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ABSTRACT 

                                                                   

Background: The use of pesticides in Zambia‟s agriculture sector is increasingly being seen as 

an important aspect of agricultural technology and innovation and as being critical for 

agriculture development, economic growth and poverty reduction. The use of pesticides 

however, often leads to the presence of residues in the fruits and vegetables after harvest. The 

objective of the study was to investigate dichlorvos residues in selected locally produced fruits 

and vegetables in Monze and verify compliance with maximum residue limit standards. We 

also explored farmers‟ practices and monitoring and regulation issues in pesticide use and 

handling. 

 

Methods: The study used mixed method (convergent parallel) design. Fruit and vegetable 

samples were examined for residues of dichlorvos by gas chromatography- mass spectrometry 

(GC-MS) using dichloromethane, hexane and acetone Hipersolv chromanorm HPLC grades as 

extraction solvents. A semi structured interview guide was used to gather information for the 

qualitative study. A total of 14 key informant interviews with farmers, agriculture and public 

health officers and one policy maker were voice recorded transcribed and analyzed using 

Nvivo 10 software. 

Results: Results revealed detectable dichlorvos residues in 63.3% of all the tested samples 

while 36.7% of the samples had residues below detectable levels. Three of the 19 samples that 

had pesticide residues exceeded the codex Alimentarius MRL (0.1mg/kg). However, all 

samples had residues below the Zambia Food and Drugs standard (0.5ppm). In regard to 

farmers‟ practices, results showed great variation in pesticide use and handling, limited 

knowledge, observation of reduced waiting period and increased application rate. Meanwhile, 

issues of monitoring and regulation of pesticide use among farmers were also limited. 

Discussion: Exposure to pesticides has been known to be associated with adverse health 

effects on man that can either be acute or chronic in nature.  The presence of pesticide residues 

in fruits and vegetables of banned and / restricted pesticides in other countries is a serious 

concern and threaten the health of consumers. This calls for the need to strengthen regulation, 

monitoring and control of pesticide use among farmers. 
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Conclusion: It can be concluded that, the low levels of pesticide residue detected in fruits and 

vegetables are not a guarantee of consumer safety. Farmers‟ practices including observation of 

reduced waiting periods and continuous application of pesticides combined with limited 

knowledge and training   and absence of monitoring services seriously threaten the safety of 

consumers of fruit and vegetable coming from Hachaanga and St Mary‟s areas of Monze 

District, Zambia. 

Key words, Pesticide residues, Maximum Residual limits, Pesticide use and handling, farmers‟ 

practices, Zambia 
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CHAPTER ONE 

 

1.0 Background 

 

The research was carried out in Monze District in Southern Province of Zambia. Monze town 

is situated at about 200km south of Lusaka, the capital City, and 300km North of Livingstone 

town.  The District covers an area of 6, 687km
2.  

It shares boundaries with Mazabuka District to 

the North, Choma District, to the South, Gwembe District in the East and Namwala District to 

the West. Economically, the district depends on agriculture, as there are no industries in the 

area. The majority of the indigenous people are subsistence farmers while a few are 

commercial farmers, mainly crop farming and animal husbandly. Crops that are grown include 

maize, groundnuts, sweet potatoes, and vegetables.   

Pesticide residue refers to pesticides that may remain on or in food after they are applied to 

food crops. Pesticides from a broad range of classes are used at different stages of cultivation 

and during post-harvest storage to protect crops against pests and fungi and to provide quality 

preservation (Wang et al., 2010). Meanwhile, pesticides have been shown to leave residues on 

exposed crop produce (Waliszewski et al., 2008) and exposure of the general population to 

these pesticide residues most commonly occurs through consumption of treated food sources or 

being in close contact to areas treated with pesticides such as farms or lawns around houses 

(Walter, 2009).  Many of these pesticide residues also exhibit bioaccumulation characteristics 

which could build up to harmful levels in the body as well as in the environment (Walter, 

2009). These chemicals can also be magnified through the food chain and have been detected 

in products ranging from meat, poultry and fish to vegetable oils, nuts and various fruits and 

vegetables (Chung and Chen, 2011). 

Pesticides increase crop production by preventing, destroying or repelling pests which may 

damage crops (Latif et al., 2011). Various types of pesticides used in agriculture production 

may be categorized into four broad groups; organchlorines, organophosphates, carbamates and 

pyrethroids. Examples of pesticides commonly used on fruits and vegetables includes; for 

tomatoes; abamectin, carbarly, cyhexatin, cypermethrin, dichlorvos, deltamethrine, malathion 

and monocrotophos. For cabbage and leafy vegetables; abamectin, ethiophen carb, pirimocarb, 

chlorpyrifos, fenthion, monocrotophos, alpha & zeta cypermethrine, lambda cyhalothrine and 
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azadractin. For oranges; carbarly, carbofuran, cyhexathin, chropyrifos, ethionphen carb, 

fenthion, malathion and pirimcarb. For okra: carbarly and alpha & zeta cypermethrine.    

 Most organochlorine pesticides have been banned in many countries due to their tendency to 

persist in the environment as well as their bioaccumulation tendency up the trophic levels. 

Because of this, organophosphates that readily degrade in the environment gained preference 

over organchlorines. However, organophosphates were found to be highly toxic to mammals 

and most common cases of acute poisoning occur due to consumption of food contaminated 

with carbamates and organophosphates (P A N, 2012).  

Some pesticides in the organophosphate group that are either banned or restricted in developed 

countries are still in use among Zambian farmers. 

   

Fruits and vegetables are important components of the human diet. They provide essential 

nutrients in the human body required for most body functions. A high intake of the vegetables 

and fruits has been encouraged not only to prevent consequences due to vitamin deficiency but 

also to reduce the incidence of major diseases such as cancer, cardiovascular diseases and 

obesity (Keikotlhaile et al., 2010). Pests and diseases attack fruits and vegetables during 

cultivation through to storage. To prevent fruit and vegetable damage and to preserve their 

quality, pesticides are used to destroy pests and prevent diseases. The use of pesticides 

however, often leads to the presence of residues in the fruits and vegetables after harvest. 

In Zambia, vegetables are available as a relish, providing dietary vitamins and minerals in the 

largely maize based diet of rural households. Vegetables also have high market value and 

generate income throughout the year (Kuntashula, 2009). In a survey conducted in Zambia 

(Kabaghe et al., 2009) in 2004, the most valuable vegetables were tomato, rape and cabbage 

with about 38, 23 and 12% share of the total value of sales respectively. A study by (Wang et 

al., 2010) observed that vegetables may contain remnants of insecticides above the prescribed 

maximum levels (MRLs) which may pose health hazards and risks to consumers because of 

their potential sub-acute and chronic toxicity.  

Maximum residue levels (MRLs) are the highest or maximum concentrations of residues 

legally permitted to be in or on food when the pesticide is used according to authorized good 

agricultural practices (EFSA, 2010, WHO, 2010a). Internationally MRLs are set by the codex 

Alimentarius commission. Under good agriculture practices (GAP), a pesticide is used for 
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effective pest control but leaves a residue that is the smallest amount practicable. The use must 

be safe for the user and the environment, and the residue in food must be safe for the 

consumer.  

The presence of pesticide residue in food is of a great concern among consumers because 

pesticides are known to have potential harmful effects to organisms including man. The major 

concerns are their toxic effects such as interfering with the reproductive systems and fetal 

development as well as their capacity to cause cancer and asthma. (Gilden et al., 2010). 

 

1.2 Literature review 

1.2.1 Specific pesticides 

1.2.1.1 Monocrotophos 

Monocrotophos belongs to the organophosphate (Ops) group of pesticides with a chemical 

name Dimethly-1-methly-2 methyl carbamoly- vinyl- phosphate. In its physical state, 

monocrotophos is a reddish brown mixture of solid and liquid at room temperature. It is 

soluble in water, acetone and alcohol but very slightly soluble in mineral oils. Monocrotophos 

has an odor of a mild ester, is corrosive and stable when stored in polyethylene and glass 

containers. 

Monocrotophos is mainly used to control pests in cotton fields, but is also used on citrus fruits 

olives, maize, vegetables and many other crops. Despite being classified by WHO as class Ib, 

(highly hazardous, and dangerous for the environment) it is registered for use in many 

countries including Zambia. It is said to have a half-life of 14-21 days at pH9 and 25 .  

On soils exposed to sunlight, its degradation is more rapid compared to dark soils. Although 

monocrotophos is mobile and rapidly degrades in soils, its potential for ground water 

contamination is high. Monocrotophos and some of its metabolites have been found in various 

foodstuffs including milk, liver and muscle of animals following its ingestion. The health 

effects associated with its exposure are discussed later in the document (Krieger, 2001, Gupta, 

2011)  
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1.2.1.2 Dichlorvos 

Dichlorvos, chemically known as 2, 2-dichlorovinyl dimethyl phosphate (Trade Names: 

DDVP, Vapona, etc.) is an organophosphate pesticide. It is widely used as an insecticide in the 

control household pests, in public health, and for stored product protection from insects. It is 

also used to control internal and external parasites and insects in livestock, houses, buildings 

etc. 

Dichlorvos is a colorless to amber liquid with an aromatic odor. It is stable to heat but is 

hydrolyzed by water and corrosive to steel and iron. In humid air, water and soil, dichlorvos 

rapidly breaks down by both abiotic and biotic processes but may persist longer on wooden 

surfaces. 

On leaf surfaces, this compound is rapidly lost by volatilization and hydrolysis hence; it does 

not bio-accumulate in the environment. However, non-adherence to good agriculture practices 

may lead to acute hazardous effects on man and the environment. Health effects of dichlorvos 

are as discussed below (Krieger, 2001, Gupta, 2011). 

 

1.2.2 Pesticide Residues on Fruits and vegetables 

 

Pesticides used on fruits and vegetables have been reported to leave pesticide residues on the 

exposed crops (Farag et al., 2011, Iwasaki et al., 2007). These pesticide residues that remain on 

crops expose human beings to adverse health effects.  

Because fruits and vegetables are mainly eaten unprocessed, they are the main source of 

pesticide residue intake for humans (P A N, 2012, Juraske et al., 2009). In a study done by 

Juraske et al. (2007) it was reported that the intake of toxic substances due to pesticide residues 

in food commodities could be higher than the intake of these substances related to water 

consumption and inhalation. The United Nations through the Codex Alimentarius Commission 

(CAC) recognize the potential for pesticide residues on fruits and vegetables and has since 

established their maximum residue limits (MRLs) (Codex Alimentarius Commission, 2010). 

Studies have however, shown that some foods may contain pesticide residues above MRLs 

(Waliszewski et al., 2008, Farag et al., 2011). In a study done in Germany, 2% of all 

agriculture products of plant origin examined including plums and lettuce for example showed 
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signs of inadmissible application of pesticides. In the same study, the levels of contamination 

detected in 11 samples of pineapple, tomatoes, peaches, nectarines, lettuce and zucchini were 

considered significantly high to possibly pose acute health effects (Verbranckerschut and 

Isicherheit, 2011 cited in PAN Germany, 2012). 

 In another study done in Seoul, Korea (Seo et al., 2013) , pesticide residues were detected in 

11 different samples of the selected agricultural products of which 2 samples exceeded the 

Korea maximum residual limits. In the same study, six out of the nine analyzed dried pepper 

leaves had pesticide residues and one sample exceeded the Korea MRLs. Though the study 

concluded that the detected pesticide residues could not be considered a serious public health 

problem, continuous investigations and monitoring was recommended. In Poland, 376 of 1026 

analyzed samples (36.6%) had pesticide residues. In 18 of these samples (1.8%), residues 

exceeded maximum residue limits. In the same study, substances not recommended for a given 

crop were detected in 28 (2.7%) of the samples (Szpyrka et al., 2015). 

 

A similar study in Turkey that investigated pesticide residues in 1423 samples of fruits and 

vegetables revealed that a total of 754 samples contained detectable residues at or above 

Turkish MRLs. Eighty four (8.4%) of the fruit samples and 83(9.8%) of the vegetable samples 

contained pesticide residues above MRLs (Bakırcı et al., 2014). 

Meanwhile, most developing countries do not have consistent programs for monitoring fruits 

and vegetables for pesticide residues. 

 

1.2.3 Good Agriculture Practices 

 

Good agriculture practices (GAP) in pesticide application can reduce the risk of pesticide 

contamination to users. Moreover it can also reduce the impact of pesticide to the environment 

and the food web (Boland et al., 2004). It implies therefore that, in order to effectively apply 

pesticides, users should take into account several factors. It is in view of this that, the World 

Health Organization (WHO, 2010a) international code of conduct on pesticide use was 

developed. The code requires users to: 

 Adhere to restrictions related to the use of the product and use it only for the intended 

purposes. 

 Follow instructions for storage, use and disposal strictly as specified on the label. 
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 Adhere to and follow proper environmental and personal precaution instructions during 

pesticide application 

 Strictly apply pesticide according to label instructions and maintain records. 

 Users are also required to report any accidents or illness attributed to pesticide use. 

Pesticide users‟ inability to adhere to stipulated instructions leads to pesticide exposure not 

only to themselves but to the general public and the environment. A number of factors have 

been associated to this. In a study done in Greece (Damalas and Eleftherohorinos, 2011), poor 

knowledge of the risks associated to the use of pesticide and the essential role of the correct 

application attributed to increase the risk of exposure to pesticides in water and food. In the 

same study, farmers faced a great risk of exposure to pesticides due to use of banned or 

restricted pesticide, incorrect application techniques and poor storage of the products and used 

containers. 

 In another similar study that evaluated dietary intake of pesticides in Egyptian fruits, 

frequency of occurrence of the pesticide residues in fruits and vegetables was attributed to lack 

of awareness of the vegetable growers of the right dosage, right ways of application and the 

suitable interval between harvesting and pesticide treatment. Other cited reasons included, non-

availability of correct guidance, carelessness in pesticide application, misuse or overuse and 

casual combination of different groups of pesticides without guidance (Alla et al., 2013). 

In many cases, over application, poor timing of pesticide application, non-adherence to 

withholding period and the tendency to apply large amounts is due to lack of knowledge and 

operator training and monitoring in the use of these products (P A N, 2012). Otherwise, the 

right choice of the pesticide products for the right pesticide, using the right concentration and 

amount at the right time for the right crop and strictly adhering to the withholding period could 

contribute to the reduction of occurrence of pesticide residues in fruits and vegetables. 

 

 

 

 

 

 



9 

  

1.2.4 Health Effects of Pesticides in Humans 

 

Exposures to pesticides have been associated with adverse health effects on humans. This may 

be because of direct contact during application, pesticide drift from fields or contamination of 

food or drinking water. A study done by Juraske, (Juraske et al., 2009) shows that exposure to 

pesticide residue through diet is assumed to be five orders of magnitude than other exposure 

routes such as air or drinking water. Among the pesticide that are frequently associated with 

documented cases of poisoning are carbamates and organophosphates which are in WHO class 

I and these pesticides are often freely available on the market in developing countries or are 

smuggled in for use or sale (PAN Germany, 2012). Pesticide poisoning leads to unspecific 

adverse health effects that may result in acute or chronic illnesses. 

 

 

1.2.4.1 Acute pesticide poisoning (APP) 

 

The effects of acute poisoning resulting from exposure to dangerous levels of pesticides in 

food account for significant morbidity and mortality worldwide. Apparently cases of acute 

pesticide poisoning are more severe in developing countries than in industrialized countries (P 

A N, 2012). According to WHO data 346 000 people die annually worldwide as a result of 

non-intentional poisoning, 2/3 of the cases occurring in the developing world (WHO, 2008). 

Typical symptoms of acute pesticide poisoning that are relatively easy to diagnose include, 

fatigue, headache and body aches, skin discomfort, skin rashes, poor concentration, feelings of 

weakness, circulatory problems, dizziness, nausea, vomiting, excessive sweating, impaired 

vision, tremors, panic attacks, cramps and in severe cases coma and death. 

 

 A study among farms in Benguet, Philippines‟s largest vegetable producer showed that 

pesticide use was prevalent among these farmers. The study reviewed that the most prevalent 

symptoms were headache, (64.5%), muscle pain (61.1%), cough (45.5%), weakness (42.4%), 

eye pain (39.9%), chest pain (37.4%) and eye redness (33.8%) (Juraske et al., 2009). PAN 

Germany (2012) reviews that; other cases of acute poisoning are caused by intentional 
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(suicide) poisoning. According to WHO estimates there are two million cases of intentional 

pesticide poisoning globally each year. 

 

1.2.4.2 Chronic Pesticide Health Effects.  

 

Relatively small amounts of pesticides taken over longer periods can cause chronic illnesses. 

Farm workers are especially at risk but the general population is also affected through 

contaminated air, water, soil and food. Some pesticides bio-accumulate in humans as shown by 

studies on human samples; all the 55 samples included in the study were contaminated with 

DDT while 45 samples had HCH. The burden of pesticides on the body correlated with 

increase in age (DDT, r = 0.36) (Aulakh et al., 2007).  

A health risk assessment of fruit and vegetable diets in Switzerland and United States of 

America estimated the lifelong damage of pesticides on humans to be 60 years and 1860 years 

for entire populations or 4.2 and 3.2 minutes per person respectively. The study recommended 

that occurrence of pesticide residues should remain under study observation especially in 

developing countries where the risk of pesticide may be higher due to inadequate training of 

farmers in good agricultural practices (Juraske et al., 2009). Other studies in occupationally 

exposed humans have linked pesticide exposure to DNA damage (Costa et al., 2006), 

childhood leukemia and non-Hodgkin lymphomas (Infante-Rivard et al., 1999, Turner et al., 

2011). 

Other studies have revealed a correlation between pesticide use and sarcomas, multiple 

myelomas, cancer of the prostate, pancreas, lungs, ovaries, ovaries , the breasts, testicles, liver , 

kidney and intestines as well as brain tumors (Alavanja et al., 2004). Pesticides can also 

damage the human nervous system. There are indications that there is a connection between 

pesticide exposure and reduced sensitive faculties, disruption of cognitive and psychometric 

functions and depression. Other studies have also shown that the risk of developing 

Parkinson‟s disease can increase by as much as factor seven if there has been contact with 

specific pesticides (Hancock et al 2008 cited in PAN Germany, 2012). Literature has also 

shown a significant correlation between contact with pesticides and depression and other 

psychological disorders. 
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1.2.5 Pesticide Monitoring and Regulation 

 

The purpose of the monitoring programs is to ensure that pesticide residues in fruits and 

vegetables do not exceed maximum residue levels allowed by governments, that there is no 

misuse of pesticides that could result in unexpected residues in food. In most countries, the 

monitoring programs are organized by a single agency designated as the competent authority. 

In Zambia, the Zambia Environmental Management Agency (ZEMA) oversees pesticide 

regulation and control. The pesticide and toxic substances regulation (SI) No 20 of 1994 

regulates the manufacture, improvement or processing, importation, storage, distribution, 

transportation packaging, labeling, handling and disposal of the toxic chemicals. 

 

The Food and Drug Act cap 303 of the laws of Zambia give guidelines on the protection of the 

public against hazards and fraud in the sale and use of food, drug, cosmetics and medical 

supplies. However, neither the statutory instrument nor the Food and Drug act specifically 

deals with pesticide residue monitoring in the country.  
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CHAPTER TWO 

 

2.1 The Statement of the Problem 

 

The use of pesticides in Zambia‟s agriculture sector is increasingly being seen as an important 

aspect of agricultural technology and innovation and as being critical for agriculture 

development, economic growth and poverty reduction (Bwalya, 2010). Fruits and vegetables 

have not been spared from being sprayed with pesticides, a clear indication that consumers 

could be at risk of consuming fruits and vegetables containing high levels of pesticide residues. 

Meanwhile, many studies have recommended that the occurrence of pesticide residues should 

remain under observation especially in developing countries where the risk of pesticides may 

be higher due to inadequate training of farmers in good agriculture practices. 

Despite widespread use of pesticide in Zambia, monitoring of pesticide residues on fruits and 

vegetables is close to non-existent. The researcher for this current study did not find any data 

by either Zambia Environmental Management Agency (ZEMA) or Ministry of Health (MOH) 

on pesticide residue levels on fruits and vegetables sold in Zambian markets. 

This primary survey therefore, investigated the presence of pesticide residues on fruits and 

vegetables and checks their compliance with internationally accepted standards. It also 

investigated practices in handling and use of pesticides that may influence the presence of 

pesticide residues on fruits and vegetables. It is hoped that the results of this study will guide 

consumers in making choices about foods. Furthermore, it will also help regulatory agencies 

such as Zambia Environmental Management Agency, the Department of Agriculture and 

Livestock (MAL) and MOH in decision making concerning public health policy on pesticide 

use as it relates to public exposure. 
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2.2 Rationale 

 

The presence of pesticide residue in food is of great concern among consumers because 

pesticides are known to have potential harmful effects to organisms including man. The major 

concerns are their toxic effects such as interfering with the reproductive systems and fetal 

development as well as their capacity to cause cancer and asthma (Gilden et al., 2010). 

There is however, no readily available consistent data about pesticide residue levels on various 

food commodities sold in markets in most developing countries including Zambia. This lack of 

information, which could be attributed partly to absence of established food monitoring, and 

assessment programs that are consistent, deprives consumers of their right to know as they 

make choices about food. Compounding the problem is the use of pesticides that are hazardous 

(class I) according to World Health Organization classification as well as the use of products 

not recommended for control of pests in vegetables. 

In view of various health effects associated with pesticide exposure, there is need to gain an 

over view of the pesticides and their residue levels on crop produce such as fruits and 

vegetables which constitute a great part of the Zambian diet. Particularly, monocrotophos and 

Dichlorvos classified as hazardous pesticides by WHO yet are still in use in the country. 

Reliable residue analysis is of great value to indicate risks pesticide exposure poses on human 

health. This study was aimed at surveying the presence of pesticides and their residues on fruits 

and vegetables sold in Monze-Zambia markets. 

2.3. Research questions 

1. Do fruits and vegetables produced in Monze district contain pesticide residues 

above recommended standards? 

2. What practices influence pesticide residues in fruits and vegetables? 

 

2.4 Objectives 

2.4.1 Main Objective 

To assess pesticide residue levels in selected locally produced fruits and vegetables in Monze 

district and compare them to internationally accepted standards. 
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2.4.2 Specific Objectives 

1. To determine the pesticide residue levels on selected fruits and vegetables. 

2. To compare Pesticide residue levels among fruits and vegetables identified to 

internationally accepted MRLs. 

3. To investigate farmers‟ practices that influence pesticide residues in fruits and 

vegetables.  

 

2.5 Conceptual Framework 

 

Pesticide residues in fruits and vegetables can be caused by a number of factors. Conceptual 

framework below shows the relationship of root causes of pesticide residues in fruits and 

vegetables. 

 

 

Figure 1:  Conceptual framework 
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2.6 Definition of Term 

 

Acceptable Daily Intake (ADI): Is the estimated amount of a substance in food (expressed on a 

body-weight basis) that can be ingested daily over a lifetime without 

appreciable health risk to the consumers.     

Assessment:  The act of evaluating or judging something based on a situation or event. 

Pesticide Residue: Refers to the pesticides that remain on or in food after they are applied to 

food crops. 

Vegetables:  Refers to a plant, root, seed or pod that is used as food especially in the savory 

dishes. In this research it refers only to tomatoes, cabbage, rape and okra. 

Fruit: The usually sweet-tasting part of a tree or bush, which holds seeds and which 

can be eaten. 

Pesticide Standards: These are chemical substances to which pesticide residues are compared 

to during the analytical process.  

Composite Sample: Is defined as an admixture of two or more portions of a substance. 

Co-extractives: Are other constituents contained in the extract other than pesticides. These 

could be moisture, colored pigment like chlorophyll, xanthophyll and other 

colorless compounds like oil, fat and waxes. 

Clean up:   Refers to a series in the analytical procedure in which the bulk of the potentially 

interfering co-extractives are removed by physical or chemical methods. 

Analyte: An analyte is a substance or chemical constituent that is of interest in an 

analytical procedure. 

Extracts: Is a preparation containing the active ingredients of a substance in the 

concentrated form. 

Sub-Sampling: Taking a subsample from a larger sample. 
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Gas Chromatography:  This is chromatography in which the sample mixture is vaporized and 

injected into a stream of carrier gas ( as nitrogen or helium) moving through a 

column containing a stationary phase composed of a liquid or particulate solid is 

separated into its component compounds according to their affinity stationary 

stage.   

Limit of detection (LOD): Minimum concentration of contaminant in a food sample that can 

just be qualitatively determined under pre- established set of analysis 

conditions. 

Limit of quantitation (LOQ): The minimum concentration of a contaminant in a food sample 

that can be determined quantitatively with an acceptable accuracy and 

consistency. 
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CHAPTER THREE 

 

 

3.2 Research Methodology  

 

3.1 Study Design 

 

The study used the cross section analytical and the narrative study design for the quantitative 

and qualitative approaches respectively. Mixed method (convergent parallel) design was used 

in this study. The cross section analytical study design was appropriate for the quantitative 

study as it investigated the presence of pesticide residues in fruits and vegetables at a particular 

point in time. 

 A narrative study is a method of qualitative research in which the researcher listens to stories 

of research subjects reporting individual experiences on a particular subject. It is understood as 

a spoken or written text giving an account of an event or actions or series of accounts or events 

chronologically connected (Czarniawska, 2004). A narrative study uses field texts, for example 

stories, autographs, journals, field notes, conversations, interviews, family stories and life 

experiences as units of analysis. This particular study used interviews and field notes. The 

study was appropriate since the objective was to understand experiences in pesticide practices, 

use and monitoring and regulation. It allowed the researcher to listen to stories of research 

subjects reporting individual experiences on the subject.   

 

3.2 Study Area 

 

The research was conducted in Monze district in the southern province of Zambia. Monze town 

is situated 200 kilometers south of Lusaka (Zambia‟s capital city) and 300 kilometers north of 

Livingstone. According to Monze District Community Health Office (MDCHO), Monze 

district covers an area of 6,687 square kilometers. It lies at 1128.72 meters above sea level, 16 

degrees 18 minutes south and 26 degrees 28 minutes east (MDCHO, 2014). Monze district has 

a projected 2014 population of 206,693 (CSO, 2010). 
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Economically, the district depends on farming, mainly subsistence crop farming (including 

fruits and vegetable growing) and animal husbandry. Thus while other crops are seasonal, 

vegetables are grown all year round and are a major source of income for the majority of the 

farmers. Because of this, pesticides are largely used to control pests and diseases to improve 

their market value. Vegetable growers are concentrated along the Magoye River that passes 

through the district on the east side of Monze town; mainly around Hachaanga and Chikuni 

areas. The rest depend on dams and seasonal streams. Apart from locally grown fruits and 

vegetables, suppliers especially commercial supermarkets get their fruits and vegetables from 

Choma town; mainly, tomatoes apples and onion. 

Despite massive use of pesticides in the area, no study has been done to assess pesticide 

residues in fruits and vegetables. The site was also found to be convenient for the researcher as 

it is close to the testing laboratory in Lusaka.  

  

3.3.0 QUANTITATIVE STUDY 

3.3.1 Sample Collection. 

 

Samples were procured from conveniently sampled fruit and vegetable farmers around 

Hachaanga and St. Mary‟s areas. Prior to sample collection, farmers with fruits and vegetables 

at maturity stage and had sprayed them with dichlorvos were identified. A total of 30 samples 

of cabbage, rape, tomatoes and oranges were procured. Sample collection was done according 

to FAO guidelines; 2kg of each vegetable variety and 1 kg of oranges per sample were 

collected one day after the application of the pesticide as this was the withdraw period 

observed by the majority of farmers. Samples were assigned identification numbers by sample 

type and area of collection as per guidelines.  

Samples were prepared for residual analysis according to Codex Alimentarius Commission 

guidelines. All the 30 samples were examined for residues of dichlorvos by gas 

chromatography- mass spectrometry (GC-MS) by Zambia bureau of standards. 
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3.3.2 Reagents and chemicals 

 

The following reagents and chemicals were used in the analysis:- 

Dicloromethane-HiPerSolv Chromanorm HPLC grade, Hexane- HiPerSolv Chromanorm 

HPLC grade, Acetone HiPerSolv Chromanorm HPLC grade, supplied by VWR prolabo 

chemicals SDS. Sodium sulphate analytical reagent supplied by Glass world and sodium 

chloride analytical reagents supplied by Merck. 

 

 

3.3.3 Equipment and Apparatus 

 

Below is the list of equipment and apparatus that were used in the analysis process 

a) Gas chromatography- mass spectrometer from shimadzu model number GCMS- QP 

2010 plus 

b) Vortex- IKA Vortex Genius 3 for homogenizing the sample. 

c) Ultrasonic bath- Jeken digital ultrasonic cleaners 

d) Waring Laboratory blender with variable speed. 

e) XCELVAP Horizon Technology for concentrating sample. 

 

3.3.4 Gas Chromatography Parameters 

A fused- silica capillary columnSpelcoSLB-5ms with thickness  0.20µm,  length 30m, 

diameter 0.20mm and 340
o
C maximum temperature was used with helium as the carrier gas. A 

1µl volume of sample was injected by the auto sampler applied split less injection technique 

with the split closed for 0.75min. The chromatographic temperature conditions were as 

follows: Column Oven temperature was at 70
o
C held for 2min, increased at 25

0
C to 150

o
C, 

3
o
C/min to 200

o
C, then 8oc/min to 280

o
C final temperature and held for 1min. The injector 

temperature was maintained at 220
o
C. 
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3.3.5 Mass spectrometric parameters 

 

Mass spectrometric ion source conditions were as follows: ion source temperature: 230
o
C, 

interface temperature: 280
o
C, electron voltage: 70eV. Selected ion monitoring (SIM) was 

performed. 

 

4.3.6 Procedures of Experiment 

3.3.6.1 Sample Preparation 

Soil was removed from vegetables by gentle brushing under a stream of water and outer leaves 

of such vegetables as cabbage were removed. Samples were chopped using a knife after which 

50g was taken from the composite sample. This was blended using a waring laboratory blender 

with a variable speed. 

 3.3.6.2 Extraction of the Sample 

A total of 2.0g sample after being milled was placed into a 250ml beaker, 5.0g sodium chloride 

was added followed by adding dichloromethane, extracted by ultrasonic for 30minutes. After 

that 10g anhydrous sodium sulfate was added and stayed for 2minutes. The extraction was 

transferred to a column packed with 4.0g anhydrous sodium sulfate and rinsed twice (total of 

5ml) with dichloromethane, all the eluents were collected and evaporated to nearly dryness 

under nitrogen stream at 45
o
C, the residue was re-dissolved with about 1ml Hexane. 

 

3.3.6.3 Clean up Procedure 

A florisil SPE column was conditioned with 6.0 ml mixture of hexane-acetone (4:1) and 5.0ml 

hexane, the concentrated extraction was loaded on the top of the cartridge, and followed by 

eluting with 6.0ml mixture of hexane-acetone (4:1), the eluent was collected, and evaporated to 

nearly dryness under nitrogen stream at 45
o
C. The residue was re-dissolved in 0.5ml hexane 

and determined using GC-MS. 
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3.3.6.4 Gas chromatography analysis conditions 

 

Gas chromatographic temperature conditions followed during sample analysis were as shown 

in the table below. 

Table 1: Gas Chromatography analysis conditions 

 

GC Spelco SLB-5min; 

Serial No 36648-03A 

GC Spelco SLB-5min; Serial 

No 36648-03A 

Column oven temp .70.0 Column Flow .0.35ml/min 

Injection temp 220.00 Linear Velocity :21.7cm/min 

Injection mode :splitless Purge flow :3.0 ml/min 

Sampling time :1.00 min Split ratio :-1.0 

Flow control mode :linear velocity High pressure 

injection 

:OFF 

Pressure :49.1 kpa Carrier gas saver :ON 

Total flow :3.3 ml/min Carrier gas saver 

split ratio 

:5.0 

Column flow :0.35 ml/min Carrier gas saver 

time 

:1.00 min 

Linear velocity :21.7 cm/sec   
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3.3.7 Statistical Analysis 

 

Pesticide residue values were reported as measured in mg/kg and compared to the codex 

Alimentarius MRL and the Zambia Food & Drug Act standards.  Those at or below MRLs 

were regarded as satisfactory and those above MRLs as unsatisfactory. 

Stata version 13 was used to derive median and interquartile ranges of pesticide residue levels 

in fruit and vegetable types. We also calculated the health risk assessment of the determined 

pesticide residues in fruits and vegetables based on the Zambian average daily intake. 

3.3.8 Estimated Average daily intake Calculation  

 

Estimated Average Daily intake (EADI) = C x F 

Where C = Median pesticide residue concentration (mg/kg)  

            F= Mean    annual intake of food/ person/ day (mg/kg bw/day) 

 

Research assumption 

 Pre-harvest interval assumption- Majority of vegetables sold in Monze are consumed 

after twenty- four hours of pesticide application. 
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3.4.0 QUALITATIVE STUDY 

 

The qualitative study targeted farmers, ministry of agriculture officers, public Health officers 

and policy makers. The aim of this study was to explore and understand farmers‟ practices in 

pesticide use and handling and their knowledge on adverse health effects of pesticide residues. 

Public health officers and policy makers helped in understanding pesticide use, monitoring and 

regulation at grass root level. In depth, key informant interviews were used to gather 

information for this study. 

 Respondents were assigned interview numbers and first letter of the area from which the 

respondent came from was used to differentiate those from Hachaanga and St Mary‟s. For 

example RS1 meant respondent 1 from St Mary‟s 1 while RH1 meant Respondent 1 from 

Hachaanga. For officers and policy makers their title initials were used instead of their names. 

 

3.4.1 Study Population 

The study population included farmers, agriculture extension officers, block extension, senior 

crop officer, public health department officer (from MOH) and ZEMA officer. Apart from one 

policy maker who was based in Lusaka, all the KII were Monze residents. These were 

purposively selected as they are viewed to have information on the study subject. Only KII 

who consented were interviewed. 

 

3.4.2 Sampling Procedure 

 

Key informants were purposively sampled based on their knowledge on pesticide use, handling 

and regulation. The researcher was looking for farmers who had fruits and vegetables under 

study and had sprayed them with pesticides of concern and a presentation of one officer at 

various levels and organizations concerned with issues of pesticide use. Ten farmers and six 

officers were identified bringing the sample size to 16. All 16 eligible respondents were 
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approached to participate in the study, but two (one farmer and one health officer from council) 

refused to consent, and this reduced the sample size to 14 as the two who declined to 

participate could not be replaced.  

These included two agriculture extension officers, one senior crop and public Health officer 

from ministry of agriculture and health, one ZEMA officer and nine farmers (four from 

Hachaanga and five from St Mary‟s area). Theoretical saturation was also reached after 

conducting these 14 interviews; hence there was no need for additional key informants.    

 

 

3.4.3 Data Collection 

 

Interviews were conducted using semi- structured interview guides. There were two different 

structured guides, one for farmers and another for policy makers or regulators. In depth, 

interviews (face to face) from key informants were audio recorded after permission of the 

participants. Field notes were also taken alongside interviews which lasted between 20 and 40 

minutes. Secondary data reviewed, included the Zambia Daily mail article by ZEMA which 

was posted on 15
th

 December, 2015. 

 

Key informant interviews with individual farmers were conducted in the local language 

(Tonga) and translated to English by the principle investigator who is a native Tonga speaker. 

These were later proof ready by a Monze radio Sky officer who is conversant in both 

languages. Interviews with agriculture, public health and ZEMA officers were done in English. 

All interviews were then transcribed and formatted in Microsoft word before importation into 

Nvivo10 software for the analysis process.  Guiding questions focused on farmers‟ practices on 

pesticide use and handling, knowledge on pesticide use and handling, knowledge on health 

effects of pesticide residues and issues of training, pesticide regulation and monitoring. 
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3.4.4 Data Management and analysis 

 

Data was analyzed using thematic analysis, a method used in identifying, analyzing and 

reporting information in themes. The analysis was done according to the step-by-step six-stage 

process of thematic analysis. These are , familiarization, generation of initial codes, searching 

for themes, reviewing themes, defining and naming themes and producing the final report 

(Lawson, 2014). Data transcribing was done as part of the familiarization stage. 

Transcripts were carefully and thoroughly read and re- read after which initial coding and 

categorization of themes was done by the principle investigator. Responses that were related 

through content and context were categorized as themes. This was continued until no new 

themes came up. Transcribed data was transferred to Nvivo version 10 for arrangement, coding 

and merging into themes. Codes were categorized according to similar contents and then 

developed into broader themes. 

 

3.5 Ethical Consideration 

This research involved procurement of vegetable and fruit samples from local farmers in town. 

Ethical issues leading to loss of market by individual farmers could have arisen. Procurement 

was only done from farmers who consented. Individual farmers were identified with serial 

numbers and not names for confidentiality sake. 

Permission to carry out the research was sought from Excellence in Research Ethics and 

Science (ERES) and Ministry of Agriculture and Livestock (MAL). The permission letter from 

MAL was then presented to agriculture Extension officers operating in the different areas. 

Then, research objectives were explained fully to individual farmers.  
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CHAPTER FOUR                                                          

 

4.0 Research Results 

 

4.1 Quantitative Results  

 

The objective of the study was to investigate pesticide residues in fruits and vegetables and 

verify compliance with maximum residue limits (MRL). A total of 30 samples of locally grown 

fruits and vegetables were purchased from Hachaanga and St Mary‟s within Monze between 

the months of October and December 2015. There were nine samples of cabbage and tomatoes 

and six samples of rape and oranges. All the samples were subjected to GC/MS analysis for 

dichlorvos residues as mentioned above. 
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Table 2: Pesticide residue levels in sampled fruits and vegetables collected from 

Hachaanga and St Mary’s 

Vegetable 

Type 

Detected  

      Residues in 

mg/kg 

Vegetable 

type 

    Detected 

 Residues in 

mg/kg 

Codex MRL in 

mg/kg  

Food and Drug 

Standard 

(ppm) 

Cabbage  

(n=9) 

 

 

 

Median (IQR)** 

0.04 Tomatoes 

 (n=9) 

 

 

 

0.006   

0.006 ND   

0.04 ND   

0.04 0.04 0.1*   0.5 

ND* 0.011   

0.06 0.006   

ND 0.006   

ND 0.08   

0.15 

  

0.04 (0-0.04) 

0.23 

 

0.006 (0- 0.04) 

  

Rape 0.04 Oranges  0.04   

(n=6) 0.04 (n=6) ND   

 ND  ND   

 0.04  0.07           0.1 0.5 

 ND  ND   

Median 

(IQR)**    

ND 

0.02 (0- 0.04) 

 0.19 

0.02 (0- 0.07) 

  

 

ND = Not detected   IQR= interquartile Range     0.1= lower limit of analytical determination  

Note: Codex has no specified MRL for Dichlorvos in fruits and vegetables and according to 

WHO/FAO guidelines, in a case where the compound is not specified in the schedule, or not 

specified in relation to the food type or class in question, residues must not exceed a default 

value of 0.1 mg/kg (WHO/FAO, 2016) . 
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The results of this study showed that 19 (63.3%) of the analyzed samples had pesticide 

residues while 11 (36.7%) had no residues detected in them. Tomato samples were more 

contaminated (7/9), followed by cabbage samples (6/9). In rape and orange samples 50% of 

each were contaminated. Thus out of the samples that had residues, 3 had residues above codex 

Alimentarius Maximum Residue Limits (MRLs). However when compared to the Zambia 

Food and Drug Act all residue levels were below the standard. 

 

 

Figure 2 Pesticide residue levels compliancy with standards per sample type 
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Table 3: Health risk assessment based on average daily intake of pesticide residues in 

fruits  

               and vegetables 

Vegetable Type     Median Value      WHO/FAO ADI                                EADI              Hazard Index                                                                 

                                    (Mg/kg)             (Mg/kg body weight)            (Mg/kg body weight /Day)                      (EADI/ADI)                                         

 

Cabbage            0.04  0.004                  0.0024                0.60 

Rape                           0.02                 0.004                    0.0012                                0.30 

Tomatoes                   0.006                0.004                   0.00036                               0.09 

Oranges                      0.02                 0.004                    0.003                                  0.75 

 

Estimated Average Daily intake (EADI) was calculated using the formula:  EADI = C x F 

 Mean annual intake of food per person per day used, were 21.9kg/year; 54.75kg/year for 

vegetables and fruits respectively (Aloofe et al, 2014). 

 

4.1.1 Statistical Analysis 

 

The distribution of pesticide residues in analyzed samples was explored by way of histogram 

using stata version 13 to determine normality of the data. The results showed that data was not 

normally distributed but rather skewed to the left. Descriptive statistics were then done to 

derive median values and interquartile ranges for each vegetable type (table 2). The median 

value in rape and orange samples was found to be 0.02mg/kg. In cabbage and tomato samples 

the median values were 0.04 and 0.006mg/kg respectively. The interquartile ranges were 0- 

0.04mg/kg except in oranges were it was found to be 0- 0.007mg/kg. 
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Figure 3: Pesticide Residue distribution 
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CHAPTER FIVE 

 

5.2 Qualitative Results 

 

5.2.1 Demographic Characteristics of Key Informants 

 

The study aimed to explore and understand farmers‟ practices in pesticide use and handling, 

their knowledge on adverse health effects of pesticide residues, causes of pesticide residues in 

fruits and vegetables and training of farmers who are the end users of pesticides. Involvement 

of agriculture officers, public health officers and policy makers helped in understanding 

pesticide monitoring and regulation at grass root level. 

A total of 14 key informants were interviewed including farmers, officers and policy makers. 

There were 9 (64.3%) farmers, 4 (28.6%) officers from ministry of agriculture and health and 

1(7.1%) policy maker from ZEMA, Lusaka.  All respondent farmers were not in any formal 

employment. The majority of them were males and only two were females. Vegetable farming 

particularly pesticide application around Hachaanga and St Mary‟s is mainly done by the males 

or husbands. Apart from seasonal maize growing, vegetable farming round these places is a 

major economic activity and source of income and as such males take great responsibility of 

the activity than females.  

Qualitative results were categorized into initial and final coding themes as summarized. The 

major themes that emerged includes: - Pesticide use and Handling, knowledge on health effects 

of pesticides, knowledge on the causes of pesticide residues and pesticide regulation and 

monitoring (Table 3). The details are as presented in subsequent sections. 
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Table 4 Themes and subthemes that emerged 

Theme Subthemes 

Pesticide use and handling  Pesticide used 

 Frequency of spraying 

 Waiting period 

 Adherence to label instructions 

 Disposal of empty pesticide containers 

Knowledge on health Effects of 

Pesticides 
 Effects on human health 

 Effects on nature 

 Poisoning 

Knowledge on causes of pesticide 

residues in fruits and vegetables 
 Adequate watering 

 Overdosing 

 Not following label instructions on waiting period 

 Do not know 

Training of pesticide users 

(farmers) 
 Trained  

 Not trained 

Pesticide regulation and 

monitoring 
 Farmers monitored 

 Farmers not monitored 

 Challenges 

 Resources 

 Inadequate staff 

 oversight 

 Policies 

 Staff attitude 
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Figure 4 Causes of Pesticide Residues: Possible Associations
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5.2.2 Pesticide Use and Handling 

 

a) Pesticides used 

The control of pests by use of pesticides by fruit and vegetable growers around Hachaanga and 

St Mary‟s is a common practice and almost every farmer depends on pesticides for pest 

control.   

All respondents confirmed using a number of chemicals in their fruits and vegetables and 

doom and phoskil (trade names for Dichlorvos and monocrotophose respectively) were 

reported being among the frequently used chemicals. This is what one respondent from St 

Mary‟s had to say.  

It is true, we use pesticides normally phoskil and doom, vilatel and so on. They are too 

numerous to mention. But normally we use phoskil and doom (Male respondent 3-St 

Mary’s). 

The farmers said that these days it was almost impossible to grow fruits and/or vegetables 

without the use of pesticides because pests were not only common but were also on the 

increase. Farmers were challenged by so many types of pests that they needed to get rid of all 

the time. One respondent farmer from Hachaanga had this to say.  

These days it is difficulty. There is just too much of these pests around. If you grow 

crops without spraying at least among all the pests that I have mentioned at least one 

type will be found.  Like in the rain season red spiders are to so much of a problem but 

bore worms are very come and in numbers. So there is no time of not using pesticides 

(Male Respondent2Hachaanga).  

 

b) Knowledge on Pesticide use and Handling 

Good agriculture practices (GAP) in pesticide application by farmers can reduce the risk of 

pesticide contamination to users, the environment and food web. Farmers can only practice 

good agriculture when they are knowledgeable in pesticide use and handling. Respondents 

from Hachaanga and St Mary‟s had basic information on pesticide use and handling. However 
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much of the information was limited and there was wide variation amongst farmers on how 

pesticides were used and handled. 

During the time of the research, ZEMA (which is the pesticide regulating agency in the 

country) was equally concerned about lack of knowledge amongst pesticide users (farmers) in 

the country and this is according to the Zambia Daily mail article of 15
th

 December 2015.   

As ZEMA, we are concerned with the lack of knowledge on how to handle, use and 

dispose of agro-chemicals in the country. We are now working with various institutions 

to enhance knowledge and understanding on how to use agro-chemicals (Zambia Daily 

mail article December 15, 2015). 

The policy maker respondent had this to say on the issue of lack of knowledge among pesticide 

end users. 

...….yes even in terms of the way they use them in terms of dosages, imagine that the 

people who are selling we have a challenge with them in terms of the knowledge of 

those pesticide what more the end users. They are using but they are not following the 

instructions that have been put there. So you see that there are so many residues in the 

bananas and things they sell (Respondent Policy Maker, ZEMA). 

Lack of knowledge among farmers in the use and handling of pesticides was attributed more to 

lack of training. Despite agriculture officers confirming training of farmers in the use of 

pesticides, the majority of the farmers who are the end users of pesticides said they were not 

trained in pesticide use and handling. 

Now on that one, to tell you the truth madam, personally i have never attended any 

training or seminar. Unless, otherwise you are lucky to be able to read the instructions 

on the labels, that’s how we know how to use these chemicals. Otherwise we are not 

trained (Male Respondent 4-St Mary’s). 

Most of them acquired this knowledge from reading pesticide labels, from consultations 

amongst themselves and from agro dealers rather than from being trained or taught by relevant 

personnel.  
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I have not undergone any major training apart from having meetings with fellow farmers 

were we encourage each other and learn from one another. Otherwise I have not gone 

for any training where I learnt about the use of these chemicals. Otherwise I just depend 

on my own knowledge and agro-dealers (Male Respondent 5- St Mary’s). 

 

c) Frequency of spraying.  

 

Pesticides application is the sole means by which the farmers control pests around these places; 

as such farmers take it a must every time they grow fruits or vegetables. The frequency of 

spraying reported ranged from every seven (7) days to fortnightly depending on the pesticide 

type and only one farmer reported spraying her oranges every three (3) months.  

 

…… So I make sure that I spray every week if I am on time. But when I see that the 

tomatoes are almost ready that is when I start spraying after every two weeks (Male 

Respondent2-Hachaanga). 

As for the reason and frequency of spraying, there was a marked variation among farmers from 

both areas. The majority reported spraying whether there were pests or not while a few 

reported spraying only when they noticed a problem.  What was amazing was that both groups 

claimed those were the instructions from camp agriculture specialists. The variation noticed 

among farmers entails that there are no guidelines in place on when pesticides are to be applied 

hence each farmer does what they feel is right. This is also an indication of not following label 

instructions which in most cases is due to lack of training and monitoring activities in the use 

of pesticides. These practices are drivers of pesticide residues in fruits and vegetables. 

Notice the contrast here from two respondents from St Mary‟s. 

…….because agriculture specialists are advising us that before noticing a problem it is 

better to prevent/ protect the crops (Male Respondent 4-St Mary’s). 
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………..And we were advised to spray only when you have seen a problem. If there are 

no diseases or pests, we were advised not to spray, because others spray their vegetables 

every 14 days. If vegetables are sprayed every 7 or 14 days, they will be full of chemicals 

which will never finis. (Male Respondent2-St Mary’s). 

By definition pesticides are a range of substances or mixtures used to kill, reduce or repel pests 

and should be used as such. The act of spraying pesticides as a preventive measure as practiced 

by the majority farmers leads to high application rates. This, combined with reduced waiting 

period observed reduces time for pesticide to wash off leading to pesticide residues in fruits 

and vegetables. It also increases occupational health and safety risks to farmers as they get 

exposed to chemicals more frequently. Chemical resistance can also be triggered when 

chemicals are continuously used for target species, there by rendering the chemical ineffective 

in the long run.   

 

d) Waiting period 

 

The pre-harvest interval (PHI) otherwise known as the waiting or withholding period refers 

directly to the number of days that must pass between the time of the last application of a 

pesticide and when the crop is cut for harvest. When a “crop is cut” for harvest refers to the 

point at which the plant is physically cut. The waiting period observed especially for doom 

(dichlorvos) differed widely amongst the vegetable growers. The majority of the farmers were 

observing just one day, while a few observes 3 or 7 days.  

These variations on the waiting period observed by the farmers indicate non observation of 

label instructions and lack of training in pesticide use. Under normal circumstances the waiting 

period observed should be uniform. This is a serious concern and threatens the lives of 

consumers as pesticides are not given enough time to wash off by the majority of the farmers.  

 

Like for doom when I spray my vegetables with it, which I usually do… When I use it I 

just count three (3) days after which I harvest for sale and or eat (Male Respondent1St 

Mary’s). 
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According to the knowledge I got from GTZ, in the rain season you can wait for 3 days 

only, because vegetables are watered by the rains in addition, there is plenty of water so 

the chemical becomes inactive quite fast. But in the dry season water is scarce and so 

vegetables are not adequately watered, therefore, you should wait for full 7 days (Male 

Respondent2St Mary’s). 

 

Monocrotophos and Dichlorvos are classified as highly hazardous pesticides by the world 

health organization and have been banned and/or restricted in many developed countries. On 

the contrary, the majority of farmers around Hachaanga view dichlorvos as a harmless 

pesticide. As such, it could be applied and vegetables consumed the following day without 

harm. This is what one respondent farmer from Hachaanga said. 

If I spray my vegetables today, tomorrow I can harvest my vegetables and eat. There is 

no harm with doom (Male Respondent 5-St Mary’s). 

On the other hand officers from agriculture and health who participated in the research had this 

to say, concerning the observation of one day as the waiting period for doom. 

With that one madam I can lie because I have never taken interest to find out on 

withdraw period for doom……….Madam if I may say this, a chemical is a chemical. So 

we should give it enough time for it to reduce its power on the vegetables for us to use 

it…..  (Male Respondent- Crop Officer) 

Asked as to where these farmers got the instructions of one day as they waiting period for 

doom, all respondent farmers confirmed getting this information from agro- dealers in town. 

Others confirmed obtaining the information from the label. The researcher did not observe the 

label on the used containers as the instructions were unreadable because containers were buried 

in thin layer of earth for some time.  

 

Yes that’s what they tell us. Even on the bottle that’s what is written, in small letters 

close to the bottom (Male Respondent3-Hachaanga).  
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Non-observance of the waiting period is as a result of a number of factors. Apart from lack of 

knowledge, financial crisis was cited as one of the factors contributing to non –observance of 

the waiting period. This forced farmers at times to start selling vegetables before the end of the 

waiting period.  

The other problem arises from us, in our homes. Because sometimes you are in a 

financial crisis, you have no money, no salt.----  So instead of following the 

recommended waiting period, He or she will say, after all my customers haven’t seen me. 

That is the problem we find because of the problems that squeezes us. We just pluck and 

say it’s alright (Female Respondent1-Hachaanga). 

 

e) Following Label instructions 

Strict application of pesticides according to label instructions is one such recommended good 

agriculture practice known to have an impact on pesticide residues in fruits and vegetables. 

Nevertheless, for good agriculture practices to have an impact on pesticide residues in fruits 

and vegetables all of them should be practiced and no one single practice is known to have an 

impact in isolation. As in regard to following label instructions, most of the respondents 

reported following label instructions on the dosage and were aware of the pros and cons of 

following label instructions. 

 These instructions are followed………. If as a farmer you do not follow the instruction 

then the health of people is put at stake. So we as farmers we should follow these 

instructions (Male Respondent 2-Hachaanga). 

Many of the substances used in people‟s daily lives can be poisonous when they are used 

incorrectly or wrongly such as medicines, solvents, cleaning agents, glues et cetera and of 

course pesticides. By regulation application of pesticides should be in accordance to label 

instructions. If pesticides are not used correctly they can affect human health or cause serious 

injury or death to the farmer, other people or other non-target animals. They may also enter the 

food chain or find their way into places they are not wanted and cause harm to the 

environment. Used correctly pesticides are known to increase agriculture produce 

tremendously and critical for economic growth and poverty reduction. 
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f) Disposal of pesticide Packs. 

Pesticide containers were mainly in form of plastic containers or plastic packs. Disposal of 

pesticide empty containers is a crucial issue in pesticide use and handling as these can pose a 

serious health to human beings and the environments. Disposal methods that came out clearly 

were burying, disposal in pit latrine and burning. 

Now when it comes to those empty bottles, we dig holes and bury them for fear that 

children might play with them because we have children who come to play in the 

gardens. For fear of our children getting poisoned we dig holes and bury them (Male 

Respondent1St Mary’s). 

 

This was in line with what the key informant from ministry of agriculture responsible for 

educating farmers in pesticide use and handling said in regard to disposal of empty pesticide 

containers. 

Ok! Us, when we train them we tell them that the disposal should be in a pit latrine. Or 

they should dig a hole and burry those containers and they should not use them for 

maybe sweet beer or anything. That is our duty (Male Respondent-Crop Officer) 
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Figure 5:  Pesticide containers in vegetable field 

Field notes showed that most of the farmers left pesticide empty containers in their fields 

buried with a thin layer of earth or glass (figure 5), contrary to ZEMA recommendations that 

pesticide containers should be buried in deep pits or burned. The behavior is as a result of 

framers‟ tendency not to take pesticides as hazardous chemicals.   

One respondent from Hachaanga sited such careless behavior as a cause of poisoning and 

danger to children who follow their parents to the vegetable fields. 

…..Yes because others just throw the empty tins anyhow. They do not burry them like I 

indicated, they just throw them away. Children then pick them and get poisoned. You see 

this child madam, she was dead, that one (pointing at her female grand child who was 

watering vegetables)…….. She picked a tin started kujikilila (playing practicing how to 

cook) and eat the vegetables (Female Respondent1-Hachaanga) 
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5.2.3 Knowledge on Health Effects of Pesticides 

 

Most of the respondents had knowledge on the health effects of pesticides to human beings. A 

few showed knowledge on health effects of pesticides to the environment. Stomach pains, 

diarrhea, eye and skin irritations, chest problems poisoning and cancer were some of the 

common health effects of pesticides.  

Yes immediately after spraying you feel in your chest congested you don’t feel good and 

even Itching in the eyes because when you spray, when it is windy, when the wind is 

moving fast you can feel it in your eyes as well.  Yes so you feel congestion on your 

throat, chest and the eyes as well (Female Respondent 4-Hachaanga). 

 

All officers and policy makers interviewed were fully aware of the health effects of pesticide 

on human health. This is what some of them had to say. 

These days we see people with strange conditions, maybe others are due to certain things 

taken in the food chain. You take a bit its building up in future you just start seeing 

strange conditions. These days there is wide spread cases of cancer and we do not even 

know how it is coming. It may be due to the type of life we are leading and the type of 

public health we are applying (Male Respondent-Health Office). 
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5.2.4 Knowledge on Causes of Pesticide Residues 

 

Literature indicates mismanagement of pesticides among vegetable farmers as one of the main 

causes of pesticide residues in fruits and vegetables. Having knowledge on the major causes of 

pesticide residues among farmers is cardinal if they have to protect the lives of the consumers 

from health effects of pesticides.  However, most of the respondent fruit and vegetable farmers 

showed massive ignorance on causes of pesticide residues in fruits and vegetables. 

Now on that one, people I am behind, I don’t have knowledge on what causes residues in 

crops. On that one I don’t know madam (RS1).  

 

From a few who were somewhat knowledgeable, non-observance of the waiting period and 

inadequate watering came out strongly as causes of pesticide residues   Other factors 

mentioned included increased application rate,  not following label instructions and over 

dosing. None of the respondents cited farmers‟ practices in pesticide use and handling as a 

cause of pesticide residues in fruits and vegetables. 

Yes, eating the vegetables before the correct or prescribed waiting time. For example, 

instead of eating the vegetables after 14 or 21 days as per instructions, you decide to 

eat the vegetables in 10 days’ time (Male Respondent 3 - St Mary’s). 

 

What may lead to the chemical leaving residues/ or not finishing is not doing enough 

watering.  Watering your vegetables after spraying is not a good practice. Because 

some chemicals penetrate the crop just like chemicals penetrate in the human blood. So 

crops should be watered accordingly so that the chemical also works well in the crop 

(Male Respondent 2-Hachaanga). 
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5.2.5 Pesticide Regulation and Monitoring  

 

a) Monitoring and Regulation among farmers 

 

The purpose of the pesticide monitoring programs is to ensure that pesticide residues in fruits 

and vegetables do not exceed maximum residue levels allowed by governments and that there 

is no misuse of pesticides that could result in unexpected residues in food. In Zambia, the 

ministry of Health is mandated by the Zambia Food and Drug Act to ensure that the public is 

protected from consuming substandard food stuffs including monitoring of pesticide residues 

in fruits and vegetables. The majority interviewed reported that there was no monitoring 

amongst farmers on how they use and handle pesticides in their vegetable growing. 

As farmers we just go buy these chemicals and come and spray. Like being checked on 

how we use these chemicals, they don’t check on us (Male Respondent 1St Mary’s) 

 

b) Monitoring and Regulation Challenges 

Developing countries including Zambia face many challenges as far as the issue of pesticide 

monitoring is concerned. The majority key informants responsible for monitoring and 

regulation of pesticide among farmers and monitoring of pesticide residues in fruits and 

vegetables reported a number of challenges, mainly issues of resources, farmers‟ practices and 

attitude, lack of knowledge among officers and lack of disposal facilities. 

I think the problem with pesticide and toxic substance is that people tend not to take 

pesticides seriously in terms of what is there. eeeh negative effects yes they help us to 

do this agriculture and all the things but the trend in most chemical handlers is that 

they take it so casually (Female Respondent-ZEMA) 

The third one is the farmers themselves. Instead of following instructions, they think 

maybe if they put more chemical that is when they will eradicate the pest. Otherwise 

they are poisoning, they may cause some hazards to human beings (Male Respondent-

Crop Office). 
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On the side of farmers, lack of monitoring in the use of pesticides was attributed to staff 

attitude towards work. This is what one respondent farmer from Hachaanga had to say; 

Some people do not know their job. There are people who are supposed to be 

monitoring us. Now because most of the times these people just what money instead of 

visiting farmers they do not…... They know that Hachaanga is the major supplier but 

they don’t come… (Male Respondent 3-Hachaanga). 
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CHAPTER SIX 

6.0 Discussion of Results  

 

The objective of the study was to investigate pesticide residues in fruits and vegetables and 

verify compliance with maximum residue limit standards. We procured and analyzed for the 

presence of dichlorvos 30 samples of cabbages, rape, tomatoes and oranges between the 

months of October and December 2015. These were locally grown by peasant farmers around 

Hachaanga and St Mary‟s within Monze district. The vegetables sampled were the most 

commonly grown vegetables in these areas. Dichlorvos residues were detected in 19 (63.3%) 

of the analyzed samples, while 11 (36.7%) had no residues detected in them (table 2). 

Tomatoes had the highest number of samples with residues followed by cabbage. 

We compared pesticide residue levels to a default value of 0.1mg/kg as the specific MRL ( by 

codex) for dichlorvos residues in fruits and vegetables is not available (FAO/WHO, 2000) . 

Three of the samples with pesticide residues had levels above codex MRLs (Figure 2). 

However, when compared to the Zambia food and drug Act standards, all detected residues 

were below the standard (0.5ppm). The findings of this study are different from results of a 

study done in Lusaka, Zambia which showed that the average levels of dichlorvos were 

significantly above the maximum accepted limit as set by Zambian Food and Drugs Act on 

vegetables (Sinyangwe and Sijumbila, 2016). The results are however similar to the findings of 

studies done in south-Eastern Poland and Egypt that showed pesticide residues in fruits and 

vegetables above codex MRL (Szpyrka et al., 2015; Farag et al., 2011). Violation of codex 

MRLs by some samples observed in the study might be an indication of deviation from good 

agriculture practices. Descriptive statistics showed no major differences in median and 

interquartile ranges among sample types.  

The presence of pesticide residues in fruits and vegetables of dichlorvos known to have been 

banned and / restricted in other countries is a serious concern and threaten the health of 

consumers because of their potential sub-acute and chronic toxicity. According to FAO/WHO 

food standards program, codex Alimentarius does not even list dichlorvos for use in fruits and 

vegetables and for this reason codex MRL for dichlorvos in fruits and vegetables does not exist 

((FAO/WHO, 2000). Moreover according  to (Boobis et al., 2008) scientist cannot say for sure 



47 

  

that there is ever a “safe level” of pesticide residues in food because many chemical 

messengers in our bodies function at precisely minute quantities of ppm or even ppb. The 

presence of these pesticides therefore calls for vigilance in monitoring pesticide residue levels 

in fruits and vegetables to safe guard the lives of consumers. The findings are similar to 

findings of a study done in Ghana were residues of banned or restricted pesticides were found 

in some vegetable samples (Darko and Akoto, 2008). 

To evaluate the safety of consumers, the exposure needs to be assessed and compared to health 

safety limits such as the acceptable daily intake (ADI). The ADI values for pesticides are 

established and were taken from FAO/WHO organization (FAO/WHO, 2004). Health risk 

indices were computed using data obtained from Zambia Food consumption and Micronutrient 

status survey report as 21,9kg/year for vegetables and 54.75kg/year for fruits. 

The estimated average daily intakes (EADI) were found by multiplying the median residual 

pesticide concentration (mg/kg) by the consumption rate (kg/day). The estimated hazard 

indices were calculated by dividing the EADI (mg/kg/day) by the corresponding value of 

WHO/FAO acceptable daily intake (table 3). The EADIs were below the allowable daily intake 

recommended in all fruit and vegetable samples. However hazard indices for cabbage and 

oranges were close to the value one implying that, life time exposure poses some health risk to 

consumers of vegetables from the two areas. The findings are in agreement with a study that 

was done in Saudi Arabia that found that the estimated daily intake of pesticides in fruits and 

vegetables were much lower that the Allowable daily intakes. However, the later study was not 

looking at banned and/ restricted pesticides and all pesticides analyzed were recommended for 

use in particular fruits and vegetables sampled 

 It should also be noted that the analysis was only done for a single pesticide and not for other 

pesticides that would have been present in the samples. Equally, not all fruits and vegetable 

types were collected for analysis. Therefore these results are an under estimation of pesticides 

exposure in consumers .There is a possibility that consumers of fruits and vegetables from 

these areas are exposed to multiple pesticides simultaneously. More over according to the 

Zambia Food consumption and Micronutrient status survey, Zambian diet is mainly vegetarian 

(Aloofe et al., 2014) and so consumers are exposed to multiple pesticides as all vegetables 

nowadays are exposed to pesticides.   
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The results of the study showed that monocrotophos (phoskil) and dichlorvos (Doom) were 

among the commonly used pesticides by vegetable and fruit farmers around Hachaanga and St 

Mary‟s areas of Monze district. These pesticides are classified as highly hazardous by the 

world health organization and have been banned and/or restricted in many developed countries. 

Contrary to this, most of the fruit and vegetable farmers claimed that dichlorvos especially was 

not powerful and hence harmless to human beings. This delusion coupled with continuous use 

of these two pesticides on fruits and vegetables poses a risk to consumers in Monze. These 

findings are similar to findings of a study by Tijani  who evaluated pesticide use practices and 

safety issue among cocoa farmers in Oudo state, Nigeria (Tijani, 2006).   

The continuous use of pesticides in fruits and vegetables as practiced by farmers around 

Hachaanga and St Mary‟s poses a health risk to consumers as pesticides can accumulate on 

vegetable leaf surfaces and may lead to higher pesticide residues. This was similar to findings 

of studies done in Northern Malawi and Eastern Zambia and Nigeria were respondents reported 

using pesticides that are hazardous (class1) according to WHO classification. In Nigeria 86.7% 

of pesticides used by farmers were highly hazardous by WHO and were either banned or 

restricted in many developed countries (Nyirenda et al., 2011, Oluwole and Cheke, 2009). By 

this practice the farmers are also continually being exposed to pesticides and this can lead to an 

array of health effects depending on the pesticide‟s toxicity and the dose take in by the body 

(Coble et al., 2005).  Training farmers on alternative agriculture practices such as integrated 

pest management (IPM) can help farmers change such behaviors. 

As described above, waiting or withholding period refers directly to the number of days that 

must pass between the time of the last application of a pesticide and when the crop is cut or 

harvested for sale. Non- observance of the waiting period is one of the drivers and determinant 

of pesticide residues in fruits and vegetables. The observance of one day as the waiting period 

for doom (dichlorvos) and fourteen days for monocrotophos by majority of the farmers were 

shorter than the recommended periods. According to GAP, the pre- harvest period for 

Dichlorvos and monocrotophos are 3-7days and 21 days respectively. One reason for not 

observing the waiting period is that vegetables sale fast and are a major source of income for 

farmers around these places. In a survey conducted in Zambia (Kabaghe et al., 2009) , the most 

valuable vegetables were tomato, rape and cabbage with about 38, 23 and 12% share of the 
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total value of sales respectively. Other contributing factors include lack of training of the 

majority farmers, absence of monitoring activities among farmers and getting information from 

non-reliable sources such as agro-dealers and fellow farmers. 

The findings of this study correlate with the findings of the study that was done at Dzorwul in 

Accra. The study revealed that the waiting period between pesticide applications on vegetables 

was not observed by vegetable farmers at Dzorwul in Accra. Similarly, the majority of cabbage 

farmers in the Ejisu-Juaben Municipality of the Ashanti Region of Ghana continue spraying 

pesticides during produce harvesting; hence no waiting period is observed, thereby exposing 

consumers to high pesticide residue levels (Amoako et; al, 2010).  

The results also clearly indicated lack of knowledge among farmers in pesticide use and 

handling. This was attributed to lack of training and monitoring by agriculture officers and 

poor attitude of vegetable growers. The findings are in agreement with findings of a study done 

in Ethiopia that demonstrated lack of knowledge among small scale farmers as one of the 

contributing factors of pesticide residues (Mekonnen and Agonafir, 2002). The studies 

suggested poor attitude and behavior of the vegetable producers, lack of awareness in the 

pesticide management coupled with weakness in the agriculture extension services as drivers 

of poor handling and use of pesticides. 

Raising awareness on the risks of pesticide use among farmers is very cardinal in addressing 

the problem of lack of knowledge and poor attitude of the pesticide handlers. This can be done 

through education campaigns and continuous trainings.  Policy initiatives by the agency should 

also be in place and these should include introduction of market standards to monitor residues 

before fruits and vegetables are released on the market. The agency‟s monitoring structures 

should be extended to grass root level to intensify monitoring activities there.       

The commonest way of disposing of empty pesticide containers cited among the respondent 

farmers was by burying in dip holes and pit-latrine or by burning. This was in accordance with 

the report of a baseline study on the status of use, registration and regulation of pesticides in 

Nigeria that recommended that farmers should strongly be advised to always dispose of used 

empty containers of pesticides as directed on the label or where directives are not available, by 

puncturing or shredding or burning or deep burial in the soil. 
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However the finding of the study was that the majority of the respondent farmers left pesticide 

containers in their vegetable fields buried with either a thin layer of glass or earth. This practice 

is a serious threat to human health and the environment. The majority of the respondent 

vegetable and fruit farmers are concentrated around Hachaanga dam, the main source of water 

for Monze town, improper disposal of empty pesticide containers can also lead to 

contamination of soil, ground and surface water, causing serious problems for the pesticide 

user, consumers and the environment. During the interview, one woman respondent cited 

indiscriminate disposal of empty pesticide containers as a cause of pesticide poisoning among 

children. 

The study aimed at investigating farmers‟ knowledge on the health effects of pesticides. The 

majority had basic knowledge as mentioned earlier and the most common health effects known 

by the respondent farmers included diarrhea, abdominal and chest pains, and eye and skin 

irritation. However, their practices are a risky factor in as far as good agriculture practices is 

concerned. Dichlorvos is among the compounds most frequently involved with the most 

serious poisonings causing diarrhea in most cases. In Monze district, Diarrhea is one of the 

leading causes of morbidity in both children and adults. This high prevalence of diarrhea in 

Monze district could partly be attributed to pesticide residues in fruits and vegetables. These 

findings are also similar to the findings of a study by Bempha et al in Ghana which showed 

that even when farmers knew of the side effects of pesticides they did not take steps to protect 

themselves and the health of consumers (Bempah et al., 2012).  

ZEMA provides for control of pesticide use through the licensing system, only acceptable 

pesticides are allowed in the country and found on the Zambian market. The regulations 

provide guidance on the transportation, packaging, use and final disposal of pesticides empty 

containers. ZEMA‟s enforcement capacity is inadequate and cases of non- compliance are 

rampant with dealers selling repackaged pesticides without proper labeling, some labels 

lacking vital information while the registration process rarely include testing and verification 

of the efficacy and hazard characterization of the pesticide under regulation. 

 A serious concern is the fact that a list of banned or strictly restricted pesticides is non- 

existence thereby rendering the process porous (COMACO, 2014).  According to the respondent 

policy maker at ZEMA, the regulation does not go as far as regulating and monitoring pesticide 
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use and handling at grass root level. As already mentioned fruit and vegetable farmers not only 

around Hachaanga and St Mary‟s but elsewhere in the country have continued to use restricted 

or banned pesticides that are freely available in markets. Compounding the situation is the use 

of these pesticides without either training or monitoring. 

The ministry of agriculture through extension officers throughout the country is responsible for 

educating farmers in pesticide use and handling and monitoring pesticide use at grass root 

level. Contrary to agriculture and public health officers „s claim that farmers were educated in 

the use of pesticides, the findings of the study showed that a large percentage of respondent 

farmers around Hachaanga and St Mary‟s had no formal training in pesticide use and handling. 

The majority depended on agro dealers for information, label instructions and from 

consultations amongst themselves.  However, such knowledge may be distorted if it is received 

from people other than experienced extension agents (Tijani, 2006). The relatively high 

number of respondents without formal training and knowledge in pesticide use can be a major 

source of worry as it is considered a driver of pesticide residues in fruits and vegetables. 

Contrary to this, a study done in Ghana found that half of the vegetable farmers had received 

training on safe handling and application of pesticide while 43.2% had received no training 

(Bempah et al., 2012). 

It was also clear that the role of the agriculture extension officers was seriously challenged by 

the high ratio of officers to farmers. Similarly a study by (Yeboah, 2013) showed that a high 

ratio of farmers to extension officers was responsible for lack of knowledge among farmers at 

Dzorwul in Accra. Farmers can therefore freely spray their vegetables as much as they want 

because there is no monitoring and no one checks what they are doing. Each one of them does 

want they feel is correct and can spray as much as they want. 

The Ministry of Health, environmental health department to be specific is mandated by the 

Zambia Food and Drug Act to ensure that the public is protected from consuming substandard 

food stuffs. The department is however paralyzed by so many challenges.  The respondent 

public health officer from Monze DMO confirmed that pesticide residue monitoring was not 

done due to a number of factors including, lack of capacity and well established monitoring 

programs, inadequate resources and poor policies that prioritize curative services. The 

challenges cited were similar to findings of a study done in Ghana which showed that the 
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absence of market standards as well as lack of capacity on the part of the government agencies 

meant that there is no testing of pesticide residues in fruits and vegetables in many developing 

countries before they reach the consumers. In Ghana the situation resulted in alarming high 

levels of pesticide residues in fruits and vegetables (Bempah et al., 2012). 

In advanced countries, strict pesticide regulation and enforcement mechanism are put in place 

to ensure their safe use and handling and high standards are set to ensure safety of consumers. 

On the other hand, like in most developing countries, the Zambia Food and Drug Act standards 

for dichlorvos residues in fruits and vegetables are so low (0.5ppm) compared to international 

standards (0.1mg/kg by Codex and 0.2mg/kg by European Union). Setting low standards for 

banned and/ restricted pesticides in developed countries does not only create problems when 

evaluating potential human risk but trade problems as well. Ultimately high amounts of these 

hazardous chemicals are allowed in the food chain at the expense everyone‟s health.  

6.1 Study Strengths 

 

The major strength of the study was that it used both quantitative and qualitative methods. The 

qualitative helped in explaining issues of pesticide use and handling that might cause pesticide 

residues in fruits and vegetables. In addition in depth interviews involved respondents from 

different areas concerned with pesticide use and handling. Because of this there was fair 

representation and wider view in answering the question at hand. 

6.2 Study Limitations 

 

In spite of the fact that a wide range of pesticides are currently used to control pests in fruits 

and vegetables, this study  only focused on analysis for the presence of  dichlorvos. The 

qualitative study however covered practices on the use of both dichlorvos and monocrotophos. 

The study did not also attempt to collect all fruit and vegetable samples from all suppliers in 

town. Above all, the study was a cross section study as such; results of this study will only 

apply to these two types of pesticides and will not be generalized to all fruit and vegetable 

suppliers in Monze. 
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CHAPTER SEVEN 

                                                                 

 

7.1 Conclusion 

 

It is clear from the results of the study that the majority of the vegetable farmers around 

Hachaanga and St Mary‟s use Monocrotophos and dichlorvos that they obtain from agro- 

dealers within Monze town. The results also showed that 63.7% of the samples were 

contaminated with dichlorvos residues while 36.3 % of the samples had residues below 

detectable levels. The presence of residues in analyzed samples of dichlorvos known to have 

been banned in many developed countries seriously threatens the lives of consumers. 

Dichlorvos is also known to be among organophosphate compounds most frequently involved 

with the most serious poisoning. The result indicates the need for vigilance in monitoring 

pesticide residues in fruits and vegetables for the safety of the consumers.   

 It was also clear that there was a wide variation among farmers in reasons for spraying, 

application rate, observed waiting or pre- harvest period before vegetables are cut for sale or 

consumption. The rate of application by most of the farmers was on weekly basis whether or 

not pests are present. Despite such an increased rate of application, the majority of the farmers 

observed reduced waiting periods; one (1) day after application of vegetables with doom 

(dichlorvos) and fourteen days (14) after application with monocrotophos (Phoskil). This is a 

clear indication of lack of training and/ monitoring activities to regulate pesticide use and 

handling among pesticide end users. 

The results of the study also clearly showed that the majority of the fruits and vegetables 

farmers around Hachaanga and St Mary‟s have no formal training in the use of pesticides. 

Most of the information was obtained from agro- dealers or from consultations amongst 

themselves rather than trained extension officers, worse still there was massive use of personal 

experience. However, the majority of these farmers knew the health effects of pesticides and 

confirmed experiencing common effects like skin and eye irritation, abdominal pains and 

diarrhea. 
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The study also showed that regulation and monitoring of pesticide use at grass root level was 

non- existence in Hachaanga and St Mary‟s area of Monze District. The agency regulating 

pesticides in the country ends with agro- dealers while the ministry of agriculture deals with 

training in pesticide use. Ministry of health, the environmental health department to be specific 

is mandated to ensure that communities are protected from consuming substandard foods 

including those contaminated by pesticides but pesticide residue monitoring in fruits and 

vegetables is not done for reasons cited above.  

 It can be concluded that, although pesticide residues in fruits and vegetables from Hachaanga 

and St Mary‟s pose no health risk to consumers, the presence of residues of banned or 

restricted pesticides is a serious concern. In addition, the combination of factors including 

increased application rate, reduced waiting period, limited knowledge and training of the 

majority of farmers and absence of monitoring services regarding residual levels of pesticides 

in fruits and vegetables seriously threaten consumers.  Furthermore the act of leaving empty 

pesticide containers by majority of farmers in their vegetable gardens poses a risk to 

community members around and may also contaminate water bodies.  

 

7.2 Recommendations 

 

1) Revision of the Zambia Food and Drugs Act in regards to standards of pesticide 

residues in fruits and vegetables to meet international standards. 

2) Development of a list of banned pesticides by ZEMA which should include Dichlorvos 

to stop its importation in the country. 

3) There is need to strengthen pesticide regulation and monitoring by extension of the 

regulation to include pesticide end users. 

4)  Occasional and deliberate sampling of fruits and vegetables to assess pesticide residues 

by public Health officers need to be set as a priority. 

5)  There is need to greatly improve training of farmers in pesticide use and handling to 

increase awareness and encourage right practice for the safe use of pesticides. 
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Appendices  

 

Annex 1: information sheet  

    

This information paper is for farmers, public health officers and policy makers that we are 

inviting to take part in a study “Comparative assessment of pesticide residue levels in locally 

grown fruits and vegetables in Monze district”.  

Introduction 

Dear participant(s), 

My names are Mildred Mwanja.  I am student at the University of Zambia doing a master‟s 

degree in public health. My research team and I are doing a study in your area on comparative 

assessment of pesticide residue levels in locally grown fruits and vegetables here in Monze. 

We invite you to take part in this study because we feel that you can help us with the 

information that we need. If there is anything you do not understand please feel free to ask as 

we go through the information paper and we will explain to you. 

Purpose of the study 

 The aim of this study is to find out the presence of pesticide residue in fruits and 

vegetables and check if they are in line with internationally acceptable standards.  

 The study will also: - 

1. Find out and understand how farmers use and handle pesticides. 

2. Find out farmers know about bad health effects of pesticide residues. 

3. Understand issues of pesticide use, monitoring and regulation in this area. 

4.  

Type of Research Intervention 

The study will ask you to take part in key informant interviews that will take about 45 minutes 

to an hour only. 
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Participant selection 

You are being asked to take part in the study because we feel that what you knowas farmer(s), 

public health officer or policy maker will help us to understand the issue of pesticide residues 

in fruits and vegetables more. 

Voluntary participation 

Your participation in this study is voluntary. Therefore, it is your free choice whether to take 

part or not. 

Duration 

The interview will only be done once and will take about one hour. 

Risks 

Risks in this study are quite small. We do not expect you to have problems. However, in case 

you feel that some information is personal or confidential, feel free to tell us. Your taking part 

in this study will not affect your work in any way.  

Benefits 

Although the findings of this study may not benefit you now, it will help regulatory bodies 

such as Zambia Environmental Management Agency, the Department of Agriculture and 

Livestock (MAL) and MOH in coming up with decisions concerning public health policy on 

pesticide use as it relates to public exposure. 

Confidentiality 

Anything you tell us will be kept as a secrete and nothing you say to us will be personally 

applied to you in any reports that result from this interview. All of our reports will be written in 

such a way that no individual comment can be applied to a particular person. We have thought 

of including you in this study because we believe you know something about pesticide 

regulation and use in this area.  
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Sharing of results 

The information collected will not be shared with or given to anyone except among the 

research team and university of Zambia. Whatever will come out of the interview will be given 

to you through the Ministry of Agriculture and livestock and public health staff. 

Right to refuse or withdraw 

You have the right to refuse to take part or to withdraw from the study at any time. 

Whom to contact 

If you have any questions, you may ask me now or later. If you wish to ask questions later, you 

may contact me on the following address: 

Mwanja Mildred 

UNZA School of Medicine 

Public Health Department 

P.O Box 50110 

Lusaka. 

Cell 0977817899   

 

You may also contact 

ERES Converge, 33 Joseph Mwila Road, Roads Park, 

Cell: 0955 155 633/ 0955 155 634 

 Email: eresconverge@yahoo.co.uk 

 

 

 

mailto:eresconverge@yahoo.co.uk
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Annex 2: Consent form 

  

The purpose of this study has been explaned to me me and I understand the purpose, benefits, 

risks and confindentiality of the study. 

 

I further understand that if I agree to take part in the study , I have the right to withdraw at any 

time without having to give explaination and that taking part in this study is purely voluntary. 

 

I …………………………………………….. (Names) agree to take part in this study. 

 

Signature or thumb print………………………   Date………………………… ( Participant) 

 

Witness………………………(Names)  

 

Signature or thumb print ………………………………         Date………………………… 

 

Person to contact for problems and queries. 

Mwanja Mildred 

UNZA School of Medicine 

Public Health Department 

P.O Box 50110 

Lusaka. 

Cell 0977817899   

 

You may also contact 

ERES Converge, 33 Joseph Mwila Road, Roads Park, 

Cell: 0955 155 633/ 0955 155 634 

 Email: eresconverge@yahoo.co.uk 
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Annex 3: Sample key informant interview guide 

  

 

 (Semi- Structured) 

FARMERS‟ PRACTICES IN PESTICIDE USE 

 

 

Interview Number …………….                                           Date …………….. 

 

Place …………………………..                                           Time ……………. 

 

Name of interviewer ………………………. 

 

 

Pesticide Use 

1. Please tell me about Pesticide use in your vegetable growing. 

 Probe What pesticide do you use? How long have you been using pesticides? Where do 

you obtain pesticides? Do you always use pesticides registered for use in vegetables?  

How often do you spray you vegetables? What equipment do you use for spraying? 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

2. Can you tell me about training and monitoring in use of pesticide? 

          Probe:  When were you trained? Do you undergo refresher courses? How often  

is monitoring done and who does it? 

3. Please tell me what you know about health effects of pesticide residuesin fruits and 

vegetables? 

4. What are some of the things you know that may lead to pesticide residues in fruits and 

vegetables? 

  …………………………………………………………………………………………….. 

 …………………………………………………………………………………………….. 
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……………………………………………………………………………………………… 

 

5. How do you use and handle pesticides? 

Probe: Do you read manufacturer‟s instructions on pesticide labels prior to use? 

 Do you always adhere to these instructions when mixing pesticides? 

 Do you follow the instruction label on the frequency of spraying? 

 Do you use the recommended dosage? 

 Do you observe the holding period? 

 Where do you dispose of empty/ used pesticide containers and/ packages? 

6. Please tell us what you know about health effects of pesticide residues in fruits and 

vegetables. 
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Annex 4: sample key informant interview guide for policy makers. 

  

 

 (Semi- Structured) 

FARMERS‟ PRACTICES IN PESTICIDE USE 

 

Interview Number …………….                                           Date …………….. 

 

Place …………………………..                                           Time ……………. 

 

Name of interviewer……………………………. 

 

Questions 

1. Tell us about pesticide regulation requirements in the country especially for those 

selling pesticides 

2. What are your roles as ZEMA/ Public health officers in pesticide regulation and 

monitoring in the country? 

3. Who are the responsible persons for regulating pesticide use among small-scale farmers 

in rural parts of the country? 

4. Tell us about training, capacity building and licensing of the major actors in the 

distribution and use of pesticides. 

5. What are your challenges regarding pesticide regulation, monitoring and use by 

vegetable farmers. 

6. Tell us about pesticide residue monitoring in fruits and vegetables. 

 

 

 

 


