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Abstract: The increasing challenges of food insecurity in Nigeria have become a major national 

concern, this is largely attributable to its impact on human well-being. Recently, evidence of heavy 

metals contaminants exceeding threshold values in foods has posed significant threats to food safety 

and human well-being. Therefore, this research was designed to examine the socioeconomic factors 

influencing heavy metals contamination of traditional Nigerian spices in Ilorin.  A multi-stage sampling 

procedure was adopted to select the required respondents for the study, and spice samples were 

purchased and tested for selected heavy metals such as lead (Pb), cadmium (Cd), and arsenic (As) using 

Atomic Absorption Spectroscopy (AAS). Primary data were collected from the producers of traditional 

Nigerian spices via questionnaires and interviews and analysed using descriptive statistics (means and 

standard deviation) and inferential statistics (regression model). The results revealed that the 

traditional Nigerian spices from the respondents were contaminated with heavy metals but were still 

within the limits set by the World Health Organization (WHO) and European Food Safety Authority 

(EFSA). These heavy metals contamination is influenced by producer’s age (significant at 5%), 

household size (1%), and processing environment conditions (1%). The study therefore suggests that 

governmental and non-governmental organizations should provide training on proper hygiene and food 

products handling to traditional Nigerian spices producers. Additionally, producers should adopt 

sanitation practices in the processing environment to prevent food contamination.    
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1. Introduction  

Food contamination has been reported by 

various researchers as a major problem in 

Sub-Saharan Africa and in developing 

countries [1], [2].  The contamination 

usually results from different production 

systems, improper handling, and poor 

processing methods, all of which are 

commonly witnessed across the food value 

chains [1], [3]. Food contamination is often 

caused by heavy metals from sources such 

as agriculture, industry, mining, landfills, 

transportation, and urban activities, among 

others [4], [5], [1], [3], [6]. According to the 

chemical definition, heavy metals refer to 

approximately 40 elements with a density 

greater than 5 g/cm3 [6]. However, them  

 

 

toxicity depends on the chemical species 

and daily dose [6]. Although the 

contamination of foods by heavy metals 

cannot be entirely avoided, there is a great 

need to minimize it in order to reduce its 

effect on human health [3]. Researchers 

have reported that heavy metals enter 

processed foods through contaminated 

water, the surrounding environment, and 

the materials used in food processing, and 

they can accumulate in humans over time 

[7], [8], [3]. Heavy metals play a significant 

role in plant growth, human nutrition, and 

the general homeostasis of living cells. 

However, they are capable of inducing 

adverse environmental effects and 

toxicities, thereby harming living cells and 
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organisms [9-12]. Recently, a number of 

pollutants in the form of heavy metals have 

been reported to cause harmful effects on 

crop quality, which in turn affects both food 

security and human health [11]. Most 

essential micronutrients, such as copper 

(Cu), chromium (Cr), and nickel (Ni), are 

highly toxic at elevated concentrations [10], 

[3]. Evidence of chromium, cadmium, 

copper, lead, and mercury detected in 

natural foods suggests that they are 

environmental contaminants, especially in 

open markets [11], [3].  Foods sold in open 

markets usually originate from different 

areas and are processed in various locations 

using unhealthy methods. Consequently, 

final consumers may be exposed to heavy 

metals, depending on the origin of the food 

and the method of food preparation [3]. In 

Nigeria, particularly in the southwest 

region, the most important traditional 

Nigerian spices are iru and dried pepper. 

They are commonly used by the people to 

cook various dishes. These traditional 

Nigerian spices are processed locally 

through diverse methods, including 

fermentation and open-air drying, and are 

typically sold in an open market, which 

exposes them to heavy metals 

contamination [13]. Iru and dried pepper, 

being essential dietary components, are 

particularly vulnerable to contamination 

due to their unhygienic processing methods, 

exposure to polluted environments, and the 

use of potentially contaminated water. 

Therefore, it is crucial to conduct studies in 

this area to ascertain whether these 

traditional Nigerian spices are safe for 

human consumption. Although heavy 

metals contamination in food products and 

water sources has been widely studied in 

Nigeria due to its severe health 

implications, and studies have documented 

high levels of heavy metals in various food 

items, including cereals, vegetables, 

seafood, and condiments [14], [1], [13], 

[15]. However, studies on heavy metals 

contamination of traditional Nigerian 

spices, particularly iru and dried pepper, 

remain insufficient in the literature, which 

makes this research significantly important. 

Furthermore, the producers’ socioeconomic 

determinant of heavy metals contamination 

in traditional Nigerian spices have not been 

extensively evaluated in the literature.  It is 

in this regard that this research work aimed 

to assess the socio-economic factors 

influencing heavy metal contamination of 

traditional Nigerian spices in Ilorin.    

 

2.  Materials and methods  

2.1 Study area and heavy metals tested  

The study was conducted in Ilorin, Kwara 

State. The traditional Nigerian spices 

examined were iru and dried pepper, and 

they were tested for heavy metals such as 

lead (Pb), cadmium (Cd), and arsenic (As). 

The selection of these heavy metals was 

based on the fact that they are classified as 

highly toxic metals by the U.S. 

Environmental Protection Agency (EPA). 

Also, they are very common in foods and 

food materials due to inadequate regulatory 

frameworks and environmental pollution 

[2] [6].   

2.2. Sampling procedures  

A multi-stage sampling procedure was 

adopted in this study. Firstly, three markets 

within Ilorin were purposively selected 

based on the dominance of traditional 

Nigerian spices in the area. Thus, Mandate, 

Ipata, and Oja-Oba markets were selected. 

Secondly, the traditional Nigerian spices 

producers were segregated into different 

strata within each market using a 

randomized stratified sampling method. Iru 

and dried Pepper producers were grouped 

into three strata (small, medium and large 

producers due to the diverse producing 

strength that exists in the study area), the 

categorization of producers into each 

stratum were based on the researchers’ 

discretion, and supported by other work 

[16]:   
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Strata 1 - Small producers: Those producing 

and selling less than 5 kg of their products 

daily. 

• Strata 2 - Medium producers: Those 

producing and selling 5 kg - 10 kg of 

their products daily. 

• Strata 3 - Large producers: Those 

producing and selling above 10 kg of 

their products daily. 

Thirdly, 8 iru producers were randomly 

selected from each stratum using random 

cards selected without replacement, and 

samples of the products were purchased. 

Thus, 24 iru samples (12 in leaf packaging 

material and 12 in nylon) were obtained. 

For the dried pepper, 12 producers were 

randomly selected from each stratum using 

random cards selected without replacement, 

and samples were purchased. Thus, 36 dried 

pepper samples (9 packaged in nylon, 9 

ground and packaged in nylon, 9 whole 

some in open display, and 9 ground whole 

some in open display) were purchased for 

heavy metals testing. In total, 60 samples of 

traditional Nigerian spices were used in the 

study. The approach chosen for the study 

ensures that variability is accounted for in 

each of the traditional Nigerian spices and 

that the results are reproducible. 

Approximately 5 g each of iru and dried 

pepper were purchased from each producer 

in the three selected markets. Unequal 

sample sizes were chosen for the two 

traditional Nigerian spices, firstly because 

of the existing variability across iru and 

dried pepper. There are two sources of 

variability for iru in the study area (leaf-

packaged and nylon-packaged samples), 

whereas four sources of variability were 

identified for dried pepper (whole pepper 

packaged in nylon, ground pepper packaged 

in nylon, whole pepper displayed openly, 

and ground pepper displayed openly). 

Secondly, due to the imbalance in the 

populations of iru and dried pepper 

producers, the different categories were 

disproportionately represented in the study 

area. Lastly, the sample size was also 

constrained by the costs associated with 

laboratory testing.  

These reasons were supported by [16]. 

 2.3. Data collection and analysis.  

Primary data were collected from the 

producers of traditional Nigerian spices (iru 

and dried pepper) using questionnaires and 

interviews. The data were recorded in 

Microsoft Excel 2008 (Microsoft 

Corporation, WA, USA) and imported into 

STATA 14 for analysis. Descriptive 

statistics (means and standard deviations) 

and inferential statistics (regression model) 

were used in the analysis. Heavy metal 

concentrations in the traditional Nigerian 

spices were determined using Atomic 

Absorption Spectroscopy (AAS).  

Sample preparation followed strict 

protocols: traditional Nigerian spices were 

homogenized, oven-dried at 120 ℃ for 1 

hour until constant weight was obtained, 

and digested with acids. The digestion used 

nitric and perchloric acids, followed by 

heating to 120 ℃ until complete (the fumes 

dissipated). Samples were then filtered, 

diluted with deionized water, and analysed 

using Graphite Furnace Atomic Absorption 

Spectroscopy (GFAAS) for selected heavy 

metals (lead, cadmium, and arsenic). 

2.4. Model specification  

The regression model combined the study’s 

traditional Nigerian spices because the 

same unit of measurement was used for 

them, and the same unit of measurement 

was also used for all the heavy metals 

tested.  

Thus, the model conceptualized traditional 

Nigerian spices and heavy metals as a single 

entity, the reason for its combination. This 

is statistically appropriate because 

regression estimates are weighted by the 

total sample size (N), and not by equal 

sample sizes across groups. Likewise, the 

socioeconomic factors considered in the 

model are homogeneous across iru and 

dried pepper producers in the study area. 

This is statistically appropriate and has been 

applied by [17].  
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The regression model was chosen because 

multiple socioeconomic  

factors were considered, and the dependent 

variable is continuous. The model is 

specified thus:  

LnY = B0 + BXi                                     (1) 

LnY = B0 + BX1 + BX2+ BX3 + BX4 + BX5+ 

BX6 + BX7+ BX8+ BX9                                       (2)  

Where LnY (dependent variable) = log of 

quantity/level of heavy metals in traditional 

Nigerian spices (Iru and dried pepper)   

B0   =   Constant  

B    =   Coefficients  

Xi    = independent variables (i ranges from 

1 - 9) 

X1    = age of the respondents (years) 

X2   = Years in Formal Education (years) 

X3   = Years of experience in local spices 

production (years) 

X4   = Household size (Number) 

X5   = Household Income (in Naira)   

X6     = Processing environment conditions (a 

dummy, neat 1, dirty 0)    

X7 = Packaging material used (Polyethylene 

3, leaf 2, open container display 1) 

X8   = Water type used (tap 1, cistern 2, 

borehole 3, rivers 4) 

X9 = Processing methods (a dummy, 

improved 1 otherwise 0)  

   

3.  Results and discussion  

3.1. Heavy metals contamination in the 

traditional Nigerian spices 

The heavy metal contamination in the 

purchased traditional Nigerian spices was 

determined with Atomic Absorption 

Spectroscopy (AAS). The results of the 

analysis are presented in Table 1. The 

results in Table 1 revealed that iru were 

contaminated with heavy metals in all three 

selected markets in the study area. 

However, iru packaged in nylon from 

Mandate market had the highest Arsenic, 

lead, and cadmium contaminants with 

values of 0.0085 mg/kg, 0.012 mg/kg, and 

0.0040 mg/kg, respectively, compared to 

iru in the same packaging material from 

Ipata and Oja Oba markets.   

 
Table 1 

Amount of heavy metals contamination in traditional Nigerian spices in Ilorin 

Samples/Items Market/Location Arsenic 

concentration 

(mg/kg) 

Lead 

concentration  

(mg/kg) 

Cadmium 

concentration  

(mg/kg) 

Iru in nylon Mandate 0.0085(0.0003) 0.0126(0.0013) 0.0040(0.0002) 

Iru in leaf Mandate 0.0081(0.0003) 0.0037(0.0005) 0.0037(0.0002) 

Iru in nylon Ipata 0.0078(0.0003) 0.0037(0.0002) 0.0037(0.0002) 

Iru in leaf Ipata 0.0074(0.0004) 0.0121(0.0007) 0.0035(0.0001) 

Iru in nylon Oja Oba 0.0080(0.0003) 0.0124(0.0011) 0.0036(0.0001) 

Iru in leaf Oja Oba 0.0075(0.0005) 0.0117(0.0004) 0.0036(0.0002) 

Pepper in nylon Mandate 0.0040(0.0002) 0.0060(0.0003) 0.0018(0.0002) 

W. Pepper Mandate 0.0021(0.0002) 0.0075(0.0003) 0.0021(0.0001) 

G.Pepper in nylon Mandate 0.0055(0.0002) 0.0083(0.0003) 0.0024(0.0001) 

G.W Pepper  Mandate 0.0058(0.0003) 0.0087(0.0005) 0.0025(0.0002) 

Pepper in nylon Ipata 0.0043(0.0006) 0.0065(0.0009) 0.0018(0.0003) 

W. Pepper (open) Ipata 0.0052(0.0007) 0.0079(0.0010) 0.0022(0.0004) 

G.Pepper in nylon Ipata 0.0048(0.0005) 0.0073(0.0008) 0.0021(0.0002) 

G.W Pepper (open) Ipata 0.0059(0.0003) 0.0088(0.0005) 0.0025(0.0002) 

Pepper in nylon Oja Oba 0.0052(0.0004) 0.0079(0.0005) 0.0022(0.0002) 

W. Pepper (open) Oja Oba 0.0060(0.0004) 0.0090(0.0006) 0.0026(0.0002) 

G. Pepper in nylon Oja Oba 0.0056(0.0006) 0.0084(0.0010) 0.0025(0.0002) 

G.W Pepper (open) Oja Oba 0.0067(0.0003) 0.0101(0.0004) 0.0029(0.0001) 

Source: Field Work, 2025. NB: G (ground); G.W (ground wholesome); W (wholesome). Values were 

represented as Mean (Standard Error). 
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Thus, although there was high heavy metal 

contamination in iru from the three selected 

markets, these contaminants were still 

within the limits set by the European Food 

Safety Authority (EFSA) (0.1 mg/kg of 

lead, 0.1 mg/kg of cadmium) and the World 

Health Organization (WHO) (0.3 mg/kg of 

arsenic; 0.2 mg/kg of lead; 0.1 mg/kg of 

cadmium). Nevertheless, caution should be 

taken to avoid exceeding the threshold. 

Studies have shown that high exposure to 

lead can disrupt biological systems, 

including the nervous, cardiovascular, and 

renal systems [18]. Chronic exposure to 

arsenic increases the risk of diverse cancers 

and impairs cardiovascular and respiratory 

function. While, exposure to cadmium can 

cause kidney dysfunction and the 

development of renal diseases [18 - 20]. 

Likewise, the dried pepper samples from 

the three selected markets were 

contaminated with the tested heavy metals, 

but ground wholesome pepper in an open 

display had higher contamination of heavy 

metals (0.006 mg/kg of arsenic, 0.0101 

mg/kg of lead, and 0.0029 mg/kg of 

cadmium) compared to other dried pepper 

samples in different packaging materials. 

The contaminated dried peppers in the study 

area were all within the limits set by the 

European Food Safety Authority (EFSA) 

(0.3 mg/kg of lead, 0.5 mg/kg of cadmium) 

and the World Health Organization (WHO) 

(0.3 mg/kg of lead, 0.1 mg/kg of cadmium). 

This work is in line with [6].  

3.2 Factors influencing heavy metals 

contamination in traditional Nigerian 

spices (Iru and Pepper) 

Multiple regression was used to analyse the 

factors influencing heavy metals 

contamination in traditional Nigerian 

spices. The model was chosen because 

multiple socioeconomic factors were 

considered and the dependent variable is 

continuous. Four functional forms of 

multiple regression were tested, and the 

semi-log functional form gave the best fit. 

The results are presented in Table 2.  
 

Table 2  

Factors influencing heavy metals contamination in traditional Nigerian spices 

Variables  Coefficient  Standard deviation  t-statistics  

age 0.0090 0.0044      2.04** 

Years in formal education -0.0024    0.0071     -0.34 

Years of experience -0.0047    0.0033     -1.41    

household size -0.0332    0.0123     -2.70***   

Income 7.07e-07    1.57e-06 0.45    

Processing environment conditions -0.2047    0.0440     -4.65***    

Packaging material used -0.0270   0.0416     -0.65    

Water type used 0.0489    0.0297      1.64    

Processing methods -0.0859     0.0678     -1.27    

Constant  -3.7137    0.2817    -13.18***    

No of observation  60   

F(8, 26) 14.86   

Prob>F 0.0000***   

R-squared  0.8206    

Adj. R-squared  0.7654   

Root MSE 0.1474   

Source: Field Survey, 2025. Note: *** and ** is significant at 1% and 5%.  

 

The multiple regression results in Table 2 

show that the Prob>F is significant at the 1% 

level. The R2 is 0.8206, and the adj. R2 is 

0.7654. This implies that the overall model 

is well fitted and explains the factors 

influencing heavy metal contamination in 

traditional Nigerian spices in the study area. 

The Adj. R2   shows that about 77% of the 

variations in heavy metals contamination in 

traditional Nigerian spices in Ilorin were 
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explained by the variables included in the 

model.  Among the variables in the model, 

producer’s age, household size, and 

processing environment conditions were 

statistically significant, meaning that the 

variables significantly influence heavy 

metals contamination in traditional Nigerian 

spices in Ilorin. However, education, years 

of experience, monthly income, packaging 

material, water type, and processing method 

were not statistically significant. This 

implies that they do not significantly 

influence heavy metal contamination in 

traditional Nigerian spices in Ilorin. These 

findings contradict [3] and [21].  

The results in Table 2 show that the 

coefficient of producer’s age was positive 

and significant at the 5% level. This implies 

that the contamination by heavy metals 

increases as the age of the producers 

increases. Although this goes against 

expectations, this may be because concerns 

about hygiene of their products and the 

processing environment were less 

pronounced among older producers than 

among younger producers. The results show 

that an increase of one (1) year in the 

producers’ age will increase heavy metal 

contamination of traditional Nigerian spices 

by 0.01 units. Also, the results in Table 2 

reveal that the coefficient for household size 

was negative and statistically significant at 

the 1% level. This implies that the 

contamination by heavy metals decreases as 

the household size of the producers 

increases.  Thus, an increase of one person 

in household size will reduce heavy metal 

contamination of traditional Nigerian spices 

by 0.03%. This may be because larger 

households have more people to help keep 

processing equipment and the environment 

clean to reduce contamination. Likewise, the 

coefficient for processing environment 

conditions was negative and significant at 

the 1% level. This implies that unclean 

processing environment conditions increase 

heavy metal contamination, while clean 

processing environment conditions decrease 

heavy metal contamination in traditional 

Nigerian spices in Ilorin. The results show 

that an unclean processing environment 

increases heavy metals contamination in 

traditional Nigerian spices in Ilorin by 

0.21%.  This is likely due to the presence of 

more toxic substances in an unclean 

environment. These findings are consistent 

with [6].   

 

4.   Conclusions  

Heavy metal contaminants in food beyond 

threshold values pose serious health risks to 

humans. The research, which centred on 

socioeconomic factors influencing heavy 

metal contamination of traditional Nigerian 

spices in Ilorin, concluded that traditional 

Nigerian spices from the respondents were 

contaminated with heavy metals but were 

still within the limits set by the World Health 

Organization (WHO) and European Food 

Safety Authority (EFSA). Also, the study 

concluded that this heavy metal 

contamination is influenced by several 

socioeconomic factors, namely producers’ 

age, household size, and processing 

environment conditions.   

Recommendations 

(1) For the government and NGOs: 

governmental and non-governmental 

organizations should provide training on 

proper hygiene and food product handling to 

the producers of traditional Nigerian spices, 

especially the elderly ones, to eliminate 

heavy metal contamination in their products.   

(2) For the producers of traditional 

Nigerian spices: sanitation of the processing 

environment should be adopted to prevent 

contamination.   
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