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ABSTRACT 

Environmental pollution due to anthropogenic activities and mode of preservation has posed great menace on 

agricultural products. As a case study, this work was aimed to investigate the levels of heavy metals PAHs 

(Pyrene, Benzo(a)pyrene, Benzo(b)fluoranthene, Fluoranthene, Indo(1,2,3-cd)pyrene and 

Dibenzo(a,h)anthracene) depositions on selected agricultural products that are either stored at the rooftop of 

local Nigerian kitchens, sun-dried by roadsides or sun-dried away from local kitchens and roadsides. The 

selected agricultural samples (Zea mays, Manihot esculenta, Capsicum annuum, Solanum lycopersicum, 

Abelmoschus esculentus and Hibiscus sabdariffa) were sourced from Byepyi (Wukari – Jalingo highway), 

Gindin waya (Wukari – Ibi road) and Kente (Wukari – Kente road). PAHs were determined using gas 

chromatography-spectrometry (GC-MS). Generally, PAHs depositions on the selected agricultural samples 

showed higher concentrations in samples stored at rooftop of local kitchens, compared to samples sun-dried 

by the roadsides and samples sun-dried under control conditions in the three locations. In Byepyi, PAHs such 

as; Pyrene, Benzo(a)pyrene, Fluoranthene, Indo(1,2,3-cd)pyrene levels were significantly higher (P≤0.05) in 

samples stored at rooftops of local kitchens. Slight change in the result trends was observed for 

Benzo(b)fluoranthene, Dibenzo(a,h)anthracene, which showed higher concentrations for samples sun-dried 

by roadsides. In Gindin waya, PAHs analytes levels were significantly higher (P≤0.05) in samples stored at 

rooftops of local kitchens. In Kente, PAHs such as Pyrene, Benzo(a)pyrene, Benzo(b)fluoranthene and 

Indo(1,2,3-cd)pyrene, were significantly higher (P≤0.05) in samples stored at rooftops of local kitchens. Slight 

change in the trends was observed for Fluoranthene, Dibenzo(a,h)anthracene, which showed higher 

concentrations for samples sun-dried. The research showed appreciable levels of metallic and PAHs 

contamination in selected agricultural products, although they were found to be below FAO/WHO permissible 

limits. Bioaccumulation of these food contaminants in humans could result to serious health problems. 

Keywords: GC-MS; Pyrene, Benzo(a)pyrene; Benzo(b)fluoranthene; Fluoranthene; Indo(1,2,3-cd)pyrene; 

Dibenzo(a,h)anthracene; Kitchens; Roadsides. 
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NTRODUCTIONI  

Roadside sun-drying and kitchen rooftop drying of food commodities are indigenous food 

preservation methods that are popularly used among farmers in Nigeria, most especially among 

Wukari people. This practice exposes the food to environmental pollutants such as Polyaromatic 

hydrocarbons (PAHs) from firewood smoke and exhaust fumes of vehicles (Bolade, 2006; Kolawale 

and Odoh, 2011). Sun-drying is a popular preservation method in Nigeria (Ikwebe et al., 2017), and 

food commodities that are sun-dried include cereal grains, beef, plantain chips, beans, root and tuber 

crops, pepper, vegetables, and to name a few. 

However, through this drying techniques (Roadside sun-drying and kitchen drying), the foodstuff is 

subject to air pollution through the trace metals and polyaromatic hydrocarbons (PAHs) released from 

the exhaust pipes of vehicles driving past and from fire wood smoke. Polyaromatic hydrocarbons 

(PAHs) are products of several thermal processes, such as smoking of agricultural products through 

burning of organic materials. Industrial plants and automobiles, as well as pollution of water, air, and 

soil are major contributors of PAHs to foods (Filazi et al., 2003). PAHs can move from object to 

another because of their relatively high chemical stability, therefore, justifying their presence in 

agricultural products not subjected to smoking. 

The research study was targeted at investigating the levels of Polyaromatic hydrocarbons deposition 

on selected agricultural products in relation to preservation or storage practices amongst 

farmers/residents of Wukari LGA, Taraba state, Nigeria.  

MATERIAL AND METHODS 

 Sample collection  

Samples of agricultural products; Zea mays (Maize), Manihot esculenta (Cassava flakes), Capsicum 

annuum (pepper), Solanum lycopersicum (Tomato), Abelmoschus esculentus (okra) and Hibiscus 

sabdariffa (Jute plant) were collected from selected kitchen top and roadside sun-drying spots in 

Wukari. Agricultural products samples that were dried at home in an open field were collected and 

served as the control. The samples were randomly collected from three different locations; Byepyi 

village (Along Wukari-Jalingo highway), Gindin waya village (Along Wukari-Ibi highway) and 

Kente village, in order to ensure representative sampling. The samples were separately kept in black 

polyethylene bags during transportation to the laboratory for analysis as described by Bolade, (2016).  

Sampling area 

 

Figure 1: Map showing sampling points designated with blue box (Andrew et al., 2017) 

Determination of PAHs in the Samples 
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Two grammes (2g) of each of the homogenized food samples were thoroughly mixed with anhydrous 

Na₂SO₄ salt to absorb moisture and then extracted with dichloromethane (CH₂Cl₂) of analytical grade. 

The dichloromethane extract was cleaned up by passing it through a column packed with anhydrous 

Na₂SO₄ salt. Rotary evaporator was used to concentrate the resulting extract to give an oily residue; 

which was again dissolved in 1ml CH₂Cl₂ then 1µL was injected into the GC-MS for analysis. The 

identification of PAHs was based on comparison of the retention times of the peaks with those 

obtained from standard mixture of PAHs (standards supplied by instrument manufacturer). 

Quantification was based on external calibrations curves prepared from the standard solution of each 

of the PAHs (Amos-Tautua et al., 2013). 

Statistical analysis  

Statistical analysis was carried out using the Statistical Package for Social Sciences (SPSS) version 

23. The results were expressed as mean ± standard deviation in all parameters and the statistical 

difference was determined by Analysis of variance (ANOVA) at 95% confidence interval and Duncan 

multiple comparison test at p < 0.05.  

RESULT AND DISCUSSION 

Result of heavy metals and polyaromatic hydrocarbons depositions on agricultural samples  

Table 1.Result of heavy metals depositions on roadside sundried agricultural samples sourced 

from Byepyi, Wukari LGA 

Result of heavy metals depositions on roadside sundried agricultural samples sourced from Byepyi 

(Table 1) revealed the presence of heavy metals depositions in this order:  Copper> Iron > Lead > 

Arsenic > Mercury > Cadmium. There was statistically significant difference (P≤0.05) across 

agricultural samples for Lead, Arsenic, Iron and Copper, while there was no statistically significant 

difference (p≥0.05) across agricultural samples for Mercury and Cadmium.  

Result of polyaromatic hydrocarbon depositions on roadside sundried agricultural samples sourced 

from Byepyi, Wukari LGA 

Result of PAHs depositions on roadside sundried agricultural samples sourced from Byepyi (Table 1) 

revealed the presence of PAHs depositions in this order: Indo(1,2,3cd)pyrene > 

Dibenzo(a,h)anthracene > Fluoranthene > Pyrene > Benzo(b)fluoranthene > Benzo(a)pyrene. There 

was statistically significant difference (p≤0.05) across agricultural samples for Indo(1,2,3-cd)pyrene, 

Dibenzo(a,h)anthracene, Fluoranthene and Pyrene, while there was no statistically significant 

difference (p≥0.05) across agricultural samples for Benzo(b)fluoranthene and Benzo(a)pyrene. 
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Table 1: Polyaromatic hydrocarbon depositions on roadside sundried agricultural samples 

sourced from Byepyi 

 

Results are expressed as mean ± standard deviation of triplet determination. Results with same letter 

of the alphabet as superscript show no statistically significant difference (P≥0.05) while results with 

different letter of alphabet as superscript within the same column show statistically significant 

difference (p≤0.05). R is sample sundried by the roadside. 

Table 2. Result of polyaromatic hydrocarbon depositions on agricultural samples stored at local 

kitchen rooftop, sourced from Byepyi, Wukari LResult of polyaromatic hydrocarbons (PAHs) 

depositions on agricultural samples stored at local kitchen roof top sourced from Byepyi (Table 2) 

revealed the presence of PAHs depositions in this order: Indo(1,2,3-cd) pyrene > Dibenzo(a,h) 

anthracene > Pyrene > Fluoranthene > Benzo(a)pyrene > Benzo(b)fluoranthene. There was 

statistically significant difference (p≤0.05) across agricultural samples for Indo(1,2,3-cd) pyrene, 

Dibenzo(a,h)anthracene, Fluoranthene, Benzo(a)pyrene and Pyrene, while there was no statistically 

significant difference (p≥0.05) across agricultural samples for Benzo(b)fluoranthene. 

        Table 2: Polyaromatic hydrocarbon depositions on agricultural samples stored at local kitchen 

rooftop, sourced from Byepyi 

 

Results are expressed as mean ± standard deviation of triplet determination. Results with same letter 

of the alphabet as superscript show no statistically significant difference (P≥0.05) while results with 

different letter of alphabet as superscript within the same column show statistically significant 

difference (p≤0.05). K is sample stored at the local kitchen rooftop. 

 

 

*WHO standards for analyzed parameters (Polyaromatic hydrocarbons) in µg/kg: Pyrene: 0.10, Benzo(a)pyrene: 0.01, 

Benzo(b)fluoranthene: 0.01, Fluoranthene: 0.07, Indo(1,2,3-cd)pyrene: 0.15, Dibenzo(a,h)anthracene: 0.09. 
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Table 3. Result of polyaromatic hydrocarbon depositions on agricultural samples dried away 

from roadside and local kitchen rooftop, sourced from Byepyi, Wukari LGA 

Result of PAHs of agricultural samples dried away from roadside and kitchen roof top sourced from 

Byepyi (Table 3) revealed the presence of PAHs depositions in this order: Indo(1,2,3-cd) pyrene > 

Pyrene> Dibenzo(a,h)anthracene > Fluoranthene > Pyrene > Benzo(b)fluoranthene > 

Benzo(a)pyrene. There was statistically significant difference (p≤0.05) across agricultural samples 

for Indo(1,2,3-cd)pyrene, Dibenzo(a,h)anthracene, Fluoranthene and Pyrene, while there was no 

statistically significant difference (p≥0.05) across agricultural samples for Benzo(a)pyrene. 

Table 3: Polyaromatic hydrocarbon depositions on agricultural samples dried away from roadside 

and local kitchen rooftop, sourced from Byepyi 

 

Results are expressed as mean ± standard deviation of triplet determination. Results with same letter 

of the alphabet as superscript show no statistically significant difference (P≥0.05) while results with 

different letter of alphabet as superscript within the same column show statistically significant 

difference (p≤0.05). C is control sample. 

Table 4. Result of polyaromatic hydrocarbon depositions on roadside sundried agricultural 

samples sourced from Gindin waya, Wukari LGA 

Result of polyaromatic hydrocarbons (PAHs) depositions on roadside sundried agricultural samples 

sourced from Gindin waya (Table 4) revealed the presence of PAHs depositions in this order: 

Fluoranthene > Indo(1,2,3-cd) pyrene> Dibenzo(a,h)anthracene > Pyrene > Benzo(a)pyrene > 

Benzo(b)fluoranthene. There was statistically significant difference (p≤0.05) across agricultural 

samples for all the polyaromatic hydrocarbons analysed; Indo(1,2,3-cd)pyrene, 

Dibenzo(a,h)anthracene, Fluoranthene, Pyrene, Benzo(b)fluoranthene and Benzo(a)pyrene. 

 

 

 

 

 

*WHO standards for analyzed parameters (Polyaromatic hydrocarbons) in µg/kg: Pyrene: 0.10, Benzo(a)pyrene: 0.01, 

Benzo(b)fluoranthene: 0.01, Fluoranthene: 0.07, Indo(1,2,3-cd) pyrene: 0.15, Dibenzo (a, h) anthracene: 0.09. 
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Table 4: Polyaromatic hydrocarbon depositions on roadside sundried agricultural samples sourced 

from Gindin waya 

 

Results are expressed as mean ± standard deviation of triplet determination. Results with same letter 

of the alphabet as superscript show no statistically significant difference (P≥0.05) while results with 

different letter of alphabet as superscript within the same column show statistically significant 

difference (p≤0.05). R is sample sundried by the roadside. 

Table 5. Result of polyaromatic hydrocarbon depositions on agricultural samples stored at local 

kitchen rooftop, sourced from Gindin waya, Wukari LGA 

Result of Polyaromatic hydrocarbons (PAHs) depositions on agricultural samples stored at local 

kitchen roof top sourced from Gindin waya (Table 5) revealed the presence of Polyaromatic 

hydrocarbons (PAHs) depositions in this order: Pyrene > Indo(1,2,3-cd) pyrene > 

Dibenzo(a,h)anthracene > Fluoranthene > Benzo(a)pyrene > Benzo(b)fluoranthene. There was 

statistically significant difference (p≤0.05) across agricultural samples for Indo(1,2,3-cd)pyrene, 

Dibenzo(a,h)anthracene, Fluoranthene, Pyrene and Benzo(a)pyrene, while there was no statistically 

significant difference (p≥0.05) across agricultural samples for Benzo(b)fluoranthene. 

Table 5: Polyaromatic hydrocarbon depositions on agricultural samples stored at local kitchen 

rooftop, sourced from Gindin waya 

 

 

 

 

*WHO standards for analyzed parameters (Polyaromatic hydrocarbons) in µg/kg: Pyrene: 0.10, Benzo(a)pyrene: 0.01, 

Benzo(b)fluoranthene: 0.01, Fluoranthene: 0.07, Indo(1,2,3-cd) pyrene: 0.15, Dibenzo (a, h) anthracene: 0.09. 
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Results are expressed as mean ± standard deviation of triplet determination. Results with same letter 

of the alphabet as superscript show no statistically significant difference (P≥0.05) while results with 

different letter of alphabet as superscript within the same column show statistically significant 

difference (p≤0.05). K is sample stored at the local kitchen rooftop. 

Table 6. Result of polyaromatic hydrocarbon depositions on agricultural samples dried away 

from roadside and local kitchen rooftop, sourced from Gindin waya, Wukari LGA 

Result of polyaromatic hydrocarbons depositions on agricultural samples dried away from roadside 

and local kitchen roof top sourced from Gindin waya (Table 6) revealed the presence of polyaromatic 

hydrocarbons (PAHs) depositions in this order: Pyrene > Indo(1,2,3cd)pyrene > Fluoranthene > 

Dibenzo(a,h)anthracene > Benzo(a)pyrene > Benzo(b)fluoranthene. There was statistically 

significant difference (p≤0.05) across agricultural samples for Indo(1,2,3-cd)pyrene, Fluoranthene, 

Dibenzo(a,h)anthracene, Pyrene and Benzo(a)pyrene, while there was no statistically significant 

difference (p≥0.05) across agricultural samples for Benzo(b)fluoranthene. 

Table 6: Polyaromatic hydrocarbon depositions on agricultural samples dried away from roadside 

and local kitchen rooftop, sourced from Gindin waya 

 

Results are expressed as mean ± standard deviation of triplet determination. Results with same letter 

of the alphabet as superscript show no statistically significant difference (P≥0.05) while results with 

different letter of alphabet as superscript within the same column show statistically significant 

difference (p≤0.05). C is control sample. 

 

 

 

 

 

*WHO standards for analyzed parameters (Polyaromatic hydrocarbons) in µg/kg: Pyrene: 0.10, Benzo(a)pyrene: 0.01, 

Benzo(b)fluoranthene: 0.01, Fluoranthene: 0.07, Indo(1,2,3-cd) pyrene: 0.15, Dibenzo (a, h) anthracene: 0.09. 
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Table 7. Result of polyaromatic hydrocarbon depositions on roadside sundried agricultural 

samples sourced from Kente, Wukari LGA 

Result of polyaromatic hydrocarbons (PAHs) depositions on roadside sundried agricultural samples 

sourced from Kente (Table 7) revealed the presence of polyaromatic hydrocarbons (PAHs) 

depositions in this order: Pyrene > Dibenzo(a,h)anthracene > Fluoranthene > Indo(1,2,3-cd)pyrene > 

Benzo(b)fluoranthene > Benzo(a)pyrene. There was statistically significant difference (p≤0.05) 

across agricultural samples for Indo(1,2,3-cd)pyrene, Dibenzo(a,h)anthracene, Fluoranthene, 

Benzo(b)fluoranthene and Pyrene, while there was no statistically significant difference (p≥0.05)  

across agricultural samples for Benzo(a)pyrene. 

Table 7: Polyaromatic hydrocarbon depositions on roadside sundried agricultural samples sourced 

from Kente 

 

Results are expressed as mean ± standard deviation of triplet determination. Results with same letter 

of the alphabet as superscript show no statistically significant difference (P≥0.05) while results with 

different letter of alphabet as superscript within the same column show statistically significant 

difference (p≤0.05). R is sample sundried by the roadside. 

 

 

 

 

 

 

 

*WHO standards for analyzed parameters (Polyaromatic hydrocarbons) in µg/kg: Pyrene: 0.10, Benzo(a)pyrene: 0.01, 

Benzo(b)fluoranthene: 0.01, Fluoranthene: 0.07, Indo(1,2,3-cd) pyrene: 0.15, Dibenzo (a, h) anthracene: 0.09. 
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Table 8. Result of polyaromatic hydrocarbon depositions on agricultural samples stored at local 

kitchen rooftop, sourced from Kente, Wukari LGA 

Result of polyaromatic hydrocarbons (PAHs) depositions on agricultural samples stored at local 

kitchen roof top sourced from Kente (Table 8) revealed the presence of PAHs depositions in this 

order: Pyrene > Indo(1,2,3-cd)pyrene > Dibenzo(a,h)anthracene > Fluoranthene > 

Benzo(b)fluoranthene > Benzo(a)pyrene. There was statistically significant difference (p≤0.05)  

across all agricultural samples for Indo(1,2,3-cd)pyrene, Dibenzo(a,h) anthracene, Fluoranthene, 

Benzo(b)fluoranthene and Pyrene, while there was no statistically significant difference (p≥0.05)  

across all agricultural samples for Benzo(a)pyrene. 

Table 8: Polyaromatic hydrocarbon depositions on agricultural samples stored at local kitchen 

rooftop, sourced from Kente 

 

Results are expressed as mean ± standard deviation of triplet determination. Results with same letter 

of the alphabet as superscript show no statistically significant difference (P≥0.05) while results with 

different letter of alphabet as superscript within the same column show statistically significant 

difference (p≤0.05). K is sample stored at the local kitchen rooftop. 

 

 

 

 

 

 

*WHO standards for analyzed parameters (Polyaromatic hydrocarbons) in µg/kg: Pyrene: 0.10, Benzo(a)pyrene: 0.01, 

Benzo(b)fluoranthene: 0.01, Fluoranthene: 0.07, Indo(1,2,3-cd) pyrene: 0.15, Dibenzo (a, h) anthracene: 0.09. 
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Table 9. Result of polyaromatic hydrocarbon depositions on agricultural samples dried away 

from roadside and local kitchen rooftop, sourced from Kente, Wukari LGA 

Result of Polyaromatic hydrocarbon (PAHs) depositions on agricultural samples dried away from 

roadside and local kitchen roof top sourced from Kente (Table 9) revealed the presence of PAHs 

depositions in this order: Pyrene > Dibenzo(a,h)anthracene > Indo(1,2,3-cd)pyrene > Fluoranthene > 

Benzo(b)fluoranthene > Benzo(a)pyrene. There was statistically significant difference (P≤0.05) 
across all agricultural samples for Indo(1,2,3-cd) pyrene, Dibenzo (a, h) anthracene, Fluoranthene, 

Benzo(b)fluoranthene and Pyrene, while there was no statistically significant difference (p≥0.05) 

across all agricultural samples for Benzo(a)pyrene. 

Table 9: Polyaromatic hydrocarbon depositions on agricultural samples dried away from roadside 

and local kitchen rooftop, sourced from Kente 

 

Results are expressed as mean ± standard deviation of triplet determination. Results with same letter 

of the alphabet as superscript show no statistically significant difference (P≥0.05) while results with 

different letter of alphabet as superscript within the same column show statistically significant 

difference (p≤0.05). C is control sample. 

 

 

 

 

 

*WHO standards for analyzed parameters (Polyaromatic hydrocarbons) in µg/kg: Pyrene: 0.10, Benzo(a)pyrene: 0.01, 

Benzo(b)fluoranthene: 0.01, Fluoranthene: 0.07, Indo(1,2,3-cd) pyrene: 0.15, Dibenzo (a, h) anthracene: 0.09. 



Bando Christopher David et al               J. of Bio.Pharm. And Chemical Research,2023,10(2):20:38 

 

 

30 

 

 

Table 10: Summary of polyaromatic hydrocarbons depositions on selected agricultural 

products from Byepyi, Gindin waya and Kente in Wukari LGA 

The table revealed an increase in PAHs for each sample locations in the order: Gindin 

Waya<Byepyi<Kente for samples sundried by the roadside and Byepyi<Kente<Gindin Waya for 

samples stored at local kitchen rooftop.  

 

Generally, agricultural samples from Byepyi showed statistically significant higher concentrations of 

Benzo(a)pyrene, Benzo(b)fluoranthene, Indo(1,2,3-cd) pyrene and Dibenzo(a, h)anthracene when 

compared to agricultural samples from Gindin waya and Kente. Agricultural samples from Kente 

showed statistically higher concentrations of Pyrene and Fluoranthene than agricultural samples from 

Byepyi and Gindin waya. 

SampleR: Samples sun-dried by the roadsides 

SampleK: Samples stored at rooftop of local kitchens  

SampleC: Samples sun-dried in controlled conditions.  

Discussion 

Polycyclic aromatic hydrocarbons (PAHs) are organic substances that, to a varying degree, resist 

photolytic, biological and chemical degradation. These substances are also known for their ability to 

biomagnifies and bioconcentrates under typical environmental conditions, thereby potentially 

achieving toxicologically relevant concentrations (Muhammad et al., 2007). PAHs are ubiquitous in 

the environment and are common byproducts of combustion processes. PAHs are a natural component 

of most fossil fuels. Although produced naturally by forest fires and volcanoes, most PAHs in ambient 

air are the result of man-made processes. Such processes include: burning fuels such as coal, wood, 

petroleum, petroleum products, or oil, burning refuse, used tires, polypropylene, or polystyrene, coke 

production, and motor vehicle exhaust (Bando et al., 2019). PAHs' higher solubility in lipids 
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facilitates absorption, and their lipid affinity nature helps them to attach to the membrane of cell. The 

binding produces changes in cell structure and alters the cell normal functions (Sampaio et al., 2021). 

Benzo(a)pyrene is the PAH that is most easily soluble in lipids. 

Table 1 showed the results of PAHs depositions in agricultural products sun-dried by the roadside 

sourced from Byepyi. Cassava and Pepper samples were observed to have the highest and lowest 

quantity of Pyrene depositions respectively. There was no statistically significant difference (P≥0.05) 

observed in the amount of Pyrene depositions in Okra, Tomato, Pepper and Jute samples, also same 

was observed for Maize and cassava samples. Amount of Pyrene depositions in Okra, Pepper, Jute 

and Tomato were found to be statistically significantly different (P≤0.05) to amount of Pyrene 

depositions in Maize and Cassava samples. A study by Olusola, (2020) revealed high depositions of 

Benzo(a)pyrene in smoke roadside agricultural products. Benzo(a)pyrene were observed to showed 

higher and lower depositions in Cassava and Jute samples respectively. No statistical significant 

difference (P≥0.05) was observed in the amount of Benzo(a)pyrene depositions in all selected 

agricultural samples analyzed. Statistically there was no significance difference (P≥0.05) observed in 

the quantity of Benzo(b)fluoranthene depositions in the analyzed agricultural samples.  Cassava and 

Pepper samples were found to possess the highest and least amount of Benzo(b)fluoranthene 

depositions. The amount of fluoranthene was analyzed to show higher depositions in Jute sample and 

lower depositions in Maize sample. Statistically Maize and Cassava samples are related in the amount 

of fluoranthene depositions in them. Similarly, Okra, Pepper and Jute samples showed statistical 

similarities. Fluoranthene depositions in Tomato samples were observed to be statistically significant 

different (P≤0.05) when compared to other analyzed agricultural samples. Indo(1,2,3-cd)pyrene was 

analyzed to be deposited more in Cassava sample than other analyzed samples, with least deposition 

in Pepper sample. Statistically the amount of Indo(1,2,3-cd)pyrene depositions in Cassava, Okra, 

Tomato and Jute samples are related but are statistically significantly different (P≤0.05) with its 

deposition in Maize sample. Amount of Dibenzo(a,h)anthracene depositions in Maize, Okra, Cassava, 

Pepper and Jute were found to be statistically related and showed statistical significant difference 

(P≤0.05) with the amount of Dibenzo(a,h)anthracene deposition in Tomato sample. Although, the 

levels of PAHs found in the analyzed agricultural samples sun-dried by the roadside (table 1) sourced 

from Byepyi showed higher values than the controlled samples (table 13), but are below the 

FAO/WHO permissible limit.   

Selected agricultural samples stored at local kitchen rooftops sourced from Byepyi showed varying 

degrees of PAHs depositions but not above safe limit set by FAO/WHO. Pyrene was seen to be highly 

deposited in Cassava sample and revealed least deposition in Jute sample. Statistical similarities were 

observed in Pyrene levels of depositions in Maize, Cassava and Okra samples, same was observed 

for Pepper and jute samples. The Pyrene deposition in Tomato sample statistically significant 

difference (P≤0.05) when compared to other selected agricultural samples analyzed. Maize sample 

was analyzed to show the sample with the highest deposit of Benzo(a)pyrene while Jute sample 

revealed the least deposit of Benzo(a)pyrene. It was observed that statistically the quantity of 

Benzo(a)pyrene in Maize sample significantly differ from other analyzed agricultural samples. 

Benzo(b)fluoranthene concentrations in the selected agricultural samples analyzed showed no 

statistically significant difference (P≥0.05). Cassava and Pepper samples showed the highest and least 

amount of Benzo(b)fluoranthene depositions. Fluoranthene was found to be more deposited in Jute 

sample than other selected agricultural samples analyzed. The least amount of fluoranthene deposition 

was seen in Pepper sample. Statistically the concentrations of Indo(1,2,3-cd)pyrene depositions in 

Cassava, Okra and Jute samples were found to be related, in the same vain indo(1,2,3-cd)pyrene 
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depositions in Tomato and Pepper samples showed close similarities. Higher amount of Indo(1,2,3-

cd)pyrene was observed in Cassava sample and the least in Tomato sample. Maize and Tomato 

samples were analyzed to possess the highest and lowest amount of Dibenzo(a,h)anthracene 

respectively. Cassava, Okra, Pepper and Jute samples expressed close relationship statistically in there 

amount of Dibenzo(a,h)anthracene depositions, while they are not statistically in agreement with 

either of Maize sample or Tomato sample. This research revealed noticeable variations in the quantity 

of PAHs in all analyzed selected agricultural samples stored at local kitchen rooftops. The amount of 

PAHs depositions were observed to be higher when compared with results of PAHs analyzed in all 

selected agricultural samples preserved or stored under controlled conditions (table 3). Despite the 

noticeable variations in the concentration of PAHs between the experimental samples and controlled 

samples, the values did not exceed the FAO/WHO safe limit. 

In table 4, it was observed that the PAHs analyzed from the selected agricultural samples were found 

at an appreciable quantity. The table showed results of PAHs of selected agricultural samples sun-

dried by the roadsides sourced from Gindin waya (Wukari – Ibi highway). Pyrene depositions 

analyzed in all selected agricultural samples sun-dried by the roadside showed Cassava and Pepper 

with the highest and lowest depositions respectively. Jute sample showed statistical similarity with 

Tomato sample in the amount of Pyrene deposition. Consequently, no statistically significant 

difference (P≥0.05) was observed in the concentration of pyrene in Tomato, Okra and Cassava 

samples. Maize sample showed statistically significant difference (P≤0.05) in the levels of pyrene 

depositions with Pepper and other analyzed selected agricultural samples. Benzo(a)pyrene was found 

to be deposited more in Cassava sample than other analyzed selected agricultural samples, Okra 

sample showed the least of Benzo(a)pyrene. There was statistical significant difference (P≤0.05) in 

the concentration of Benzo(a)pyrene in Maize, Cassava and Tomato samples with Okra, Pepper and 

Jute samples. Statistically a significant difference (P≤0.05) was observed in the amount of 

Benzo(b)fluoranthene in Okra sample when compared to other analyzed agricultural samples. In 

Tomato sample, fluoranthene levels were found to be highest and expressed the least in Cassava 

sample. The agricultural samples; Maize, Cassava and Jute were analyzed to be statistically related 

in the levels of fluoranthene. Similar relationship was observed in the amount of fluoranthene 

depositions in Okra and Tomato samples. Fluoranthene concentration in Pepper sample showed 

statistical significant difference (P≤0.05) with other analyzed selected agricultural samples. Tomato 

and Jute samples; are statistically related in the levels of Indo(1,2,3-cd)pyrene. The Indo(1,2,3-

cd)pyrene levels of depositions showed statistical similarities in Maize and Cassava samples; Okra 

and Pepper samples, while Tomato sample showed statistically significant difference (P≤0.05) with 

all analyzed selected agricultural samples. Okra and Tomato samples were analyzed to possess the 

highest and least levels of Indo(1,2,3-cd)pyrene depositions. The highest and least levels of 

Dibenzo(a,h)anthracene depositions in analyzed agricultural samples were observed in Cassava and 

Pepper samples respectively. Statistical similarities in Dibenzo(a,h)anthracene were observed in 

Okra, Jute and Pepper samples; Tomato and jute samples, but showed statistically significant 

difference (P≤0.05) with Maize or Cassava samples. The amount of PAHs depositions were observed 

to be higher in selected agricultural samples sun-dried by roadside when compared with results of 

PAHs analyzed in all selected agricultural samples preserved or stored under controlled conditions 

(table 6). Despite the noticeable variations in the concentration of PAHs between the experimental 

samples and controlled samples, the values did not exceed the FAO/WHO safe limit. 

A measurable amount of PAHs depositions were seen in all the selected agricultural products analyzed 

that were preserved or stored at local kitchen rooftops as expressed in table 5. Analysis revealed 
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Pyrene levels at higher quantity in Maize sample and lowest in Pepper sample. There was no 

statistically significant difference (P≥0.05) observed in the amount of Pyrene depositions in all the 

selected agricultural samples analyzed. Benzo(a)pyrene was found to be higher and lower in Pepper 

and Jute samples respectively. The levels of Benzo(a)pyrene in Maize, Okra, Tomato and Jute samples 

showed no statistically significant difference (P≥0.05) but statistically differ from the deposition 

levels in Cassava and Pepper samples. Benzo(b)fluoranthene levels of depositions in all selected 

agricultural samples analyzed showed similarities statistically. Okra and Jute samples were analyzed 

to possess the highest and least levels of Benzo(b)fluoranthene depositions respectively. In Pepper 

sample fluoranthene was analyzed to be deposited the most while least deposition of fluoranthene 

was observed in Cassava sample. Values obtained showed that fluoranthene levels in Maize and 

Pepper samples are statistically significantly different (P≤0.05) and consequently varied with 

fluoranthene levels in Maize and Tomato samples; statistically related and Okra and Jute samples; no 

statistical significant difference (P≥0.05). Amount of Indo(1,2,3-cd)pyrene was estimated to be higher 

in Cassava sample and lower in Pepper sample. Levels of Indo(1,2,3-cd)pyrene in Okra, Tomato and 

Pepper samples are statistically related and differ statistically with its depositions in Maize or Cassava 

or Jute samples. Statistical similarities in the levels of Dibenzo(a,h)anthracene depositions in Cassava, 

Okra and Pepper samples; Maize and Jute samples. Tomato samples showed statistically significant 

difference (P≤0.05) in levels of Dibenzo(a,h)anthracene depositions in all other selected agricultural 

samples analyzed. In our findings, the levels of PAHs depositions on the selected agricultural products 

sourced from Gindin waya were observed to be higher in crops sun-dried by the roadside (table 4) 

and those stored at local kitchen rooftops (table 5) than those preserved and stored under controlled 

conditions (table 6). The samples stored at local kitchen rooftops expressed the highest amount of the 

PAHs depositions. Despite the noticeable quantity of PAHs analyzed in the selected agricultural 

samples, none exceeded safe limit set by FAO/WHO. 

Crops sun-dried by the roadside possess higher tendency to be environmentally polluted. Table 7 

showed elevated levels of PAHs depositions in sun-dried selected agricultural samples sourced from 

Kente village (Wukari – Kente road). Statistical similarities were observed in Pyrene deposition levels 

in Maize and Okra samples; Cassava, Pepper and Jute samples. Tomato sample was found to be 

statistically significantly different (P≤0.05) in there Pyrene deposition levels with other selected 

agricultural samples analyzed. The highest amount of Benzo(a)pyrene was found in Tomato sample 

with least amount in Jute sample. No statistical significant difference (P≥0.05) was observed in 

Benzo(a)pyrene levels in all selected agricultural products analyzed. Benzo(b)fluoranthene were 

analyzed in higher quantity in Cassava sample and least in Maize sample. Amount of 

Benzo(b)fluoranthene depositions in Okra sample showed statistically significant difference (P≤0.05) 

with the quantity in Maize, Cassava and Tomato samples; Pepper and Jute with statistical similarities.  

Fluoranthene depositions were discovered to be more in Tomato sample and least in Pepper sample. 

Statistical similarities were observed in the amount of Fluoranthene depositions in Tomato and Jute 

samples; Cassava, Okra and Pepper samples but showed statistically significant difference with 

Fluoranthene depositions in Maize sample. Maize and Pepper samples showed the Highest and lowest 

amount of Indo(1,2,3-cd)pyrene depositions respectively. The quantity of Indo(1,2,3-cd)pyrene 

depositions showed statistical significant similarities among Maize, Okra, Pepper and Jute samples 

which are statistically significantly different (P≤0.05) with the amount of Indo(1,2,3-cd) pyrene 

depositions in Cassava and Tomato samples. Dibenzo(a,h)anthracene levels of depositions were 

observed to be in higher and lower quantities in Maize and Okra samples respectively. Statistical 

similarities in Dibenzo(a,h)anthracene was found among Maize, Cassava and Pepper samples; Okra 

and Tomato samples, both groups showed statistically significant difference (P≤0.05) with 
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Dibenzo(a,h)anthracene depositions in Jute sample. Statistical similarities were also observed in 

dibenzo(a,h)anthracene depositions in Okra and Jute samples.  

Selected agricultural samples collected from local kitchen rooftops in Kente village showed varying 

amount of PAHs depositions in them (table 8). Pyrene levels of depositions in Cassava and Tomato 

samples were analyzed as the highest and lowest respectively. Maize, Tomato and Pepper samples 

showed statistically significant similarities (P≥0.05) in the amount of Pyrene deposition in them. 

Statistical significant similarities were also observed in the levels of Pyrene depositions in Okra and 

Jute samples. Cassava sample showed statistically significant difference in Pyrene depositions when 

compared to all other selected agricultural samples analyzed.  Cassava and Jute samples were 

analyzed to showed the highest and least amount of Benzo(a)pyrene depositions respectively. There 

was no statistically significant difference observed in the quantity of Benzo(a)pyrene depositions in 

all analyzed selected agricultural samples. A statistically significant similarities were observed in the 

amount of Benzo(b)fluoranthene among the Cassava, Tomato and Pepper samples but statistically 

significantly differ (P≤0.05) with quantity of Benzo(b)fluoranthene depositions in Maize and Okra 

samples. The levels of Benzo(b)fluoranthene depositions in Jute samples showed statistically 

significant similarities (P≥0.05) with all selected agricultural samples analyzed. Cassava and Okra 

samples were found to contain highest and least amount of Benzo(b)fluoranthene depositions.  

The amount of Fluoranthene levels was analyzed to be higher in Cassava sample and lower in Okra 

sample with varying quantity of depositions in other selected agricultural samples. Statistically, Maize 

and Okra samples showed significant similarities, likewise Cassava, Pepper and Jute samples exhibit 

same characteristics in the amount of Fluoranthene depositions in them. Fluoranthene contamination 

in Tomato sample showed statistically significant difference (P≤0.05) with all the selected agricultural 

samples. Highest and least quantity of Indo(1,2,3-cd)pyrene was observed in Maize and Pepper 

samples. Amount of Indo(1,2,3-cd)pyrene deposition in Okra showed statistically significant 

difference (P≤0.05) with its deposition in Pepper sample; both showed statistical significant 

similarities (P≥0.05) with concentration of Indo(1,2,3-cd)pyrene in Jute sample. There was no 

statistical significance difference (P≤0.05) in the concentration of Indo(1,2,3-cd)pyrene depositions 

in Maize, Cassava and Tomato samples but are statistically significantly (P≤0.05) different with 

Indo(1,2,3-cd)pyrene depositions in Okra, Pepper and Jute samples. Dibenzo(a,h)anthracene was 

found in higher concentration in Cassava sample and least concentrated in Tomato sample. The levels 

of Dibenzo(a,h)anthracene depositions in Maize, Okra, Tomato and Jute samples were observed to be 

statistically significantly similar, but showed statistically significant difference with its depositions in 

Cassava sample or Pepper sample. The results of PAHs obtained in this study showed close 

correlation with several research conducted by Olusola, (2020) and Sampaio et al., (2021).  Generally, 

slight increase in PAHs depositions in all selected agricultural samples sun-dried by the roadside 

(table 7) or stored at local kitchen rooftops (table 8) in comparison to the selected agricultural samples 

preserved or stored under controlled conditions (table 9) was observed. Despite these elevated levels 

of PAHs depositions in the analyzed selected agricultural samples, none is above FAO/WHO 

permissible limit. 

Summary of PAHs depositions in selected agricultural samples sourced from Byepyi, Gindin waya 

and Kente villages (table 10) revealed higher amount of PAHs depositions in samples stored at local 

kitchen rooftops when compared to its counterpart; sun-dried by roadsides and under controlled 

conditions. In Byepyi village; Indo(1,2,3-cd)anthracene were analyzed as the highest pollutant, while 

Benzo(a)pyrene showed the least levels of pollution in the roadside sun-dried selected agricultural 

samples analyzed. Analysis of PAHs in selected agricultural samples stored at local kitchen rooftops 
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showed Indo(1,2,3-cd)anthracene and Benzo(b)fluoranthene as the highest and least PAHs 

depositions respectively. Selected agricultural samples sun-dried or stored under controlled 

conditions showed Indo(1,2,3)pyrene and Benzo(a)pyrene as the highest and lowest PAHs 

depositions. PAHs levels of depositions in selected agricultural products either sun-dried by roadside 

or stored at local kitchen rooftops sourced from Byepyi village were observed to showed higher 

values than those sun-dried under controlled conditions. 

PAHs analyzed in selected agricultural samples sourced from Gindin waya village showed: 

Fluoranthene and Benzo(b)fluoranthene as the highest and lowest PAHs depositions in roadside sun-

dried selected agricultural samples; Pyrene and Benzo(b)fluoranthene as the highest and least PAHs 

depositions in selected agricultural samples stored at local kitchen rooftops. Fluoranthene was also 

observed to be the highest and Benzo(b)fluoranthene as the least PAHs depositions in selected 

agricultural samples sun-dried or stored under controlled conditions. Analysis of PAHs were observed 

to be more concentrated in selected agricultural products sun-dried by roadside or stored at local 

kitchen rooftops than those sun-dried under controlled conditions. In Kente village, the highest and 

lowest PAHs depositions analyzed in selected agricultural samples are Pyrene and Benzo(a)pyrene 

for samples sun-dried by the roadside, stored at local kitchen rooftops and sun-dried under controlled 

conditions. Samples stored at local kitchen rooftops were found to have more elevated quantity of 

PAHs depositions than those sun-dried either by the roadside or under controlled conditions. The 

PAHs analysed in all samples sun-dried by roadside or stored at local kitchen rooftops showed higher 

values than samples sun-dried under controlled conditions.  

CONCLUSION 

The research overall results obtained revealed evidence of Polycyclic aromatic hydrocarbons (PAHs) 

pollutants depositions on selected agricultural products at varying degrees. The concentration of the 

PAHs pollutants varied from one agricultural sample to the other and from one road to the other. 

These could be attributed to the factors such as traffic density, types of wood used in making fire, 

amount of pollutants in the soil, types of vehicles/motor cycles gas used, quality of road and possibly 

the ratio of new to old vehicles/motor cycles plying the roads. Although the concentration of PAHs 

pollutants on the selected agricultural samples in Byepyi, Gindin waya and Kente were generally 

below FAO/WHO safe limit. Consumption of these agricultural products with reasonable 

concentration of heavy metals and PAHs levels may result to high level of bioaccumulation in the 

human system causing related health disorders.  
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