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Abstract

Background: We conducted this study to critically
examine the nexus of pesticides, food and human
health. For this purpose, we conducted 30 face-to-
face interviews with males and 15 with females on
an open-ended interview guide, later on, thematic
analysis was used to derive themes and interpret the
nexus. We confirmed that pesticide use has become
imperative for high levels of food crop production
such as wheat and important vegetables like
tomatoes, potatoes and cauliflower. The use of
pesticides is undue and more than the requirements
without seeking safe health guidelines and adopting
safety measures. Food is heavily pesticide-
contaminated which is being consumed on
households’ level. Inadequate education in the
community and unawareness about safe food are
exaggerating the health risks. Human health issues
in women, children and men are mounting subject to
pesticide exposure and contaminated food. Women

in particular were vulnerable to hormonal function
of the female reproductive system, leading to
menstrual cycle disturbances, reduced fertility,
prolonged time-to-pregnancy, spontaneous
abortion, stillbirths, and developmental defects.
Overall, the results are summarized into four key
themes (i) overreliance on pesticides (i)
vulnerabilities to Food systems (iii) problems of
consumer protection (iv) health issues of spray men.
There is a need to promote decreasing the toxicity
being caused by undue pesticides. Community
awareness of safer food production is much needed.

Introduction

Understanding the interconnections between
pesticides, food, and human health is paramount
for safeguarding public well-being and
promoting sustainable agricultural practices.
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According to the most recent United Nations
estimates, it is anticipated that the global
population may reach approximately 8.5 billion
by 2030 and 9.7 billion by 2050, with a peak of
around 10.4 billion individuals expected to
occur during the 2080s. This population level is
projected to remain relatively stable until the
year 2100 (UN Report, 2021). This is a notion
that more food is required for such an increasing
population. Pesticides play a pivotal role in
modern agriculture by controlling pests and
increasing crop yields (Tudi et al., 2021; Billah
et al., 2023). The agricultural pesticides market
is expected to experience a significant increase,
with an anticipated growth of $26.23 billion
between 2021 and 2025. By 2023, it is
forecasted to expand at a compound annual
growth rate (CAGR) of 11.5%, reaching nearly
$130.7 billion (Salceanu et al., 2022).

Approximately 385 million instances of
pesticide poisoning occur annually worldwide,
with a disproportionate impact on individuals in
rural regions of the Global South. Despite being
prohibited in Europe due to ecological or health
concerns, pesticides are still manufactured
within the region and exported to other nations,
a trade in which European companies are also
involved. While the European Union (EU)
maintains stringent criteria for pesticide
authorization, the broader detrimental effects of
these chemicals on ecosystems are often

overlooked. Pesticide-active  ingredients
typically exhibit mobility beyond their
application sites, seeping into soil and

groundwater, becoming airborne, or dispersing
over considerable distances—some have been
detected more than 1,000 kilometers away, as
noted by Bédr et al. (2022). However, the
widespread use of pesticides raises concerns
about their potential impact on food safety and
human health. Pesticides can be harmful to
human health due to their persistent nature and
widespread exposure through various pathways,
including  occupational  exposure, water
contamination, and food chain concentrations

(Blair et al., 2014). Chronic and sub-lethal
exposure to pesticides is associated with a
higher prevalence of persistent diseases like
cancers, neurodegenerative disorders,
respiratory, reproductive, developmental, and
metabolic disorders (Mostafalou and Abdollahi,
2017).

Pesticide residues can accumulate in food crops,
entering the food chain and posing risks to
consumers. Exposure to these chemicals has
been linked to a range of health problems,
including neurological disorders, reproductive
issues, and cancer. Pesticides pose acute risks to
human health and the environment, causing
negative effects on agricultural workers,
neighboring communities, and triggering social
conflicts when used extensively without safety
measures (Rani et al., 2020). Pesticide exposure
in both rural and urban areas can cause adverse
health outcomes, ranging from
neurodevelopmental effects in newborns to
various types of cancers (Dahiri et al., 2021).
Chronic pesticide exposure is associated with
cognitive  dysfunction,  dementia, and
Alzheimer's disease, with potential mechanisms
through neurotoxicity and neurodegeneration
(Aloizou et al., 2020).

Excessive use of pesticides can lead to
environmental pollution, contaminating soil,
water, and ecosystems. This not only affects
biodiversity but also poses risks to human
health  through the consumption of
contaminated food and water sources.
Additionally, pesticides can harm non-target
organisms, including beneficial insects and
wildlife, disrupting ecological balance. By
exploring the complex interactions between
pesticides, food production, and human health,
researchers can inform policies and practices
that prioritize environmental sustainability
while ensuring food security and safety for
present and future generations.

Methodology
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Punjab, Khyber-Pakhtunkhwa, Sindh and
Baluchistan are four provinces of Pakistan;
however, Punjab province is considered as
bread and basket by contributing more towards
food production. The environment in Punjab
province is conducive to food production due
to fertile lands, diverse culture and vast
irrigation network. In Punjab, a large number
of major and minor food crops are grown
under different cropping systems. Considering
the importance of food crops like wheat and
important vegetables like tomatoes, potatoes
and cauliflower, we planned face-to-face open-
ended interviews with the farming
communities. Punjab province is the largest in
terms of population. The total households in
Punjab are 19855902 with 127688922
population growing at a rate of 2.53. average
household size is 6.43 (Government of
Pakistan, 2023).

Punjab has a total of thirty-six districts. Of the
total, we conducted interviews in the districts
Rahim Yar Khan, Muzaffargarh and Multan
which are regarded as prominent in terms of
vegetable production in the southern part of
Punjab. We interviewed purposively selected
10 males and 5 females from each district on
an interview guide. Thus, a total of 30
interviews with males and 15 interviews with
females were conducted. One agriculture
officer from each district was also interviewed
to explore the trend of pesticide use and
community response and behaviour towards

pesticides. Data collected were analyzed using
a thematic analysis approach, which is one of
the well-established techniques of qualitative
data. Thematic analysis is a powerful and
flexible method for qualitative data analysis,
with its advantages and disadvantages outlined
in this guide, empowering researchers to
conduct it rigorously and thoughtfully (Kiger
and Varpio, 2020).

While conducting interviews ethical
considerations were kept intact. Formal verbal
consent was obtained from the male and
female participants. They were assured that
their identity, and personal information would
not be disclosed. The information received will
only be used purely for research purposes.
Respondents were also given the right to
withdraw at any stage, although, none of the
participants withdrew, all collaborated and
interviews were conducted in a comfortable
environment using local language.

Results

Based on the in-depth probing from the study
participants, the following four themes are
extracted (i) overreliance on pesticides (ii)
vulnerabilities to Food systems (iii) problems
of consumer protection (iv) health issues of
spray men. Interconnected themes are
portrayed in causual loop diagram (Figure 1).
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Figure 1. Interconnected themes. Pesticide use
had a positive impact on food production by
controlling attacks of insect pests and diseases.
Due to the overuse of pesticides due to
unawareness and poor level of education, food
was contaminated, which had negative impacts
on human health including women, children
and men. Pesticide use also had a direct
negative impact on human health through
pesticide exposure. This is deduced that
pesticide use had inverse impacts on human
health through pesticide exposure and food
contamination.

Overreliance on pesticides

To meet the food requirements, and attain high
production of food farmers have started using
abundant quantities of chemicals on the food
crops. Food crops especially wheat, and
vegetables are absorbing a huge quantity of
chemicals, which are hazardous to health.
During the discussion, farmers arbitrated that;
............. We do not have other options except
to use chemicals to combat insect pests and
disease infestation on the crop to improve
production. Although, we know this is injurious
to our health what other option do we have?

In a potato crop, farmers were applying
chemicals as a preventive control. This implies

Food

" Human health

women

children

men

that farmers were applying fungicide weekly to
just prevent the likely attack of fungus which
could destroy the entire crop. In this strategy,
around multifold increase in the wuse of
fungicides was witnessed.

During the informal discussion, women
participants reported that men usually decide
about the spray and they had a common belief
that the production of crops is directly
associated with some applications of pesticides.
It was acknowledged that the use of chemicals
was readily available and the most convenient
option for controlling insect pests. Farmers had
a consensus that:

........... We are aware of the side effects of the
chemicals, even though we are also consuming
the same food, but achieving higher yields is
our main concern in earning income.

Over the period the reliance on pesticides is
increasing and pertinent to this overwhelmed
application threats to human health are
increasing. On the other hand, the resurgence of
pests is occurring followed by the development
of resistance in insect pests which requires a
high dose of chemicals to control timely.
Overdose and underdose application of
chemicals have adverse impacts in both ways.
The expert from the Agriculture Department
explained the scenario of how chemical
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applications are becoming more injurious to
health. He explained that;

......... Farmers are more inclined towards
using Knapsack sprayers and tractor-mounted
boom sprayers. Often, they had limited
knowledge of specific nozzle and spraying
techniques. Consequently, the chemicals
applied drift into the environment and are
directly inhaled by humans. This results in
numerous human diseases.

Technical knowledge within farm families
regarding the selection of the right chemical and
the right technique of application can curtail the
incidences of human health issues associated
with chemicals. Unfortunately, due to lower
levels of education and a lack of training in
pesticide management, farmers may lack this
necessary knowledge. As a result, they may
engage in unhealthy and improper practices by
not adhering to the recommended guidelines for
the safe usage of pesticides.

Vulnerabilities to Food systems

Food systems revolve around cereals,
vegetables and fruits, which have become
absorbent of a hefty amount of chemicals.
Wheat and vegetables are the primary food
crops in the study area, and the application of
pesticides on these crops was reported to make
them unsafe for consumption. Wheat was the
only crop which was not applied with
chemicals; however, 1-2 applications of
fungicides have become obligatory. Similarly,
on vegetables like tomatoes, chemicals are
applied daily. These tomatoes are marketed and
consumed without any particular precautionary
measures. Whereas, other vegetables are also
marketed after dipping in chemical solutions.
As explained by the expert during the
discussion:

farmers do not consider the preharvest
interval (PHI) while applying chemicals. This
confirms that humans are consuming vegetables
which are absorbent of excessive chemicals.

When inquired from the farmers, it was
unveiled that we are not guided nor do we have
an understanding of PHI, we just apply
pesticides just to protect our crop from pests.
This unwise application of chemicals had a
significant percussion on human health as
polluted food is being consumed. Similarly,
when women bring vegetables home, they do
not know the duration between pesticide
application and harvest. Consequently, these
vegetables are perceived as unsafe and can have
significant adverse effects on health. Women
expressed their concerns about their
vulnerability in various aspects, from working
in the fields to consuming vegetables. While
having discussions with men, women and
experts it was concluded that:

........ the entire food chain is more or less
polluted by the chemicals, because the
production is reliant on chemicals. Polluted
produce is being produced and marketed which
is consumed on households’ level. Pertinent to
this consumption the threats to human health are
increasing over time.

Problems of consumer protection

Like men, women are also the equally important
pillar of the food production system by working
in the field and serving in different farm
operations including picking vegetables, and
application of fertilizers and chemicals. It was
unveiled that women had not followed the
safety measures nor did they have adequate
knowledge regarding safety guidelines. Women
had to work in the field when the application of
chemicals was commencing in the vegetable
field. Similarly, they have to do the picking of
cotton which is a highly pesticide-intensive
crop. From there, women remain most
vulnerable towards the pesticides' adverse
impacts on their health. This had more severe
implications as women had to manage
households and have to take care of children.
Impacts can also be transferred to the coming
generation when they give birth and feed the
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adolescents. During the discussion, women
reported that:

........... We had faced the problems of
breathing, food poisoning and skin allergy due
to pesticide exposure. Our mend also faced
adverse impacts of pesticides especially when
they came back home after spraying in the field.
Women perceived our kids are more critical due
to pesticide exposure coming from field to fork.

Women acknowledged that their men did not
adhere to safety measures such as wearing
masks, gloves, or appropriate footwear while
spraying pesticides. Moreover, they lacked
awareness about proper safety measures
themselves. Many times, the men experienced
adverse health effects due to pesticide exposure.
Additionally, women did not know how to keep
food safe and minimize the impacts of
pesticides on the food they consume.

Health issues of spray men

In this study, spray men were seen as
significantly vulnerable towards pesticide
poisoning. The common trend explored across
the study areas was not following the safety
guidelines. Spray men and farmers did not
wear safety kits while applying pesticides and
often practised those practices which they
refrained from doing while applying
chemicals. For instance, many of the
participants reported that farmers used to
smoke, drink water and eat while spraying.
They were involved in eating, greeting
children and roaming across the home without
following the proper sanitary measures. Men,
women and experts had a common agreement
that;

............ We have seen many times the serious
attack of pesticides on spray men. Vomiting,
skin allergy and lung issues were observed.
Most of the time they had to get medical
assistance from the hospital. A couple of

deaths were reported subject to chemicals by
the participants.

It was perceived that stereotypic behaviour
towards chemicals was persistent across the
study area. This mindset, coupled with a lack of
access to the right information from the services
providers increased the vulnerability. Farmers
had limited knowledge about the appropriate
chemicals, their recommended dosage, and safe
application methods. Women also raised
concerns about the improper storage of
pesticides. They reported that pesticide bottles
were often kept within reach of children at
home, and it was common for children to play
with empty pesticide Dbottles as toys.
Additionally, after using pesticides, proper
disposal practices were not followed. Bottles
were frequently left in the fields, thrown into
water channels, or discarded in sewage lines.
These actions pose direct risks to human health
and contribute to environmental pollution. This
behaviour had a direct impact on the health of
the spray me and women working in the field.
In addition, this unwise application of
chemicals had more toxicity in the vegetables
being consumed. This implies that the
application of chemicals on vegetables had a
direct relationship with food contamination and
the resurgence of human health issues.

Discussion

We examined the pesticides, food, and human
health nexus using a qualitative discussion with
men, women and experts involved in farming.
Based on the discussion four themes (i)
overreliance on pesticides (ii) vulnerabilities to
food systems (iii)) problems of consumer
protection (iv) health issues of spray men are
extracted. These themes are interrelated and
endorse the nexus that pesticide use, food and
human health are well related.

First, their overreliance on pesticides indicated
that farming communities are employing a
quantity of pesticides than they require.
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Excessive usage has adverse impacts on the
food quality which is consumed by humans.
Pesticides can enter the food chain and
negatively impact human and animal health,
causing damage to the nervous system, lung
damage, reproductive organs, immune
dysfunction, birth defects, and cancer (Terziev
and Petkova-Georgieva, 2020). Pesticides play
a crucial role in agricultural development, but
their use can also harm non-target organisms
and the environment, resulting in environmental
pollution and potential health risks for humans
(Tudi et al., 2021). Many pesticides used in

Europe, including organophosphates,
carbamates, pyrethroids,
ethylenebisdithiocarbamates, and
chlorophenoxy  herbicides, can  cause

neurodevelopmental toxicity, requiring public
health prioritization for prevention (Bjerling-
Poulsen et al., 2008).

Another theme that emerged was vulnerabilities
to the food system due to excessive use of
pesticides. This theme explains that food
systems have become vulnerable due to the
continuous excessive application of chemicals
especially on food crops like wheat and
vegetables. This contamination of food had
serious concerns over human health.
Organophosphate pesticides, which are widely
used in agriculture, pose health risks such as
acute neurological disorders and pose a threat to
living strata exposed to them (Kaushal et al.,
2020). In another study, Kim et al. (2017) stated
that pesticides can cause environmental risks
such as residues in food and drinking water, and
their risks are difficult to elucidate due to
various factors. Serious concerns have been
raised about health risks resulting from
occupational exposure and residues in food and
drinking water. (Damalas and
Eleftherohorinos, 2011). Overuse and misuse of
agricultural pesticides in Africa pose serious
exposure and health risks for farm workers and
the population, with most consumed staple

foods being contaminated by pesticide residues
(Bertrand, 2019).

In the third theme, we identified that consumer
protection is at stake especially due to
pesticide-contaminated food. The health of
women and children in particular is vulnerable
towards contaminated food. Pesticides cause
headaches, nausea, skin and eye irritation, and
chronic problems like cancer and neurological
disorders in humans, contaminating water, soil,
and plants (Gomes et al., 2020). In another
study, Gerage et al. (2017) stated that
pesticide-contaminated food can cause adverse
health effects such as birth defects, hearing
loss, cancer, infertility, and acute intoxication
symptoms. Food safety is threatened due to
contamination by chemicals throughout
various stages of food production, including
pesticides and persistent organic pollutants
(Lebelo et al., 2021).

Our study found particular vulnerabilities in
women and children due to pesticide-intensive
food. This contaminated food is likely to have
adverse impacts on their physical and
physiological development. Pesticide exposure
may disrupt the hormonal function of the
female reproductive system, leading to
menstrual cycle disturbances, reduced fertility,
prolonged time-to-pregnancy, spontaneous
abortion, stillbirths, and developmental defects
(Bretveld et al., 2006). Prenatal pesticide
exposure may cause lasting neurotoxic damage
and add to the adverse effects of malnutrition
in developing countries (Grandjean et al.,
2006). High intake levels of organophosphate
insecticides (chlorpyrifos, pirimiphos-methyl,
and dimethoate) in fruits and cereals may pose
a significant cumulative risk for neurochemical
effects in pregnant women (Gavelle et al.,
2016). Early-life exposure to organophosphates
and organochlorine pesticides is linked to
adverse effects on neurodevelopment and
behaviour, including poorer mental
development and increased scores on
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developmental disorders (Roberts and Karr,
2012).

The fourth theme of study was the health
issues of the spray men. This implies that spray
men had to face more adverse impacts as they
were directly in contact with the poison
especially when non-adopting the safety
measures. In a study, Pathak et al. (2013)
found that spray men who had exposure
towards pesticides during spraying activity led
to a significant decline in lung function and
acetylcholinesterase levels, with no significant
change in motor and sensory nerve conduction
velocity. Exposure to pesticides significantly
increases chromosomal aberrations in the
peripheral lymphocytes of cotton field workers
compared to controls (Rupa et al., 1989).
Excessive sweating, burning/stinging/itching
of eyes, dry/sore throat, and excessive
salivation are more prevalent among sprayers,
with eye and throat problems significantly
associated with exposure (Chitra et al., 2006).
Delgado et al. (2004) reported that 62% of
workers reported at least one illness associated
with mixing or spraying pesticides, with the
most frequent symptoms being headache,
nausea, vomiting, dizziness, skin irritation, and
blurred vision.

Based on the four themes, this study is of
consensus that understanding the nexus of
pesticides, food and human health is of great
worth. This study had a significant contribution
to the existing body of literature with the
argument that dealing with all the stakeholders
while formulating the food safety, food security
and community health programs viewpoint of
all stakeholders is critical. In this study,
opinions from men, women, and agricultural
experts were sought using qualitative inquiry,
which makes these findings of high
generalizability.

Conclusion

Our examination of the pesticides, food, and
human health nexus through qualitative
discussions with farmers, men, women, and
agricultural experts revealed four key themes:
overreliance on pesticides, vulnerabilities to
food systems, problems of consumer protection,
and health issues of spray men. These themes
underscore the interconnectedness of pesticide
use, food production, and human health. The
overuse of pesticides not only affects food
quality but also poses serious health risks to
humans and animals, including neurological
damage and cancer. Additionally, the excessive
application of pesticides on food crops renders
food systems vulnerable, leading to
contamination and health concerns. Consumer
protection is compromised due to pesticide-
contaminated food, particularly impacting the
health of women and children. The study
highlights the disproportionate impact on
women and  children's  physical and
physiological development due to pesticide
exposure. Furthermore, spray men face
significant health risks from direct contact with
pesticides. Overall, this study emphasizes the
importance of addressing the nexus between
pesticides, food, and human health, advocating
for comprehensive approaches that involve all
stakeholders in formulating food safety,
security, and community health programs. The
inclusion of perspectives from diverse
stakeholders enhances the generalizability and
relevance of these findings to broader
agricultural and public health contexts.
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