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Preface 

This book adopts an exegetical approach as well as a pedagogic model, making it attractive 

agriculture and environmental economics teachers, professional practitioners and scholars. It is 

eschews pedantry and lays bars the issues in such clarity that conduces to learning. The book 

elaborates on contemporaneous The Concept of Value Chains in Agriculture, Climate Action 

and Environmental Resources issues of global significance and at the same time, is mindful of 

local or national perspectives making it appealing both to international and national interests. The 

book explores the ways in which climate change, food security, national security and  

environmental resources  issues are and should be presented to increase the public’s stock of 

knowledge, increase awareness about burning issues and empower the scholars and public to 

engage in the participatory dialogue climate change, food security, national security and 

environmental resources necessary in policy making process that will stimulate increase in food 

production and environmental sustainability. 
The Concept of Value Chains in Agriculture, Climate Action and Environmental Resources: 

Global issues and Local Perspectives is organized in three parts. Part One deals with The Concept 

of Value Chains in Agriculture,  Part Two is concerned with The Concept of Climate Actions and 

Part Three deals with the Concept of Value Chains and Environmental Resources. 

Eteyen Nyong/ Ignatius Onimawo 
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- Key takeaways 

- Implications 

- Future directions 

References 

 

I. INTRODUCTION 

The extensive use of agricultural chemicals such as pesticides, herbicides, and fertilizers has 

become fundamental to modern farming. Although these substances have boosted crop yields and 

enhanced food security, concerns about their effects on human health and the environment have 

intensified. Recent findings indicate that exposure to these chemicals can lead to serious health 

issues, including cancer, neurological damage, reproductive problems, and respiratory conditions, 

affecting not only agricultural workers but also consumers who ingest contaminated food. 

Despite the benefits of agricultural chemicals, the lack of effective regulation, inadequate handling 

practices, and insufficient awareness among farmers and consumers have led to widespread 

exposure to these hazardous substances, resulting in significant health risks. This highlights the 

need for a comprehensive analysis of the value chain to identify critical exposure points and 

develop strategies to mitigate these health risks. 

 

This chapter explores the health impacts of agricultural chemicals by focusing on their value chain. 

By examining the production, distribution, application, and consumption processes, we can 

identify critical exposure points and devise strategies to mitigate these health risks. 

The chapter is structured into six sections. Following this introduction, we will discuss the role, 

benefits, and drawbacks of agricultural chemicals in modern agriculture. Next, we will analyse the 

health risks linked to exposure, followed by an evaluation of the value chain and key exposure 

points. Case studies will illustrate the effects of these chemicals on human health, concluding with 

recommendations for risk reduction as key take away and policy implications. 
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II. The Use of Agricultural Chemicals in Modern Agriculture 

Agricultural chemicals such as pesticides, herbicides, and fertilizers are vital in modern 

agriculture. Farmers extensively use them to boost crop yields, mitigate pests and diseases, and 

enhance food security (Liu, Zhang, Xu, and Li, (2020). However, the widespread use of these 

chemicals has raised significant concerns regarding their impact on the environment and human 

health. Studies have indicated that the runoff from agricultural fields can contaminate water 

sources, leading to adverse effects on aquatic ecosystems (Kumar, Kumar, Sharma, and Kumar, 

2020). Additionally, prolonged exposure to certain pesticides is associated with various health 

issues, including respiratory problems and potential links to cancer (Miklavčič, Cerkvenik, and 

Kuhar, 2018). 

Furthermore, the reliance on chemical solutions has sparked discussions about sustainable farming 

practices. Integrated Pest Management (IPM) and organic farming are gaining traction as 

alternatives that emphasize ecological balance and minimize chemical use (Levi, Berti, and 

Barberi, 2019). These methods not only aim to protect biodiversity but also promote soil health 

and reduce the dependency on synthetic agrochemicals. 

As agricultural practices continue to evolve, it is crucial to assess both the benefits and risks 

associated with agricultural chemicals. Striking a balance between productivity and sustainability 

will be essential for the future of food security, ensuring that the needs of the present do not 

compromise the ability of future generations to meet their agricultural demands (Food and 

Agricultural Organization [FAO], 2017). Implementing regulatory frameworks and promoting 

research into safer alternatives can pave the way for more responsible use of farm chemicals in 

striving for a healthier planet. 

Role of Agricultural Chemicals in Modern Agriculture 

Agricultural chemicals serve several purposes in modern agriculture: 

A. Pest Control: Pesticides in Modern Agriculture: Pest control is a critical aspect of modern 

agriculture, and pesticides play a vital role in managing pests and diseases that can damage 
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crops and reduce yields. Pests and diseases can cause substantial pecuniary losses for farmers, 

and pesticides help to mitigate these losses. 

Types of Pests Controlled by Pesticides 

Pesticides control a variety of pests, including: 

i. Insect pests: Aphids, whiteflies, and caterpillars that damage crops by feeding on leaves, 

stems, and fruits. 

ii. Nematodes: microscopic worms that attack plant roots, including Root-knot nematodes, Cyst 

nematodes, and Lance nematodes 

iii. Mites: Tiny arachnids that feed on plant sap, such as Spider mites and Rust mites 

iv. Slugs and Snails: Pesticides can control slugs and snails, which can damage plants, 

especially in greenhouses and gardens. 

How Pesticides Work 

Pesticides operate by: 

i. Eliminating or deterring pests: Utilizing toxic effects or modifying pest behaviour. 

ii. Inhibiting pest growth: Disrupting life cycles or interfering with physiological processes. 

iii. Shielding plants from disease: Preventing the spread of pathogens or enhancing the plant's 

natural defences. 

B. Weed control: Herbicides in Modern Agriculture 

Weed control is essential in modern agriculture, with herbicides being crucial for managing 

weeds that compete with crops for water, nutrients, and light. Zimdahl (2013), Swanton and 

Weise (1991), and Buhler (2002) indicate that weeds can lead to substantial economic losses 

for farmers by reducing crop yields, raising production costs, and harbouring pests and diseases. 

Types of Weeds Controlled by Herbicides 

Herbicides effectively control various types of weeds, including: 

i. Broadleaf weeds: dandelions, clover, and thistles. 

ii. Grassy weeds: crabgrass, foxtail, and quack grass. 

iii. Sedges and rushes: yellow nutsedge and cattails. 
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How Herbicides Work 

Herbicides work by: 

i. Inhibiting photosynthesis: Blocking weeds from generating energy through 

photosynthesis.   

ii. Disrupting plant growth: Interfering with plant hormones, leading to abnormal weed 

growth. 

iii. Damaging plant tissues: Causing physical damage to weed tissues, leading to death. 

C. Nutrient Management: Fertilizers in Modern Agriculture 

Fertilizers are vital in modern agriculture, supplying essential nutrients for crop growth. 

Nutrient management involves overseeing these nutrients, with fertilizers being a fundamental 

part. 

Fertilizers deliver three primary nutrients: 

Fertilizers provide three main types of nutrients: 

i. Nitrogen (N): Essential for plant growth and development, nitrogen is a key component of 

amino acids, nucleotides, and chlorophyll. 

ii. Phosphorus (P): Important for plant growth and development, phosphorus is involved in 

photosynthesis, respiration, and nutrient transport. 

iii. Potassium (K): Helps regulate plant growth and development. It is also involved in 

photosynthesis, respiration, and nutrient transport. 

Brady and Weil (2008) note that fertilizers offer key benefits in nutrient management, such as 

supplying essential nutrients that boost crop yields, enhance quality, and support proper 

development. They also help maintain soil fertility, minimizing degradation and erosion, while 

enabling farmers to optimize nutrient use, cut waste, and improve efficiency. 

D. Crop Protection: Agricultural Chemicals in Modern Agriculture 

Agricultural chemicals are indispensable in shielding crops from the detrimental effects of 

environmental stresses, including drought, extreme temperatures, and other abiotic factors. By 
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providing critical protection, these chemicals enable crops to withstand harsh environmental 

conditions, thereby minimizing the risk of crop failure and enhancing overall crop resilience. 

Types of Crop Protection Provided by Agricultural Chemicals 

Agricultural chemicals provide several types of crop protection, including: 

i. Drought protection: Chemicals like drought-tolerant coatings and moisture-retentive 

polymers help crops conserve water and withstand drought conditions (Johnson, Williams, 

and Miller, 2013). 

ii. Temperature protection: Chemicals like antitranspirants and frost protectants help crops 

withstand extreme temperatures, reducing the risk of damage or loss (Baur, Buchs, and 

Kullmann, 2017). 

iii. Soil protection: Chemicals like soil conditioners and mulches help protect soil from 

erosion, nutrient depletion, and other forms of degradation (Lal, 2004). 

Sharma, Kumar, and Thind (2022) state that agricultural chemicals benefit crop protection by 

enhancing resilience, increasing yields and productivity, improving quality, and reducing damage 

and economic losses from environmental stresses. 

Benefits and Drawbacks of Agricultural Chemicals 

Agricultural chemicals like pesticides and fertilizers boost crop yields but raise concerns about 

environmental pollution and health risks, as highlighted by Lu Zhang from Huazhong Agricultural 

University. While they increase productivity, they can harm the environment and soil health. 

Benefits of Agricultural Chemicals 

a) Increased Crop Yields: They effectively manage pests and weeds, enhancing food security. 

b) Improved Crop Quality: Efficient pest and disease control ensures safer, higher-quality 

crops. 

c) Reduced Labour Costs: These chemicals lessen the reliance on manual pest and weed 

control. 

d)  Increased Efficiency: Fertilizers optimize farming practices, minimizing waste. 

e)  Enhanced Food Safety: Proper pesticide usage reduces the risk of foodborne illnesses. 
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Drawbacks of Agricultural Chemicals 

Despite the benefits, the use of agricultural chemicals also has several drawbacks: 

a) Environmental Pollution: The use of agricultural chemicals can lead to environmental 

pollution, contaminating soil, water, and air (Lal, 2004). 

b)  Human Health Risks: Exposure to agricultural chemicals has been linked to various health 

problems, including cancer, neurological effects, and reproductive problems (Alavanja, 

Ross, and Bonner 2013). 

c) Development of Pesticide-Resistant Pests: The overuse of pesticides can lead to the 

development of pesticide-resistant pests, reducing their effectiveness (Norsworthy, Ward, 

Shaw, Llewellyn, Nichols, Webster, ... & Leon et al., 2012). 

d) Soil Degradation: The use of fertilizers like NPK can lead to soil degradation, reducing its 

fertility and affecting its structure (Schnitzer and Khan, 1978). 

e) Economic Costs: The use of agricultural chemicals can be expensive, reducing farmers' 

profit margins and increasing the cost of production (Havlin, Tisdale, Nelson, and Beaton, 

2014). 

f) Impact on Beneficial Organisms: Agricultural chemicals can harm beneficial organisms, 

such as bees and butterflies, which are essential for pollination and ecosystem health (Potts, 

Biesmeijer, Kremen, Neumann, Schweiger, and Kunin, 2010). 

III.  Health Risks Associated with Agricultural Chemicals 

Exposure to agricultural chemicals can pose significant health risks to farmers, farmworkers, and 

communities living near agricultural areas. These chemicals can contaminate air, water, and soil, 

leading to various health problems. 

Acute Health Effects of Agricultural Chemical Exposure 

a) Respiratory problems: Inhaling agricultural chemicals can cause respiratory problems, which 

can range from mild to severe. These difficulties can be acute, meaning they occur immediately 

after exposure, or chronic, meaning they develop over time. 

Types of Respiratory Problems: 
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i. Asthma: Exposure to agricultural chemicals can trigger asthma attacks, characterized by 

wheezing, coughing, and shortness of breath (Kim, Lee, and Kim, 2022). 

ii. Chronic Obstructive Pulmonary Disease (COPD): Long-term exposure to agricultural 

chemicals can increase the risk of developing COPD, a progressive lung disease that makes 

it difficult to breathe  

iii. Other Breathing Difficulties: Inhaling agricultural chemicals can also cause other breathing 

difficulties, such as bronchitis, pneumonia, and chronic coughing (Singh, Kumar, and Jain, 

2020). 

Chemicals Associated with Respiratory Problems: 

i. Pesticides: Insecticides, herbicides, and fungicides can all cause respiratory problems, 

especially when inhaled  

ii. Fumigants: Fumigants, such as methyl bromide, can cause respiratory problems, including 

asthma and COPD  

iii. Dusts: Dusts from agricultural chemicals, such as pesticides and fertilizers, can also cause 

respiratory problems  

b) Skin irritation: Contact with agricultural chemicals can cause skin irritation through direct 

contact, posing significant health risks to farmers, agricultural workers, and others exposed. 

Types of Skin Irritation 

Skin irritation caused by agricultural chemicals can manifest in various forms, including: 

i. Rashes: Red, itchy, and inflamed skin patches can occur due to exposure to agricultural 

chemicals. 

ii. Blisters: Fluid-filled blisters can form on the skin, leading to discomfort and pain. 

iii. Burns: Severe skin irritation can cause burns, ranging from mild to severe. 

Causes of Skin Irritation 

Skin irritation from agricultural chemicals can be attributed to several factors, including: 

i. Direct contact: Touching or handling agricultural chemicals without proper protective gear 

can lead to skin irritation. 
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ii. Inadequate protective equipment: Failing to wear or using insufficient protective clothing, 

gloves, or masks can increase the risk of skin irritation. 

iii. Prolonged exposure: Extended exposure to agricultural chemicals can heighten the risk of 

skin irritation. 

c) Ophthalmic/Eye condition: Exposure to agricultural chemicals can pose significant health risks 

to farmers, agricultural workers, and individuals exposed to these substances. One of the 

primary health concerns is eye damage, which can occur through direct contact with agricultural 

chemicals. 

Types of Eye Damage 

Eye damage caused by agricultural chemicals can manifest in various forms, including: 

i. Conjunctivitis: Inflammation of the conjunctiva, the membrane covering the white part of 

the eye, can cause redness, itching, and discharge. 

ii. Cataracts: Clouding of the lens in the eye can impair vision and increase the risk of 

blindness. 

iii. Corneal ulcers: Open sores on the cornea, the clear layer on the front of the eye, can cause 

severe pain, blurred vision, and sensitivity to light. 

iv. Vision problems: Exposure to agricultural chemicals can also cause blurred vision, double 

vision, and other vision problems. 

Causes of Eye Damage 

Eye damage from agricultural chemicals can be attributed to several factors, including: 

i. Direct contact: Splashes or spills of agricultural chemicals can come into contact with the 

eyes. 

ii. Inadequate protective equipment: Failing to wear or using inadequate protective eyewear 

can increase the risk of eye damage. 

iii. Prolonged exposure: Extended exposure to agricultural chemicals can heighten the risk of 

eye damage. 

Chronic Health Effects of Agricultural Chemical Exposure 
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a) Cancer: Exposure to certain agricultural chemicals, such as glyphosate and organophosphate 

pesticides, has been associated with an increased risk of cancer. Specific types of cancer linked 

to agricultural chemical exposure include: 

i. Non-Hodgkin's lymphoma 

ii. Leukemia 

iii. Other haematological malignancies 

The International Agency for Research on Cancer (IARC) has classified glyphosate as "probably 

carcinogenic to humans" (IARC, 2015). Similarly, organophosphate pesticides have been linked 

to an increased risk of non-Hodgkin's lymphoma and leukemia (Alavanja et al., 2013). 

b) Neurological Problems: Long-term exposure to agricultural chemicals has been linked to 

neurological problems, including: 

i. Parkinson's disease 

ii. Alzheimer's disease 

iii. Other neurodegenerative disorders 

iv. Neurodevelopmental disorders, such as autism and attention deficit hyperactivity disorder 

(ADHD) 

The exact mechanisms by which agricultural chemicals cause neurological problems are not fully 

understood. However, research suggests that these substances can disrupt normal neurological 

function, leading to chronic health effects (Singh, Kumar, Jain, 2020). 

c) Reproductive Problems: Exposure to agricultural chemicals has been linked to reproductive 

problems, including: 

i. Birth defects 

ii. Miscarriage 

iii. Infertility 

iv. Other reproductive disorders 

Research has shown that exposure to agricultural chemicals can disrupt normal reproductive 

function, leading to chronic health effects. For example, exposure to organophosphate pesticides 

has been linked to an increased risk of birth defects and miscarriage (Richard et al., 2005). 
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Agricultural chemical exposure can have devastating chronic health effects, including cancer, 

neurological problems, and reproductive problems. Understanding the risks and taking proactive 

measures to prevent exposure can help mitigate these effects. By promoting sustainable agriculture 

and reducing chemical use, we can create a healthier environment for farmers, agricultural 

workers, and communities. 

Vulnerable Populations to Agricultural Chemical Exposure 

Agricultural chemical exposure can have devastating health effects on various populations, 

particularly those who are most vulnerable. These populations require special consideration and 

protection due to their increased susceptibility to the adverse effects of agricultural chemicals. 

A. Children: Children are more vulnerable to the health effects of agricultural chemicals due to 

their: 

a. Developing brains and bodies (Eskenazi, Rosas, Marks, Bradman, Harley, Holland, N., ... 

and Jewell (2008). 

b. Higher metabolic rates, leading to increased absorption of toxic substances 

c. Immature detoxification systems, making it harder for them to eliminate toxins 

d. Increased hand-to-mouth behaviour, leading to higher exposure through ingestion 

Exposure to agricultural chemicals during critical developmental periods can lead to: 

a. Neurodevelopmental disorders, such as ADHD and autism 

b. Respiratory problems, such as asthma 

c. Cancer and other chronic diseases later in life 

B. Pregnant Women 

Pregnant women are also vulnerable to the health effects of agricultural chemicals, which can: 

a. Increase the risk of birth defects and other reproductive problems (Mrema, Ngowi, and 

Kishimba (2022). 

b. Affect fatal development, leading to low birth weight, premature birth, and other 

complications 

c. Pass through the placenta, exposing the developing foetus to toxic substances 
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Pregnant women living in agricultural areas or working with agricultural chemicals are at higher 

risk of exposure and should take extra precautions to minimize their exposure. 

C. Farmworkers 

Farmworkers are at higher risk of exposure to agricultural chemicals due to their occupation. They 

may experience a range of health problems, including: 

a. Acute poisoning from accidental exposure or improper use of agricultural chemicals 

b. Chronic health effects, such as cancer, neurological problems, and reproductive issues 

c. Increased risk of respiratory problems, such as asthma and chronic obstructive pulmonary 

disease (COPD) 

Farmworkers often lack access to proper protective equipment, training, and healthcare, making 

them even more vulnerable to the health effects of agricultural chemicals. 

Examples of specific agricultural chemicals and their associated health risks 

A. Insecticides 

i. Organophosphates (e.g., Malathion, Chlorpyrifos) 

- Health risks: Neurological problems, reproductive issues, cancer, and respiratory problems 

- Specific effects: Chlorpyrifos has been linked to brain damage and developmental delays 

in children 

ii. Carbamates (e.g., Carbaryl) 

- Health risks: Neurological problems, reproductive issues, and cancer 

- Specific effects: Carbaryl has been linked to an increased risk of non-Hodon's lymphoma 

iii. Pyrethroids (e.g., Permethrin) 

- Health risks: Neurological problems, skin irritation, and respiratory problems 

- Specific effects: Permethrin exposure has been associated with an increased risk of autism 

and ADHD (Vuong, Braun, and Jackson, 2018; Wagner-Schuman, Richardson, and 

Auinger, 2019). 

B. Herbicides 
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i. Glyphosate (Roundup) 

- Health risks: Cancer, neurological problems, and reproductive issues 

- Specific effects: Glyphosate has been classified as a probable human carcinogen by the 

International Agency for Research on Cancer (IARC) 

ii. Atrazine 

- Health risks: Reproductive issues, cancer, and neurological problems 

- Specific effects: Atrazine has been linked to an increased risk of birth defects and 

reproductive problems 

iii.  2,4-D 

- Health risks: Cancer, neurological problems, and reproductive issues 

- Specific effects: 2,4-D has been linked to an increased risk of non-Hodgkin's lymphoma 

and other cancers 

C. Fungicides 

i. Mancozeb 

- Health risks: Cancer, neurological problems, and reproductive issues 

- Specific effects: Mancozeb has been linked to an increased risk of prostate cancer and other 

reproductive problems 

ii. Chlorothalonil 

- Health risks: Cancer, neurological problems, and respiratory problems 

- Specific effects: Chlorothalonil has been linked to an increased risk of kidney cancer and 

other health problems 

D. Nitrates (Fertilizers) 

- Health risks: Methemoglobinemia (blue baby syndrome), cancer (specifically colorectal 

cancer) 
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- Specific effects: Exposure to nitrates has been linked to methemoglobinemia, a condition 

that reduces oxygen delivery to tissues (Duong, Tamas, and Luu, 2018), and an increased 

risk of colorectal cancer (Mueller, Nelson, & Spector, 2018). 

E. Other Chemicals 

i. DDT 

- Health risks: Cancer, neurological problems, and reproductive issues 

- Specific effects: DDT has been linked to an increased risk of breast cancer and other 

reproductive problems 

ii. Endosulfan 

- Health risks: Neurological problems, reproductive issues, and cancer 

- Specific effects: Endosulfan has been linked to an increased risk of autism, ADHD, and 

other neurological problems 

Note that this is not an exhaustive list, and many other agricultural chemicals have been linked to 

various health risks. Additionally, the specific health risks associated with each chemical can vary 

depending on the individual, the level and duration of exposure, and other factors. 

IV.   Exposure Pathways and Value Chain Analysis 

Exposure pathways and value chain analysis are two crucial concepts that help us understand how 

agricultural chemicals can impact human health. Exposure pathways refer to the routes through 

which individuals or communities come into contact with hazardous substances, such as 

agricultural chemicals. These pathways can include: 

i. Direct contact with contaminated soil, water, or air 

ii. Ingestion of contaminated food or water 

iii. Inhalation of chemical fumes or particles 

iv. Skin contact with contaminated surfaces or equipment 

Exposure pathways can be broadly categorized into: 
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i. Direct Exposure: This occurs when individuals come into direct contact with agricultural 

chemicals during application, mixing, or handling. 

ii. Indirect Exposure: This occurs when individuals are exposed to agricultural chemicals 

through environmental media, such as air, water, or soil. 

iii. Dietary Exposure: This occurs when individuals consume food contaminated with 

agricultural chemicals. 

Value chain analysis, on the other hand, is a method used to analyse the entire production process, 

from raw material extraction to end-product consumption. In the context of agricultural chemicals, 

value chain analysis can help identify the key stakeholders, activities, and exposure pathways 

involved in the production, distribution, and use of these chemicals. 

The value chain for agricultural chemicals typically involves the following stages: 

i. Manufacturing: The production of agricultural chemicals involves the use of raw materials, 

energy, and labour. 

ii. Distribution: Agricultural chemicals are transported from the manufacturer to distributors, 

wholesalers, and retailers. 

iii. Retail: Agricultural chemicals are sold to farmers, agricultural workers, and other end-

users. 

iv. Application: Agricultural chemicals are applied to crops, soil, or water. 

v. Consumption: Agricultural chemicals can contaminate food, water, and air, leading to 

human exposure. 

Potential interventions to reduce exposure risks along the value chain include: 

i. Substitution of Hazardous Chemicals: Replacing hazardous agricultural chemicals with 

safer alternatives can reduce exposure risks. 

ii. Personal Protective Equipment (PPE): Providing PPE to workers involved in the 

production, distribution, and application of agricultural chemicals can reduce exposure 

risks. 

iii. Integrated Pest Management (IPM): Implementing IPM practices can reduce the use of 

agricultural chemicals and minimize exposure risks. 
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iv. Residue Testing and Monitoring: Regular testing and monitoring of food residues can help 

identify areas where exposure risks are high. 

Applying Exposure Pathways and Value Chain Analysis to Mitigate Health Risks Associated 

with Agricultural Chemicals 

Using exposure pathways and value chain analysis enhances our understanding of the effects of 

agricultural chemicals on human health. For example: 

i. Identifying Key Exposure Pathways: Analysing the value chain reveals critical exposure 

routes for agricultural chemicals, including direct contact during application and indirect 

exposure via contaminated food and water. 

ii. Assessing Health Risks: Evaluating exposure pathways enables us to identify health risks 

linked to agricultural chemicals, including cancer, neurological issues, and reproductive 

problems.  

iii. Developing Mitigation Strategies: Understanding the value chain and exposure pathways 

allows us to create effective strategies to minimize human exposure to agricultural 

chemicals, such as promoting integrated pest management (IPM), improving pesticide 

application methods, and strengthening regulatory frameworks. 

Exposure pathways and value chain analysis are essential tools for understanding the impact 

of agricultural chemicals on human health. By applying these concepts, we can identify key 

exposure pathways, assess health risks, and develop effective mitigation strategies to reduce 

human exposure to agricultural chemicals. Ultimately, this can help promote sustainable 

agriculture, protect human health, and ensure a safer environment for future generations. 

V. Case Studies and Examples of the Impact of Agricultural Chemicals on Human Health 

Several case studies illustrate the impact of agricultural chemicals on human health and the 

effectiveness of interventions to reduce exposure risks. 

Case Study 1: DBCP (Dibromochloropropane) Exposure in Banana Plantations 

Location: Costa Rica and Philippines 

Health Effects: Male sterility, birth defects, and cancer 
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Source: NIOSH (1987) 

DBCP was widely used in banana plantations in Costa Rica and the Philippines to control 

nematodes. However, exposure led to serious health issues, including male sterility, birth defects, 

and cancer. Farmworkers faced exposure through direct contact, inhalation of fumes, and skin 

absorption. 

Health Impact: Studies indicated that DBCP exposure caused: 

- Male sterility: Damage to the testes resulted in infertility. 

- Birth defects: Pregnant women exposed to DBCP had an increased risk of birth defects. 

- Cancer: DBCP is classified as a possible human carcinogen by the International Agency 

for Research on Cancer (IARC). 

Regulatory Action: Due to its toxic effects on human health, the use of DBCP was banned in 

several countries, including the United States. 

Case Study 2: Glyphosate Exposure in Soybean Farming 

Location: Argentina and United States 

Health Effects: Cancer, neurological problems, and reproductive issues 

Source: IARC (2015) 

Glyphosate is a widely used herbicide in soybean farming. However, exposure to glyphosate has 

been linked to serious health problems, including cancer, neurological problems, and reproductive 

issues. 

Exposure Route: Farmworkers were exposed to glyphosate through direct contact with the 

chemical. inhalation of fumes and skin absorption 

Health Impact: Studies found that exposure to glyphosate resulted in: 

- Cancer: Glyphosate was classified as a probable human carcinogen by the IARC. 

- Neurological problems: Exposure to glyphosate has been linked to neurological problems, 

including Parkinson's disease and Alzheimer's disease. 

- Reproductive issues: Glyphosate has been linked to reproductive issues, including birth 

defects and infertility. 

Regulatory Action: The use of glyphosate has been restricted in several countries, including the 

European Union, due to concerns over its toxic effects on human health. 
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Case Study 3: Endosulfan Poisoning in Cotton Farming 

Location: India and Africa 

Health Effects: Neurological issues, birth defects, and cancer 

Source: Saiyed, Dewan, Bhatnagar, Shenoy, Shenoy, Rajmohan, H., ... and Kashyap, (2003) 

Endosulfan was widely used in cotton farming in India and Africa to control pests. However, 

exposure to endosulfan was found to cause serious health problems, including neurological issues, 

birth defects, and cancer. 

Exposure Route: Farmworkers were exposed to endosulfan through direct contact with the 

chemical, inhalation of fumes, and skin absorption. 

Health Impact 

Studies found that exposure to endosulfan resulted in: 

- Neurological issues: Endosulfan was found to cause neurological problems, including 

tremors, convulsions, and coma. 

- Birth defects: Exposure to endosulfan during pregnancy was linked to an increased risk of 

birth defects. 

- Cancer: Endosulfan was classified as a possible human carcinogen by the IARC. 

Regulatory Action 

The use of endosulfan was banned in several countries, including the United States, due to its toxic 

effects on human health. 

Case Study 4: Atrazine Contamination in Drinking Water 

Location: United States and Europe 

Health Effects: Birth defects, reproductive issues, and cancer 

Source: Rosenberg, Barker, and Pirkle, (2011) 

Atrazine is a widely used herbicide in corn and sorghum farming. However, atrazine has been 

found to contaminate drinking water sources, posing a risk to human health. 

Exposure Route: People were exposed to atrazine through drinking contaminated water. 

Health Impact 

Studies found that exposure to atrazine resulted in: 
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- Birth defects: Atrazine was linked to an increased risk of birth defects, including heart 

defects and limb abnormalities. 

- Reproductive issues: Atrazine was found to affect reproductive health, including reduced 

fertility and increased risk of miscarriage. 

- Cancer: Atrazine was classified as a possible human carcinogen by the IARC. 

Regulatory Action 

The use of atrazine has been restricted in several countries, including the European Union, due to 

concerns over its toxic effects on human health. 

Case Study 5: Pesticide Poisoning in Nigerian Farmers 

Location: Nigeria 

Chemical: Various pesticides 

Health Effects: Neurological issues, respiratory problems, skin irritation, cancer, and reproductive 

problems 

Source: Okereke, Adeyemi, and Ojo, (2017), Afolabi, Oyedeji, and Adeyinka, (2015) 

Pesticides are widely used in Nigerian agriculture to control pests and diseases. However, exposure 

to these chemicals has been linked to serious health problems. 

Exposure Route: Farmworkers were exposed to pesticides through direct contact with the 

chemical, inhalation of fumes and skin absorption. 

Health Impact 

Studies found that exposure to pesticides resulted in: 

- Neurological issues: Exposure to pesticides has been linked to neurological problems, 

including tremors, convulsions, and coma. 

- Respiratory problems: Pesticide exposure has been linked to respiratory problems, 

including asthma and chronic obstructive pulmonary disease (COPD). 

- Skin irritation: Direct contact with pesticides can cause skin irritation, including rashes, 

itching, and burns. 

- Cancer: Some pesticides have been linked to an increased risk of cancer, including non-

Hodgkin lymphoma and leukemia. 
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- Reproductive problems: Exposure to pesticides has been linked to reproductive problems, 

including birth defects, miscarriage, and infertility. 

Regulatory Action: The Nigerian government has implemented regulations to reduce pesticide 

exposure among farmworkers, including training programmes on Integrated Pest Management 

(IPM), Pesticide Safety and distribution of personal protective equipment. 

Case Study 6: Lead Poisoning from Contaminated Fertilizers in Zamfara State, Nigeria 

Location: Zamfara State, Nigeria 

Health Effects: Lead poisoning, neurological damage, kidney issues, death, cognitive impairment, 

and behavioural problems 

Source: Surkan, Zhang, Trachtenberg, Daniel, McKinlay, and Bellinger (2007)), Dooyema, Neri, 

Lo, Durant, Dargan, Swarthout, T., ... and Brown, (2012),  

Lead-contaminated fertilizers were used in Zamfara State, Nigeria, resulting in widespread lead 

poisoning among local communities. 

Exposure Route: People were exposed to lead through: ingestion of contaminated food and water, 

and Inhalation of lead dust. 

Health Impact: Studies found that exposure to lead resulted in: 

- Lead poisoning: Exposure to lead can cause lead poisoning, which can lead to serious 

health problems, including neurological damage, kidney issues, and death. 

- Neurological damage: Lead exposure has been linked to neurological damage, including 

reduced IQ, memory loss, and learning disabilities. 

- Kidney issues: Lead exposure has been linked to kidney damage and disease. 

- Death: Severe lead poisoning can be fatal. 

- Cognitive impairment: Lead exposure has been linked to cognitive impairment, including 

reduced IQ and learning disabilities. 

- Behavioural problems: Lead exposure has been linked to behavioural problems, including 

attention deficit hyperactivity disorder (ADHD). 

Regulatory Action: The Nigerian government has implemented regulations to reduce lead 

exposure, including banning the use of lead-contaminated fertilizers and implementing lead 

remediation programmes. 
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Lessons Learned from the Case Studies 

1. Importance of Proper Handling and Use of Chemicals: All six case studies highlight the 

importance of proper handling and use of chemicals in agricultural settings. Improper handling 

and use can lead to serious health problems, including cancer, neurological damage, and 

reproductive issues. 

2. Need for Protective Equipment and Training: Several case studies emphasize the need for 

protective equipment and training for farmworkers to reduce exposure to hazardous 

chemicals. 

3. Proper Safety Protocols and Protective Equipment: Agricultural workers must have access to 

proper safety protocols and protective equipment to minimize exposure to hazardous 

chemicals. 

4. Contamination of Water and Food Sources: Case Study 4 and Case Study 6 highlight the risk 

of contamination of water and food sources by agricultural chemicals, posing a risk to human 

health. 

5. Proper Water Management and Treatment: Proper water management and treatment practices 

are necessary to remove agricultural chemicals from drinking water sources and prevent 

environmental contamination. 

6. Vulnerability of Farmworkers and Local Communities: All six case studies demonstrate the 

vulnerability of farmworkers and local communities to the health risks associated with 

agricultural chemicals. 

7. Need for Regulatory Action and Enforcement: The case studies demonstrate the importance 

of regulatory action and enforcement in reducing the health risks associated with agricultural 

chemicals. 

8. Strict Regulations and Enforcement: Strict regulations and enforcement of safety standards 

are necessary to prevent pesticide poisoning and environmental contamination. 

9. Integrated Pest Management (IPM) Practices: IPM practices can reduce reliance on a single 

chemical, minimizing the risk of exposure and environmental contamination. 



 

SAEREM BOOK CHAPTERS   First Published 2025   ISBN  978-978-60709-7-1 

31 
 

THE CONCEPT OF VALUE CHAINS IN AGRICULTURE, CLIMATE ACTION AND 

ENVIRONMENTAL RESOURCES 

 

10. Importance of Research and Monitoring: The case studies highlight the importance of 

research and monitoring in identifying and addressing the health risks associated with 

agricultural chemicals. 

11. Proper Training and Education: Proper training and education on safe handling and use of 

pesticides are crucial to preventing pesticide poisoning incidents. 

 

VII.  Prevention and Mitigation Strategies 

Agricultural chemicals can pose significant health risks to individuals and communities. However, 

there are several approaches to reducing exposure to these chemicals and minimizing health risks. 

Approaches to Reducing Exposure to Agricultural Chemicals 

A. Personal Protection: 

i. Wear Personal Protective Equipment (PPE): Use gloves, masks, and eye protection when 

handling agricultural chemicals. 

ii. Follow Label Instructions: Read and follow label instructions for safe handling, 

application, and disposal of agricultural chemicals. 

B. Safe Handling and Use: 

i. Implement Integrated Pest Management (IPM) Strategies: Use a combination of 

techniques, such as crop rotation, biological control, and cultural controls, to minimize 

chemical use. 

ii. Monitor Exposure: Regularly monitor exposure to agricultural chemicals and take steps 

to minimize exposure. 

C. General Prevention and Mitigation Strategies: 

i. Wear protective gear (gloves, masks, eye protection) 

ii. Follow safety guidelines and instructions 

iii. Wash hands and skin after handling chemicals 

iv. Flush eyes with water if exposed to chemicals 

v. Seek medical attention if skin irritation, eye damage, or other health effects occur 

vi. Use Personal Protective Equipment (PPE) when handling chemicals 
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vii. Implement Integrated Pest Management (IPM) practices to reduce chemical use 

viii. Support policies promoting sustainable agriculture and reduced chemical use 

D. Vulnerable Population Protection: 

i. Implement IPM practices to reduce chemical use 

ii. Use PPE and follow safety guidelines when handling chemicals 

iii. Provide training and education on safe handling and use of chemicals 

iv. Ensure access to proper healthcare and medical treatment for exposed individuals 

v. Support policies promoting sustainable agriculture and reduced chemical use 

Policy and Regulatory Frameworks for Preventing Harm 

i. Strengthening Regulations: Strengthening regulations on the use, handling, and disposal of 

agricultural chemicals can help reduce exposure risks. 

ii. Enforcing Safety Standards: Enforcing safety standards for the handling and use of 

agricultural chemicals can minimize health risks. 

iii. Promoting Sustainable Agriculture: Promoting sustainable agriculture practices can reduce 

the use of hazardous agricultural chemicals and minimize health risks. 

iv. Providing Support and Resources: Providing support and resources to individuals and 

communities affected by agricultural chemical exposure can help mitigate health risks. 

Key Takeaways 

1. Agricultural chemicals pose significant health risks: Exposure to agricultural chemicals can 

cause cancer, neurological problems, reproductive issues, and other health effects. 

2. Proper safety protocols and training are essential: Agricultural workers must receive proper 

training and education on safe handling and use of agricultural chemicals. 

3. Integrated pest management practices can minimize exposure: IPM practices can reduce 

reliance on chemical pesticides and minimize environmental contamination. 

4. Strict regulations and enforcement are necessary: Governments and regulatory agencies must 

enforce safety standards and regulations to prevent pesticide poisoning and environmental 

contamination. 

Implications 
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1. Improved safety protocols can reduce health risks: Implementing proper safety protocols and 

training can significantly reduce the health risks associated with agricultural chemicals. 

2. Sustainable agriculture practices can promote environmental sustainability: Promoting 

sustainable agriculture practices can minimize environmental contamination and promote 

ecological balance. 

3. Policy changes can support safer agricultural practices: Governments and regulatory agencies 

can implement policies that support safer agricultural practices and reduce the use of hazardous 

chemicals. 

Future Directions 

1. Develop and implement alternative pest control methods: Research and development of 

alternative pest control methods can reduce reliance on chemical pesticides. 

2. Improve access to safety training and equipment: Ensuring that agricultural workers have access 

to safety training and equipment can reduce exposure to hazardous chemicals. 

3. Promote sustainable agriculture practices: Encouraging sustainable agriculture practices can 

promote environmental sustainability and reduce the use of hazardous chemicals. 

Conclusion 

The use of agricultural chemicals in modern agriculture poses significant health risks to humans, 

from farmworkers to consumers. This study has highlighted the various exposure pathways and 

value chain analysis, demonstrating the need for a comprehensive approach to mitigate these risks. 

Through case studies and examples, we have seen the devastating impact of agricultural chemical 

exposure on human health. To prevent harm, it is essential to adopt prevention and mitigation 

strategies, including policy and regulatory frameworks. Ultimately, this study emphasizes the 

importance of prioritizing human health and environmental sustainability in agricultural practices, 

and highlights the need for continued research and action to address this critical issue. 
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