CHAPTER ONE

1.0 INTRODUCTION
1.1 Research Background

The use of pesticides in the field of Agriculture has proved very useful in protecting crops from pests hence significantly improving the yields. Besides agriculture, pesticides play an important role in protecting human life by controlling the spread of epidemics and providing a hygienic environment. Although pesticides are essential in the improvement of agricultural yield, they are also harmful to human health and the environment especially when mishandled (Pimentel et al., 1993; McConnell et al., 1994).
Pesticide handling practices depend on the knowledge and perception of the user (Kishi, 2002; Mekonnen and Agonafir, 2002; Schenker et al., 2002). The exposure of agriculture workers to pesticides is the most relevant occupational hazard of pesticide use, especially in developing countries (Van der Hoek et al., 1998; Hurting et al., 2003). Occupational illness is common because it is impractical and expensive to use safety equipment in the warm and wet climate of the tropics (Dinhalm, 1993; Wesseling et al., 1997; Karalliedde et al., 2001). Farmers’ pesticide practices can be dangerous—observed practices included spraying without any safety equipment for far longer than recommended periods, and even tasting pesticides to check for the correct mix (Dinhalm, 1993).
It has been reported that an estimated one million to five million cases of pesticide poisonings occur every year, resulting in 220,000 fatalities among agricultural workers world wide (WHO, 1990). Most of these poisonings take place in developing countries where safeguards are inadequate or lacking altogether (Jeyeratnam et al., 1987; WHO, 1990).
Kenya is an agriculture-based economy where consumption of pesticides has been on the increase in order to minimize crop damages due to export orientated agriculture. The key crops that consume considerable amounts of pesticides include; horticultural crops such as flowers, fruits, vegetables and industrial crops such as coffee and cotton. Various researches have been done in Kenya among horticulture and coffee farmers to investigate how farmers handle pesticides, the safety measures practices and human health effects experienced (Pesticides Action Network ( PAN), 1999).
Cotton is an important crop in Kenya having been introduced in 1902 (Ministry of Agriculture (MOA), 2006). The cotton enterprise thrived well in the country from 1955 up to 1990s when the cotton co-operative societies became dormant after liberalization of the industry. Liberation of cotton industry placed the operations under the private sector where, farmers were required to buy seed and pesticides individually. This was unlike in the past where the cooperative societies provided them on loan basis. This lead to the decline in production, and affected marketing which was no longer organized and ginning was affected by the privatization of ginneries which took relatively long time. The Kenya government embarked on cotton revitalization in 2001. The production of cotton has since improved from 18,000 metric tons in 2004 to 19,414 metric tons of seed cotton in 2005 (MOA, 2006). Due the fact that cotton production was on decline for close to ten years, little attention has been paid to the plight of cotton farmers in terms of; how they handle pesticides and whether they suffer health effects as a result of handling the pesticides.  
1.2 Statement of the Problem
Chemical pest control is of vital importance in cotton production because the crop is susceptible to pest infestation. Cotton farmers utilize pesticides to boost cotton production and especially to get the top grade (AR) which fetch good prices. Pesticide use results to unwanted side effects on the environment and human health which may be either acute or chronic. These side effects include accidental consumption of pesticides by farm animals, wild life, children and human poisoning due to exposure. There is therefore need to evaluate how farmers handle pesticides after purchase and while applying on the cotton crop. This study evaluated the farmers’ knowledge and practices on safe pesticide use and adverse health effects among the cotton farmers in Kitui and Kirinyaga counties respectively and came up with practical recommendation options.
1.3 Justification of the Study

Kenya’s economy heavily depends on agriculture for the provision of food, employment and creation of wealth. Under the Economic pillar of the Kenya Vision 2030 (2007), the agriculture sector was identified as one of the priority sectors which promise to raise Gross Domestic Product (GDP). Among agriculture sub sectors identified were industrial crops that contribute 17% of GDP and 55% of Agriculture exports. Among the industrial crops listed was cotton and one of the specific objectives of The Kenya Vision 2030 was to raise the yields of key crops to standards recommended by research institutions. In this regard cotton production was found to gain great importance which translates to increased pesticide use among cotton farmers in boosting the production. It was therefore important to investigate the knowledge of cotton farmers in handling the pesticides, storage and disposal of empty pesticide containers and health effects as a result.

The information would be significant in the following ways;

i. Identified knowledge gaps on pesticide handling would be used by the government through the relevant ministry/ department to put measures to sensitize and train cotton farmers on proper use and handling of pesticide.

ii. From the findings of the survey, the researcher came up with recommendations on areas that required improvement as farmers utilized their knowledge on safe handling and use of pesticides. 

iii. From the findings, recommendations were made on how to minimize adverse health effects experienced by farmers.

1.4 Hypothesis
Knowledge on safe pesticide use among cotton farmers in Kenya is not reflected on their practices on pesticide use.
1.5 Objectives of the Study
1.5.1 General Objective
The aim of the research was to evaluate the farmers’ knowledge and practices associated with pesticide use and effects of exposure among cotton farmers and to come up with recommendations to address the identified gaps.
1.5.2 Specific Objectives of the study 
i. To examine knowledge on safe pesticide use among cotton farmers in Kitui and Kirinyaga counties.
ii. To investigate practices employed in storage of pesticides and disposal of pesticide containers among cotton farmers.

iii. To find out the adverse effects on human health in regard to pesticide use among cotton farmers.

iv. To find out the role played by cotton stakeholders in enhancing knowledge and practices on safe pesticide use among cotton farmers.
v. Come up with recommendations based on the specific objectives
1.6 Research Scope
The research covered cotton growing areas of Chuluni and Mwea Divisions of Kitui and Kirinyaga counties respectively. The areas were chosen due to accessibility. Kitui and Kirinyaga counties have operational Cotton Ginneries which absorb the farmers’ produce and ensure continuity in production. It was limited to those farmers who are currently growing cotton, not those who grew in the past and abandoned the enterprise. The choice of two areas that lies under different Agro-Ecological Zones was necessary for ease of generalizing the findings to a wide population. Kitui County lies along Low Medium Agro- ecological zone-4 while Mwea division, Kirinyaga County lies along Low Medium Agro-ecological zone-3. The content of the study was limited to evaluating the knowledge on safe use and handling practices of pesticides, experienced adverse effects and impacts on human health, storage and disposal of used pesticide containers and stakeholders’ role in influencing farmers’ knowledge
CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Definition of Pesticide.
The Food and Agriculture Organization ( FAO) of the United Nations (1996) defines a pesticide as any substance or mixture of substances intended for preventing, destroying or controlling any pest, including vectors of human or animal disease, unwanted species of plants or animals causing harm during or otherwise interfering with the production, processing, storage or marketing of food, agricultural commodities, wood and wood products or animal feedstuffs or which may be administered to animals for the control of insects, arachnids or other pests in or on their bodies. The term includes substances intended for use as a plant-growth regulator, defoliant, desiccants or fruit-thinning agent or agent for preventing the premature fall of fruit and substances applied to crops either before or after harvest to protect the commodity from deterioration during storage and transport.
2.2 Classification of Pesticides

Pesticides are classified according to use and to chemical composition. Classification according to use include; insecticides, herbicides, fungicides, rodenticides, avicides and others while insecticides are chemically classified as organophosphates, carbamates, organochlorines, pyrethrins and pyrethroids and arsenals compounds ( Antonella et al., 2001). Most of the pesticides are synthetically processed. Synthetic pesticides include active and inert ingredients. To improve their functions, additives such as dissolvent, emulsifiers, and synergists are joined into the specific formulation of pesticide: liquid, dust, granular and wettable powder. Most pesticides are imported from developed to developing countries where they arrive pre-formulated or in raw form and are then formulated locally. Manufacturers label each pesticide on the basis of its active ingredient. Inert ingredients are usually not described even though they may be harmful (e.g. chloroform and carbon tetrachloride). Every pesticide receives a legally-binding label defining target pests and crops, hazard identifications, and safety procedures (Ware, 1994).

2.3 Pesticide Production and Consumption.

It has been estimated that the global use of pesticides is about 2.5-2.9 million metric tons per year. Of the three (3) million metric tons of pesticides produced annually world wide, 25% are used in developing countries. Pesticide consumption has been on the increase especially in Africa and Latin America that is the developing countries, because they are mainly agriculture based economies (WHO, 1990; McConnell, 1994). Pesticide use in Kenya as in other developing countries has been on the increase, for example, pesticide consumption in 1994 was 14,010 metric tons while in 1999 it increased to 18,910 metric tons per year (Central Bureau of Statistics, 2000). 
2.4 Farmers’ Knowledge on Pesticides Use and Exposure
In developing countries such as Kenya, the knowledge and perception of pesticides and attitudes towards them is complicated by the socio-economic factors such as illiteracy, relatively lax regulations, standards, enforcement, and inadequate availability of protective equipment, and washing facilities for the workers (McConnell et al., 1997). The use of acutely toxic pesticides associated with a weak or absent legislative framework regulating pesticide use is one of the major reasons for the high incidences of poisoning in some developing countries (Konradsen et al., 2003). Farmers and bystanders are exposed to pesticides in many different situations such as ; mixing/ loading, application (spraying), selling, transporting and storing, taking care of the equipment, re-entry into the field, spillage and disposal ( Antonella et al., 2001). According to Dinhalm (1993), most farmers do not take protective measures when handling pesticides such as wearing overalls, gloves, masks, caps and boots; or other measures such spraying towards the direction of the wind and  when the sun is not very hot. This was an indication of low knowledge on the dangers of pesticides use and handling among farmers. A study  carried out on farmers’ knowledge, attitude and experience in the use of pesticides among coffee farming in Tanzania revealed that farmers were exposed to pesticide hazards due to  lack of knowledge and agricultural extension services (Ngowi et al., 1992).
According to Clarke (1997) in study carried out in Accra plains Ghana on problems associated with pesticide use by irrigation workers showed that; knowledge of personal protective devices was poor to moderate, the use of personal protective equipment was limited primarily due to financial constraints and some high risk practices noted included frequent handling of chemicals and home storage of pesticides. A study conducted in Garissa district ( Hanshi, 2001) among vegetable farmers on use of pesticides and personal protective equipment by applicators revealed that; 83% of respondents did not use any personal protective equipments while 17% used improvised masks to safeguard their health, 40% of those who did not use personal protective equipment said temperatures were high while 36% said it was due to high cost and 24% did know the importance, 77% of the respondents experienced short illnesses as a result of using pesticides while 23% did not fall sick.
2.5    Storage of Pesticides and Disposal Methods of Empty Pesticide Containers
The storage of pesticides is an important consideration when addressing the issue of pesticide handling since poor storage may lead to undesired consumption by minors and vulnerability to those wishing to commit suicide in addition to environmental degradation that may be caused by spillages.
 Pesticides are the most important method of self poisoning in many rural regions and are associated with a high death rate (Eddleston, 2000). World Health Organization estimates that three million pesticide poisoning cases happened world wide yearly with 220,000 deaths most of which were intentional (WHO, 1990). According to WHO (1985) pesticides should be stored in a place that can be locked and is not accessible to unauthorized people or children, they should never be kept in a place where they might be mistaken for food or drink also should be  carried in a vehicle that is also used to transport food. A lack of facilities for safe storage and disposal ensures frequent accidental poisonings, particularly among small children (Haynes, 1985).
Pesticides are the most important method of self poisoning in many rural regions and are associated with a high death rate (Eddleston, 2000). Mwanthi and Kimani (1990) in Forget (1993) reported that, in Githunguri, Kiambu, Kenya, farmers considered Malathion as the most toxic agrochemical and DDT, Copper and Sumithion in the least toxic yet in the WHO classification, Malathion is only slightly hazardous and DDT is moderately hazardous. In the same study; 62% of the farmers kept pesticides in the living house, 14.4% stored them in the food storage area while about 10% stored in a separate shelter this practice put the farmers and family members at risk of accidental consumption of pesticides or exposure through fumes, 133 cases of agrichemical poisoning were reported and treated at Kiambu District Hospital which resulted in eight deaths. 
2.6 Human Health Effects Due to Pesticide Use
According to WHO (1990), pesticides poisoning occurs via one of the three routes of transmission: dermal, ingestion, or inhalation. The majority of reported occupational acute poisonings result from dermal exposure through direct contact or contaminated clothing. The second route poisoning is through inhalation of pesticide contaminated air and dust while the third important route is ingestion. Most non-occupational poisonings occur through ingestion of contaminated food and water and, in cases of suicide, by direct consumption. Fernando et al. (1995) observed that in agriculture- based economies easy availability of pesticides, related socioeconomic problems, lack of adequate protective clothing and limited treatment facilities are some of the factors that contribute to the high morbidity and mortality.
Occupational illness is common because it is impractical and expensive to use safety equipment in the humid tropics (Dinhalm, 1993; McConnell et al., 1997; Karalliedde et al. 2001). Safety instructions on containers are often written in unfamiliar languages, many farmers are illiterate, and the instructions themselves impossible to follow. After coming in contact with pesticides it is difficult to ‘wash off at once’ when there is no water available, and even more to ‘see a doctor immediately’ when the nearest hospital is many miles away (Dinhalm,1993). Although developing countries use 25% of the world’s production of pesticides, they experience 99% of the deaths (WHO, 1990). The International Labour Organization (ILO) (2000) estimates that 14 % of all occupational injuries are due to exposure to pesticides and other agrochemical constituents, and 10 % of these (around 17,000) per year are fatal. 

A study by Ngowi  et al. (1992)  on the impact of pesticide on human health among  coffee farmers in Tanzania found that, 42% of the respondents reported using some kind of protective measures such as  respirators, boots, gloves, aprons while applying pesticides and 94% took precaution when eating, drinking and smoking by washing of hands and avoiding smoking while spraying. It also found that in Tanzania misuse and abuse of the pesticides had increased human suffering resulting to deaths due to pesticide poisoning. In Java, Indonesia a survey by International POP’s Elimination Network (IPEN) (2006) regarding farmer behaviour related to pesticide use practices revealed that 80% of farmers spray pesticides without mask, 64% of the farmers’ dispose of the pesticide containers by throwing them in the open while 75% did not store the pesticides in special room or storage place. On the poisoning symptoms experienced by the farmers, 64% reported feeling tired, 27% sore throat, 25% itchy skin, 27% burning nose, 23% excessive salivation, 20% headaches, 13% shortness of breath, 10% blurring of vision and 16% experienced muscle cramps. Another study carried out among coffee farmers in Othaya division Nyeri district of Kenya revealed that farmers; suffered negative effects on health as a result of handling pesticides that included headaches, dizziness, skin and eye irritation, mild colds, stomach upsets and nausea Pesticide Action Network(PAN, 1999). The same study revealed that farmers stored pesticides in the house or in the farm store – sometimes with food stuffs. 
2.7 Role of Cotton Stakeholders
Cotton stakeholders were institutions that played a role in cotton production such as; training of farmers, purchase of the produce, supply of pesticides and regulation of use of the pesticides. Among the stakeholders was ministry of Agriculture, Agrochemical companies, Cotton ginneries, Kenya Agricultural Research Institute (KARI).  In Chuluni Division the stakeholders in Cotton production included; Kitui Ginnery, Orion East Africa Chemicals, Osho chemicals, KARI-Mwea, Agricultural Business Development (ABD), Ministry of Agriculture and Divisional Cotton Committee. Kitui Ginnery provided market for the seed cotton, supplied farmers with cotton seed and helped farmer’s access chemicals from Agrochemical companies through loans. KARI-Mwea provided cotton seed for farm trials while Orion (E.A) chemicals, Osho Chemicals, ADB and Ministry of Agriculture organized and conducted farmers’ trainings on proper agronomic practices (MOA, 2007). In Mwea Division the stakeholders in Cotton production included; KARI- Mwea, Mwea Ginnery, Equity Bank, Juanco Agrochemical Company, Ministry of Agriculture. KARI-Mwea provided training for staff and farmers and bulked certified seeds. Mwea Ginnery provided market for the harvested cotton and supplied cotton seed to farmers. Equity bank provided credit to individual farmers mainly for accessing agrochemicals. Juanco Agrochemical Company provided cotton pesticides to farmers through the Mwea Ginnery as loans. Ministry of Agriculture organized and conducted farmers’ trainings (MOA, 2007).
The World Health Organization (1985) technical manual on safe use of pesticides gives guidelines and precautions that if adhered minimize exposure to pesticides. The manual stipulates that pesticides should be stored in a place that can be locked and is not accessible to unauthorized people or children; they should never be kept in a place where they might be mistaken for food or drink. It further states that left-over insecticide suspension to be disposed of safely by pouring it into especially dug hole in the ground or a pit latrine. On handling of pesticides on the farm the manual cautions against eating, drinking or smoking while using insecticides. It advices the spray workers to wear overalls, headgear and sturdy shoes or boots, the mouth and nose should be covered with a surgical-type disposable or washable mask, or any clean piece of cotton. Sprayer should cover the body without leaving any openings and in hot and humid climates the wearing of additional protective clothing may be uncomfortable, hence pesticides should therefore be applied during the cooler hours of the day. In the event of the actual application of pesticide the manual directs that the discharge from the sprayer should be directed away from the body, leaking equipment should be repaired and the skin should be washed after any accidental contamination.
 The manual also gives the signs and symptoms related to pesticide exposure that are categorized as;  General effects include extreme weakness and fatigue, effects on the skin include irritation, burning sensation, excessive sweating, staining, effects on eyes include itching, burning sensation, watering, difficult or blurred vision, narrowed or widened pupils, effects in the Digestive system include burning sensation in mouth and throat, excessive salivation, nausea, vomiting, abdominal pain, diarrhea and effects on the Nervous system include headaches, dizziness, confusion, restlessness, muscle twitching, staggering gait, slurred speech, unconsciousness and in the Respiratory system  include cough, chest pain and tightness, difficulty with breathing, wheezing.
2.8 Legislative Framework Regulating Pesticide Products in Kenya

 The Pest Control Products Act was enacted to regulate the importation, manufacture, distribution and use of products used for the control of pests and organic function of plants and animals and for connected purposes. Through the Act, The Pest Control Products Board (PCPB) was established GOK (1985). The PCPB provides regulations on registration, licensing, importation and exportation, disposal, labeling, advertising and packaging of pesticides. Labeling, advertising and packing regulations of pesticides requires that; every product should have a label printed in both English and Kiswahili, a statement directing the user to read the label, the directions for use of the pest control product, information on handling, storage, display, distribution and disposal of pest control product. The regulations further requires every product to have instructions for first aid, toxicological information essential to treatment of a person poisoned or injured by the pest control  product ( GOK, 1985).
Some of the activities carried out by PCPB include monitoring and ensuring adherence of quality standards of pest control products from production to use, creating awareness of the general public on all aspects of safety, storage, handling, disposal and use of pest control products, investigating and prosecuting contravention of the pest control products Act, supervising the disposal of obsolete or undesired pest control products (PCPB, 2010). 
According to EMCA( 1999) , the National Environmental Management Authority ( NEMA) has established The Standards and Enforcement Review Committee which in  consultation with relevant agencies prepares draft standards, and measures for establishment of enforcement procedures to regulate the importation, exportation, manufacture, storage, distribution , sale , use, packaging, transportation and advertisement of pesticides and toxic substances. 
CHAPTER THREE

3.0 MATERIALS AND METHODS
3.1 Study Area

The study targeted small scale cotton farmers with a total population of 200,000 (Ministry of Agriculture, 2006). However, due to limitation of resources and time only two counties were selected for this study. One county: Kitui  lies in Arid and Semi-arid Lands and Kirinyaga lies in  the high rainfall zone.  In Kitui County, one district Chuluni, was selected out due to long history of cotton production while in Kirinyaga, Mwea was selected because it was the only district where farmers grew cotton ( Figure 1 and 2). Chuluni district lies along Low Medium rainfall Agro-Ecological zone -4 with an average rainfall of 600-800 mm per year and occupied an area of 521.5 km2 while Mwea district lies along Low Medium rainfall Agro-ecological zone 3-4 that receives an average rainfall of 700 -1100 mm per year occupying an area of 512.8 km2 (Ministry of Agriculture, 2007).
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3.2 Research Design
The research design used in the study was quantitative. Questionnaires with close-ended questions were used on farmers through face to face interviews. The Ministry of Agriculture and health staff who were the key informants were interviewed using a semi-structured questionnaire guides. 
3.3 Population of the Study Areas
Chuluni district has an estimated population of 8,581 persons out of which 690 are small scale farmers, while Mwea district has an estimated population of 12,596 persons out of which 225 were cotton farmers (Ministry of Agriculture, 2007). Crops grown in Chuluni district included; maize, cowpeas, pigeon peas, mangoes, green-grams and  cotton while in Mwea included maize, beans, pigeon-peas, French beans, cowpeas, pawpaw, tomatoes, green-grams and cotton. Economically, the residents of the two district depended predominantly on subsistence farming. The population of interest was the cotton farmers. Cotton farmers in the two divisions were small scale farmers, depended on rain-fed agriculture and carried out similar activities in the process of cotton production, this meant cotton farmers formed homogenous sample which would allow a researcher to collect in-depth data from a smaller sample (Mugenda and Mugenda, 1999).
3. 2 Sample Size
It was necessary to collect data from the entire population for the validity of the results. However, due to limited resources and vast geographical size of the divisions as well as time available, two locations from each district were selected through systematic random sampling. Administratively, Chuluni and Mwea were each sub-divided into five divisions. Each of the five divisions was randomly listed and a sampling interval of each second location was set. Through this method each division had an equal chance of being selected. The selected divisions in Chuluni district were Kisasi and Nzambani while in Mwea, Tebere and Murinduko divisions were selected. The two sampled divisions of Chuluni had 340 farmers while the two divisions of Mwea had 125 cotton farmers. Using published tables for both continuous and categorical data (Bartlette et al.2001); the sample size for Mwea division was set at 66 and for Chuluni at 102, giving a total of 168 respondents.

3.3  Sampling Procedure

Cluster sampling procedure was used to select the interviewees which apply to a population scattered over a large geographical area (Mugenda and Mugenda, 1999). It was established that all cotton farmers were members of a group. Cotton groups were treated as clusters then randomly selected. The study took place in the months of July- August 2008 when farmers were harvesting cotton. This period allowed the interview sites to be set either in the homesteads or farms where the farmers were either assisting in harvesting or grading cotton. Purposive sampling was used to select respondents of the other categories- Extension service providers and Staff from Ministry of Health. This was necessary because members in these categories were few but held vital information and knowledge relevant for this study. 

3.4 Research Instruments
Various instruments were used in this study for purpose of triangulation so as to ensure validity of the data. A questionnaire was administered to cotton farmers to collect primary data (Appendix 1). Piamont (1966) defines questionnaire as “a set of related questions designed to collect information from a respondent”. The questionnaire had closed ended questions which had the advantage of providing in-depth information and preventing the respondents from providing information that may not be relevant for the study. The instrument was pre-tested using five respondents who were not part of sample population and then readjusted accordingly to suit its purpose.
 The questionnaire was administered through face to face interviews to minimize any bias that could arise from targeting the literate respondents only. The second instrument utilized in this study was a semi-structured interview for the category of Extension Service providers and medical staff who were presumed to be key informants of the study (Appendices 2 and 3). The extension service providers included; staff from the ministry of agriculture, cotton ginneries, and farmers’ cooperatives officials. Primary data was also obtained from observations made during the interviews. Respondents were found in groups that was either working within homesteads or in farms and these allowed observations to be made on storage of pesticides and kinds of protective devices used during pesticide application.
3.5 Data Collection Procedure and Analysis
Introductory letters were addressed to the relevant offices requesting for permission to undertake the research. Upon acceptance by farmers, an interview schedule was drawn as a guide during the interview process. Two research assistants who were conversant with the local language were chosen from each sample area. They were trained and assisted in administering the questionnaires. The following variables were extracted from the completed questionnaire: age of farmers, education levels of farmers, duration farmers had grown cotton status of attendance of trainings by farmers. The data was analyzed for relationships between the variables and effects of knowledge on pesticide use, storage and disposal of pesticides and effects on human health due to pesticide handling for the 158 questionnaires, where Chuluni had 99 and Mwea 59. Chi-square ((χ2) test was used to analyze the relationships and Statistical Package for Social Scientists (SPSS) Version 12.0 was used for data analysis. A p-value of less than 0.05 was considered statistically significant. In order for the data to meet the criteria for chi-square (χ2) test, some parameters were combined for computing the data on 2 x 2 tables. The results were presented in tables and bar charts.
CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Demographic Parameters

This analysis was done based on the demographic distribution of the population in terms of age, education level and period of cotton growing.  Demographic studies on the age of sampled farmers showed that, 56.6% of cotton farmers in Chuluni were aged between 36-60 years, 38.4% were over 60 years and only 5.1% were between 18-35 years while in Mwea, 55.9% were aged between 36-60 years, 40.7% were aged over 60 years and 3.4% were aged between 18-35 years (Figure1). The data indicated that majority of the cotton farmers in Kitui and Kirinyanga Counties were persons aged between 36-60 years. This implied that cotton farming was a preference of persons over 36 years as opposed to persons of less than 35 years.
 Studies on the level of education revealed that, 53.5% of the cotton farmers in Chuluni had primary education, while 39.4% were illiterate, 5.1% had secondary education and 1% had both tertiary and adult education respectively (Table 1). In Mwea 61.0% of the respondents had primary education, 28.8% were illiterate, 8.5% had secondary education and 1.7% had tertiary education. The literacy levels were almost similar in both study areas with majority of the respondents having attained primary education and a substantial percentage being illiterate (Table 3). The illiteracy levels among cotton farmers in both counties meant that farmers could not properly read instructions on the labels thus increasing the chances of improper use and handling of pesticides. Among the farmers interviewed whose number was not recorded they confessed to finding problems in converting a dose rate made for 20 litre spray pump to a 16 litre one. The low literacy was also found to be a challenge among coffee farmers in a similar study done in Githunguri division, Central Kenya region where 62% of farmers could not interpret instructions or warnings on pesticide labels (Mwanthi and Kimani (1990) in Forget (1993))
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Figure 3.  Age distribution of Small Scale cotton farmers in Chuluni and Mwea districts
Study on the period farmers had grown cotton showed that; in Chuluni 42.4% of farmers had grown cotton for more than five years, 37.4% had grown for three to five years, 19.2% for one to two years and 1.0% for less than one year while in Mwea 30.5% of farmers had grown cotton for more than five years, 23.7% for three to five years, 44.1% for one to two years and 1.7% for less than a year (Figure 4). A period of three or more years in cotton farming was expected to haveexposed the farmers to knowledge and practices that minimize exposure to pesticides. 
Table 1.  Level of Education of Small Scale cotton Farmers in Chuluni and Mwea
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Figure 4.  Duration of cotton growing by small scale cotton farmers in Chuluni and Mwea 
4. 2 Knowledge on Safe Pesticide Use
The first objective was to examine the knowledge cotton farmers had on safe use of pesticides as depicted by practices employed in accessing and handling pesticides. 

Studies on the factors that guided cotton farmers on choice of pesticides showed that; in Chuluni 61.6% of farmers depended on what was supplied by the cooperative/ group, 21.2% made choice depending on the pest to control, 10% depended on advice from the Extension service providers (ESP), 5.1% depended on both pest to be controlled and advice from ESP and 2% on cost of the pesticide. In Mwea  40.7% made choice depending on the type of pest to be controlled, another 40.7% depended on advice from Extension Service Providers, 15.3% depended on what was supplied by the cooperative/ group and 3.4% on cost of pesticide ( Figure 3). The findings indicated that majority of cotton farmers in Chuluni division depended on the cooperative for the choice of the pesticide unlike in Mwea   where farmers could make a choice depending on the pest that had infested their crop and others sought advice from the Extension service providers. A chi-square ( χ2) test analysis on the associations between education levels and determinant of pesticide to use was done. In order for the data to meet the criteria for chi-square test some parameters were collapsed computing the data on 2x2 tables. The null hypothesis was; education levels and means to determine the pesticide used were unrelated. In Chuluni division, χ2= 0.021     p = 0.885 > 0.05. 
Therefore there was no relationship between the education levels of cotton farmers and how they chose what pesticides to use in both districts. Statistical treatment of the data showed that; for the supply of pesticides in Chuluni, 85% of farmers without education relied on what was supplied by the cooperative and similarly for 86%   of those with primary education and above (Table 2), while in Mwea 78% of the farmers without education relied on advice from extension service providers as well as 68% of farmers with primary education and above (Table 3). Dependency on cooperative by cotton farmers in Chuluni district was possibly because of confidence on quality of pesticides supplied by the cooperative. In Mwea district possibly there was a close interaction of cotton farmers and extension service providers where they easily received advice.
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Figure 5.  Factors that determine pesticide purchased by small scale cotton farmers in Chuluni and Mwea
Table 2. Association of Education level and Determinant of Pesticide to Use among farmers in Chuluni district (χ2 = 0.021 p = 0.885)
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Table 3. Association of Education level and Determinant of Pesticide to Use among cotton farmers in Mwea District (χ =0.419 p= 0.518)
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A study on the amount of pesticide used by farmers in preparing spray mixture showed that; In Chuluni majority of the farmers (47.5%) used instructions on the manufacturers’ label, 39.4% relied on advice from the extension staff, 9.1% relied on labels as well as the Extension staff  and  3% relied on neighbors while in Mwea, majority (57.6%) of farmers read manufacturers instructions, 27% got advice from extension staff, 8.5% consulted their neighbors and  5.1% the concentration of spray mixture depended on the intensity of pesticide infestation (Table 4 ). In both areas farmers relied heavily on instructions from the manufacturers as well as advice from extension staff. 
A chi-square analysis on the associations between education levels and means used to determine the amount of pesticide used was done after having collapsed some parameters and computed on 2 x 2 tables. In Chuluni division p= 0.001, χ2 =39.24, hence P < 0.05 (Table 5). This implied that there was a relationship between the education levels and means used to determine the amount of pesticide used. Similarly in Mwea where χ2= 28.782, p= 0.001, hence p< 0.05 also implied a relationship existed (Table 6). Within those with no education in Chuluni division only 6.4% read labels while 68.8% got advice from the extension staff  and within  those with primary education and above  93% read labels and 31.3% got advice from the extension staff. In Mwea division within those without education 5.9% read labels, 75% got advice from the extension staffs while within those with primary education and above, 94% read labels and 25% relied on advice from extension staff. 
This was an indication that among small scale cotton farmers in the two divisions education played an important role in determining the amount pesticide used in preparing spray mixture.  According Government of Kenya (1985) libeling, advertising and packaging regulations requires that; every product should have a label printed in both English and Kiswahili, a statement directing the user to read the label, the directions for use of the pest control product. It can be concluded that majority of cotton farmers in the two divisions were able to use the right amounts of pesticides in preparing spray mixtures. To improve knowledge on proper handling of pesticides among cotton farmers would involve increasing the literacy levels of farmers or targeting also the primary school pupils to create awareness on handling of pest control products.
Table 4.  Means used to determine the Amount of pesticide
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Table 5.  Association between Education level and Determinant of the amount of pesticide used by cotton farmers in Chuluni district  (χ2 =39.24 p= 0.001)
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Table 6. Association between Education level and Determinant of the amount of pesticide used by cotton farmers in Mwea district (χ2 = 28.782 p= 0.001)
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Investigations on the time cotton farmers applied pesticides showed that; in Chuluni 76.8% of farmers applied pesticides early in the morning, 14% applied either early in the morning or late afternoon, 6% applied late afternoon and a small number, 3% applied anytime in the day while in Mwea 88% of respondents applied pesticides early in the morning, 5% late afternoon and 5% any time of the day (Figure 4). A chi-square analysis was carried out to establish whether an association existed between education levels and the time farmers applied pesticides on their crops. The null hypothesis was that; education levels of cotton farmers and time pesticides were applied on crops were unrelated. In Chuluni district; χ2 =3.948, p= 0.047 ( p< 0.05), this meant that a relationship existed between education levels and the time of day farmers applied pesticides but the data does not provide enough evidence to associate education levels and time pesticides were applied (Table 7). In Mwea district; χ2 =0.31, p= 0.859 (p> 0.05), the null hypothesis was not rejected, since among those who had no education 94% applied pesticides early and 95% among those with primary education and above (Table 8).The findings revealed that majority of the farmers in both areas were aware of the importance of applying pesticides when temperatures were low and minimal wind currents, a period that falls either early. These conditions minimized exposure to pesticides as reported by (WHO, 1990) that the risk of occupational acute poisonings is heightened by environmental factors such as temperature and humidity, the person’s skin characteristics (perspiration and presence of open sores), and the lack of protective clothing. 
Studies on the direction of wind flow observed by cotton farmers while applying pesticides showed that; most farmers in Chuluni district, 91.8% applied pesticides towards the wind flow, 4.1% applied against and 4.1% applied from any direction. In Mwea district, 55.9% applied pesticides towards the direction of wind flow, 42.4% applied from any direction while only 1.7% applied against the wind flow (Figure 5). A chi-square analysis was done to establish the associations, where the null hypothesis was; education levels and direction of wind observed by cotton farmers were unrelated. In Chuluni district, χ2 = 0.225 p = 0.636 (P>0.05), the null hypothesis was not rejected. It was noted that across the education levels, 94% of those without education sprayed pesticides towards the wind flow as well as 96% of those with primary education and above (Table 9). In Mwea district, χ2 = 0.371 p= 0.543 (p>0.05), the null hypothesis was not rejected and it was noted that across the education levels, 100% of those without education sprayed pesticides towards the wind flow and similarly for 96% of those with primary education and above (Table 10). Findings showed that majority of cotton farmers in both districts applied pesticides towards the direction of wind flow which was an indication that farmers were aware of the importance of observing a direction of wind flow that minimized exposure to pesticides.
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Figure 6.   Time of the Day Pesticides were applied to Crops
Table 7. Association of Education level and Time of the Day small scale cotton farmers applied Pesticides to Crops in Chuluni District (χ2 =3.948 p= 0.047)
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Table 8.  Association of Education level and Time of the day small scale cotton farmers applied Pesticides to Crops in Mwea Division (χ2 = 0.31 p= 0.859)
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Figure 7.  Direction of spraying pesticide in relation to wind flow by small scale cotton farmers in Chuluni and Mwea 
Table 9.  Association of Education level and how Spraying is carried out in relation to Wind Flow by small scale cotton farmers in Chuluni district (χ2 = 0.225 p= 0.636)
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Table 10.  Association of Education level and how Spraying is carried out in relation to Wind Flow by small scale cotton farmers in Mwea district ( χ2 = 0.371 p= 0.543)
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Investigations on the type of equipment used in pesticide application by small scale cotton farmers showed that; in Chuluni 96.9% of cotton farmers used Knapsack sprayer and a small  number of respondents used plastic cans and twigs while in Mwea all farmers,100% used Knapsack sprayer, (Table11). Findings indicated that cotton farmers were aware of the importance of using appropriate spray equipment that minimized exposure to pesticides. The study showed that some farmers owned Knap-sack pumps, others hired from neighbors while others were given by Agrochemical companies on loan as reported by the Agriculture district officers. 
Table 11.  Type of Equipment used for spraying pesticides by small scale cotton farmers in Chuluni and Mwea districts
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Handling of pesticide concentrations and application of diluted formulation requires the use of appropriate personal protection equipment (PPE) as a precaution against pesticide exposure. This would include the use of gloves, masks, protective clothes, personal hygiene, appropriate footwear, head gear as indicated in the respective pesticide labels (FAO, 1990). Cotton farmers in our study did not use the recommended personal protective measures while handling pesticides, since in Chuluni district 91.8% did not wear personal protection equipment and 100% farmers in Mwea district (Figure 6). The non-use of PPE possibly was that cotton farmers did not understand the long term effects of pesticide handling or could not afford to buy the equipment. Failure to use the recommended PPE meant there were high chances of farmers getting exposed to pesticides at time of spraying as was observed by Dinhalm (1993), some dangerous pesticide practice among farmers that included spraying without any safety equipment for longer than recommended periods. In Kitui County, divisional crops officer Chuluni district observed that low incomes among the cotton farmers possibly were the reason why PPE was not prioritized in their budgets. The Chairman of Cotton committee in the same district was of the opinion that, most farmers did not think the use of PPE was important because they were not aware of the long term effects of the pesticides in their bodies. Similar observations were made among Indonesian farmers by Kish, et al. (1995) where farmers were unwilling to follow the necessary precautions attributing non-availability and high cost of personal protection products and the prevailing hot and humid weather conditions.
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Figure 8. Use of recommended personal protective equipment by small scale cotton    farmers in Chuluni and Mwea 
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Plate 1. A farmer in Chuluni District displaying the clothing he uses while spraying pesticides 
The study established that cotton farmers had varied reasons for non use of PPE such as in Chuluni 86.7 % could not afford, 9.6% thought it was not important and 3.6% said that personal protective equipment were not available while in Mwea, 81.4% of farmers could not afford, 13.6% thought it was not important and 5.1% said the PPE were not locally available (Figure 7). Findings from both divisions indicated that major factor inhibiting use of PPE was cost. The cost of PPE was not established from the near by outlets. The results were similar to study done by Clarke (1997) among irrigation workers in Accra plains Ghana which showed that non-use of PPE was as a result of financial constraints. The study was similar to another study among vegetable farmers in Garissa on use of personal protective equipment where 83% did not personal protection and 40% of them said high temperatures inhibited their use while 36% said high cost and 24% did not know their importance (Hanshi, 2001).
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Figure 9.  Reasons why small scale cotton farmers did not use personal protective equipment in Chuluni and Mwea 
The Study showed most cotton farmers were not aware of the health hazards caused by the inappropriate handling of pesticide, in Chuluni 37.9% used old clothes, 11.6% wore an overall, 6.3% tied a handkerchief around the mouth and nose and 42.1% did not protect themselves. In Mwea, 50.8% of the farmers used old clothes, 5.1% wore an overall, 3.4% tied a handkerchief on mouth and 39% did not protect themselves (Figure 8). The use of old cotton clothes was common among farmers in the two districts. Half of Cotton farmers in both areas were conscious of the need to protect themselves against pesticides and hence the reason for use of either old clothes or an overall. Studies show that wet cotton clothing and cotton cloth masks in fact increase person’s personal absorption rate of pesticides (Kish, 1995). 
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Plate 2. A cotton farmer in Mwea District displaying the clothing he uses when spraying pesticides.
[image: image23.emf]Old  clothesGloves & maskOverall onlyMask none Handkerchief on the mouth

Kinds of protective clothing used

0

10

20

30

40

50

60

Percent of farmers

0.0%

2.11%

6.32%

1.69%

0.0%

50.85%

38.98%

3.39%

5.08%

11.58%

37.89%

42.11%

District

Chuluni

Mwea


Figure 10.  Kinds of protective clothing used by small scale cotton farmers in Chuluni and Mwea 
4.3 Storage of Pesticides and Disposal of Empty Containers
According to WHO (1985) a manual on safe use of pesticides,  pesticides to be stored in a lockable place which is not accessible to unauthorized people and never in a place where they might be mistaken for food or drink. Studies on storage of pesticides by cotton farmers showed that; in Chuluni district 55.6% of farmers stored pesticides in the bedroom before and after use, 29.3% stored them in the granary, 13% stored in a chemical store and 2.0 % buried pesticides in the farm away from homestead while in Mwea district 35.6% of farmers stored pesticides in the bedroom, 25.4% stored in the granary, 27.1% stored in the chemical store and 11.9% buried pesticides in the farm away from the homestead (Table 12). 
A chi-square test to find out association between education levels and methods of pesticide storage among cotton farmers showed; in Chuluni district χ2 =1.258, p=0.261 where p<0.05 (Table 13) there was no association established since across education levels 31% of those with no education stored pesticides in the granary as well as 69% of those with primary education and above while 43% of those with no education stored within the bedroom and 56% of those with primary education. In Mwea, χ2 = 2.258, p= 1.33 where p> 0.05 which implied that there was no relation between education levels and methods of pesticide storage used. Across the education levels, 53% of those without education stored pesticides in the granary while 71% of those with primary education and above stored pesticides in the bedroom (Table 14). This showed that small scale cotton farmers despite education levels stored pesticides in places that contravened the World Health Organization guidelines. However, from the findings cotton farmers in both Chuluni and Mwea were at risk of getting poisoned by pesticides due to exposure during storage. According to The Pest Control Products regulations every label on a product displays methods of storing and disposing the product (GOK, 1985).
Table 12.  Storage of Pesticide by small scale cotton farmers in Chuluni and Mwea 
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Table 13.  Association of Education level and storage of pesticides among cotton farmers in Chuluni district (χ2 = 1.264 p= 0.261).
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Table 14.  Association of Education level and storage of pesticides among cotton farmers in Mwea district ( χ2 =2.258 p= 1.33).
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Study on methods of disposal of empty pesticide containers by cotton farmers showed that; in Chuluni 68.7% of the farmers threw empty pesticide containers in the pit-latrine, 21.2% puncture and burry them, 3.0% burn them and 7.1% threw away in a dumping pit while in Mwea, 72.9% of farmers threw containers into pit latrine, 15.3% punctured and buried them, 3.4% burnt them and 6.8% threw away in a dumping pit (Table 15). According to WHO (1985) manual on pesticide use left- over insecticide suspension be disposed by pouring in a dug hole in the ground or a pit latrine.  From the findings it was evident that cotton farmers in both areas had the knowledge that containers needed to be properly disposed off to avoid reuse since they either threw them into pit latrine or punctured and buried them. Only a small percentage in both areas threw the containers in dumping pit where they could be accessed for other uses. These findings were in contrast with findings of a study conducted among coffee farmers in Githunguri, Kenya (Forget, 1993) where all empty agrochemical containers were converted to domestic use. 
Association of education levels and methods of disposal of pesticide containers through chi-square test showed a relationship among cotton farmers in Chuluni while there was no relationship in Mwea. In Chuluni χ2 = 4.60, p= 0.032 (p< 0.05), across education levels 71% of farmers without education threw pesticide containers in the dumping pit while 69% of those with primary education threw in the pit latrine. (Table 16).In Mwea, χ2 = 0.096 p= 0.756 where p> 0.05, the data did not provide enough evidence to associate education levels and methods of disposing pesticide containers (Table 17).
Table 15.  Methods of disposal of pesticide containers by small scale cotton farmers in Chuluni and Mwea Districts
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Table 16.  Association of Education level and disposal of pesticides among cotton farmers in Chuluni district ( χ2 = 4.60 p= 0.032).
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Table 17.  Association of Education level and disposal of pesticides among cotton farmers in Mwea district ( χ2 = 0.096 p= 0.756).
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4.4  Pesticide Effects on Human Health
The third objective of the study was to find out the effects on human health experienced by cotton farmers as a result of pesticide use and handling which were limited on the skin, eyes and general effects. Study on the adverse effects experienced on skin by cotton farmers showed that; in Chuluni 76.8% of farmers experienced a burning sensation, 17.1% experienced a skin rash, 3.7% experienced both skin rash and burning sensation and 2.4% experienced numbness while in Mwea 62.5% experienced burning sensation, 31.3% skin rash, 2.1% experienced both skin rash and burning sensation and 4.2% numbness (Figure 9). These findings indicated majority of cotton farmers in both areas experienced a burning sensation and others skin rash. This implied that cotton farmers in both districts suffered signs and symptoms related to pesticide exposure as in WHO (1985). This was similar to a study in Othaya Nyeri district among coffee farmers where as a result of handling pesticides they experienced skin and eye irritation, dizziness and stomach upsets (PAN, 1999).

Statistical treatment showed; in Chuluni χ2 = 0.206 and p= 0.650 (p>0.05) while in Mwea χ2 = 0.511 and p= 0.475 (p> 0.05). In both districts no relationship was found between education levels and the ill effects suffered by farmers. The results showed 84% of farmers without education in Chuluni suffered burning sensation, similarly 80% of those with primary education and above while in Mwea 58% of farmers without education suffered burning sensation and 69% of farmers with primary education (Tables 18 and 19). Farmers in both districts suffered ill effects that did not seem to be influenced by the education levels.
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Figure 11.  Effects experienced on skin by small scale cotton farmers in Chuluni and Mwea
Table 18 Association of Education level and ill effects on skin experienced by small scale cotton farmers in Chuluni district ( χ2 = 0.206 p= 0.650).
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Table 19.  Association of Education level and ill effects on skin experienced by small scale cotton farmers in Mwea district (χ2 =0.511p= 0.475).
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Study on the  effects experienced by cotton farmers on their eyes showed that; in Chuluni 50.5% experienced eye irritation, 6.5% blurred vision, 5.4% experienced both eye irritation and blurred vision and 37.6% did not experience adverse effects while in Mwea 52.5% experienced eye irritation, 13.6% blurred vision and 33.9% did not experience effects on their eyes ( Table 20 ).The findings showed that in both districts eye irritation was the major adverse effect experienced by cotton farmers and blurred vision was experienced by few farmers. According to WHO (1985) technical manual, eye itching and blurred vision were signs and symptoms related to pesticide exposure. The study was similar to a survey in Indonesia (IPEN, 2006) on poisoning symptoms among farmers where 64% reported feeling tired, 24% had an itchy skin and 10% suffered blurred vision.
Table 20.  Eye effects experienced by small scale cotton farmers in Chuluni and Mwea districts
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Investigations on general ill effects experienced by farmers showed that; in Chuluni 39.4% of farmers experienced headache, 22.2% dizziness, 8.1% both dizziness and headache, 3.0% experienced nose bleeding and 27.3% did not suffer any ill effects while in Mwea, 37.3% of farmers experienced dizziness, 27.1% headache, 11.9% both headache and dizziness, 1.7% nose bleeding and 3.4% vomiting and 18.6% did not experience ill effects after handling pesticides (Table 21). The findings showed that cotton farmers in both districts experienced signs and symptoms related to pesticide exposure in both digestive and nervous systems that included headache, dizziness and vomiting (WHO, 1985). Other symptoms reported included sneezing, cold, coughing, and fatigue though the exact percentages were not determined. 
These pesticide  poisoning signs and symptoms were similar to those  observed in Java, Indonesia (IPEN, 2006) where  a survey carried out regarding farmer behavior related to pesticide use practices  the following poisoning symptoms were experienced; feeling tired, soar throat, burning nose, headache and blurring of vision. Clinical Officer, Kimbimbi Sub- District hospital in Mwea district, Kirinyaga County reported that, farmers who sought medical help at the hospital after pesticide handling complained of chest tightness, body weakness, blurring vision and allergy reactions such as colds. The officer further said that most of the farmers did not carry the labels of containers to hospital as required (GOK, 1985) except those that were poisoned accidentally, no deaths were experienced as a result of pesticide poisoning except intentional poisoning to commit suicide. 
Table 21.  General ill effects experienced by small scale Cotton Farmers in Chuluni and Mwea 
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Study on measures taken to either minimize or to counter the adverse effects experienced while applying pesticides showed that; in Chuluni 36.4% of farmers took fresh milk to minimize the effects, 20.2% washed their body, 17.2% took painkillers to counter the effects, 4% sought medical help, 1% took charcoal and 21.2% did not take any measures while in Mwea  35.6% of farmers took fresh milk to minimize the effects of pesticides, 16.9% washed their bodies, 13.6% took pain killers that were bought across the counter,  5.1% sought medical help and 28.8% did not take any measures ( Table 22).
 Findings showed that, farmers in both districts opted for fresh milk and washing their bodies as means to minimize adverse effects Cotton farmers appreciated that washing after spraying pesticides was important but shortage of water coupled by long distances of farms from the homestead were limiting factors. Others confessed that the ill effects experienced such as headache and dizziness were short lived that did not raise much concern to warrant action and possibly that was the reason 16% of farmers relied on painkillers accessed across the counter and only 4% sought medical help.
Table 22.  Remedial measures taken to counter the adverse health effects by small scale cotton farmers in Chuluni and Mwea district
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4.5  Role of Cotton Stakeholders
The fourth objective of the study was to find out the role played by cotton stakeholders who included Extension staff from Ministry of Agriculture, staff from the agrochemical companies, Cotton ginneries and other Non- governmental organization operating in the areas in enhancing knowledge and practices on safe use of pesticide among cotton farmers. Studies on attendance of trainings by cotton farmers revealed that; in Chuluni 74.7% attended trainings and 25.3% did not while in Mwea 30.5% attended trainings and 69.5% did not (Figure 10). This was the percentage of cotton farmers that attended trainings over the past one year prior to the interview. 
A chi-square test was done to establish the association between trainings and methods of storage of pesticides by cotton farmers where in Chuluni χ2 =0.018, p= 0.895 and Mwea χ2 = 0.183, p= 0.669. The null hypothesis was that farmers’ trainings and methods of pesticide storage were unrelated.  In both districts p> 0.05 which can be concluded that trainings and method of storage were unrelated. In Chuluni among those who stored pesticides in the bedroom 65% as well as 66% of farmers that had not attended training and 25% had not while in Mwea of those who stored pesticides in the bedroom 33% had attended training and 67% had not. Association between ill effects experienced and attendance of trainings by farmers through chi-square test showed that there was no relationship. In Chuluni χ2 = 0.004, p= 0.957 and in Mwea χ2 =0.047, p= 0.828. In both tests P> 0.05, so the null hypothesis was rejected. Farmers that had attended trainings as well as those who had not suffered ill effects while handling pesticides, 78% of farmers in Chuluni who had attended trainings suffered skin rash as well as 21% of those who had not while in Mwea 40% of those who had attended trainings suffered ill effects as well as 60% of those who had not.
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Figure 12.  Attendance of training on pesticide use by small scale cotton farmers in Chuluni and Mwea
Table 22.  Association of Farmers’ trainings and methods of storage of pesticides by small scale cotton farmers in Chuluni ( χ2 =0.018 p= 0.895).
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Table 23.  Association of Farmers’ trainings and methods of storage of pesticides by small scale cotton farmers in Mwea ( χ2 = 0.183 p= 0.669).
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Table 24.  Association of Farmers’ trainings and ill effects experienced by small scale cotton farmers in Chuluni  (χ2 = 0.004 p= 0.947)
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Table 25.  Association of Farmers’ trainings and ill effects experienced by small scale cotton farmers in Mwea  (χ2 = 0.047 p= 0.828).
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Investigations on participation of various organizations in organizing trainings for cotton farmers showed that; in Chuluni 61.3% were invited by Agrochemical companies, 34.7% by Ministry of Agriculture, 1.3% by Farmers’ Cooperative staff and 2.7% by local NGO while in Mwea 21.1% were invited by Agrochemical companies, 73.7% by Ministry of Agriculture, 5.3% by Farmers’ cooperative staff and none by local NGOs (Figure 11).
Findings showed that staff from Agrochemical companies and ministry of Agriculture played a key role in influencing the knowledge and practices on pesticide use among cotton farmers by conducting trainings. However, Agrochemical companies took a lead role in Chuluni while in Mwea, Ministry of Agriculture did. It was not established why more farmers in Chuluni attended trainings compared to Mwea, possibly the agrochemical companies had some incentives for cotton farmers which the Ministry of Agriculture lacked. 
 From the information gathered from the District Crops office Kirinyaga, it was the ministry of Agriculture in collaboration with Association of Agrochemicals of Kenya (AAK) that supported farmer trainings through a project called Safe Use of Pesticides. Further information from Divisional Crops Office Chuluni revealed that the Ministry of Agriculture collaborated with Agricultural Business Development (ABD) and Decentralized Agriculture Support Structure (DASS) projects to hold farmers’ training and on-farm demonstrations
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Figure 13.  Organizations that trained small scale cotton farmers in Chuluni and Mwea
The study gathered farmers’ views on areas that required intervention of stakeholders in order to improve practices on pesticide use. In Chuluni district farmers prioritized their concerns as follows; 29.3% provision of Protective clothing, 24.0% follow up at the farm by Extension Staff either from the Ministry of Agriculture or Agrochemical Company at the time of pesticide application, 16% demonstrations on pesticide usage, 12% intensive trainings. In Mwea district, 62.5% of farmers prioritized intensive trainings, 16.1% provision of Protective clothing, 10.7% cost of pesticide and protective clothing (Table 25). Cotton farmers in both areas highlighted similar issues that required intervention. However, farmers in Chuluni were more concerned on provision of Personal Protective Clothing and close follow up during pesticide applications while in Mwea the major concern was training and provision of Personal Protective Clothing.
Table 26.  Farmers comments on areas that need to be addressed by Stakeholders  

[image: image42]
   4.6  Summary of Results and Discussion

The findings of the study showed that majority of small scale cotton farmers in Chuluni and Mwea districts were aged between 36- 60 years (56.6% in Chuluni and 55.9% in Mwea) while those  aged over 60 years were 38.4% in Chuluni and 40.7% in Mwea. These seemed to imply that cotton production in both districts was a choice of aged persons as opposed to youth where only 5.1% and 3.4% were aged between 18-35years in Chuluni and Mwea respectively. On education levels, majority of respondents had primary education, 53.5% in Chuluni and 61.0% in Mwea, while 39.4% were illiterate in Chuluni and 28.8% in Mwea. On choosing what pesticide to apply on the cotton crop, 61.6% of farmers in Chuluni depended on what was supplied by Farmers’ Cooperative unlike Mwea where 40.7% chose pesticides depending on the pest to be controlled and another 40.7% sought advice from the Extension staff. The difference in choices possibly was because cotton farmers in Chuluni had confidence on quality and effectiveness of pesticide supplied while in Mwea farmers possibly interacted closely with Extension Staff that gave information on the kind of pesticides to purchase. Statistical treatment of the data in both districts showed there was no relationship between the education levels of farmers and how they chose the pesticides to use ( Chuluni p=0.885 and Mwea p= 0.518) where p> 0.05.

On determining the amount of pesticide used in spray mixtures, in Chuluni 47.5% of farmers read instructions from the labels, 39.4% were advised by the Extension staff while in Mwea, 57.6% read instructions on labels and 27% were advised by extension staff. A chi-square test showed a relationship between the education levels of farmers and means they used to determine the amount used where p= 0.001 in Chuluni and p= 0.001 in Mwea hence in both districts P< 0.05. The data showed education was vital among cotton farmers and minimized dependency on extension staff that may not be available. Findings showed that majority of cotton farmers in both Chuluni and Mwea districts (76.8% and 88% respectively) applied early in the morning. Statistical treatment of the data in both districts showed there was no relationship between the education levels of farmers and the time they applied pesticides where in Chuluni p= 0.057 and in Mwea p= 0.859 hence p> 0.05. These implied that cotton farmers in both districts were aware of importance of applying pesticides when temperatures were low, a practice that was not influenced by education levels of farmers.

Findings showed that most of cotton farmers applied pesticides towards the wind flow where 91.8% were from Chuluni 55% from Mwea district. A chi-square test showed that there was no relationship between education levels and the direction of wind flow observed by cotton farmers. In Chuluni district p= 0.636 while in Mwea p= 0.543 where in both districts P> 0.05. 
Farmers in both districts were aware of importance of observing the direction of wind flow to minimize exposure to pesticides.

 Findings showed that cotton farmers in both Chuluni and Mwea districts used Knapsack spray pumps in pesticide application with 96.9% from Chuluni and 100% from Mwea. These implied that farmers were aware of the importance of using appropriate spray equipment that minimized farmers’ exposure to pesticides. On use of Personal Protective Equipment during pesticide application almost all cotton farmers in both districts did not use protective equipment, 91.8% in Chuluni and 100% in Mwea respectively. The reasons for failure to use Personal Protective Equipment (PPE) was mainly due to  high cost where  86.7% in  Chuluni and 81.4% in Mwea claimed they could not afford and a small number  in both districts thought the PPE was not important  9.6%in Chuluni and 13.6% in Mwea. Although farmers did not wear PPE it was found that, 37% of farmers in Chuluni used old clothes and 50.8% in Mwea during pesticides applications. These showed that farmers were aware of the importance of protecting themselves from pesticides contact with their bodies.

Findings on how cotton farmers stored pesticides showed that majority of cotton farmers stored pesticides either in their bedroom or in the granary. In Chuluni district 55.6% stored in the bedroom and 29.3% in the granary while in Mwea 35.6% stored pesticides in the bedroom and 25.4% stored in the granary. Few cotton farmers stored pesticides in a chemical store with 13% from Chuluni and 27.1% from Mwea. A chi-square test showed no relationship between the education levels of farmers and the methods they used in pesticide storage since in Chuluni p= 0.261 and in Mwea p= 1.33 hence P> 0.05 in both districts. On how farmers disposed off empty pesticide containers, it was established that majority threw them in pit-latrines with 68.7% from Chuluni and 72.9% from Mwea. These implied that cotton farmers in both districts appreciated the importance of disposing the pesticide containers in ways that minimized reuse by either themselves or family members.

 Findings on the adverse effects suffered by cotton farmers in Chuluni and Mwea districts showed that; 76.8% in Chuluni experienced skin sensation and 62% in Mwea while 17% had skin rash in Chuluni and 31% in Mwea. Adverse eye effects experienced by farmers showed that; 50.5% in Chuluni had eye irritation and 52.5% in Mwea. However, 37.6% in Chuluni and 33.9% in Mwea respectively did not suffer effects on their eyes. On the general adverse effects experienced by cotton farmers, headache and dizziness were the major effects with 39.4% in Chuluni suffering from headache and 27.1% in Mwea while 22.2% in Chuluni suffered dizziness and 37.3% in Mwea. Findings showed that cotton farmers took measures to minimize the adverse effects, where in Chuluni 36.4% took fresh milk and 20.2% washed their bodies after pesticide application while in Mwea 35.6% took fresh milk and 16.9% washed their bodies. 

Findings showed that more cotton farmers in Chuluni than in Mwea attended trainings where 74.7% in Chuluni compared to 30.5% in Mwea. Among the various stakeholders that organized farmers trainings, Agrochemical companies played greater role in Chuluni where they conducted 61% of the training while in Mwea, Ministry of Agriculture conducted 73% of the trainings. Farmers’ views on areas that required attention from stakeholders revealed that; in Chuluni 29.3% expressed provision of Personal Protective clothing as most important, 24% follow-ups by staff from Ministry of Agriculture and Agrochemical companies, 16% demonstrations on pesticide usage and 12% intensive trainings while in Mwea, 65% felt trainings were the most important, 16.1% provision of Personal Protective clothing, 10.7% cost of pesticides and Personal Protective Clothing.
CHAPTER FIVE
5.0 CONCLUSIONS AND RECOMMENTATIONS
5.1 Conclusion 
The purpose of the study was to evaluate the knowledge, practices on pesticide use and effects on human health associated with pesticide use among cotton farmers in Kitui and Kirinyaga counties. The study concluded that; 

1. Farmers  knowledge on; choice of pesticides used,  pesticide application in relation to wind flow and time of the day pesticides were applied depicted safe pesticide use practices that were not depended on the education levels of farmers .
2. Practices of pesticides storage in both Chuluni and Mwea district were inappropriate as majority stored them either in their bedroom or in the granary.
3. In both Chuluni and Mwea districts cotton farmers suffered adverse effects while handling pesticides that included effects on skin and eyes and general effects like headaches and dizziness.
4. Various organizations played a role in enhancing knowledge on safe pesticide use among cotton farmers through farmers trainings, among the key ones were the ministry of Agriculture and Agrochemical companies.
5.3 Recommendations 
1. It is  recommended that educational programs targeted to improve knowledge on proper handling of pesticides among cotton farmers especially on increasing the literacy levels of farmers, measurement of quantities on the labels should be in a simple language since majority of farmers were found to have primary education, 
2. Government of Kenya should consider ways of making Personal protective equipment accessible and affordable to farmers possibly by considering a waiver of tax, 
3. Farmers to adopt growing of Genetically Modified cotton (Bt-cotton) to minimize use of pesticides.
4. Based on results obtained in this study , further areas of research may include; investigation on extent of pesticide poisoning among farmers using blood samples (levels of cholinesterase), investigation on the fate of the pesticides used and their environmental effects, evaluate the knowledge, attitudes on pesticide use among casual laborers that were found to be engaged by some farmers.

5. Further research on  Legislations on pest control products to establish the effectiveness and compliance by the relevant institutions
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 Appendix: 1
Farmers Structured Interview Questionnaire

Respondent’s name…………District………………………

Division…………………….Location……………………

Socio-demographic characteristics

Gender of the respondent:

i) Male       ii) female

Age in years

<18   ii) 18-35    iii) 36-60 iv) 60

Level of Education attained:

i) none         ii) primary         iii) secondary            iv) College / University v) Adult education
A. Farmers knowledge on safe use  and handling of pesticides.

1. How long have been in cotton farming?

i) Less than one year        ii) 1 - 2 years          iii) 3-5 years             iv) More than 5 years

2. On average what area of your farmed land is usually under cotton production?

i) Less than 1acre.          ii). 1- 2 acre.      iii). 3-4.   iv). 5 acre and above.

3. What determines the type of pesticide you use?

i) Type of pests to be controlled.  ii) Cost of the pesticide   iii) whatever suppliers offer.                  iv). Advise from extension service providers.

4. When preparing the spray mixture, how do you determine the amount of chemical you use?

i) Level or intensity of pest infestation. ii) Read Label

iii). Amount of the pesticide available.  iv). Acquired experience

5. What time of the day do you apply pesticides to the crop?

i) Any time in the day.   ii) Early in the morning.   iii) Mid- day  iv). Late in the afternoon.

6. In relation to wind flow, how do you carry on the spraying?

i) Towards the wind flow.   ii) Against the wind flow.  iii) From any direction

7. What equipment do you use for spraying your chemical?

i) Bush twigs tied together for sprinkling      ii) Improvised plastic spray cans.

iii) Knapsack sprayer    iv) Motorized sprayer.

9. (a). When spraying pesticides, do you wear some form of protective clothing?

i) Yes. ii) No

9. (b)
If not, why?

i) Cannot afford   ii) Do not think it is important.  iii) Hot weather does not allow.

iv). Not locally available for purchase.

B. Storage of pesticides and disposal methods of used pesticide containers

11. Where do you store pesticides before and after use?

i) In the granary.  ii) Within the living room / bed room.     iii) In the chemical store under key and lock. iv). within the farm away from homestead.

10. How do you dispose off used pesticide containers?

i). Puncture & bury them.  ii) Throw away in dumping pit.  iii) Reuse.  iv) Collected by pesticide suppliers.

C. Adverse effects  on human health and the first-aid measures practised
12. After spraying or handling cotton pesticides which of these ill effects have you or member of family experienced on the skin?

i) Skin rash     ii) Burning sensation    iii) Numbness  iv) None

13. After spraying or handling cotton pesticides which of these ill effects have you or member of family experienced on the eyes?

i) eye irritation   ii) Blurred vision     iii) Photo-sensitivity iv).  v) None

14. After spraying or handling cotton pesticides, which of these general ill effects have you or member of family experienced?

i) Headache
ii) Dizziness
iii) Vomiting
iv) both headache & dizziness v) None

15. What remedial measures were taken to counter the ill effects?

i) Taken fresh milk ii) Taken charcoal iii) Sought medical assistance. iv). No action taken IV) washed body

D. Stakeholders’ role on promoting safe use and handling of pesticides.

16. (a) Have you undergone any training on safe use and handling of pesticides?

i) Yes                  ii). No.

16(b). If yes, who called you for the training?

i) Agrochemical company ii) Ministry of Agriculture staff iii) Cotton cooperative officials

iv). Local ginnery staff.

17. What areas do you think should be addressed in addressing safe pesticide use among cotton farmers? …………………………………………..
Appendix: 2
Extension Service Providers’ Interview Guide

1. What roles are you playing in promoting safe use and handling of pesticides among cotton farmers?

2. Are farmers practicing safe use and handling of the pesticides according to your expectations? If not why?

3. What challenges are you faced with as you undertake your roles in promoting safe use and handling of pesticides among the farmers?

4. What practical recommendation options would you propose for enhancing safe use and handling of pesticides among cotton farmers?

Appendix: 3
Interview guide for Ministry of Health Staff
1. Have your health institution received/handled cases of pesticides poisoning in the last five years?

2. If yes, have there been serious cases that may have resulted in loss of life?

3. What challenges are you faced with when diagnosing the pesticide poisoning cases poisoning cases?

4. What challenges are you faced with when treating the pesticide poisoning cases?

5. What recommendation options would you offer for effective management of pesticide poisoning cases?
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