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Abstract

Catha edulis farming in Embu County, Kenya, is highly dependent on pesticides for pest and
disease control, resulting in significant health and environmental risks. This study aimed to assess
the pesticide use among C. edulis farmers, their extent of awareness and application of
Occupational Safety and Health (OSH) practices, the reported adverse effects of poor OSH
practices, and their possible mitigation. In this cross-sectional study, 397 randomly selected
farmers were surveyed (63 % response rate) using structured questionnaires. Data were analyzed
with descriptive and inferential statistics at a = 0.05 to examine pesticide-use patterns, awareness
and adoption of occupational safety and health OSH measures, reported health effects, and
mitigation options. Although 89 % of respondents used pesticides, only 26 % consistently wore
personal protective equipment (PPE), and many used none at all. Education level significantly
improved label comprehension and safe-handling practices (p = 0.0307). Unsafe behaviors such as
improper storage, inadequate disposal, and activities such as smoking while spraying was
widespread. Seventy-three per cent of farmers reported acute symptoms (headaches, dizziness,
nausea) following exposure. Organophosphates were the most commonly applied pesticides
(36 %), followed by avermectins (23 %), carbamates and pyrethroids (14 % each), with other
classes making up 13 %. All are classified as hazardous by WHO/FAO (2015). Moreover, 75 % of
farmers had never received formal training in pesticide safety, compounding the risks. These
findings underscore the urgent need for locally tailored education and extension programs to
improve OSH practices, safeguard farmworker health, minimize environmental contamination,
and support Kenya’s sustainable agricultural development goals.
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1.0 Introduction
Catha edulis is a hardy, seedless evergreen shrub known for its adaptability to varied climatic and
soil conditions (Gebissa, 2021). In Kenya, it is cultivated predominantly in the semi-arid lowland
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regions of Embu County, particularly within Agro-Ecological Zones LM3 and LM4. Embu County,
located 120 km northeast of Nairobi on the southeastern slopes of Mount Kenya, covers an area
of 2,818 km2. It borders five counties and experiences bimodal rainfall averaging 1,067 mm
annually. Temperatures range from 12°C to 30°C, with a mean of 21°C. According to the 2009
census, the County's population stood at 516,212, with an approximately balanced gender
distribution. Catha edulis is ingested for its psychoactive effects, which are associated with
heightened euphoria and excitement across various age groups (Odenwald et al., 2020). While its
cultivation and consumption are legal in countries such as Kenya, Ethiopia, Uganda, and Djibouti,
it is classified as a narcotic in Tanzania and Rwanda, where its production and commercial
distribution are prohibited (Carrier & Kathanga, 2024).

The cultivation of C. edulis in Embu County has increased significantly, driven by rising demand in
domestic and international markets and the crop’s high financial returns. Njiru et al. (2013)
reported that farmers could earn up to Ksh 5,000 daily from cultivating just one acre of this crop.
Kagodu (2019) further notes that many farmers have abandoned traditional food and cash crops
such as maize and coffee in favor of C. edulis due to better financial prospects. Currently, an
estimated 65,000 farmers in Embu County are engaged in the cultivation of this crop (Embu
County Government, 2023). However, this agricultural activity relies heavily on pesticide use for
pest and disease management, many of which pose serious risks to human health, animals, and
the environment (Kim et al., 2022; WHO & UNEP, 2023). The associated health hazards include
damage to the immune and nervous systems, carcinogenicity, genetic mutations, reproductive
toxicity, endocrine disruption, and neurotoxicity (Mutune et al., 2024). Pesticides also significantly
threaten biodiversity and ecological balance. Beyond environmental concerns, the human health
impacts of pesticide exposure are particularly severe for agricultural workers and their
communities. These effects have both economic and social ramifications, affecting the wellbeing
of workers, their families, and broader society (WHO, 2022; Sankoh et al., 2023). Individuals most
at risk include those involved in pesticide mixing, spraying, and harvesting activities (Kagali &
Waichungo, 2021; Okonya & Kroschel, 2020; FAO & WHO, 2021).

Among the pesticides frequently used are Alonze 50EC, an avermectin targeting pests such as
thrips and red spider mites (toxicity class IV); Ranger 480EC, which contains chlorpyrifos, an
organophosphorus compound used to control insect infestations; and Absolute 375 SC, a systemic
fungicide with both preventive and curative action containing azoxystrobin, known for its high
toxicity to aquatic organisms despite low mammalian toxicity. Additionally, Alion 500SC, an
herbicide containing glyphosate, is used for vegetation control but has been extensively studied
for potential carcinogenicity. Decis Forte 100EC, which contains deltamethrin (a pyrethroid), is
commonly used against aphids and caterpillars (Budi et al., 2021). Pyrethroid poisoning, similar to
organophosphate toxicity, may occur via inhalation, ingestion, or dermal contact, leading to a
range of neurological and gastrointestinal symptoms (WHO, 2022; Mossa et al., 2021).
Organophosphate pesticides are especially prevalent in agriculture due to their low cost and
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widespread availability (Sankoh et al.,, 2023; FAO & WHO, 2021). Consequently, numerous
poisoning incidents in Kenya have been linked to organophosphates and similar compounds
(Kagali & Waichungo, 2021; Kimani et al., 2020).

For instance, a study by Sang and Kimani (2016) identified 35 cases of organophosphate poisoning
among 716 individuals aged 15 to 40 years who sought treatment at Kericho Hospital over a two-
month period. They also found that carbamate pesticides, particularly those containing
carbofuran—classified as Class 1B (highly hazardous)—were readily available to farmers.
Carbamate-induced excitotoxicity is partly mediated through overactivation of N-methyl-D-
aspartate (NMDA) receptors, leading to neuronal overstimulation and subsequent damage (Mossa
et al., 2021). The toxicological profile of carbamates closely resembles that of organophosphates,
primarily through acetylcholinesterase inhibition and disruption of synaptic transmission (WHO,
2022). These chemicals can persist in air, water, and food, with early-life exposure associated with
negative neurodevelopmental effects (Sankoh et al., 2023; El-Fadaly et al., 2020). Surveillance of
pesticide poisoning remains challenging due to delayed symptom onset and cumulative exposure
over time (Kimani et al., 2020). Despite the economic significance of C. edulis—now ranked among
Kenya’s top revenue-generating crops after coffee and tea—existing research has primarily
focused on its socio-economic benefits, adverse effects on school-going children, and health risks
to consumers (Kasee, 2021; Nyaga, 2021). However, limited attention has been given to the
occupational health effects of pesticide exposure, usage prevalence, awareness levels, and
compliance with Occupational Safety and Health (OSH) practices in pesticide handling and disposal.
This study therefore aims to assess pesticide use among C. edulis farmers, evaluate their
awareness and adoption of OSH practices, and document reported adverse effects resulting from
poor OSH compliance. The insights generated will support the development of targeted
interventions to mitigate health and environmental risks. These include promoting less hazardous
pesticide alternatives, enhancing application safety, and ensuring workers have adequate
protective measures. Additionally, by understanding the farming practices, socio-economic
contexts, and regulatory environments surrounding pesticide use in C. edulis cultivation, the study
contributes to a more comprehensive understanding of the occupational health impacts faced by
agricultural workers in this sector.

2.0 Materials and methods

2.1 Study area and population

Catha edulis (locally known as Embu muguka) is predominantly grown in the arid and semi-arid
regions of Mbeere North, Mbeere South, Embu East, and Embu West, with an estimated 65,000
farmers involved in its production. The study population consisted of farmers and agricultural
workers directly engaged in khat-related activities, including weeding, pesticide application, and
harvesting, within the major production zones of Embu County. Other economically significant
crops cultivated in the area include coffee, tea, avocado, and mango.
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Figure 1: A map of Embu County in Kenya. Source: Njiri (2021)

2.2 Study design

The research employed a descriptive research design, utilizing a cross-sectional survey
methodology. The design primarily utilized a quantitative research approach that gathers factual
data in numerical form. This methodology assesses the attainment of specific goals by analyzing
the interplay between various variables

2.3 Sample size determination

To achieve a comprehensive representation of all geographical areas within the county, the farms
were divided into four distinct sections: Mbeeere North, Mbeere South, Embu East, and Embu
West. Farms within each section were selected using a simple random sampling technique. The
calculation of the sample was determined using the formula proposed by Yamane in 1970.

N
n=—s——r
Ne -+ 1

where e is the level of precision always set value (0.05) and

N is the population size = 65000
n= 65000/65000*0.05%+1
n= 397

The study sample was distributed using the respective sub-county population (Table 3-1).
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Table 1 Sample distribution

Sub-county Population Sample
Mbeere North 20500 125
Mbeere South 21300 130
Embu East 7500 46
Embu West 15700 96

Table 1 shows that a significant portion of the sample is from Mbeere North and Mbeere South
sub-counties. According to Ongeri et al. (2019), these regions are the primary hubs for Catha edulis
cultivation in Embu County.

2.4 Sampling technique

The distribution of study questionnaires employed a random sampling method. The
questionnaires were formulated and translated into Kiswahili, the national language that is
comprehended by a majority of the farmers. The pre-testing phase entailed conducting random
interviews with a sample of ten farmers not included in the study. The survey consisted of both
closed- and open-ended questions. The closed-ended questions were presented in a multiple-
choice format, allowing respondents to select the response that most accurately represented their
viewpoint or attitude toward a specific topic. The questionnaire consisted of three primary
sections. The initial segment aimed to collect demographic information on the personal
characteristics of the farmers, including age, education, experience, and gender roles. The
subsequent section focused on data collection on farmers' level of awareness regarding pesticide
handling practices and their understanding and familiarity with the effects of pesticides on human
health. Furthermore, data on self-reported symptoms of pesticide toxicity and farmers' level of
awareness regarding exposure were collected. The respondents were also prompted to
enumerate the precise symptoms they had experienced. The other inquiry was on the proper
handling and safety protocols associated with pesticides. Specifically, it addressed the importance
of comprehending and following label instructions, appropriate storing and disposal of pesticides
and their containers, as well as employing personal protective equipment (PPE) and other
safeguarding measures during and after pesticide application.

2.5 Data collection, processing, and analysis

The collection of quantitative data was through the utilization of structured questionnaires, which
underwent a pre-testing phase to ensure their appropriateness before administration. The data
was analyzed utilizing statistical software packages such as SPSS (version 20) and MS Excel. The
analysis was through frequency analysis and statistical tests. The data also underwent statistical
correlational tests employing measures of central tendency to ascertain the relationships between
independent and dependent variables. The data was visually and descriptively presented through
statistical tables, charts, and graphs to enhance clarity and interpretation.
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2.6 Study approvals, inclusion, and exclusion criteria

Approvals for the study were obtained from relevant authorities, including the Jomo Kenyatta
University of Agriculture and Technology (JKUAT) Institute of Energy and Environmental
Technology, the JKUAT Institutional Scientific and Ethics Review Committee, and the National
Commission for Science, Technology and Innovation (NACOSTI) for research licensing. Additional
permissions were secured from the Local Administration and the County Director of Medical
Services. Prior to engaging participants in the study, informed consent was obtained to ensure
ethical compliance and voluntary participation.

3.0 Results and discussion

3.1 Response rate

The research administered a questionnaire survey to 397 C.edulis farmers in Embu County. A total
of 250 farmers responded, yielding a 63% response rate. Fincham (2008), Mugenda and Mugenda
(2012), Kothari (2019), Cooper and Schindler (2014), and Barbie (2023) define response rates as
follows: Response rates of 50% or above are considered acceptable, 60% or higher are regarded
as satisfactory, and 70% or more are classified as exceptional. These study findings indicate that
a response rate of roughly 60% is deemed reliable and acceptable for research purposes.

3.2 Respondents social demographic profile
3.2.1 Gender

Table 3.1 The distribution of respondents by gender.

Gender Frequency Percentage
Male 195 78
Female 55 22

Of the total respondents, 195 (78%) were male, while 55 (22%) were female, indicating a male-
dominated involvement in Catha edulis cultivation and land management. The data further reveal
that men control approximately 78% of the land under C. edulis cultivation. This aligns with
Mwenzwa et al. (2018), who emphasized that cultural norms and gender-based social dynamics
significantly shape traditional land tenure systems. Women often have limited property rights and
are largely confined to domestic roles, a situation reinforced by communal regulations that favor
male land ownership. The gender and age distribution illustrated in Figure 1, along with prevailing
cultural norms, underscores the need for future research and policy interventions to address
gender disparities in C. edulis production systems.

3.2.3 Level of education

The data revealed that 42% of the respondents had acquired education up to primary school level,
while 43% had secondary education and only 16% had obtained a college education as shown in
Table 3.2.
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Table 3.2 Respondent’s level of education

Level of education Frequency Percentage
Primary 105 42
Secondary 107.5 43
College and over 37.5 15

3.3 Assessment of the current OSH management practices on pesticides use in C,edulis farming
in Embu County.

3.3.1 Pest and weed control

The results in Figure 2 indicate that 89% of C. edulis farmers use pesticides, underscoring the
central role of chemical pest control in current agricultural practices. However, limited access to
alternative pest management methods poses a challenge to sustainability, benefiting less than
25% of the farming population. This widespread reliance on chemicals highlights the need to
assess farmers' ability to interpret pesticide label information, as misinterpretation can lead to
unsafe practices with adverse environmental and health impacts. Targeted pesticide safety
training could improve label comprehension and promote informed decision-making. Additionally,
promoting Integrated Pest Management (IPM) could help reduce chemical dependency by
encouraging the adoption of diverse, ecologically sound pest and weed control strategies.

M pesticide usage

M traditional methods

Figure 2: Methods used by farmers in pest and weed control

3.3.2 Ability to read pesticide safety labels
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Compliance with pesticide product labeling ensures appropriate application procedures and
protects human safety and environmental integrity. Packaging containers use pesticide labels as
their main source for usage instructions based on regulatory requirements that force suppliers to
detail precise handling and application information to ensure safety.

3.3.2.1 Relationship between education level and proficiency in reading pesticide labels

The study found a clear relationship between respondents' education levels and their ability to
comprehend pesticide labels. As shown in figure 3, farmers with college-level education exhibited
higher proficiency, with 73% reporting good and 21% excellent understanding of label content,
although only 6% demonstrated difficulty in readability. In contrast, farmers with only primary or
secondary education demonstrated limited comprehension, with 55% and 52% respectively,
indicating inadequate understanding. Statistical analysis confirmed a significant correlation
between higher educational attainment and proper pesticide handling practices (p = 0.0307),
emphasizing the critical role of education in promoting safe agricultural practices (Ngowi et al.,
2007; Okonya & Kroschel, 2015). Inadequate label comprehension not only increases the risk of
pesticide misuse but also reflects broader shortcomings in current training and extension
programs (FAO & WHO, 2021). Poor understanding of label instructions contributes to unsafe
application practices with potentially harmful consequences for both human health and the
environment (Matthews, 2008; Damalas & Koutroubas, 2017).

100%
90%
80%
70%

60%
50%
40%
30%
20%
10%
0% [

Primary Secondary College and Over

B canread M cannotread

Figure 3: The ability to comprehend pesticide labels against level of education

The findings confirm a positive relationship between educational attainment and the ability to
comprehend pesticide label content. As illustrated in Figure 3, farmers with higher levels of formal
education demonstrated greater proficiency in understanding label information. These results
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(figure 3) align with Gabriel and Abdel-Latif (2012), who reported that educated farmers exhibit
higher pesticide risk awareness, including better knowledge of contamination pathways. The data
also revealed modest gender differences in label comprehension: 57% of women comprehended
pesticide labels compared to 50% of men. However, a considerable proportion of both genders
reported difficulty, with 39% of women and 43% of men struggling to understand label instructions.
Despite these differences, statistical analysis suggests that gender has a weaker influence on
pesticide knowledge compared to education (p = 0.0614). The findings underscore the need for
targeted training programs, particularly for farmers with limited formal education. Such initiatives
should focus on improving pesticide label comprehension and promoting safe application
practices, thereby supporting the sustainable and responsible use of agrochemicals to protect
both human health and environmental quality.

3.3.1.2 The association between the ability to read insecticide safety labels and the age of
participants

As pesticide exposure risks and agricultural vulnerability rise, understanding pesticide labels by
different user groups remains an essential point of investigation. Analysis of the data presented in
Figure 4 indicates a significant correlation: Studies showed young farmers aged 18 to 25 achieved
excellent pesticide label interpretation skills with 79% documentation accuracy. Pesticide label
reading comprehension among participants experienced a major decrease when users reached
the >56 years age group, with only 32%. A third of the participants failed to interpret pesticide
labels accurately. Studies conducted by Mustapha et al. (2017) showed that 70% of farmers
skipped pesticide label instructions because 56% of users did not understand the label information.
Fourteen percent of participants revealed that difficult-to-decipher label content prevents them
from understanding information properly this underscores the need for simple communication
strategies. Taye (2023) and Damalas and Khan (2016) maintain pesticide labels represent an
essential aspect. Pesticide containers serve as primary informational devices that use visual
methods to transmit chemical safety data and protective procedure guidelines to users at their
location of use. The analysis unveiled an association between C.edulis farming demographics and
the ability to read and understand pesticide labels. The study observed that forty-five percent of
farmers who produce C.edulis fall within the 26 to 45 years age cohort yet literacy difficulty exists
among 40 percent of the 23 to 45years age group and 48 percent of the 46 to 55years age group.
Urgent attention needs to be taken to developing specific pesticide education programs because
older farm workers possess an inadequate understanding that exposes them to increased pesticide
exposure risks. Simplified pesticide labels plus label-reading education programs may bridge the
knowledge gap about pesticide handling instructions. According to Femi et al (2024), Information
Communication Technology (ICT) tools could be used in precision agriculture and efficient pesticide
management through sensor technology, drones, and the Internet of Things and mobile
applications. These apps can provide real-time information about pesticide usage, recommended
dosages, safety precautions, and regulatory guidelines.
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Ability to read vs age
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Figure 4: Ability to read against the respondents” age

3.3.3 Risk assessment

3.3.3.1 Use of protective gear during pesticide mixing and spraying

As highlighted in Section 3.2, Catha edulis farmers demonstrate limited awareness of safe pesticide
handling practices. To investigate this further, the study assessed the use of Personal Protective
Equipment (PPE) during pesticide mixing and spraying activities. Findings revealed that 23% of
male respondents failed to use all six essential PPE items—goggles, gloves, gumboots, head
coverings, overalls, and face masks. Additionally, 26% of all participants reported using no PPE at
all, indicating a substantial gap in compliance with basic safety standards (Okonya & Kroschel, 2015;
Damalas & Koutroubas, 2017).

The use of individual protective items varied: gloves were the most commonly used (33%),
followed by overalls (18%), face masks and head coverings (12%), gumboots (9%), and goggles (2%).
This low adoption rate suggests widespread vulnerability to pesticide exposure, consistent with
studies by Okoffo et al. (2016), who associated inadequate PPE usage with increased health risks
in agricultural communities. The relatively higher usage of gloves may reflect a basic awareness of
the risks associated with direct skin contact with concentrated pesticides. However, this behavior
appears to be based more on instinct than formal training, highlighting the need for further
research into the psychological, environmental, and economic factors influencing PPE adoption
(Ngowi et al., 2007; Kassie et al., 2017).

Farmers who do not use PPE face significant health hazards due to multiple exposure pathways—
dermal absorption, inhalation, and ingestion—as illustrated in Figure 5. Although demographic
analysis revealed trends in PPE use across education level (p = 0.0793), gender (p = 0.161), and age
(p = 0.065), these differences were not statistically significant. To mitigate pesticide-related health
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risks, addressing educational deficits among C. edulis farmers is critical. Interventions should
prioritize structured training programs focused on safe pesticide handling and the importance of
PPE use (FAO & WHO, 2021). Additionally, fostering a cultural shift in attitudes toward occupational
health and safety is essential. Future research should explore the socio-economic and cultural
barriers to PPE adoption to inform evidence-based policy and enhance protective practices among
smallholder farmers.

35%
30%
25%
20%

15%
10%
5%
I IR R mlf . O

Goggle Gumboots  Face mask Head Overall Gloves  No PPE AT all
covering
B Female ® Male Overall

X

Figure 5: Extent of use of PPEs against gender

3.3.3.2 Reasons for the respondent’s failure to use PPE

The use of Personal Protective Equipment (PPE) at all stages of pesticide handling is essential for
protecting the health and safety of farmers. This section explores the underlying factors
contributing to the low prevalence of PPE use among surveyed farmers, as illustrated in Figure 6.
A majority (64.2%) identified the high cost of PPE as the main barrier, while 22.8% reported the
unavailability of essential PPE items, and 6.5% cited discomfort associated with its use. The
educational background of respondents further contextualizes this issue: 42% had only primary
education, and 43% secondary education. This suggests that limited educational attainment may
hinder proper understanding and adherence to safety practices. Notably, pesticide container
labels—critical sources of information on required PPE—were reported as difficult to comprehend
by 55% of those with primary education and 52% with secondary education. This relationship
between education level and comprehension of label instructions was statistically significant (p =
0.0793), indicating that literacy and awareness may substantially influence PPE usage.
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Figure 6: The reason for not utilizing protective equipment during spraying

Sapbamrer and Thammachai (2020) identified several factors influencing PPE use, including
demographic characteristics, behavioral patterns, pesticide exposure frequency, safety knowledge
gaps, environmental conditions, and access to training and extension services. These
multidimensional barriers necessitate equally multifaceted interventions. The findings of this study
underscore the urgent need for comprehensive pesticide safety education and hands-on training
in the proper use of PPE. Financial support mechanisms, such as targeted subsidies for PPE, can
help reduce cost-related barriers, particularly among smallholder farmers. However, regulatory
compliance alone is insufficient to overcome persistent safety challenges. A shift toward a
proactive, health-oriented safety culture within farming communities is essential. As Yarpuz-
Bozdogan (2018) emphasizes, stakeholders must implement standardized procedures to ensure
the consistent provision and proper use of PPE. Integrating reliable disease prevention programs
and ongoing protective equipment education into agricultural extension services is critical to
enhancing occupational safety and promoting sustainable farming practices that protect both
human health and the environment.

3.3.4 Farmers' pesticide safe handling and storage practices
This area evaluated safe pesticide handling procedures including storage systems and disposal
protocols and handling procedures.

3.3.4.1 Storage of pesticides in the farm

The study further examined pesticide safety practices by assessing storage methods employed by
Catha edulis farmers. As illustrated in Figure 7, 74% of respondents reported storing pesticides
alongside dry foodstuffs, animal feed, and farm equipment within regular farm buildings. This
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practice poses serious health risks, as even minor spillages can lead to contamination of food and
feed, endangering both human and animal health. Similarly, Lekei et al. (2014) found that 79% of
rural farmers in Tanzania stored pesticides inside their homes, often under rooftops, which
increases the risk of chronic exposure, particularly among children who are highly susceptible to
toxic effects. These findings underscore the urgent need for stricter storage regulations and
targeted educational interventions to promote the separation of pesticides from food, beverages,
and living areas.

Others -
Storage shed -
Special box _

In the Kitchen -

In the bedroom I

0% 10% 20% 30% 40% 50% 60% 70% 80%

Figure 7: Storage of pesticides used in the farm

These findings (see figure 7) underscore the urgent need to strengthen pesticide storage practices
through targeted training in safe handling and management. Improper disposal and storage of
empty pesticide containers continue to be a significant environmental concern. Many farmers fail
to secure these containers in locked or designated storage areas, increasing the risk of human
exposure and environmental contamination. Poor storage practices contribute to direct exposure
during pesticide handling and facilitate the leaching of residual chemicals into groundwater and
surface water. These challenges underscore the need for stringent pesticide storage regulations
and the incorporation of hands-on training within agricultural extension programs. A combined
approach—enforcing regulatory standards alongside continuous on-site education—can foster a
culture of safety and accountability among farmers. Policymakers and agricultural extension
services should engage collaboratively with local communities to design sustainable, context-
appropriate strategies that mitigate risks associated with pesticide storage. Encouraging the
adoption of safer farming practices will enhance farmer health and environmental protection,
while also aligning agricultural activities with overarching public health and sustainability
objectives.
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3.4.4.2 Method of disposing pesticide containers

The disposal of plastic pesticide containers presents significant environmental challenges. This
section examines the various disposal methods reported by study participants. As shown in Figure
7, 31% of respondents admitted to burning pesticide containers, while 24% sold them to informal
street vendors for plastic manufacturing. Additionally, 14% disposed of containers in open,
uncontrolled areas, and 13% dumped them into pit latrines. These practices pose serious
environmental and public health risks. According to the Ontario Agricultural Waste Study, open
burning of pesticide containers releases hazardous pollutants, including heavy metals, dioxins, and
furans, which can degrade air quality and harm both ecosystems and human health (Cleanfarms,
n.d.). Informal recycling, while perceived by some farmers as a waste management solution, lacks
transparency and regulatory oversight, increasing the risk of uncontrolled environmental
contamination.

Addressing these risks requires a multifaceted strategy combining environmental education,
stringent regulations on pesticide container disposal, and the development of safe, farm-specific
recycling programs. Such an integrated approach is essential for minimizing environmental harm
and promoting sustainable agricultural practices.

Dispose on the farm

Dispose in the pit latrine

Bury

Open Burning

0% 5% 10% 15% 20% 25% 30% 35%

Figure 8: Methods of disposal of pesticide containers employed

3.4.4.3 What is done with outdated pesticide stock

Panic buying in agriculture—driven by fluctuating chemical prices, emerging pests, and disease
outbreaks—has contributed to increased pesticide accumulation, raising critical concerns about
the management of expired products. The findings as illustrated in Figure 9 reveal that 68% of
farmers dispose of expired pesticides by applying them directly to crops or soil, while 21% resort
to open burning, and 11% return them to vendors. These disposal practices pose significant
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environmental and public health risks due to the potential for soil and water contamination,
undermining both ecosystem integrity and sustainable agriculture. The study supports Rajpyt
(2002), who reported that expired pesticide formulations undergo chemical transformations that
increase toxicity, requiring reevaluation of their toxicological profiles. Specifically, emulsifiable
concentrate (EC) formulations were found to become more hazardous over time compared to
wettable powders (WP) and suspension concentrates (SC), due to the accumulation of toxic
degradation products. These changes heighten exposure risks for both humans and the
environment.

To effectively address these challenges, it is essential to implement comprehensive farmer
education programs focused on pesticide risk management and environmentally safe disposal
practices. Strengthening legislative frameworks for the regulation of expired pesticide handling,
alongside the introduction of robust tracking systems and incentive-driven initiatives, will be critical
in promoting responsible and sustainable disposal behaviors. Implementing such measures will
enhance accountability, safeguard environmental and human health, and contribute to the
sustainability of agricultural practices.

B Return to merchant
B Open burning

m Dispose of in the farm

Figure 9: Dealing with outdated pesticide

3.4.4.4 Methods used by the Respondents in handling excess pesticide that had been mixed and
diluted

This study examined how Catha edulis farmers manage leftover pesticide mixtures remaining in
sprayer tanks after application. Field data revealed (Figure 10) that 36% of farmers disposed of the
excess mixture directly in the field, 33% applied it to alternate crops, 25% reused it for secondary
spraying, and 6% discarded it in nearby ponds. These practices raise significant environmental and
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public health concerns, as improper disposal of pesticide residues contributes to soil and water
contamination, ecological degradation, and increased human exposure.

According to the Pesticide Environmental Stewardship (PES) guidelines, excess spray mixtures
should only be applied to crops or sites explicitly permitted by the product label. If this is not
possible, the mixture must be classified as waste and managed according to appropriate disposal
protocols. In some cases, disposal through sewage treatment systems may be acceptable;
however, such infrastructure is largely unavailable to C. edulis farmers in the study area.

Moreover, the data presented in Figure 3 indicate that 40% of farmers aged 23-45 and 48% aged
46-55 were unable to read pesticide safety labels, further complicating safe handling and disposal
efforts. The Pesticide Control Products Board (PCPB) recommends that surplus pesticide mixtures
be diluted tenfold and sprayed on non-crop barrier zones, fallow land, or land scheduled for
cultivation, while avoiding areas accessible to grazing animals or future crops. Such practices
facilitate biodegradation and reduce environmental risk.

These findings highlight the critical need for targeted farmer training focused on label
comprehension and safe pesticide disposal practices. Furthermore, the development of locally
appropriate infrastructure, coupled with regulatory frameworks, is necessary for improving
pesticide waste management within farming communities.

B disposed in the field
M used on other crops
M resprayed

disposed in ponds

Figure 10: What farmers did to the excess pesticide remaining in the sprayer tank

Existing constraints limit farmers' ability to adopt recommended pesticide disposal methods,
including basic sewage treatment where permitted. The Pesticide Control Products Board (PCPB)
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has issued guidelines recommending the dilution of unused pesticide mixtures for controlled
application to minimize environmental risks. However, a significant knowledge gap persists, as
many farmers lack a clear understanding of proper disposal practices. This underscores the need
for targeted educational programs to improve comprehension of pesticide label instructions and
promote environmentally sound disposal methods.

Improper disposal—such as direct release into fields or water bodies—leads to contamination that
degrades ecosystem quality and threatens biodiversity. While pesticide biodegradation is more
efficient in cultivated farmland, adherence to recommended disposal practices remains critical in
reducing environmental harm. Enhancing access to appropriate disposal infrastructure, combined
with improved pesticide safety education, is essential for the development of sustainable
agricultural practices.

Addressing these knowledge and infrastructure gaps will equip farmers with the information
needed to adopt practices that align with environmental and public health objectives. The findings
of this study call for a multidimensional approach that integrates education, infrastructure
development, and regulatory enforcement to ensure responsible pesticide management in
agricultural systems.

3.4.4.5 Cigarette smoking status

The study highlights the intersection of occupational health and environmental exposure,
particularly among pesticide applicators who smoke while working. Notably, 16% of applicators
reported handling pesticides while smoking, raising significant concerns about compounded
exposure risks. Chen et al. (2022) found that workers exposed to both pesticides and tobacco had
a 29% increased risk of developing hypertension, suggesting a potential synergistic effect on
cardiovascular health.

Nicotine and pesticide compounds may interact to exacerbate vascular damage, heightening the
risk of cardiovascular disease. Additionally, smoking during pesticide application facilitates the
transfer of residues from contaminated hands or surfaces to the mouth, increasing toxicological
risk. These behaviors underscore the urgent need for enhanced safety protocols and targeted
occupational health interventions.

Future research should investigate the combined effects of pesticide exposure and smoking on
long-term health outcomes. Integrated occupational health strategies should aim to reduce both
pesticide exposure and tobacco use among applicators, thereby mitigating hypertension and other
related health risks. Such a multidimensional approach could improve health outcomes for
agricultural workers and inform broader public health prevention strategies.

3.3.4.6 Health effect associated with exposure to pesticides among C. Edulis farmers
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This study assessed pesticide-related health risks among C. edulis farmers by examining the use of
personal protective equipment (PPE), self-reported health symptoms, and pesticide application
behaviors. Findings revealed a high prevalence of health complaints among applicators: 87%
reported experiencing headaches, 15% reported dizziness, and 10% reported nausea (Table 4.3).
These symptoms were commonly associated with inadequate use of PPE, highlighting deficiencies
in current protection practices.

The analysis suggests that non-compliance with PPE guidelines may stem from limited access to
protective gear, insufficient safety training, and potentially ingrained cultural perceptions that
downplay the importance of PPE. Addressing these barriers is essential to improving health
outcomes.

Gender-specific roles in pesticide application also influenced exposure levels. As shown in Table
4.3, male respondents—who predominantly carry out pesticide mixing and spraying—accounted
for 15% of those experiencing dizziness. This disparity in exposure highlights the importance of
implementing risk mitigation strategies that account for occupational responsibilities and gender-
specific vulnerabilities.

The study also identified critical knowledge gaps regarding the long-term health effects of pesticide
exposure. Therefore, comprehensive training programs—both quantitative and qualitative—
alongside the promotion of safer agricultural practices, are vital components of any effective
intervention to protect farmers’ health.

Table 2: Health effects associated with exposure to pesticides among C. Edulis farmers

Gender Female Male Overall
Problem experienced: Headache 90% 84% 87%
Problem experienced: Dizziness 0% 15% 15%
Problem experienced: Nausea 10% 0% 10%
Problem experienced: Difficulty in breathing 0% 2% 2%

3.3.5 Environmental protection

3.3.5.1 Time of the day the pesticides are applied

An analysis of pesticide application timing (Figure 10) revealed that 33% of applications were
conducted at unspecified times throughout the day, while 29% occurred in the morning and 19%
during the afternoon and evening. Application timing is a critical factor in minimizing health risks
and optimizing pesticide efficacy. According to Damalas and Eleftherohorinos (2011), applying
pesticides during windy or hot conditions increases the risk of spray drift, leading to unintended
exposure for both applicators and nearby populations. High temperatures and low humidity
accelerate droplet evaporation between the nozzle and target, reducing pesticide effectiveness
and compromising environmental stability.
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Optimal application should be carried out under calm, cool weather conditions with moderate
humidity to minimize drift and evaporation. Such conditions not only enhance the precision and
efficiency of pesticide delivery but also reduce exposure risks for both applicators and non-target
organisms. Early morning or late afternoon applications, when temperatures are lower, can further
reduce the inhalation of volatile compounds, improving worker safety. Additionally, applying
pesticides during periods of low human activity in target areas can help minimize incidental
exposure to local communities.

Emerging technologies in precision agriculture, particularly Information and Communication
Technology (ICT) tools, offer promising solutions for improving pesticide management. As
demonstrated by Femi et al. (2024), sensor technologies can monitor environmental variables such
as humidity, temperature, soil moisture, and light intensity. Real-time data from these tools can
guide farmers in selecting optimal application times, thereby enhancing both safety and pesticide
efficiency.

B Morning
m Afternoon
Evening

Anytime as required

Figure 11: Time of the day the pesticides are applied

3.3.6 Policy recommendations: training on pesticide handling and application

This study reveals a significant policy gap in pesticide safety training among Catha edulis farmers.
A striking 91% of respondents had not received formal first aid training, and 75% lacked instruction
in pesticide handling and application, posing serious occupational health risks and undermining
sustainable agricultural practices.

Reliance on traditional knowledge alone is inadequate for managing the complexities of modern
pesticide use. Low literacy levels further hinder comprehension of safety instructions on pesticide
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labels, increasing the risk of unsafe handling (Agmas et al., 2020). As Lekei et al. (2014) highlight,
structured training significantly reduces pesticide-related health outcomes by promoting safer
behaviors. Similarly, Mwenzwa et al. (2018) noted that most farmers only had secondary education,
which may be insufficient for meeting current safety standards. Prioritizing pesticide safety
education through policy reform will reduce health risks, support sustainable farming practices,
and protect both human and environmental health. Immediate action is essential to close existing
training gaps and build a safer, more informed agricultural workforce.

Table 4.4: Types of pesticides used by farmers and their classification

Brand name Classification Active ingredients Toxicity class
Profile Organophosphate Cypermethrin 40 g/L, Profenofos 400  WHO ||
g/L
Buffalo Organophosphate imidacloprid 75g/L + Betcyfluthrin  Acute Toxicity Category 2
25g/
Orthene Organophosphate Acephate Acute Toxicity Category 2
Shotgun Pyrethroid Cypermethrin 25% EC WHO I
Presento Neonicotinoid Acetamiprid 200 g/kg WHO Group Il
Ranger Organophosphate Isopropilamine salt of glyphosate Acute Toxicity Category 4
WHO Il
Abamitte Avermectin Abamectine 18g/! Acute toxicity category 4.
Carcinogen
Genomitte Organophosphate Pyridaben 20% Acute Toxicity Category
WHO Il
Hitman Pyrethroid Deltamethrin UN Hazard Class: 6.1; UN

Omite power

butylphenoxy]

300 g/kg propargite

Pack Group: WHO II
Acute toxicity B2 chemical

carcinogen
Profen Organophosphate 50% Profenophos Acute toxicity class WHO Il
Escort Avermectin Emamectin benzoate 19 g/L WHO Toxicity
Classification Il
Konzano Avermectin B1 Abamectine 50g/I Acute toxicity class IV
Alonzo Avermectin B1 Abamectine 50g/I Acute toxicity class IV
Chariot Carbamate Carbendazim
Hitman Organophosphate Indoxacarb  75g/l and emamectin  WHO (a.l.) I
benzoate 15g/I
Pradoceto Chloropyridinyl. Acetamiprid 50g/| Carcinogenic category 2
Airforce- One Pyrethroid Lambda-Cyhalothrin 250EC WHO I
Gynomite Organophosphate Pyridaben 200g/! Toxicity Category IlI
Mitekill Avermectin B1 Abamectin 2% Class Il Toxicity
Metholmyl 90SP Carbamate (Methylcarbamoyloxy) thioacetamide  Highly toxic class 6.1 oral
acute toxicity 2; dermal
acute toxicity 5; inhalation
acute toxicity class Il
Furdon 3G Carbamate Carbofuran 3% Class 1B, Acute toxic

highly hazardous

WHO Toxicity Classification (WHO/FAO (2015),(https://iris.who.int>handle>978924000562-eng)

3.3.7 Pesticides used by C. edulis farmers

This section analyzed categories of pesticides used by C.edulis farmers, their classification, active
ingredients, and the World Health Organization (WHO) toxicity levels. The data presented in Table
3 indicate that organophosphates constitute a significant share of pesticide use, accounting for
36% of all pesticides applied. Literature reviews demonstrate this chemical class poses severe
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environmental risks alongside health hazards that cause neurotoxicity and endocrine disruption,
as documented by Costa (2008) and Colosio et al. (2018). The widespread use of agricultural
organophosphate pesticides has raised significant long-term sustainability concerns, posing
substantial risks to human health and environmental systems. Carbamates and pyrethroids
accounted for 28% of all pesticide applications reported by respondents. Operationally, both
classes are commonly used for pest control; however, they each pose significant safety concerns.
Like organophosphates, carbamates affect the nervous system, but they operate through different
mechanisms, contributing to diverse resistance patterns in pest populations (Lalah et al., 2020).
The human health risks associated with pesticide usage are lower in pyrethroids, but researchers
have found these chemicals damage vital insect species that regulate ecosystem stability (Chagnon
et al, 2015). Structural knowledge about avermectins revealed their increasing popularity (23%) as
health officials adopted integrated pest management protocols in agricultural environments. The
broad-spectrum pest-targeting effects of avermectins raise concerns regarding their detrimental
impact on non-target species and sustainability challenges associated with resistance development
(Guimaraese et al., 2022). Other insecticides, accounting for 4% of usage, reflect an emerging trend
in pesticide adoption. Among these newer options, chloropyridimyl appears alongside
neonicotinoids and butylphenoxy as minor contributors. Notably, neonicotinoids are associated
with documented risks, particularly their harmful effects on pollinators (Sgolastra et al., 2017). The
toxicity classifications of these pesticides according to the WHO/FAQO (2015) standards designate
them as hazardous materials. This category highlights the urgent need to develop improved pest
management practices that reduce both environmental and health risks. The study emphasizes the
importance of fundamentally transforming agricultural practices to safeguard ecosystems and
promote human health, as excessive reliance on hazardous pesticides poses serious threats to
environmental sustainability and public well-being.

4.0 Conclusions

The study reveals substantial challenges faced by Catha edulis farmers in ensuring the safe use of
pesticides. Most respondents had only primary or secondary education, which limited their ability
to comprehend pesticide labels and apply recommended handling practices. This was particularly
evident among those with lower literacy levels, contributing to unsafe application methods.

Gender disparities were also observed, with men predominantly managing C. edulis cultivation,
likely influenced by cultural and socioeconomic factors. Alarmingly, only 1% of farmers reported
using protective equipment such as goggles. The vast majority did not use any form of personal
protective equipment (PPE), significantly increasing their risk of pesticide exposure. Commonly
reported health symptoms following pesticide application included headaches, dizziness, and
nausea, likely resulting from inadequate safety measures.

Unsafe disposal of pesticide containers and expired products, along with irregular application
schedules, intensifies environmental and health risks. The lack of formal training in pesticide
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handling among most farmers perpetuates these hazardous practices. Additionally, the widespread
use of highly toxic pesticides, such as organophosphates, intensifies potential risks to both human
health and the environment. These findings highlight the need for targeted education, training,
and awareness programs to promote safe pesticide use and mitigate health and environmental
risks.
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