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Abstract: Agricultural pesticides and heavy metals continuous deposition on the environment have overtime caused soil, 

water, and air pollution. They also lead to the serious health risk among humans, animals, and plants. The 

purpose of this article was to appraise various the health risks and environmental pollution caused by agricultural 

pesticides and heavy metals. Literature search was carried out using six electronic databases, including PubMed, 

ScienceDirect, SpringerLink, MedlinePlus, HerbMed, and Agricola, using Google Scholar, HotBot, and 

FreeFullPdf as search engines. A number of health risks identified includes cancer, asthma, cardiac arrest, liver 

damage, kidney failure, reproductive diseases, endocrine, gastrointestinal, and mental disorders. Environmental 

pollutions reported include damages to crops, aquatic animals, and air contamination. These continue to escalate 

overtime due to the agricultural, building construction, industrial, and mining activities that release large amounts 

of pesticides and heavy metals into the surroundings. In conclusion, pesticides and heavy metals pollute cities 

and villages causing remarkable health risks and environmental pollution. Unfortunately, children and neonates 

are the most vulnerable group of humans affected by these chemicals. This literature suggests that authorities 

should take urgent measures to protect the humans and environment from hazards caused by pesticides and heavy 

metals. 
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Introduction 

Agricultural pesticides and heavy metals incessant 

deposition on the environment cause various health risks 

and environmental contamination, and they are considered 

one the major environmental health challenges faced by 

modern societies. Typical examples include soil, water, and 

air pollution which in turn affect the wellbeing of humans, 

aquatic animals and even crops (Mitra et al., 2022; 

Mesnage et al., 2021). These are as a result of agricultural, 

building construction, industrial, and mining activities. It 

was estimated that 3 million cases of pesticide and heavy 

metals toxicities occur annually. Unfortunately, 95% of 

these toxicities are fatal and occur mostly in the low- and 

middle-income countries (LMIC) especially in Africa 

(Alengebawy et al., 2021; Oyugi et al., 2021; Rai et al., 

2019).  

Pesticides comprised of various classes of chemicals use in 

farmlands, home gardens, houses and offices to kill pest. 

They include insecticides, fungicides, herbicides, 

rodenticides, and household disinfectants. Pesticides are 

generally categorized according to their chemical 

structures. They include organophosphates, 

organochlorines, carbamates, pyrethrins and pyrethroids (El 

Nemr et al., 2016; El Nemr & El-Sadaawy, 2016; Yadav & 

Kumar, 2015). Pesticides are generally used in agriculture 

to repel pest and safeguard crops from diseases. However, 

improper application and the use of toxic pesticides can 

lead to pollution of soil, air, and water bodies. Some 

pesticide residues may accumulate in the food chain, 

causing substantial health risks to the farmers and 

consumers (WHO, 2019; Yadav & Devi, 2017).  

Heavy metals are elements with atomic weight above 20 

and density more than 5.0 g/cm3. Typical examples of 

heavy metals are arsenic (As), copper (Cu), cadmium (Cd), 

lead (Pb), chromium (Cr), mercury (Mg), zinc (Zn), etc 

(Sharma et al., 2019; Koller & Saleh, 2018; Al-Qodah et 

al., 2017). Heavy metals are released into the environment 

via agricultural runoff, industrial waste, mining activities, 

and natural processes. Experiment conducted on ground 

water revealed that high concentration of heavy metals 

from soil contaminate natural water, making it unfit for 

human, animal, and even crop consumption. As a result, 

presence of heavy metals in water and soil may produce 

adverse effects on plants, animals and even human health 

(Triassi et al., 2023; Sharma et al., 2019; Sako et al., 2018). 

Pesticides and heavy metals deposit on air and soil are 

washed by heavy rainfall into ponds, streams, and rivers. 

This significantly affects the integrity of both underground 

and surface water. Pollution of natural water bodies will 

directly affect domestic water use, agriculture and other 

commercial activities making it one of the major public 

health concerns (Ghosh et al., 2024; Alengebawy et al., 

2021; Liu et al., 2016). Rapid increase in population around 

the globe has led to the concurrent increase in the demand 

for food supply. Hence, there is need to increase the use of 

pesticides by farmers in order to increase crop production 

to meet up with the global demands. However, this may 

result in indiscriminate use of pesticides and couple with 

continuous discharge of heavy metals from industries this 
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will led to various health risks and environmental 

contamination (Ghosh et al., 2024; Rai et al., 2019; 

Olatunji et al., 2015). In addition, a number of reports have 

indicated that pesticides are commonly used to commit 

suicide with a total of 110,000 deaths per annum between 

2010 and 2014. Generally, poisoning involving pesticides 

constitutes 13.7% of total global suicides (Khetre et al., 

2023; Peter & Mampilly, 2023; Mew et al., 2017). 

African countries especially Nigeria is also facing 

challenges related to health risk and environmental 

pollution caused by pesticides and heavy metal. This is 

linked to rapid population growth accompanied by an 

indiscriminate waste disposal (Kolawole et al., 2024; 

Balogun et al., 2020; Ngene et al., 2020). Many farmers in 

Nigeria use large quantity of pesticides to protect crops and 

boost agriculture. As such, there is gradual deposition of 

pesticide residue on the soil and water bodies causing 

environmental pollution. In the same manner, gradual 

deposition of heavy metals through mining and industrial 

activities, cause substantial water and soil contamination 

(Kolawole et al., 2024; Obiora & Chukwu, 2019; 

Mijinyawa et al., 2016). In order to address these issues, the 

Nigerian government introduced policies to control the use 

of pesticides and discharge of heavy metals into the 

environment. However, implementation of these 

regulations remains a very big challenge (Kolawole et al., 

2024; Balogun et al., 2020; Ngene et al., 2020). The goal of 

this review was to appraise the various health and 

environmental hazard caused by pesticides and heavy 

metals and to suggest ways to protect the environment and 

maintain healthy living. 

Health And Environmental Risks Caused By Pesticides  

Pesticides 

Pesticides are wide range of chemicals used in agriculture 

and forestry for the obliteration of insects, weeds, fungi, 

bacteria, etc. They include insecticides, herbicides, 

fungicides, bactericides, and rodenticides. The prime target 

of pesticides is to boost crop harvest and meet up the 

demands of rapidly growing population (Ahamad et al., 

2023; Rajmohan et al., 2020; Arias-Este´vez et al., 2008). 

The application of pesticides in crop production has several 

advantages. These include increase in crops yield, 

protection against damage by insects and vector borne 

diseases. Ideally, pesticide should be highly selective in 

action; while having fatal effect on the targeted organisms 

it should be friendly to people and the environment. 

Nonetheless, frequent and inappropriate use of pesticides 

may contaminate soil, water and air causing significant 

health hazard to humans, animals, and even plants 

(Ahamad et al., 2023; Rajmohan et al., 2020; Arias-

Este´vez et al., 2008).  

A number of fast acting pesticides have been produced and 

marketed to revolutionize agriculture productivity and meet 

up with the global demands. Unfortunately, a number of 

them are harmful to human and the ecosystem (Singh & 

Kumar, 2024; Sharma et al., 2019; Mostafalou & 

Abdollahi, 2013). The global distribution of pesticides 

production and sales across the continents include America 

(50%), Asia (28%), Europe (14%), Africa (6%), and 

Oceania (2%). In general, pesticides used worldwide 

include herbicides (48%), insecticides (30%), fungicides 

(17%) and others (5%) (Huang & Li, 2024; Mesnage et al., 

2021; Usman, 2021). Worldwide, the use of pesticide has 

significantly increased to 3.5 billion kilogram of pesticide 

active ingredients per year. This is equivalent to 45 billion 

US dollars in the world market (Tian et al., 2024; Wang et 

al., 2024).  

In Africa, the pesticides consumption and distribution data 

includes insecticides (80%), herbicide (15%), fungicides 

(2%), and others (3%) (Wisnujati, 2023; Shattuck et al., 

2023; FAO, 2022. Tolera, 2021; Sarkar et al. 2021) [36-

39]. In Nigeria, a recent report indicated that the country 

consumes herbicides (75%), insecticides (14%), fungicides 

(5%), soil fumigant (5%) and mosquito repellant coils 

(1%). This translates to about 244 million US dollars 

annually (Yadav et al., 2024; Omohwovo et al., 2024; 

Usman, 2021). In 1991, a fungicide was the highest 

imported pesticide (65%), followed by insecticides (35%), 

and cocoa pesticides (31%). Later in 1998, there was an 

increase in pesticide importation with about 125,000-

130,000 metric tons supply every year (FAO, 2022; 

Usman, 2021; Ojo, 2016).  

Classification of Pesticides 

Pesticides are classified into 2 main groups which include 

natural and synthetic. Natural pesticides are called 

biopesticides that are obtained from plants, fungi, bacteria 

and other organic compounds having significant pest 

repellants properties (WHO, 2019; Yadav & Devi, 2017). 

A synthetic pesticide is man-made chemical obtained 

through distillation of petrochemicals. They are divided 

into four groups according to their chemical structure, 

mode of entry into the target organism, and intensity of 

activity. These include organophosphate, organochlorines, 

carbamates, and pyrethroids pesticides (WHO, 2019; 

Yadav & Devi, 2017). 

 

Figure 1. Classification of Pesticides (Yadav & Devi, 

2017). 
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Organochlorine pesticides (OCPs) 

Organochlorine pesticides can be described as synthetic 

chlorinated hydrocarbons that are broadly used in 

agriculture, forestry and mosquito control. Structurally, 

organochlorines are categorized into five classes. (1) 

Dichloro-diphenyl-trichloroethane (DDT): example 

Dichloro-diphenyl-dichloroethylene (DDE) and Dichloro-

diphenyl-dichloroethane (DDD). (2) Hexachloro-

cyclohexane (HCH): example lindane (3) Cyclodienes: 

examples aldrin, dieldrin, endrin, heptachlor, chlordane, 

and endosulfan.  (4) Toxaphene; (5) Mirex and chlordecone 

(Ibukun et al., 2024; Hassaan & El Nemr, 2020). Their 

chemical structure is shown in figure 2.2 below (Figure 

1.2). One of key features of OCPs is that they have long 

filed half-life. As such, toxaphene has 9 days, and aldrin 

has 365 days, while DDT, DDE and DDD have an average 

field half-life of 15 years respectively (Ibukun et al., 2024; 

Hassaan & El Nemr, 2020).  

Mechanism of toxicity of DDT is via its potential to store 

in adipose tissues of animals and humans. Through this 

way, DDT can persist in the people’s body for 50 years or 

more. Later the DDT maybe release from adipose tissue 

into the systemic circulation during stress or harsh weather 

condition and cause various type of illnesses (El Nemr et 

al., 2016; Ibukun et al., 2024; Mrema et al., 2013). 

Specifically, this causes changes action potential and 

enzymes activities leading to the acute poisoning, seizures, 

and even death (Ibukun et al., 2024; Mrema et al., 2013; 

Singh et al., 2016). 

Cl

Cl

Cl

Cl
Cl
Cl

Aldrin

R

Cl

Cl

Cl

Cl

Cl

O

Dieldrin

Cl

Cl

Cl
Cl

Cl
O

Cl

H

H

H

H

HHHHHHHHHHHHHHHHHHHHHH

H

Endrin

Cl

Cl

Cl
Cl

Cl

Cl

Cl

Cl

Chlordane

R

Cl

Cl
Cl

Cl

Cl

Cl

Heptachlor

Cl

Cl

Cl
Cl

Cl

Cl

S

O

O

O

Endosulfan

Cl

Cl
Cl

Cl

Cl

Dichloro-diphenyl-trichloroethane

Cl

Cl
Cl

Cl

Dichloro-diphenyl-dichloroethylene

ClCl

ClCl

Dichloro-diphenyl-dichloroethane

Cl

Cl

Cl

Cl

Cl

Cl

Hexachlorocy-clohexane
Cl

Cl

Cl

Cl

Cl

Cl

Lindane

Cl

Cl

ClCl

Cl
Cl

Cl

Cl

CH3

CH3

CH2

Toxaphene

Cl
Cl

Cl

Cl

Cl

Cl

ClClClClClClClClClClClClClClClClClClClClClCl

Cl

Cl

Cl

Cl

Cl

Mirex

Cl
Cl

Cl

Cl

ClClClClClClClClClClClClClClClClClClClClClCl

Cl

Cl

Cl

ClClClClClClClClClClClClClClClClClClClClClCl
ClClClClClClClClClClClClClClClClClClClClClCl

O

Chlordecone

ORGANOCHLORINES

 

Figure 2.1: Structure of some organochlorines (Ibukun et 

al., 2024). 

Organophosphate pesticides (OPPs) 

Organophosphates pesticides are chemicals obtained from 

esterification of phosphoric acid and alcohol. They are used 

as pesticides, herbicides, insecticides and nerve gas. 

Chemically they comprised of amides, thiols, esters of 

phosphonic, phosphinic, or phosphoric acids with two 

organic side chains of the cyanide, thiocyanate or phenoxy 

group (Kiran et al., 2024; Kumar et al., 2016; Gupta et al., 

2011). Typical examples of OPPs include Acephate 

(Orthene), Malathion, Azinphos-methyl (Guthion), 

Mevinphos (Phosdrin), Chlorpyrifos (Dursban). Others 

include Diazinon, Parathion (Penncap), Fenamiphos 

(Nemacur), and Trichlorfon (Figure 1.3) (Kiran et al., 2024; 

Gupta et al., 2011; Kolodiazhnyi & Kolodiazhna, 2024). 

Mechanism of action involve the inhibition of the enzyme 

acetylcholinesterase (AChE), leading to buildup of 

acetylcholine (ACh) that is cholinergic toxidrome (Kiran et 

al., 2024; Blanco-Muñoz et al., 2024; Costa, 2018).  

The mechanism of toxicity is similar to mechanism of 

action. Sign and symptoms of OPPs toxicity include 

gastrointestinal disorder, dizziness, hyperactivity, 

convulsion, fever, muscle and body weakness. In severe 

cases they cause respiratory depression, bradycardia, 

bronchospasm and even death. The OPPs toxicity can be 

http://www.ftstjournal.com/


Health Risks and Environmental Hazards Caused by Pesticides and Heavy Metals 

 

FUW Trends in Science & Technology Journal, www.ftstjournal.com 

e-ISSN: 24085162; p-ISSN: 20485170; April, 2025: Vol. 10 No. 1 pp. 350 – 365  353 

treated by identifying the toxidrome and administering 

atropine (muscarinic receptor antagonist) (Blanco-Muñoz 

et al., 2024; Costa, 2018; Syed et al. 2015).  
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Figure 2.2: Chemical structure of some pesticides (a) 

Carbaryl and (b) Carbofuran (Kiran et al., 2024). 

Carbamate Pesticides 

Carbamates are organic ester substances obtained from 

dimethyl-N-methyl carbamic acid. They are used as 

pesticides, insecticides, nematicides, herbicides, and 

fungicides. Examples of carbamates pesticides include 

aldicarb, disulfiram, pyridostigmine, thiobencarb, 

methiocarb, propoxur, and molinate (Figure 2.4) 

(Pampalakis, 2024; Ripley & Chau 2020; Kaur et al., 

2019). Carbamates are used as agricultural pesticides 

especially among animals such as cats and dogs. They 

cause wide range of toxicity; however, they have shorter 

duration than that of organochlorines and organophosphates 

pesticides. Carbamates toxicity include acute poisoning, 

anticholinergic side effects, respiratory depression, 

sweating, bradycardia, and hypotension, restlessness, 

ataxia, convulsion, and coma (Pampalakis, 2024; Espinoza 

& da Silva, 2024; Patel & Sangeeta, 2019). The mechanism 

of action and toxicity is via inhibition of 

acetylcholinesterase leading to the accretion of 

acetylcholine. This will causes hyperactivity and various 

signs and symptoms of pesticides toxicities. Treatment of 

carbamtes toxicity involves the use of atropine, a muscanic 

antagonist (Pampalakis, 2024; Espinoza & da Silva, 2024; 

Patel & Sangeeta, 2019).  
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Figure 2.3: Chemical structure of some carbamate and 

thiocarbamates pesticides (Pampalakis, 2024). 

Pyrethrins and Pyrethroids Pesticides 

Pyrethrins pesticide is a naturally occurring chemicals 

obtained from flower of a plant called chrysanthemum 

(pyrethrum). This plant byproduct is named pyrethrum 

which contains pyrethrin I and pyrethrin II. It was first used 

as insecticide in Asia in the 1800 to kill tick, bugs, and 

mosquitos (Hodoșan et al., 2023; Sun et al., 2020; Chrustek 

et al., 2018). Examples of pyrethrin pesticides include 

bifenthrin (Talstar), cis-cyfluthrin (Tempo 2), permethrin 

(Ambush), esfenvalerate (Asana), phenothrin (Sumithrin) 

(Figure 2.4) (Hodoșan et al., 2023; Sun et al., 2020; Chen et 

al. 2022). Pyrethroids are synthetic forms of pyrethrins and 

they are of two forms. Example of Type I pyrethroids 

include allethrin, resmethrin, tetramethrin, d-phenothrin, 

bioresmethrin, and permethrin (Figure 2.5). Type II 

pyrethroids include cypermethrin, deltamethrin, trans-

cyfluthrin, fenvalerate, and fluvalinate (Figure 2.6) 

(Hodoșan et al., 2023; Ahamad et al., 2023;  Bao et al., 

2020).  The mild symptoms of pyrethrins and pyrethroids 

toxicity include numbness, itching, and burning sensation. 

Ingestion of large quantities of these pesticides may cause 

dizziness, gastrointestinal symptoms, muscle jerking, and 

convulsions (Chrustek et al., 2018; Ahamad et al., 2023; 

Thatheyus & Selvam, 2013). 

Mechanisms of action and cellular toxicity of pyrethrin and 

pyrethroid pesticides involve inhibition of GABA binding 

to its receptor causing central nervous system hyperactivity 

. Pyrethroids pesticides resemble pyrethrins in chemical 

structure, but are more toxic and may remain in the 

environment for a prolonged duration. This is because 

Pyrethrins disintegrate rapidly when exposed to sunlight or 

degraded by microorganism (Bao et al., 2020; Soderlund, 

2010; Wolansky & Harrill 2008). Rainfall removes the 

remaining of pyrethroids from air, combines with those 

from farmlands and washed them down the ponds, lakes, 
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streams and rivers. Pyrethrins and pyrethroids are directly 

sprayed onto crops hence the residue maybe found on 

leaves vegetables, flowers and fruits (Chrustek et al., 2018; 

Thatheyus & Selvam, 2013).  
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Figure 6. Chemical Structures of Type I Pyrethroids 

(Hodoșan et al., 2023; Ahamad et al., 2023). 
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Routes of Exposure to Pesticides  

The primary method of ingestion of pesticides by humans 

includes inhalation, contact with skin, eye, or ingestion of 

pesticides contaminated food. A plant when sprayed with 

pesticides will absorb it from air into its various parts of the 

body including the leaves, flower, fruits, stem, and roots 

there by protecting the plant from pest and infections 

(Hassaan & El Nemr, 2020; Seppo-Saari et al., 2019). 

Through this process, most of the plant byproducts contain 

trace amount of the pesticide which when consumed by an 

individual may cause acute or chronic poisoning. 

Glyphosate and 2,4-dichlorophenoxyacetic acid are 

insecticides used in animals to kill lice and bugs. These 

pesticides enter  the animals’ body through lesion or 

wounds which when later consumed by human beings 

cause poisoning (Hassaan and El Nemr, 2020; Seppo-Saari 

et al., 2019). Furthermore, majority of the pesticides are 

vapors meant to be sprayed directly onto the plants or 

infected animals. As such, substantial amount sprayed is 

inhaled by farmers causing acute or chronic poisoning 

(Yadav & Devi, 2017; Mrema et al., 2013). 

Use of Pesticides in Agriculture 

Pesticides are employed by farmers to prevent damage to 

their crops by insects, birds, and weeds during farming. 

Also, it is used to preserve farm harvest during long storage 
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period and for short term stay in the market before final 

purchase by the end users (FAO, 2022; Pretty & Bharucha, 

2015). However, there is substantial evidence of lack of 

awareness on dangers of pesticide among farmers leading 

to misuse, environmental pollution and even health hazard. 

For instance, there is general misconception that higher 

quantity of pesticides caused faster killing of the pests. This 

causes regular cases of over-dosage,  environmental 

pollution and poisoning (Usman, 2021; Ozkara et al., 

2016). Also, spraying beans or cocoa with Gamalin 20 to 

prevent the growth of mold is another misuse of pesticide. 

Other major challenges during the use of pesticide are poor 

disposal of expired and unused products. These include 

disposal of pesticides into the water bodies especially 

Gammalin – Lindane that kills and or contaminate crops 

and fishes meant for human consumption. Many people 

have been poisoned through the consumption of Gamalin 

contaminated products. Furthermore, some farmers mixed 

two or more pesticides that may not be compatible. 

Unfortunately, this type of practice may worsen the 

environmental pollution and health hazards (Usman, 2021; 

Ozkara et al., 2016). 

Pesticides Residues in Soil 

Continuous use of pesticide for farming and in the house 

hold has increasingly contaminated soil overtime. The 

intensity of the pollution depends on the properties of the 

pesticide including soil adsorption, water solubility, and 

presence of organic matter (Riyaz et al., 2022; Yeung et al., 

2017). Generally, pesticides are adsorbed more into the soil 

with higher proportion of organic matter and clay because 

this combination produces both negative and positive 

charge binding sites. This makes the pesticide to stick 

firmly onto the surface of clay soil and significantly 

reduces its downward permeation into underground water 

(Manjarres-López et al., 2021; Copaja & Gatica-Jeria, 

2021). Pesticides may degrade on its own over time, 

however, the higher the half-life, the more likely for the 

pesticide to permeate the soil before it finally degrades 

(Manjarres-López et al., 2021; Copaja & Gatica-Jeria, 

2021).  

Once pesticide is released into the environment, it 

undergoes chemical reactions such as hydrolysis, oxidation, 

reduction, photo-degradation, and microbial degradation. 

These convert the pesticides into many byproducts that 

maybe more toxic than the parent compound (Riyaz et al., 

2022; Tudi et al., 2021). The entire processes destabilize 

phosphorus-solubilizing and nitrogen-fixing bacteria in the 

soils thereby obstructing natural nitrogen fixation process. 

In addition, pesticide presence in soil may destroy soil 

enzymes activities which are necessary for existence of 

healthy soil (Ataikiru et al., 2019; Hussain et al., 2009). 

Once pesticides are applied, it may be taken up by crops, 

invertebrate animals, or inhale by human beings. The end 

result of soil contamination is health hazard that could 

manifest as various diseases including cancer, asthma, 

gastrointestinal and mental disorders (Manjarres-López et 

al., 2021; Copaja and Gatica-Jeria, 2021). 

Pesticides Residues in Water 

Water is essential in life and only a small percentage of the 

inland water is fresh and recycled by the water cycle. As a 

result, only small amount of the inland water is left for 

drinking, agriculture, industry and; while the majority is 

contaminated by the human activities (Ganaie et al., 2023; 

Pérez-Lucas et al., 2018). Pesticides and other chemicals  

are discharged into the water bodies causing significant 

water pollution. This contaminates or kills fishes and other 

aquatic animals. In addition, when contaminated water is 

used for irrigation it contaminates the farm produces and 

cause poisoning among the end users which may manifest 

as cancers, asthma, cardiac arrest, liver damage, and kidney 

failure (Yadav & Devi, 2017; Li et al., 2008). A report 

published by the Environmental Protection Agency (EPA) 

in 1990 reveal that, 50% of water contamination from 

ponds, streams, and rivers are caused by the discharge of 

chemicals from agriculture. Pesticides released into the 

aquatic ecosystems may cause soil erosion, aerial 

sprinkling or landslide (Gonçalves & da Silva, 2022; WHO, 

2020).  

The higher the pesticides water-solubility the faster it 

contaminate both surface water and groundwater. Heavy 

rainfall or large volume of water from irrigation dissolves 

large quantity pesticides and drain them into the rivers 

through leaching (Pérez-Lucas et al., 2018; Sankhla et al., 

2018).  

Generally, pesticides  contaminates underground water 

more than the surface water. This is because surface water 

contains abundant oxygen and microorganism which brake 

down the pesticides to less toxic compounds (Riyaz et al., 

2022; Manjarres-López et al., 2021). In order to control 

water pollution by pesticides, various techniques have been 

applied such as leaching, cleaning and landfilling. 

However, water and soil decontamination methods are 

expensive and time-consuming (Li et al., 2008; Gonçalves 

& da Silva, 2022). Water and soil contamination by 

pesticides can be treated with organic wastes, compost 

dung or earthworm techniques. The aim  is to change the 

water or soil taste and decrease the concentration of toxic 

chemicals. Furthermore, decontamination may be achieved 

through the application of various bacterial species to 

produce biosurfactants (Tarla et al., 2020; Yañez-Ocampo 

et al., 2016). This procedure is known as Bioremediation 

techniques. It involves the use of microorganisms to 

produce enzymes that degrade and convert pesticides into 

less poisonous products (Mishra et al., 2022; Sanchez-

Hernandez, 2019). 

Pesticides Residue in Plants 

Pesticides are regularly used in agriculture and forestry to 

kill pests and improve crop production. Pesticides when 

applied to fruits and vegetables they directly increase their 

yield significantly. Also, they improved the quality and 

their nutritional values (Ssemugabo et al., 2022; Damalas & 

Koutroubas, 2016).  Therefore, pesticides are considered 

necessary to boost agriculture and meet up with the global 

food demands. However, regular use of pesticides may lead 

to their buildup in plants. When these plants are consumed 

by people they may cause health risk to the famers and the 
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consumers (Ansari et al., 2024; Stanton et al., 2018. The 

negative health effect of pesticides may occur immediately 

or overtime due to gradual accumulation of the chemicals. 

A number of reports have revealed that exposure to 

pesticides may cause cancers, birth defects, hormonal 

abnormality, reproductive disorders, neurological illnesses 

and mental disorders. In addition to this, pesticides may 

trigger environmental pollution and degradation (WHO, 

2022, EFSA, 2022).  

In an attempt to control the negative effect of pesticides, 

farmers must ensure that the limit of pesticide residues in 

their farm do not exceeded the maximum threshold called 

as Maximum Residue Limits (MRL) (Leskovac & Petrović, 

2023; Khatun, 2023). The MRLs is defined as the 

maximum quantity of a pesticide residue permitted in food 

or animal feeds, expressed as mg/kg of the food. The 

presence of pesticide deposits in vegetables and fruits is 

harmful to people’s health once it exceeds the MRL. 

Worldwide, good agricultural practices (GAP) are 

measured in terms of pesticide regulations (MRLs) among 

others. The primary focus of MRLs is to evade potential 

health hazard due to exposure to high concentration 

pesticide (Leskovac & Petrović, 2023; Khatun 2023). 

Pesticides Residue in Fish and Other Aquatic Animals 

Pesticides from farmland usually drain into the rivers or 

water bodies. As such, large quantity may gradually 

accumulate in the body of fishes and other aquatic animals. 

Later, this will be transfer into the human body whenever 

they consume fish and other sea foods (Ahmad et al., 2024; 

Pathak et al., 2022). This suggests the need to periodically 

determine the level of pesticides residue in aquatic animals 

before consumption in order to prevent potential health 

hazards. Recently, a number of pesticides that are still in 

use such as chlorpyrifos, pendimethalin, or trifluralin have 

been found in fish. Notably, fish has moderate ability to 

metabolize the organochlorine pesticides (OCPs) placing it 

at a high risk of contamination b(Abbassy et al., 2021; 

Magna et al., 2022). Interestingly, the amounts of OCPs 

found in fish gills can be used to suggest level of OCPs 

concentration in that water. The majority of the pesticides 

taken by fishes are usually stored in the liver. Henceforth, 

the amount of pesticides that kill fishes can be used to 

measure the level of water pollution. A number of health 

effects have been identified caused by consumption of 

contaminated aquatic animals. The most common ones 

include blood diseases, reproduction defects, cancers and 

endocrine diseases (Boedeker et al., 2020; Islam et al. 

2022).  

Pesticides Use in Africa 

The economy of African countries  essentially relies on 

agriculture. It was estimated that about 59% of the peoples’ 

source of income is through agriculture. Despite this, there 

is poor supply of pesticides. The total supply of pesticides 

to Africa is only about 2-4% of the global distribution. The 

population of Africa is growing very fast with a reciprocal 

increase in the demands for food and the need for pesticide  

for agriculture (Adebisi et al., 2023; Manyilizu et al., 

2019)[102-103]. The primary goal for the use of pesticide  

is to increase yields and maximize in profits. Despite these 

advantages, generally there is  lack of awareness on the 

safe use of pesticides among farmers causing significant 

health risks and environmental pollution. In Western 

Africa, pesticides were registered and controlled by Comité 

Sahélien des Pesticides (CSP) (Sheahan 2017; Williamson 

et al., 2008).  

In Africa, importation and use of pesticides is marred with 

series of anomalies such as lack of proper regulation, 

corruption, and lack of awareness on the risks associated 

with pesticides. A report by Pesticide Risk Reduction 

Program revealed that 53% of the registered pesticides 

were classified as WHO-Class II chemicals (moderately 

hazardous) (Anaduaka et al.  2023; Haggblade et al., 2021). 

Also, in another report 50% of farmers in Botswana use 

malathion and cypermethrin pesticides that were WHO-

Class II chemicals (moderately hazardous). Also, in the 

same country, 7.1% of farmers use methomyl, 1.8% use 

dichlorvos, and 2.7% use demeton-S-methyl. These 

pesticides fall under WHO-Class Ib chemicals (highly 

hazardous) (Ojo, 2016; Oluwole & Cheke, 2019). In 

Nigeria, 78% of farmers use monocrotophos that falls 

under WHO-Class Ib chemicals. There was also report of 

the use of other pesticides such atrazine and metolachlor 

that belongs WHO-Class III chemicals (slightly hazardous). 

Others include lindane, paraquat and copper sulfate that are 

categorized as WHO class II chemicals (moderately 

hazardous) (Ojo, 2016; Oluwole & Cheke, 2019). In 

Zambia, 41% farmers apply monocrotophos that is WHO 

class Ib. Also in Malawi, 25% of farmers use parathion that 

falls under WHO-Class Ia pesticide (extremely hazardous). 

Other African countries such as Ghana, Benin, Senegal and 

Ethiopia use pesticides that fall under different WHO 

pesticides risk classification such as malathion (III), 

glyphosate (III), cypermethrin (II), chlorpyrifos (II), 

dimethoate (II), deltamethrin (II), fenitrothion (II), 

endosulfan (II), and profenofos (II). These classes 

pesticides are also used frequently in Ethiopia, Senegal, 

Benin, and Ghana (Williamson et al., 2008; Snyder et al, 

2015). 

Health and Environmental Risks Caused by Heavy 

Metals  

Heavy Metals 

Heavy metals are described as substance with atomic 

weight above 20 and density greater than 5.0 g/cm3. 

Examples of heavy metals include arsenic (As), cadmium 

(Cd), lead (Pb), nickel (Ni), mercury (Mg), chromium (Cr), 

cobalt (Co), copper (Cu), and zinc (Zn) (Jadaa & 

Mohammed, 2023; Gutiérrez-Ravelo et al., 2020). Heavy 

metals are primarily divided into essential and non-

essential metals based on the body requirements for trace 

micronutrients. Essential heavy metals include iron, zinc 

and nickel that are needed by the human, animals, and 

plants as cellular building materials. Non-essential heavy 

metals include lead, cadmium, and mercury that are not 

needed because they are toxic to the biological system 

(Jadaa & Mohammed, 2023; Gutiérrez-Ravelo et al., 2020). 

In general, heavy metals are natural and essential 

components of humans, animals, plants and 

microorganisms and they play vital roles during 

physiological activities. Despite these advantages, they 
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cause dose-dependent toxicities in human bodies and the 

environment. Therefore, toxicity occurs mostly when their 

amount in the body exceeded the required threshold level 

(Abd Elnabi et al., 2023; Engwa et al., 2019). The primary 

manifestation of heavy metals toxicity include cancers, 

heart diseases, reproductive diseases, endocrine and mental 

disorders. They also pollute environment and cause 

disruption of microbial balance, destabilization of 

ecosystem, and significantly reduce soil fertility (Abd 

Elnabi et al., 2023; Engwa et al., 2019).  

Cadmium Health Risks and Environmental Hazards 

Cadmium is a heavy metal that gets into the ecosystem 

through the process of metal refining and other industrial 

activities. Industrial wastes such as paints, metal traces and 

battery wastes release substantial quantities of cadmium 

into the environment (Du et al., 2020; Järup & Åkesson, 

2009). Heavy rainfall and storm wash cadmium from 

metallic alloys and phosphate fertilizers into ponds, streams 

and rivers. As such, irrigation with contaminated water 

transfers a larger amount of cadmium into vegetables. 

Consequently, consumption of cadmium contaminated 

vegetables will lead to deposition of significant amount of 

cadmium into the humans and animals bodies over time 

(Du et al., 2020; Järup & Åkesson, 2009).  

Cadmium toxicity occurs mainly through the exposure to 

cadmium via inhalation or ingestion over a long period. 

Precisely, exposure by humans happens through inhalation 

of gas containing cadmium particles, ingesting of cadmium 

contaminated food or drinking water. Substances like 

fertilizers, metal alloys, metal coatings, cigarettes, 

paintings, and batteries contain substantial quantities of 

cadmium. As such, cigarette smokers have twice risks of 

getting cadmium toxicity than non-smokers (Doccioli et al., 

2024; Yimthiang et al., 2022). The primary signs and 

symptoms of cadmium toxicities include gastrointestinal 

disorders, fragile bones, kidney failure, and death at very 

high doses. Inhalation of cadmium may cause respiratory 

depression, nose inflammation, and flu-like symptoms (Liu 

et al., 2022; Wu et al., 2016). Cadmium toxicities can be 

minimized by using personal protective equipment at work 

place and adhering to safety guidelines. Environmental 

safety can be enhanced through a reduction in the use of 

phosphate fertilizers. In general, government can protect 

both human and environment by ensuring adequate 

treatment of industrial and municipal wastes before 

discharging them into the river (Doccioli et al., 2024; 

Yimthiang et al., 2022). 

Chromium Health Risks and Environmental Hazards 

Chromium is a heavy metal that is presence in abundance 

but does not occur as free element. It is always found as a 

mixture of mineral known as chromite. Chemically, 

chromium ions exist in two main forms, the chromium (III) 

and chromium (VI) ions. Chromium (III) is harmless to the 

human body and it is an essential element necessary for 

metabolism. However, chromium (VI) is very harmful and 

has lower threshold of toxicity (Zulfiqar et al., 2023; Prasad 

et al., 2021). Notably, chromium has various uses in an 

industry; it is used for making of metallic alloys, hardening 

of steel, and dye production. Typical example includes the 

use of 18% of chromium for hardening and sterilizing 

stainless steel `to prevent corrosion. Chromium is also used 

in paint for high quality painting of metallic objects. As a 

result, chromium painted alloy is the primary source of 

chromium contamination affecting environment and water 

bodies (Iyer et al., 2023; Shin et al., 2023).  

Chromium from ponds and rivers is taken up by fishes and 

other sea foods leading to its accumulation in their bodies. 

During dry season farming using chromium-contaminated 

water for irrigation leads to the absorption of chromium by 

the crops. It is through this way chromium accumulates 

gradually in the human body. In addition, consumption of 

chromium-contaminated fish may raise the concentration 

above normal threshold causing chromium toxicity 

(Georgaki et al., 2023; Fatnani et al., 2023). The primary 

route of exposure to chromium is via inhalation or direct 

ingestion of chromium-containing substances. The primary 

symptom of chromium toxicity is its ability to trigger 

various oxidation reactions that will cause hemolysis, liver, 

and kidney damage. Furthermore, high quantity chromium 

(VI) modifies the genetic composition of human body 

causing cancers and malignancies. Others symptoms 

include gastrointestinal, dermatitis, ulcers,  disturbances, 

fever, neurological disorder, respiratory depression,  and 

even death (Iyer et al., 2023; Shin et al., 2023). 

Copper Health Risks and Environmental Hazards 

Copper is a heavy metal that has wide applications, it is 

very soft and highly elastic that can be molded to various 

forms and shapes without breaking. Copper is used as the 

number one metal conductor for generating electricity 

(Charkiewicz et al., 2024; Fan, 2023). As a result most 

electrical connections within buildings are made using 

copper metal. It has other specialized function, for instance 

brass is made up of combination of copper and zinc. Also, 

cupronickel is made up of copper and nickel and it is used 

for printing currencies (Charkiewicz et al., 2024; Fan, 

2023). Notably, copper is used as vital plant macronutrient 

responsible for chlorophyll formation, seed production, and 

enzymatic activities. Hence copper sulfate is suitable 

component during crop production. The versatile nature of 

copper and its varieties of applications may lead to its 

gradual deposition and accumulation in the environment. 

Also, discharge of untreated industrial waste increases the 

deposition and contamination of environment by copper 

(Domingo, 2024; Taylor et al., 2023). 

Physiologically, copper is responsible for bone formation, 

nerve functions, red blood cells production, and 

maintenance of immune system. As such, there is need for 

daily intake to prevent deficiency. Examples of copper 

deficiency include Menkes disease, Wilson’s disease, and 

Alzheimer’s disease (Zhao et al., 2024; EFSA Scientific 

Committee et al., 2023). Despite this the maximum 

quantity of copper metal a human body can accommodate 

is 10 mg per day and any increase above this may  cause 

toxicity. The sign and symptoms of copper toxicity include 

dizziness, headaches, nausea, vomiting and diarrhea 

(Domingo, 2024; Taylor et al., 2023). 
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Lead Health Risks and Environmental Hazards 

Lead is a heavy metal with various applications in the 

industries. It is used in production of paint, battery making, 

building ship and other machines. Lead tetraethyl was used 

earlier to minimize wear and tear of engine valves and to 

prevent the engine from knocking (Raj and Das, 2023; 

Sonne et al., 2023). Leaded-fuel was used in the fast to 

clean engine and improve the efficiency of motor vehicle. 

Also, lead pipes were also used for municipal water supply 

in the past. However, people get expose to a large quantity 

of lead through water supply. In addition, batteries made 

from lead harbor a substantial amount of lead into the 

environment (Raj and Das, 2023; Sonne et al., 2023). 

Furthermore, lead residue from motor exhaust, traces of 

lead from wall paints, worn out lead water pipe gradually 

get deposited on the environment and cause pollution. 

Overall, traces of lead particles when it gets into the human 

body through any of the above processes will causes 

serious toxicities. Unfortunately, children are more 

vulnerable to lead poisoning. This is due to the possibility 

of ingesting paint scratched from wall and having low level 

of body immunity (WHO, 2023; Ghosh, 2023). 

Lead from air or soil is washed by the rainfall into the 

ponds, seas and rivers. Fishes and other aquatic animals 

absorbed lead causing its significant accumulation in their 

body. Whenever lead-contaminated fishes are eaten by 

humans different signs and symptoms of lead poisoning 

could manifest. Similar, episode may occur when lead 

contaminated water is used for irrigation (WHO, 2023; 

Ghosh, 2023). Substantial quantity of lead may be absorbed 

by the vegetables causing toxicities among people who 

consume it. The sign and symptoms of lead toxicity in 

adults include abdominal pain, anemia, high blood 

pressure, seizures, kidney failure, and even death. In 

children major symptoms include mental illness, attention 

deficit hyperactivity disorder, and stunted growth (WHO, 

2023; Ghosh, 2023).   

Zinc Health Risks and Environmental Hazards 

Zinc metal is another heavy metal with wide industrial and 

medical application. Major uses of zinc include battery 

production, galvanization, zinc-metal alloys, and 

production of radiation protector. Other functions of zinc 

include production of paints, pigments, fertilizer, and for 

construction of explosion protector equipment. Medically 

zinc is a trace element taken by an individual daily as 

recommended by health personnel (Schoofs et al., 2024; 

Vuong et al., 2023). The recommended daily dose of zinc is 

and 11 milligrams for people aged 14 years and above, 8mg 

for children aged 9-13 years, and 5mg for children below 8 

years. This is to maintain healthy body cells, tissues and 

organs. However, excessive intake of zinc above the daily 

recommended dose may lead to zinc toxicity (Schoofs et 

al., 2024; Vuong et al., 2023).  

Several industrial applications of zinc and its uses in house 

hold made zinc prone to health risk and environmental 

hazard. The major sources come from fertilizer used in 

agriculture, paint and zinc metal from industrial waste. 

When large industrial effluent or zinc containing fertilizers 

are discharged into the ponds, seas and rivers it may lead to 

a consumption of a substantial amount of zinc by the fishes 

and other aquatic animals (El-Agawany & Kaamoush, 

2023; Chasapis et al, 2020). This load of zinc will later 

transferred to humans who consumed those fishes and may 

accumulate over time through a process called bio 

magnification. In addition, during irrigation zinc 

contaminated water used will be absorbed by vegetables 

and other crops. People who consume vegetables regularly 

especially vegetarians may experience zinc toxicity over 

timer. This happens whenever the amount of zinc the body 

surpassed the daily recommended dose (El-Agawany & 

Kaamoush, 2023; Chasapis et al, 2020).  

The signs and symptoms of acute zinc poisoning include 

mild gastrointestinal disturbances including nausea, 

vomiting, diarrhea, and fever. Chronic zinc poisoning may 

occur due to continuous accumulation over time. An 

elevated amount of zinc in the tissues can disrupt the 

balance of other metals in the body and normal body 

metabolism (Du et al, 2023; Boreiko, 2010). Typical 

examples include inhibition of the absorption of copper into 

the systemic circulation causing copper deficiency. It also 

interferes with iron metabolism in the body causing 

hematological disorders such as anemia and eosinophilia. 

High amount of zinc may lower concentration of high-

density lipoprotein and body immune mechanism. 

Symptoms of chronic zinc toxicity include gastrointestinal 

disorders, respiratory depression and neurological disorders 

(Du et al, 2023; Boreiko, 2010). 

Table 2.1: Summary of the Sources of Heavy Metals, their Health Risks, and Environment Hazards (Afzaal et al., 2022).  

Heavy Metals Sources Effects 

Pb (Lead) o Acid batteries 

o Old plumbing system 

o Lead shots used for hunting 

o Combustion of leaded gasoline 

o Lead smelters 

o Waste incinerations 

o Ore and metals processing 

o Utilities 

o Effects air quality 

o Effects freshwater 

o Effects drinking water 

o Food items 

o Various health problems in human beings 

o (Cardiovascular) 

o Bioaccumulation 

o Disturb soil function 

o Effects the global balance 

o Effect aquatic insect community 

Hg (Mercury) o Mining 
o Contaminate the fish, sea food and wild life 

o Cause various disorders in human health and 
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o Urban discharge 

o Agricultural materials 

o Atmospheric deposition 

o Combustion and industrial discharge 

o Cosmetic materials 

o Religious materials 

different organs (Immunological, neurological, 

reproductive & embryonic toxicological effects 

o Effects on plants and soil health 

o Accumulation into food, plants, water and soil 

Zn (Zinc) o Microplastic pollution in marine ecosystem 

adsorb 

o Heavy metals 

o Traffic emissions 

o Industrial emissions 

o Hazardous waste sites 

o Mining 

o Smelting 

o Contaminate surface water 

o Bio-accumulated in fishes 

o Increase acidity of water ecosystem 

o Effects aquatic insect community 

o Soil contamination 

o CO2 release by Zn production 

o Hazardous for unborn/newborn 

Cu (Copper) o Industrialization 

o Moto oils 

o Paints 

o Copper IUDs 

o Agricultural activities 

o Mining 

o Metal and electrical manufacturing 

o Domestic use of pesticides 

o Leather processing 

o Automotive brake pads 

o Ocean acidification 

o Bioaccumulation 

o Effects aquatic creature health (by damaging 

kidneys, nervous systems, and livers) 

o Effects on human health 

o Effects aquatic species 

o Liver cirrhosis in children 

o Multiple problems in human health (nausea, diarrhea, 

chest pain, irritation in respiratory tract) 

Cadmium (Cd) o Excessive fertilization 

o Incineration of municipal waste & sewage sludge 

o Incineration 

o Metal mining 

o Processing to ores 

o Burning of fossils fuels 

o Cause various types of cancer 

o Bioaccumulation in foods 

o Air pollution 

o Groundwater pollution 

o Different health impacts (Bristling of bones) 

Ni (Nickel) o Coal combustion 

o Incineration of waste 

o Mining activities 

o Smelters 

o Traffic oil combustion for heat and electricity 

o Non-ferrous metal production 

o Metallurgical, chemical and food processing 

industries 

o Tobacco smoking 

o Kitchen utensils 

o Stainless steel products 

o Dental and orthopedic implants 

o Wind-blown dust by weathered rocks and soil, 

o Volcanic emissions, forest fires 

o Vegetation 

o Toxic to plants 

o Toxic to living organisms 

o Effects the ocean and fresh water ecosystem 

o Effects phytoplankton 

o Carcinogenic 

o Effects soil fertility by altering mineral nutrition 

Cr (Chromium) o Electroplating industries 

o Leather tanneries 

o Textile industries 

o Steel 

o Industrial combustion 

o Wood burning 

o Reuse incineration 

o Fertilizers 

o Effects soil fertility 

o Effects plants growth 

o Effects germination 

o Effects yield 

o Effects physiological processes in plants 

o Bioaccumulation 

o Effects human health 

o Carcinogenic 

o Effects surface water 

As (Arsenic) o Timber treatment 

o Agricultural chemicals 

o Glass production 

o Metal alloys 

o Air pollution 

o Soil contamination 

o Water pollution 

o Inhibition of growth, photosynthesis and 

o reproduction 
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o Pharmaceutical 

o Mining 

o Metal smelting 

o Burning of fossil fuels 

o Microplastic particles 

o Lethality 

o Behavioral changes in individuals 

o Toxicity to rice seedling/growth 

 

Conclusion 

As human population increases economic activities such as 

agriculture, building construction, industrial, and mining 

activities continue to expand to meet up with the needs of 

the emerging communities. Despite the economic 

importance of these, they cause significant health and 

environmental risks through discharging pesticides from 

farmlands, toxic industrials waste, and heavy metal from 

industrial and mining sites. Agricultural pesticides and 

heavy metals pollute cities and villages, causing diseases 

such as cancer, asthma, cardiac arrest, liver damage, kidney 

failure, reproductive diseases, endocrine, gastrointestinal 

and mental disorders. They also cause environmental 

contamination that damages crops, kill fish and other 

aquatic animals, and pollutes the atmosphere. Children and 

neonates are the most vulnerable group of humans affected 

by these chemicals. Overall, pesticides and heavy metals 

cause health risks and environmental hazards that directly 

affect quality of life, domestic and commercial activities. 

Recommendation 

i. Farmers should be studied to assess the level of health 

and environmental risks posed by agricultural pesticides 

and heavy metals.  

ii. The use of fertilizer containing heavy metals should be 

substituted with organic fertilizers in order to protect the 

environment. 

iii. There is need for government to enforce policies to 

ensure treatment of industrial waste and control of their 

discharge into the environment. 

iv. Government and business owners should supply and 

enforce the use of personal protective equipment on 

farmlands, industries and hospitals. 

v. Authorities should take urgent measures to protect 

aquatic and humans and environment from further damages 

caused by pesticides and heavy metals. 
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