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Abstract 
Environmental pollutants such as heavy metals and polyaromatic hydrocarbons (PAHs) are key 
agricultural products contaminants in Nigeria. Indigenous knowledge (IK) of food preservation practice 
in Nigeria contribute drastically to the high level of metallic and PAHs in food products. Local kitchen 
and road-side sundried agricultural products are save heaven for environmental pollutants. Heavy 
metals and PAHs have been shown to be toxic to human and consequently to environmental health, due 
to the fact of their possibilities of bioaccumulation and potential toxic nature. Researches, both from the 
Northern and southern Nigeria has proven that food products kept at kitchen roof top and sundried by 
the side of Nigeria highways suffers environmental pollution; basically PAHs and heavy metals. 
Anthropogenic sources; automobile tires and brake linings, roofs, and smoke from wood burning has 
been identified as sources of environmental pollutant emissions. High deposition of environmental 
pollutants, for examples; heavy metals and PAHs in agricultural products raises huge public health 
concern, because plants absorbed them and become accumulated in agricultural products which are 
consumed by humans and animals. 

 
Keywords: Heavy metals, indigenous knowledge, local kitchen, road-side, PAHs 
 

Introduction 
Food preservation has been practiced by all races in the world for centuries, and it involves 
all food items (Shafiur, 2007). The purpose of employing preservation techniques is to keep 
food commodities in good conditions, so that the time span during which they maintain their 
nutritive relevance is extended (Ikwebe et al., 2017) [21]. Some of the common preservation 
processes used on various food products is; Fermentation, irradiation, refrigeration, freezing, 
sun-drying, smoking, dehydration, heat processing and curing.  
However, due to underlying socioeconomic issues, only a few of these strategies are suitable 
for implementation in developing countries, most developing countries, for example, cannot 
afford the irradiation method of food preservation due to its high technological, capital 
equipment and procurement demands. Similarly, the freezing procedure necessitates 
appropriate energy, which is epileptic and insufficient in most underdeveloped nations. As a 
result, the most prevalent food preservation methods in these parts of the world are sun-
drying, smoking, curing, and fermentation, all of which are simple to use and inexpensive 
(Bolade, 2016) [10]. Sun-drying is a popular preservation method in Nigeria (Ikwebe et al., 
2017) [21], 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.  
Sun-drying is commonly done on plantain and banana leaves, cement floor, elevated 
surfaces, mats that are made of either raffia and polypropylene, naturally formed rock from 
volcanic eruption, or natural floor in the periphery of a dwelling (Bolade, 2016) [10]. 
Depending on the meteorological circumstances, the shape, size, and content of the 
agricultural product considered, the current temperature, humidity, and air velocity, plays 
key roles, the operation normally takes 3–5 days to dry sufficiently. Sun-dried foods are 
typically used to improved household financial status and make it readily available for 
personal consumption. 
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Most farmers prefer kitchen storage because they believe the 
heat and smoke from the kitchen will protect the stored 
crops from insect assault and harm (Mejia, 2003). The crops 
(husked or dehusked) are kept in bags near the fireplace on 
the bare ground. They can also be placed on a platform or 
hung directly over the fireplace. This is accomplished by 
building an open platform above the fireplace that allows 
smoke and hot air to readily pass through (Hayma, 2003) [19]. 
Insect and disease resistance was achieved by storing maize 
above the fire place (Thamaga-Chitja et al., 2004) [35]. 
According to Udoh (1997), between 3.6 and 12 percent of 
farmers in Nigeria's various agro-ecological zones employed 
smoke to protect their maize, and when smoke was used to 
protect maize, aflatoxin levels reduced (Apeh et al., 2020) 

[5]. Thomaga-Chitja et al., (2004) [35] noted that the smoke 
preserved the seed from deteriorating and pest infestation, 
but expressed concern that the quality of maize seed stored 
in this manner could be compromised. 
However, through this drying techniques (Roadside sun-
drying and kitchen drying), the foodstuff is subject to air 
pollution through the trace metals released from the exhaust 
pipes of vehicles driving past and polyaromatic 
hydrocarbons (PAHs) 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. 
Heavy metals are metalloids that have relatively high atomic 
weights and are discovered to be toxic to biological systems 
even at lower concentrations. Heavy metals contain both 
necessary elements such as iron, zinc, and copper, as well as 
harmful substances such as cadmium, lead, mercury, 
chromium, etc (Onyekwere et al., 2021) [28]. Environmental 
metallic contamination has become a major concern lately, 
due to their abilities to bioaccumulate in biosystems through 
air, soil and water (Onyekwere et al., 2021) [28]. Metals such 
as; Zinc (Zn), cadmium (Cd), nickel (Ni), and lead (Pb), 
which are constituents of fuel and serve as anti-knock 
agents, have been discovered in emissions from automobile 
activity on the roadways (Ikeda et al., 2000). Zinc (Zn), iron 
(Fe) and copper (Cu), have also been discovered form key 
components of numerous automobile Tyres, alloys, and 
wires, consequently are released into the immediate 
environment through mechanical abrasion and natural wear 
and tear (Bolade, 2016) [10]. Heavy metals have also been 
reported to alter several vital plant processes such as 
absorption of light and water, as well as cell division. 
Usually, plants absorbed these heavy metals which 
subsequently accumulate in the food chain and become 
deleterious to human health (Onyekwere et al., 2021) [28]. 
 
Drying Technologies  
Sun Drying  
Fruits can be dried in the sun since they are discovered to 
contain high level acid and sugar. Sun drying is not 
suggested for vegetables or meats. Vegetables have a low 
sugar and acid content; therefore, it increases the chances of 
food spoilage and contamination. The high protein nature of 
meats makes them suitable for microbial growth and 
development in an uncontrollable temperature and humidity. 
The greatest days to dry in the sun are those that are hot, 
dry, and windy (Bolade, 2016; Ikwebe et al., 2017) [10, 21]. 
Agricultural products must be dried outside for several days. 
Sun drying might be dangerous because to the 
unpredictability of the weather. 

In addition, the South's extreme humidity is an issue. Sun 
drying is best when the humidity is below 60%. When the 
fruit ripens, these ideal conditions are frequently 
unavailable. Fruits that have been sun-dried are arranged on 
screens or wooden dowels. Screens must be safe to touch 
when they come into contact with food. Stainless steel, 
teflon-coated fiber glass, and plastic are the best options for 
screens. Screens constructed of "hardware cloth" should be 
avoided. This is a cadmium- or zinc-coated galvanized 
metal cloth. These substances can oxidize and leave 
hazardous substances on food. Copper reduces vitamin C 
absorption and promotes oxidation. Aluminum corrodes and 
discolors easily. Most timbers are suitable for building trays 
in an outdoor drying rack. Green wood, pine, cedar, oak, or 
redwood, on the other hand, should not be used. These 
woods cause food to distort, discolor, or have off-flavors. 
Air circulation around the agricultural products is vital. 
Sun's reflection on the metal raises the temperature and aid 
drying faster. To keep the fruit safe from birds and insects, 
cover the trays with cheese cloth. 
 
Solar Drying Method 
Solar drying method is the result of current research input to 
improve sun drying. The sun is also used as a heat source in 
solar drying. Inside the dehydrator, a foil surface helps to 
raise the temperature. The drying process is accelerated by 
ventilation. Food deterioration and mold growth are reduced 
when drying times are reduced. 
 
Freeze Drying Method 
Freeze-drying method, also known as dehydration method 
that is commonly used to preserve perishable materials or 
make them more transportable. The techniques behind 
freeze-drying method involves freezing the substance and 
then ensuring that the surrounding pressure is brought to a 
minimal level, allowing the frozen water in the agricultural 
products to undergo sublimation from the solid to the gas 
phase. 
 
Oven Drying Method 
A dehydrator is available to anyone who owns an oven. An 
oven can be used as a dehydrator by employing several 
factors such as; heat, low humidity, and air flow. Oven is 
suitable equipment for drying fruit, banana chips, or 
preserving additional agricultural produce such as celery or 
mushrooms on a regular basis. The major challenges of oven 
drying techniques it is inadequate for storing plentiful 
garden food, this is because it is used for everyday cooking 
activities. Because there is no built-in fan for air flow, oven 
drying takes longer than dehydrators. (Some convection 
ovens, however, do feature a fan.) Drying food in an oven 
takes nearly twice as long as it does in a dehydrator. As a 
result, the oven is inefficient and wastes more energy than a 
dehydrator. 
 
Indigenous knowledge (IK) of food preservation 
Food security is a major challenge in Africa despite having 
more arable land to support its rising population (Cheplogoi 
et al., 2021). High postharvest food losses, owing to a lack 
of food preservation capability, are a key constraint to food 
security in developing countries, where seasonal agricultural 
products shortages and nutritional deficiency disorders 
continue to be a major issue. Protein energy malnutrition 
(PEM) and related micronutrient deficiency syndromes, 
such as vitamin A deficiency (VAD), iodine deficiency 
disorders (IDD), and nutritional anemias caused by iron, 
folic acid, and vitamin B12 deficiencies, constitute frequent 
public health concerns (Nnodim and Emiri, 2019). 
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Indigenous knowledge refers to what peoples in a locality 
acquired and practice, as well as what they have learned and 
practice for ages - traditions that have grown through 
several manipulations and have proven adaptable (Melchias, 
2001, Cheplogoi et al., 2021). African indigenous 
knowledge (AIK), according to Sundamari and Ranganathan 
(2003) [34], is an unwritten corpus of knowledge. It exists in 
a variety of brains, languages, and skills, as well as in as 
many groups, cultures, and environments as are currently 
available. In food storage, processing, and preservation, 
indigenous peoples have evolved indigenous traditions and 
technologies (Oniang'o et al., 2004). Households guarantee 
food security by storing and keeping food without 
endangering future food consumption (Kamwendo and 
Kamwendo, 2014), resulting in access, entitlement, and 
security. The majority of agricultural output is kept and 
processed utilizing simple indigenous knowledge and 
practices in most parts of Africa. 
These approaches are mostly used by women, and they 
provide money and jobs. Cereals and legumes, constitute 
essential components of the majority of people's diets, and 
challenges linked to their processing, storage, and marketing 
are crucial. The desired aim is to ensure foods that are 
nutritionally balanced are available to Africans at prices that 
are convenient to all in present times and beyond (Asogwa 
et al., 2017) [6]. Indigenous knowledge and practices in 
Africa should not be disregarded (Oniang'o et al., 2004). IK, 
as a locally controlled and owned resource, has the potential 
to be used as a development tool to improve the rural poor's 
quality of life. Indigenous knowledge is a vital source of 
local remedies to food insecurity, particularly during food 
shortages (seasonal foods) or in times of disaster such as 
droughts. Developing on Indigenous knowledge is 
especially helpful in reaching out to the impoverished, as 
indigenous knowledge is frequently their only last resort and 
one with which they are well familiar (Gorjestani, 2004; 
Asogwa et al., 2017) [6]. People in Sub-Saharan Africa have 
long relied on indigenous techniques, which are mostly 
generated locally and passed to several generations 
(Oniang'o et al., 2004). Despite these advantages, IK is seen 
as inferior since traditional practices are seen as primitive 
and antiquated, resulting in a decrease in its efficiency in 
improving food security. As a result, indigenous methods of 
food storage and preservation are being abandoned, which 
used to play an important role in ensuring food security in 
most homes (Kamwendo and Kamwendo, 2014)  
 
Road side sun-drying 
Drying of agricultural produce on the roadsides is very 
common in Nigeria. Maize, sorghum, cassava flakes, melon, 
millet and other produce are usually seen being dried on the 
roadsides as you travel along roads in the country. 
 

 
 

Fig 1: Showing women spreading grains along Nigeria highway. 
Kitchen roof top drying 
Drying grains at the roof-top of kitchen, just above the 
cooking fire, is another useful method. Kitchen drying, also 
known as direct fire drying is a method of food preservation 

and dehydration that is practiced locally, which is most 
popular in Northern Nigeria (Cheplogoi et al., 2021). In 
kitchen roof-top drying, the crop such as maize cob is 
covered with few leaves to prevent the smoke from spoiling 
the grain, however some people prefer the smoky flavor. 
Some insects may be deterred by the heat and smoke. This 
approach was created in the before the colonial era, when all 
dwellings had roofs that are made of grass. The grain's 
smoke and water content quickly escaped through the grass 
roof. However, there is a concern with the widespread usage 
of zinc roofs today. Under the zinc roof, heat and moisture 
are trapped (Asogwa et al., 2017) [6]. 
 

 
 

Fig 2: Showing direct fire drying; Kitchen roof top drying 

(Cheplogoi et al., 2021). 
 

Limitation of direct fire drying 

(i) Immediately the fire is put off, the smoke stops and the 

insects will returned to the kitchen and will only leave when 

the fire is re-ignited. Space is limited under the roof - the 

capacity is often too small to dry the entire crop. 

 

 
 

Fig 3: Showing insect movement in and out of kitchen (Cheplogoi 

et al., 2021). 

 

(ii) Fire wood is very expensive. 

 
Heavy Metals source 
The earth's crusts are a major source of heavy metals and are 
found in nature, which are persistent environmental 
contaminants. They are non-biodegradable and get into the 
body prior to its bioaccumulation in a long time through 
water, air, and food (UNEP, 2004). The earth, which 
releases dangerous metals into food, air, and water, as well 
as manmade activities such as fertilizer application in 
agriculture, vehicular emission, pesticide and herbicide use, 
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cigarette smoking, irrigation, paints, industry, and sewage 
and waste disposal are all known sources of toxic metals. 
Natural and manmade sources can release them into the 
environment (Alloway and Jackson, 1999; Gray et al., 1999; 
Merian et al., 2004) [4]. Heavy metals originating from 
anthropogenic sources are proven to be more injurious to 
health, due to their potential of instability and solubility that 
results to increased bioavailability (Armah et al., 2014). 
 
Sources of Polyaromatic hydrocarbons 
Poly Aromatic Hydrocarbons are part of the environment as 
natural occurrence (volcanic eruptions, forest fires, and 
microbiological) and anthropogenic sources. However, they 
are mostly produced by human activities such as industrial 
production, heating, transportation, garbage incineration, 
and agriculture, and estimating the contribution from 
various sources is difficult. Uncontrolled electronic-waste 
recycling activities, such as piles of wires and undesired 
items, are substantial producers of numerous harmful 
compounds, including PAHs, in some regions (Yongyong et 
al., 2011) [42]. 
 
Heavy metal toxicity 
Toxicity capability of heavy metals refers to the negative 
consequences of excessive exposure or ingestion of levels 
that exceed the daily recommended limits. When heavy 
metals are absorbed by the biological system and 
bioaccumulate in the tissues, they become poisonous (Sobha 
et al., 2007) [33]. Toxicity of heavy metals refers to the 
negative consequences of excessive exposure or ingestion of 
levels that exceed the daily permissible limits. Each metal 
have specific signs of toxicity, such as; paralysis, 
convulsions, hemoglobinuria, depression, pneumonia, 
gastrointestinal disorders, diarrhoea, stomatitis, and 
vomiting are common symptoms of lead, cadmium, arsenic, 
mercury, aluminium, zinc, and copper poisoning (Jaishankar 
et al., 2014) [22]. 
Lead poisoning can harm the brain, bone marrow, kidneys 
and other organs in children if they ingest or inhale it. The 
blood lead levels as low as 5 g/dL are connected to 
developmental impairements in children like impaired 
hearing, impaired cognitive function, behavioral disorders 
and stunted growth (Jaishankar et al., 2014) [22], while levels 
above 75 g/dL cause coma, convulsions, and even death. 
Cadmium is a possible neurotoxicant, according to studies 
on the effects of prenatal and postnatal cadmium exposure 
on intelligence quotient impairments (USDHHS, 2017) In 
laboratory animals, developmental exposure has been shown 
to have a deleterious impact on operant performance and 
conditioned avoidance (Hubbs-Tait, 2005). Cadmium is 
found to break through the barrier of the placental and 
bioaccumulate in the foetus, causing neurological diseases 
of the foetus (USDHHS, 2008). 
Nickel is a trace element that tends to reduced pulmonary 
function and fibrosis in animals is also linked to chronic 
bronchitis (USDHHS, 2005). Copper and chromium are 
crucial necessary elements, however they can be harmful if 
consumed in excess (McDowell, 2003). While copper is a 
component of iron-metabolizing enzymes, and its shortage 
causes anemia (McDowell, 2003), chromium aids in blood 
sugar control, commonly utilized in diabetes treatments 
(Broadhurst and Domenico, 2008). When copper and 
chromium are consumed in excess, they cause acute and 
chronic toxicity (Barceloux, 1999a, 1999b, 1999c). 
Acute copper intoxication result in jaundice, anemia, liver 
necrosis, nausea, vomiting and damage to the proximal 
tubules of the kidney (Barceloux, 1999a,b,c). Wilson's 
illness is a disease of mental and motor impairement, 
dysphagia, haemolytic anemia, renal dysfunction, kidney 

stones and hepatic failure in humans that is caused as a 
result of chronic copper toxicity (Barceloux, 1999a). 
Chromium poisoning is usually caused by direct contact 
with contaminated dust or soil, which causes allergic 
dermatitis, such as eczema (Barceloux, 1999b). 
Excessive exposure to heavy metals can cause a variety of 
serious health problems, while consuming contaminated 
foods can alter some important nutrients in the body, 
resulting in poor immune strength, impaired psychosocial 
behaviors, malnutrition-related disabilities and a high 
occurrence of gastrointestinal cancer (Gidlow, 2004). 
Surprisingly, it appear that there is no any food intake 
diaries in Nigeria to track blood and urinary content of 
heavy metal; as a result, there should be legislation to limit 
human exposure to lead based on data drawn from several 
scientific analysis (Gidlow, 2004). 
 
Poly aromatic hydrocarbons (PAHs) toxicity 
Humans are in contact to poly aromatic hydrocarbons 
contain in the ambient air, whether outside or indoors or at 
work. Smoke from cigarette, automobile smoke pipe, 
household thermal activities, burning of agricultural related 
products, burning of waste, and emissions from production 
activities result in generation of PAHs. The risk of 
biological system expose to toxic substances can occur by 
inhalation of PAH-containing air. PAHs can also be 
ingested into the body through food, skin and water. PAHs 
are delivered into all fat-containing tissues in the human 
body and are deposited in fat, liver, and kidneys, it builds up 
over time if exposed to them repeatedly. The spleen, adrenal 
glands, and ovaries also store smaller amounts. 
PAHs have a variety of negative effects on various 
creatures, including plants, birds, and mammals. According 
to several researches, substantial facts have been established 
that lung cancer is associated to the level of exposure to 
PAHs taken from the environment such as; cigarette smoke. 
Several organizations, have classified PAHs as carcinogenic 
materials (US-EPA). 
 
Bio-mechanism of heavy metal in human 
Humans can get exposed to heavy metals via eating 
contaminated foods, drinking contaminated water, inhaling 
polluted air or being exposed to heavy metals at work 
(Ming-Ho, 2005) [25]. Heavy metal contamination frequently 
follows this pattern: heavy metal from industrial waste into 
the atmosphere, soil, water, and foods, and consequently 
into humans (Krishna and Mohan, 2016) [24]. When heavy 
metals are taken into the body by food or drink, there PH are 
reduced in stomach by medium that are of lower PH, which 
eventually take the metals to their various ionic states or 
oxidative states; As3+, Hg2+, Zn2+, Pb2+, As2+, Ag+, Cd2+, etc. 
in this acidic media, which can easily create stable and 
strong interactions with biomolecules; enzymes or protein. 
The heavy metal attach to the functional groups of the 
amino acid such as -SH group in cysteine, -SCH3 group in 
methionine, of the biomolecules (Krishna and Mohan, 2016; 
Godwill et al., 2019) [24]. Studies has revealed that the 
activities of certain enzymes (glutathione reductase, thiol 
transferases, thioredoxin, and thioredoxin) are been 
inhibited by cadmium, by attaching to residues of cysteine at 
their active sites. Heavy metal oxidized will limit the 
enzymatic activity by replacing hydrogen contain in the -SH 
group in cysteine and the methyl that is found in -SCH3 
group of methionine. In yeast methylmercury (MeHg), tends 
to inhibit enzymatic activity of the ezyme (L-glutamine D-
fructose-6-phosphate amidotransferase) (Godwill et al., 
2019) [17]. 
Certain enzymes may be able to use a complex molecule of 
protein-heavy metal as a substrate. Therefore, the heavy 
metal link with protein forms complex of an enzyme and 
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substrate in a very unique sequence, preventing it from 
accepting any other substrate until it is released. As a result, 
because the enzyme is blocked, the substrate's product is not 
generated, and the heavy metal stays in the biological tissue, 
causing severe destructions in the human system. Increase 
oxidative stress and cell damage result from inhibiting thiol 
transferases. Fungicides, herbicides, and insecticides are 
sources of toxic arsenic metal which can attack –SH groups 
in enzymes, preventing them from catalyzing reactions 
(Godwill et al., 2019) [17]. Heavy metal poisoning can also 
be caused by replacing a metal in an enzyme with a metal 
ion of same equivalent. There is displacement of zinc and 
calcium ions when cadmium binds to zinc finger proteins 
and metallo-proteins (Hartwig, 2001; Faller et al., 2005) [18, 

13]. Cadmium, for example, can substitute zinc in certain 
dehydrogenating enzymes, resulting in cadmium toxicity. In 

this type of substitution the enzyme are made structurally 
inactive and totally change its function. These heavy metals 
create biotoxic complexes that have high stability with 
enzymes or protein in their oxidized state and are difficult to 
separate (Godwill et al., 2019) [17]. A very important heavy 
metal in human body is Iron; it is a component of 
hemoglobin and is involved in a variety of physiological 
functions. Iron, on the other hand, is one of the heavy metals 
that produces the hydroxyl radical (OH•) in its free state. 
Free radical that is mostly produced after iron oxidation is 
the hydroxyl radical (OH•). OH• has the ability to damage 
macromolecules in human system (Godwill et al., 2019) [17]. 
 

Bio-mechanism of polyaromatic hydrocarbons in human 

 
Table 1: The chemical and physical properties of PAHs present in food 

 

Compound Name Abbreviation Chemical Formulae Molecular weight (g/mol) Melting Point (◦C) Boiling Point (◦C) 

Benzo[k] fluoranthene BkF C20H12 252.3 216 480 

Dibenz [a, h] anthracene DBA C22H14 278.3 262 535 

5-Methylchrysene 5MC C19H14 242.3 118 458 

Acenaphthylene ACE C12H10 154.2 203 279 

Acenaphthylene ACY C12H8 152.2 92–93 265–275 

Anthracene ANT C14H10 178.2 218 340–342 

Benzo [a] pyrene BaP C20H12 252.3 179 495 

Benzo [b] fluoranthene BbF C20H12 252.3 168 481 

Benzo [e] pyrene BeP C20H12 252.3 177 492 

Benzo [ghi] perylene BPe C22H12 276.3 273 550 

Chrysene Chr C18H12 228.3 254 448 

Dibenzo [a, l] pyrene DlP C24H14 302.4 162 595 

Flourene FLR C13H10 166.2 116–117 295 

Fluoranthene FLT C16H10 202.3 111 375 

Naphthalene NAP C10H8 128.2 80 218 

Phenanthrene PHN C14H10 178.2 100 340 

Pyrene PYR C16H10 202.3 156 393–404 

Benz[a]anthracene BaA C18H12 228.3 158 438 

Cyclopenta[cd]pyrene CPP C18H10 226.3 170 439 

Adapted from (Sampaio et al., 2021) [21] 

 
PAHs' higher solubility in lipids 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) [21]. BaP is the PAH that is most easily soluble in 
lipids. This substance likely bind to chylomicrons and other 
lipoproteins which are lipid distribution molecules, allowing 
it to pass through several systems involved in lipid 
absorption and distribution and, as a result, promote 
bioaccumulation. 
PAHs are processed by phase 1 and 2 enzymes, such as the 
pathways of aldo-keto reductase and cytochrome P450, 
which produce metabolites. Metabolites produced have the 
ability to bind to macromolecules such as; proteins and 
DNA, creating covalent interaction between DNA and the 
metabolite that cause biochemical disturbances and 
destruction of constituents of cells, resulting in teratogenic, 
carcinogenic, immunosuppressive and mutagenic harm. The 
development of prenatal abnormalities and cancers is linked 
to certain genetic variants (Sampaio et al., 2021; Gao et al., 
2018) [16, 21]. Furthermore, because PAHs are frequently 
found as compound with several constituents of diverse 
conformations, that act is synergy, potentially enhancing 
poisonous nature of them (Sampaio et al., 2021) [21]. New 
data recently revealed that the microorganisms found in the 
intestine regulate the effects of pollutants like PAHs. 
Usually the host microbiota tends to increase the poisonous 
effect of PAHs through biochemical pathways 
(enterohepatic cycle), and through changes in gene 

expression by liver enzymes (Gao et al., 2018; Nogacka et 
al., 2019) [16, 26]. 
PAH metabolism and biotransformation are very 
complicated. They are digested in a variety of ways by a 
variety of enzymes. Pathways such as, radical cation, ortho 
quinone and diol-epoxide are among those implicated for 
converting PAHs into cancer causative agent. In the diol-
epoxide pathway, the phase I enzyme cytochrome P1A1 and 
P1B1, and the phase II enzyme epoxide hydrolase convert 
BaP to dihydrodiol epoxides, such as benzo[a]pyrene-7,8-
dihydrodiol-9,10-epoxide. The polarity and electrophilicity 
of these freshly created "activated" PAHs have risen, giving 
them greater reactivity. The active proceed of these 
metabolic pathways can produce DNA, RNA, and 
glutathione adducts if not ingested by macrophages and 
expelled in excretion, causing mutations, gene expression 
changes, and carcinogenesis (Sampaio et al., 2021) [21]. 
 
Deposition of PAHs on sundried roadside food products 
in Nigeria 
The amount of polyaromatic hydrocarbons (PAHs) in 
smoked agricultural food samples collected from roadside 
barbecue locations in western region of Nigeria was 
measured. The PAH concentrations in smoked fish, beef, 
and plantain were found to be 511 mg/kg, 513 mg/kg, and 
445 mg/kg, respectively. Benzo[a] pyrene concentrations in 
the samples were also 61 mg/kg, 66 mg/kg, and 45 mg/kg 
for fish, pork, and plantain, respectively. These results were 
over the maximum limit that could be tolerated. The study 
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revealed that consumption of smoked roadside food 
products could pose serious harm to human health (Olusola, 
2020) [27]. 
 
Deposition of heavy metals on sundried roadside food 
products in Nigeria 
According to a study conducted by Kolawole and Odoh, 
(2011) in the northern region of Nigeria, heavy metal 
contamination of several agricultural items sundried by the 
roadside has increased. The level of contamination by 
heavys was measured in parts of the agricultural products 
(cassava mash and maize grains) dried near "express" 
roadsides in three northern states (Benue, Nasarawa, and 
Taraba) (Nigeria). The heavy metal contents of the 
agricultural products (cassava mash and maize grains) dried 
along the roadsides were higher than the heavy metal 
contents of the agricultural products (cassava mash and 
maize grains) from those dried away from roadsides or 
control areas, according to chemical analysis (Bolade, 2016) 

[10]. 
The Mn, Cu, Zn Ni, Pb, and Cd concentrations in cassava 
mash samples ranges from 0.210-0.410g/g, 11.120-
18.120g/g, 10.200-17.010g/g, 0.680-0.920g/g, 0.350-
0.660g/g, and 9.520-21.330g/g, while heavy metal 
concentrations in maize grains ranges from 0.180-0.350g/g, 
5.780-9.880g Cd concentrations was higher than WHO/FAO 
(2007) permissible limits or safe limits, while Lead (Pb) 
concentrations was higher than Commission regulation (EU 
2006) but lower than WHO/FAO (2007) safe limits, 
implying that heavy metals in agricultural products dried 
along roadsides should be monitored on a regular basis 
(Kolawole and Odoh, 2011) [23]. Bolade, (2016) [10] 
conducted another study on heavy metal contamination of 
cassava that undergo fermentation (Manihot esculenta 
Crantz) mash, Yam (Dioscorea rotundata), unripe plantain 
(Musa AAB) slices, and pepper (Capsicum frutescens) 
sundried along the roadside in Nigeria's southern area. The 
amount of metallic contamination caused by vehicular 
operations as a result of environmental pollution is worrying 
(Bolade, 2016) [10]. 
The level of metallic contamination in roadside-sundried 
agricultural products from chosen districts in Nigeria's Ondo 
and Osun states was examined. Total of nine separate road 
networks in the selected states were covered, with cassava 
that has undergo fermentation (Manihot esculenta Crantz) 
mash, unripe plantain (Musa AAB) slices, white yam 
(Dioscorea rotundata) slices, and pepper collected along 
these roads (Capsicum frutescens). The levels of metallic 
contaminants (Zinc, Nickel, Lead, Iron, Cadmium and 
Copper) in agricultural products were discovered to differ 
from one another. Cadmium (0.0014–0.0131 mg/100 g), 
zinc (0.0078–5.41 mg/100 g), Nickel (0.0016–0.0098 
mg/100 g), Lead (0.0024–0.0083 mg/100 g), Iron (0.104–
24.13 mg/100 g), and Copper (0.0001–3.42 mg/100 g) were 
the metal pollutants with the lowest and highest minimum 
and maximum levels (Bolade, 2016) [10]. The levels of 
ambient metallic contaminants identified in roadside-
sundried food items were generally lower than the 
FAO/recommended WHO's maximum limits. Although the 
metallic contamination in the samples is low in comparison 
to the allowed threshold, when consumed in a long term 
could lead to heavy metal bioaccumulation, posing a serious 
health risk (Bolade, 2016) [10]. 
 
Conclusion 
The level of heavy metal and poly aromatic hydrocarbons 
deposition in local kitchen and roadside sundried food 
products is alarming. The amount of metallic and poly 
aromatic hydrocarbons deposition is usually in varying 
degrees in the agricultural products. Several research studies 

has proven that agricultural food products that are preserved 
in the local kitchen roof top and sundried by the roadside 
contained various degrees of heavy metal and poly aromatic 
hydrocarbons deposition on them. Although, the metallic 
and poly aromatic hydrocarbon in the agricultural food 
products are in low quantity compared to allowed threshold 
but through bioaccumulation by continues consumption, 
which is deleterious to human health.  
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