn in all 5 cereal-based foods 
were below 1, suggesting a low possible adverse health risk among the various age groups. However, the HQ values 
for Cd and Ni were above 1, indicating a possible adverse health effect among the various age groups, especially in 
toddlers. Results from the study show that Pb in cereal-based food analyzed was within the acceptable limit of cancer 

Table 3  Distributions of 
hazard quotient (HQ) among 
different age groups for the 
five sampled cereal-based 
foods

M&S millet and sorghum

Element Cereal samples Infants Toddlers Children Adolescents Adults Elderly

As Wheat 1.43 1.51 0.51 0.69 0.60 0.57
Oats 1.38 1.48 0.50 0.67 0.59 0.56
Rice 1.43 1.65 0.52 0.70 0.61 0.58
M&S 1.54 1.65 0.56 0.75 0.66 0.62
Maize 1.43 1.48 0.52 0.70 0.61 0.58

Cd Wheat 11.60 12.41 4.18 5.61 4.91 4.64
Oats 11.35 12.14 4.10 5.52 4.82 4.56
Rice 11.72 13.43 4.24 5.70 4.98 4.71
M&S 12.55 13.43 4.54 5.05 4.67 5.05
Maize 11.60 12.14 4.19 5.64 4.93 4.66

Cr Wheat 0.03 0.03 0.01 0.02 0.01 0.01
Oats 0.03 0.03 0.01 0.02 0.01 0.01
Rice 0.03 0.03 0.01 0.02 0.01 0.01
M&S 0.30 0.03 0.01 0.12 0.01 0.01
Maize 0.03 0.03 0.01 0.01 0.01 0.01

Ni Wheat 23.23 24.68 8.34 11.21 9.70 9.27
Oats 22.35 23.92 8.08 10.86 9.50 8.98
Rice 23.23 27.70 8.40 11.29 9.87 9.34
M&S 25.88 27.70 9.36 12.58 11.00 10.41
Maize 23.23 23.92 8.40 11.29 9.87 9.34

Mn Wheat 0.51 0.56 0.19 0.25 0.22 0.21
Oats 0.53 0.56 0.19 0.26 0.22 0.21
Rice 0.55 0.61 0.20 0.27 0.23 0.22
M&S 0.57 0.61 0.21 0.28 0.24 0.23
Maize 0.47 0.56 0.17 0.24 0.20 0.19

Pb Wheat 0.78 0.90 0.30 0.41 0.34 0.34
Oats 0.87 0.93 0.31 0.42 0.37 0.35
Rice 0.86 0.74 0.31 0.42 0.36 0.02
M&S 0.69 0.74 0.23 0.34 0.30 0.28
Maize 0.78 0.93 0.28 0.38 0.33 0.31
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risk to the consumer. However, the mean cancer risk values for AS, Cd, and Pb were above the acceptable range of 
cancer risk, the de minimus  (10–6) suggesting a possible cancer health effect which raises public health concerns. As 
the actual health risk situations could be higher than the modelled values, this study highlights the necessity for 
ongoing monitoring and management of cereal-based breakfast consumption, especially for the presence of Cd and 
Ni, to ensure the well-being of consumers.

Because soil is the primary source of metals in cereal-based foods, the study’s findings raise concerns about metal 
contamination and soil pollution caused by human activities in the country. This highlights the importance of continuous 
environmental monitoring and management, particularly in the presence of Cd and Ni, to ensure consumer well-being. 
We recommend a more extensive study that will consider a broader range of breakfast cereals and metals because other 
metals or contaminants may be present in cereal-based breakfasts that were not considered in this study. A more com-
prehensive understanding of the potential health risks would result from assessing a broader range of contaminants. 
While the study identifies potential health risks associated with metal exposure in cereal-based breakfasts, it does not 
establish a direct link between metal intake and adverse health effects. Other factors such as individual susceptibility, 
overall diet, and lifestyle must be considered to determine the actual health risks posed by these metals.
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Table 4  Cancer risk values 
of metals (As Cd and Pb) 
amongst the age-dependent 
groups

M&S millet and sorghum

Hazard Cereal Infants Toddlers Children Adolescents Adults Elderly

Pb (×  10–5) Wheat 6.46 6.91 2.34 3.14 2.74 2.60
Maize 6.59 7.05 2.38 3.20 2.80 2.65
Rice 6.45 6.89 2.33 3.13 2.74 2.59
M&S 6.97 7.46 2.52 3.39 2.96 2.80
Oats 6.31 6.75 2.28 3.07 2.68 2.54

As (×  10–3) Wheat 8.40 9.0 3.05 4.09 3.58 3.38
Maize 8.62 9.21 3.12 4.20 3.45 3.30
Rice 8.50 9.13 3.08 4.15 3.62 3.43
M&S 9.18 9.82 3.32 3.39 4.46 3.33
Oats 8.3 8.9 3.0 4.02 3.50 3.33

Cd (×  10–3) Wheat 173.25 185.43 62.71 84.15 73.65 69.61
Maize 174.00 185.41 62.85 84.15 73.65 69.61
Rice 175.81 185.42 62.72 84.15 73.65 69.61
M&S 188.25 185.40 62.70 84.15 73.65 69.61
Oats 170.25 185.43 61.53 84.15 73.65 69.61
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