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Abstract

An increase in pesticide use in Cambodia has increased concerns about harmful effects on human health and
environment. This study was conducted using questionnaire-based interviews and practical observation at
farm level with vegetable farming households in three provinces in Cambodia to assess farmer’ knowledge,
attitudes, safety and agricultural practices regarding pesticide use and health risks. Vegetable production relied
mainly on chemical pesticides to control pests. 4 fungicides and 16 insecticides were used by the farmers. A
majority of the pesticides belonged to WHO class 11 (75%), followed by class I (10%), class I1I (5%) and class
U (10%).Farmers were aware of harmful effects of the pesticides on human health and environment but they
did not protect themselves adequately. Farmers were not aware of correct pesticide application and technical
knowledge was transferred from pesticide sellers. Most farmers in Siem Reap and Takeo respected application
rates while in Kandal used higher rates. Furthermore, farmers in Kandal mixed more pesticides in one
spraying than in Siem Reap and Takeo. Application intervals were shorter in Kandal, followed by Takeo and
Siem Reap, respectively. Pre-harvest intervals were not applicable, so, health risks to the consumers varied
with the pesticides used, application rates and pest appearance in the crop cycles. The findings suggest that
improving safety and agricultural practices, enforcing use restrictions of the hazardous and persistent
pesticides, and adopting alternative measures will considerably reduce the associated risks.
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Introduction

One of the South East Asia countries, Cambodia has relied on agricultural production as the main economic
source. The country’s agricultural resources consist primarily of 4.5 million hectares of cultivated land, of which about
70 percent devoted to rice as primary commodity and source of income for most of the farmers, and around 30
percent dedicated to other food and industrial crops. The cultivation area is increasing every year due to the expansion
of higher value crop production and integration of farmers into markets(ADB, 2021; WB, 2015).For vegetable
production, farmland accounts for aroundl.3 percent of total agricultural land and belongs to mostly smallholders
with an average farming area less than 0.5 hectares. However, more than 50 percent of all vegetables consumed in the
country are imported from the neighboring countries, particularly Vietnam, due to price competitiveness, challenges in
logistics, and the ability for year-round production (SNV, 2022; NIS, 2015; FAO, 2014; Schreinemacherset al., 2017).
Pesticide residues in the imported vegetables have been found above maximum residue limits, concerning the
consumers (Skretteberget al., 2015). On the same way, the Cambodian vegetable producers are also dependent on
pesticide use as the essential measure in crop protection and a vital component in the production to assure their
income (Schreinemacherset al., 2017; Damalas, 2009).
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Inadequate use of the pesticides develops exposure to the human body causing adverse effects on human
health including several diseases and poisoning, polluting water, air and soil; and affectingnon-target organisms in the
ecosystem (Damalaset al., 2001; Aktaret al., 2009). Growth in pesticide imports has been estimated about 10 times in
quantity over the last ten years (FAO, 2022). The fast rate of this increase poses enormous challenges tothe
management of the associated risks to applicators, consumers, and ecosystems.

World Health Organization estimates every year about four million cases of chronic and acute pesticide
poisoning worldwide. Cambodia is a developing country in which the related risks are much greater where a majority
of the population is involved in the agriculture(WHO, 1990).Only few studies on farm-level risk assessment associated
with pesticide use have been conducted. In a survey, the Environmental Justice Foundation found that a majority of
the Cambodian farmers use pesticides at the inadequate time, at the inadequate strength, and in a manner that does
not comply with the specific usage written on the label of the pesticide containers. The safety measures are often
ignored or misunderstood. The impropriate use is exacerbated by a lack of appreciation of risks associated with
pesticides, inadequate training given by untrained sources such as neighbors and pesticide sellers who themselves are
unaware of pesticide risks, and incomprehensible labelling that is usually in foreign languages(EJF, 2002). A study with
water spinach farmers conducted by Jensen team found that the farmers used around 50% of the pesticides belonged
to WHO class I+1I including the banned pesticides, and inadequate PPE. Consequently, many of these farmers had
experienced symptoms of acute pesticide poisoning (Jensen et al., 2011).Other study conducted with leaf mustard and
yard-long bean farmers revealed that pesticide dependence and the health risks reached entry points for intervention
(Schreinemacherset al., 2017).However, causes of higher pesticide residue levels in food and food poisoning in
agricultural practices associated with pesticide use have not been revealed yet (ADB, 2008; Wang et al., 2011).So, there
is a need to provide more information on pesticide management practices and to estimate environmental health risks
associated with pesticide usebythe Cambodian farmers at farm-level for the development of policies and regulations to
address the issue. The purpose of this study aims to assess pesticides used, knowledge, attitudes, safety and agricultural
practices of the farmers leading to analyzing associated risks to themselves, consumers and environment.

Materials and Methods
Conceptual framework

The study followed a similar method reported by Schreinemachers team (Schreinemacherset al., (2017), which
applied the concepts of knowledge, attitudes and practices (KAPs) in a survey to assess what the farmers know about
problems associated with the pesticide usage, how they feel about it, and how they behave. Knowledge here refers to
farmers’ understanding of pesticides, safety, and agricultural practices. Attitude here refers to farmers’ beliefs about
pesticide effectiveness and effects on human health and environment. Practices are the observable actions of the
farmers who were asked about vegetable production practices, pesticides used, rates and intervals of application,
pesticide mixture, re-entry and pre-harvest intervals, sources of pesticide management information, personal
protection equipment when applying pesticides.

Data collection

Farm-level data from three provinces were collected between November 2021 - February 2022 through a
farm survey by face-to-face interviews with farmers during farm activities. 360 farmers who sprayed pesticides and
had vegetables in Siem Reap, Kandal and Takeo were randomly selected for interviews. The interviews, using a list of
questions, covered the following topics: socio-demographic characteristics, knowledge, attitudes, safety and
agricultural practices.

Analytical approach

Quantitative data were analyzed using descriptive statistics, showing means and standard deviations in SPSS
version 25. For qualitative data, the analysis was carried out using manual coding of open-ended question into
common themes relevant to farmers’ decisions.

Results

Demographic characteristics
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Table 1 shows results of farm sizes, farmer ages, education levels and pesticide use experience. An average
age of the farmers was 45 years in Siem Reap, 48 years in Kandal, and 46 years in Takeo. Most farmers had lower
education levels than high school but the proportion was similar among the study areas. Vegetable production in
Cambodia is a family scale which the average farm size was 0.22 ha in Siem Reap, 0.33 ha in Kandal, and 0.28 ha in
Takeo. An average year of farmers’ pesticide use experience was 9 years in Siem Reap, 15 years in Kandal, and 12
years in Takeo. All the farmers reported that they faced many problems associated with pests and diseases in every
seasons.

Knowledge and attitudes

Knowledge and attitudes of the farmers regarding pesticide use are shown in Table 2. Insects were the main
cause of yield loss in the vegetable production. Insecticide use was very useful to protect the crops and increase
income. Farmers were aware of harmful effects of pesticides to human health and environment. However, they did
not know hazard levels of the pesticides. Most farmers sought advice from pesticide sellers. The proportion was
higher in Siem Reap, followed Takeo and Kandal. Persons in contact with the farmers including neighbors, friends
and relatives were in second position to give them the advice while only few farmers received training given by the
extension officers.

Table 1-site demographics

Seam Reap Kandal Takeo(N=160) | Total(IN=480)
(IN=160) (IN=160)

Women as sprayers (%) 17 10 15 14
Men as sprayers (%) 100 100 100 100
Farms
- Farm size average (ha) 0.22% 0.18 0.33+ 04 0.28+ 0.32 0.275+0.34
Farmers
-Age average (year) 4512 48+14 46+ 9 46x 13
-Education level (%)
e No education 12 10 13 11
e Primary school 51 48 52 50
e Secondary school 22 25 24 24
. ngh school 15 17 11 15
-Pesticide use experience average (year) 9%6 15+ 9 12+ 7 12+ 8

Table 2 Farmer’ knowledge and attitude regarding pesticide use

Statements Siem Reap | Kandal | Takeo | Total
Insect pests are the main cause of yield loss(%o) 100 100 100 100
Pesticide use is useful to increase income from production(%o) 100 100 100 100
Pesticides can be harmful to human health(%0) 96 1 99 98
Pesticides can be harmful to environment(%o) 92 98 94 95
Sources of advice on pest management (%o)

e Retailers 84 70 78 77

e Neighbors, friends and relatives 14 25 20 20

e Course 1 5 2 3

Table 3 Practices of pesticide usage

Statements Siem Reap Kandal Takeo Total

(%) (%) (%) (%)

Main control method

e  Chemical pesticides 100 100 100 100
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e Biopesticides 10 2 5 6
When do you decide to spray?
®  Due to pest appearance 89 75 84 83
o  On schedule 11 25 16 17
Application rates
e Respected 71 24 54 50
e  Above application rates 29 76 46 50
Mixture of active ingredients
o 1 22 4.17 8.34 11
e 2 50 20 52.5 41
e 3 16 42.5 27.5 29
o 4 12 29.16 9.16 17
e 5 0 4.17 2.5 2
Critical application intervals (day)
Cabbage, Chinese kale, tomato, yard long bean, and (3-4) 32 54 40 42
green mustard (5-6) 68 48 60 58
Cucumber and bitter gourd (4-5) 42 68 60 56
(6-7) 58 32 40 44
Eggplant and wax gourd (7-8) 51 74 63 62
(9-10) 49 26 37 38
Water spinach - - - - -

Practices

Farmers used open farming system to produce their vegetables. All farmers depended on chemical pesticides
in pest management control for their vegetable production while a minority of the farmers reported to have
experience in using biopesticides prepared by themselves (Table 3). A majority of the farmers assessed pest
appearance when decided to spray the chemicals. The proportion of the farmers was higher in Siem Reap, followed by
Takeo and Kandal. 4 fungicides and 16 insecticides were found in use by the farmers in the study areas (Table 4) and
listed according to their WHO hazard classification. A majority of the pesticides belonged to WHO class 11 (75%),
followed by class I (10%), class I1I (5%) and class U (10%).

All pesticide containers were found with label instructions in Khmer language but there was a lack of
important instructions such as application intervals, pre-harvest intervals, and safety measures. Most farmers in
Kandal used greater application rates than the recommended rates while most farmers in Siem Reap and Takeo
followed the recommended rates. Farmers mixed one to five active ingredients of the pesticides in one spraying of
which a majority of the farmers in Siem Reap and Takeo used one to two active ingredients while most farmers in
Kandal mixed three to 5 active ingredients. The results of application intervals showed that the interval between two
applications varied with crops and locations. In general, the intervals were shorter in Kandal, followed by Takeo
andSiem Reap.During harvesting, the farmers reported that they waited at least one day after pesticide spraying to
harvest their vegetables while the adequate pre-harvest intervals were not applicable.

Most farmers had inadequate safe practices including PPE use, body cleaning after spraying, and empty
pesticide container disposal (Table 5). The PPE use, body cleaning and the pesticide container disposal done by the
farmers were better in Kandal, followed Takeo and Siem Reap, respectively. Most farmers used long pants and shirts,
cotton mask and hat while less farmers wore goggle, rubber boot, raincoat and traditional scarf. Gloves were used by
42%, 65% and 46% of the farmers in Siem Reap, Kandal, and Takeo, respectively. A majority of the farmers cleaned
their hands and faces immediately after spraying, while showers done when reached back home. Most farmers threw
empty pesticide containers into agricultural fields such as lake, rivers, channels, and ponds.
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Table 4 - Pesticides used by farmers

WHO hazard Active ingredient Main use
classification (2020)
1b Abamectin, carbofuran Insecticide
Difenoconazole, Metalaxyl Fungicide
11 Acetamiprid, Acephate, Chlorfenapyr, Chlorpyrifos, Cypermethrin,
Deltamethrin, Emamectin benzoate, Fipronil, Imidacloprid, Lambda-
cyhalothrin, Permethrin, Nitenpyram, Thiamethoxam. Insecticide
111 Buprofezin
U Azoxystrobin, Carbendazim Fungicide

Table 5 Safety practices

Siem Reap Kandal Takeo Total

PPE 1se (94)
e  Gloves 42 65 46 51
e (Cotton mask 76 96 90 87
e Goggle 12 26 15 18
e Rubber boot 18 45 24 29
e Tong pants 94 100 100 98
e Long shirt 96 100 100 98
e Raincoat 14 24 17 18
e Hat 92 100 96 96
e scarf 32 45 40 39
Body cleaning after spraying (%)
e  Washing hands and face immediately 100 100 100 100
e Taking shower after back home 95 85 92 91
e Taking shower immediately 5 15 8 9
Empty container disposal (%)
e Throwing in agricultural fields (lake, river, channel 93 71 85 83

etc.)
e Burying 5 14 9 9
e Burning 2 15 6 8
Discussion

Cambodia is one of the developing countries in South East Asia. Vegetable production is a small and family
scale with an average of farming areas less than 0.5 ha(Schreinemachers, et al., 2017, Pinnet al., 2020). In the study
areas, the difference in the higher farming areas could be due to supplier levels of the vegetables to the Phnom Penh
capital (Kanika & Moustier, 2004). Because of this, the farmers in Kandal have longer experience in vegetable
production and subsequently pesticide use. Education is an important factor for reduction of health risks associated
with pesticide exposure in Cambodia (Jensen et al., 2011). Most farmers with lower education levels in the study areas
might be at higher risks when using pesticides, possibly because of being unable to comprehend the pesticide
exposure and label instructions. General in Cambodia, men have more responsibilities in the family than women and
do heavy and dangerous works. As can be seen in the results, main pesticide sprayers were men and a minority of the
female farmers reported that they had experience in spraying when men were busy or unable to work. Pesticide
retailers were the main source of the problem solving in the vegetable production by giving the farmers advice and
selling them the pesticides. Due to longer experience, more farmers in Kandal could made themselves decision to buy
the pesticides. Furthermore, a minority of the farmers received advice from their neighbors, friends and relatives of
the farmers but these farmers made also the final decision with the pesticide retailers.
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Only very few farmers were trained by the extension officers on pest management and pesticide use of which
was very similar to a result previously reported by Schreinemachers, et al., (2017). This finding suggests that training
on pest management and pesticide use is needed to enhance the farmers’ knowledge. The chemical pesticides were
found to be the main method of pest control for all the farmers which was similar reported by Schreinemachers, et al.,
(2017).This dependence may be due to knowledge lack of the pest management. As a result, the farmers needed to
assess symptoms or pest appearance when decided to carry out the spraying. In spite of awareness of harmful health
effects of the pesticides, farmers lacked knowledge of hazard levels, adequate safety and agricultural practices which
might bring negative consequence in pesticide handling and application, and subsequently health risks. The vegetable
production in open field of the Cambodian farmers may have some disadvantages about problems associated with
pests and diseases of which greenhouse production system could be substituted in the nearest future (Qasimet al.,
2021). The 20 pesticides found in the study were with permission for sales in the agrochemical markets of Cambodia
according to National Profile on Chemical Management in Cambodia (MOE, 2004). Furthermore, the label
instructions on the pesticide containers were in the native Khmer language, meaning that the pesticide risk
management in the country has been improved by a new regulation of the use of the hazardous pesticides in
comparison with the previous studies in which the author found Cambodian farmers used banned pesticides with
Vietnamese and Thai languages in the labels (MAFF, 2012; Jensen et al., 2011; EJF, 2002). However, there was a need
to provide more information about use restriction of class I insecticides, pre-harvest interval, application interval, and
details of adequate PPE into the label instructions. As a result of these, application and pre-harvest intervals required
for safe use were not applicable. Furthermore, pesticide sellers were the main source of the technical knowledge in
pesticide use for the farmers across the country. The seller recommendation and effectiveness obtained were shared to
the others which was similar reported by Flor team (Flor et al., 2020). This inadequate knowledge transfer might cause
inappropriate safety and agricultural practices, and subsequently environmental health risks. Otherwise, the seller
recommendation had intention of profit themselves in selling more products, particularly in Kandal. At harvest, the
farmers were aware of the pre-harvest intervals of the pesticides but they did not know the correct values. Due to the
awareness of pesticide hazards, farmers harvested the vegetables at least one day after the pesticide application during
the harvest period. Having the inadequate pre-harvest intervals influences pesticide residue levels in the vegetables and
health risks to the consumers (Angioniet al., 2011; Malhatet al., 2018). Furthermore, using higher application rates
would increase values of the pre-harvest intervals and health risks, particularly in Kandal. This malpractice of pesticide
use may have been the cause of high pesticide residue levels in foodstuffs (Wang et al., 2011), and food poisoning in
Cambodia (ADB, 2021). Hence, the health risks to the consumers in Cambodia might vary with types of pesticides
used, application rates, farm location, vegetable types, pest and disease appearance in the crop cycles. So, the
vegetables produced in Kandal represented higher health risks, followed Takeo and Siem Reap, respectively. However,
in water spinach production, there was no pesticide use among the farmers in the study areas. This finding is totally
contrary to a study previously reported by Jensen team (Jensen et al., 2011), of which the author claimed that pesticide
use played an important role in water spinach production. The difference might be due to crop systems for which they
carried out the study in permanent crop of water spinach cultivated in the flooded land (lake), while our study was in
the crop with one harvest of a cycle ranging 21 to 30 days. In the permanent crop system, there was possibly pest and
disease establishment in the agro ecosystem; while in the crop with one cycle harvest there was possibly no enough
time for pest and disease establishment.

PPE use is a risk prevention method of hazardous chemicals, especially pesticides in agriculture, protecting
the users from pesticide exposure through skin and eye contact, and inhalation. Despite awareness of the harmful
effects of the pesticides, farmers did not protect themselves adequately from pesticide exposure. All farmers wore
inadequate personal protective equipment leading to pesticide exposure to them when they mixed and sprayed. This
might be due to no legislative control which required pesticide users and sellers to be formally trained in safe work
practices (Jensenet al., 2011). Assessment of PPE use showed that the use level of PPE varied among the farmers
andregions. Higher PPE use level belonged to the farmers in Kandal, followed by Takeo and Siem Reap, respectively.
This might be influenced by the work experience. Mostfarmers used a mask when mixing and spraying in study areas.
From farm-level observation, it was noticed that the used masks were disposable and no manufactured for pesticide
spraying and the level of protection of such masks is unknown. While face protective screen and impermeable helmets
were not found in the use among the farmers, they wore simple hats and small proportion of them used cotton scarf
as face and head protective equipment. A minority of the farmers used goggles in protection of their eyes. All farmers
wore simple clothes such as long pants and shirt during pesticide operations.
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Small proportion of the farmers wore raincoat and rubber boots when spraying, at the same time, they
complained about thermic and physical discomforts, respectively. The reason for the low use level of personal
protective equipment might be due to cost, availability, thermic and mechanical discomforts (Garrigouet al., 2020). In
humid condition of work, breathing difficulty caused them to take off the masks or not to use. The impermeable PPE
was not comfortable in the humid and hot climate like in Cambodia. Rubber boots were mentioned to have physical
discomforts when walking, especially on the wet farms. Cambodia is not PPE producer; the cost might be very high
for the small farmers as Cambodiansin relation to their income. Furthermore, the adequate PPE was not always
available in the markets. The lack of PPE among the farmers was revealed by several studies previously reported in
South East Countries (EJF, 2002; Jensen et al., 2011;Migheli, 2021;Panuwetet al., 2012; Snelderet al., 2008; Jambariet
al., 2020; Joko et al., 2020;Peeterset al., 2015).

With regard to the other safety practices adapted during and after application operations, the study found that
most farmers were with good behavior of protecting themselves according to farm-level observations and answers.
Most of the pesticide applicators did not smoke, drink, or eat when mixing and spraying; and face washing was
conducted immediately after spraying. The health risks faced by pesticide sprayers and vegetable consumers will be
reduced by improving safety and agricultural practices through training and education to the farmers and pesticide
sellers on safe operation, correct application and preventive measures; and strengthening regulation of use restriction
of the extremely hazardous and persistent pesticidesfor achievement of good agriculture practices. The practical
implication of these measures to decrease the associated risks might be a complex task. This requires the active
participation of allstakeholders including non-governmental organizations, farmers, pesticide sellers, local regional
agricultural departments and government. Furthermore, farmers should be trained to adopt useful alternative
measures such ascultural, biological, and mechanical controls, and integrated pest management. (Flor et al., 2018;
Vincent et al., 2001; Baker et al., 2020; Matsukawa et al., 2015).

Conclusion

Lack of knowledge of the Cambodian vegetable farmers on pest management results independence on the
chemical pesticides. Inadequate safety and agricultural practices regarding pesticide use among the Cambodia farmers
could cause severe risks to human health and the environment. The health risks to consumers vary with the pesticides
used, application rates, pre-harvest intervals conducted, vegetable types and region. The vegetables produced in
Kandal expose higher health risks to the consumers.
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