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CHAPTER ONE 

1.1 Introducation 

This chapter describes the background of the study. Specifically, it describes the current 

status of pesticide application practices which predispose the vegetable consumers to the risks 

associated with the exposure to pesticide residues. It also describes the rationale, justification, 

objectives and the conceptual framework of the study. 

1.2  Background information 

Vegetable production requires extensive application of pesticides for the control of pests and 

diseases to improve crop yield that would otherwise be lost (Jang et al., 2011; Ngowi et al., 

2007). When pesticides are not properly managed and their residues in food controlled, they 

can cause threats to public health. Exposure to pesticide residues is associated with risks of 

cancer development, genetic and immune system defects and neurological system disorders 

(Keifer, 2008).  

The most vulnerable individuals to the risks of pesticide exposure are those who consistently 

consume high amounts of these vegetables (EFSA, 2012a; FAO/WHO, 2009a). Vegetable 

farmers who are involved in vegetable production may be exposed to pesticide residues 

through vegetable consumption as vegetables are readly available at their household premise 

thus consuming vegetables more frequently. Individuals with non-communicable disorders 

(NCDs) such as cancer, cardiovascular disorders, diabetes mellitus and respiratory disorders 

are also among these vulnerable groups (Pronczuk et al., 2002). This is due to the fact that, 

they are advised to consume more of vegetables to supply the body with micronutrients and 

phytochemicals which help to control the health disorder such as cancer cell proliferation and 

oxidative stress (Mayne, 2003). It is therefore important to ensure that these vegetables are 

safe for consumption in order to protect consumers from exposure to pesticide residues. 

To ensure the safety of vegetables and other foods, Codex Alimentarius Commission in 

collaboration with Environmental Protection Agency (EPA) has set maximum tolerable 

residual levels (MRLs) of particular pesticides in food. MRL is a lawfully amount of 

pesticide that can remain in a food commodity after applying good agricultural practices 

(GAPs). The MRL has an added margin of safety to ensure that the pesticide residues 
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pesticide residues which could increase the risk of human exposure to pesticide residues. The 

exposure to pesticide residues may lead to both acute and chronic health effects. The acute 

ones include abdominal pain, dizziness, vomiting, headache, nausea and skin and eye 

problems while chronic ones include risk of cancer, neurological, immune and reproductive 

effects (Bassil et al., 2007; Sanborn et al., 2012). Frequency and quantity of vegetable 

consumed have influence on the exposure. Individuals with non-communicable disorders 

(NCDs) are among the vulnerable groups to pesticides residues exposure through vegetable 

consumption (FAO/WHO, 2004). This is due to the current strategies on preventing and 

controlling NCDs through healthy eating and physical exercises where by this group of 

people are strongly advised to eat more of vegetables and fruits. It is reported that Arusha, 

among other potential regions for vegetable production including, Iringa, Tanga, Morogoro 

and Kilimanjaro leads in pesticide trading and use (Agenda, 2006; Putter and Koesveld, 

2007). Thus, vegetable farmers in Arusha are likely to be at high risk of both occupational 

and dietary exposure to pesticide residues. Since they cultivate vegetables, it is presumed 

that, the vegetables are readily available therefore consuming vegetables more frequently.  

Although pesticide application practices to vegetables are well reported, the practices that are 

more associated with the exposure to pesticide residues are not identified. Also, studies on the 

assessment of the risk of exposure to the pesticide residues in Tanzania are limited. This 

raised the need of assessing the association of pesticide application practices with the risk of 

exposure to pesticide residues and investigation of the risk of human exposure to pesticide 

residues through vegetable consumption in Arusha focusing on the vegetable farmers and 

individuals with non-communicable diseases. Exposure assessment of pesticide residues 

through vegetable consumption requires data on the amount of vegetables consumed and, 

types and amount of pesticide residues in the vegetables. Vegetable consumption pattern for 

people with non communicable diseases and vegetable farmers in Tanzania is yet to be 

established (Mayige et al., 2012) thus raising the need to assess vegetable consumption 

among vegetable farmers and individuals with NCDs. 

Data on the extent of pesticide residues contamination in ready to eat vegetables commonly 

consumed in Tanzania is limited. Only few studies determined contamination in spinach 

(Ndengerio-Ndossi and Cram, 2005), tomato (Kariathi et al., 2016), cabbage and onion 

(Mahugija et al., 2017). However, there are more vegetables which are consumed but their 
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extent of pesticide residues contamination is not known indicating a need of determining 

pesticide residues in the commonly consumed vegetables in Arusha. 

Household vegetable processing may influence pesticide residues in the vegetables. These 

processes have been studied at experimental level in other countries but not in Tanzania. The 

studies at experimental level may not necessarily reflect the actual influence at household 

level. Therefore there was a need of determining the influence of household vegetable 

processing on the pesticide residues in the vegetables at household level. 

This study aimed at investigating the risk of exposure to pesticides in human consuming 

vegetables in Arusha. It characterized the risks associated with exposure to pesticide residues 

via vegetable consumption and determined the influence of household vegetable processing 

on the reduction of pesticide residues in the vegetables. The study identified the potential 

pesticide application practices that are significantly associated with risk of exposure to 

pesticide residues among vegetable consumers. Assessment of the risk of exposure to 

pesticide residues to vegetable consumers provided information on the extent of exposure to 

pesticide residues for regulatory decision making for public health protection. Further, the 

study provided data on the vegetable consumption pattern among individuals with NCDs and 

vegetable farmers in Arusha and the extent of vegetable contamination with pesticides for 

policy makers. The identification of pesticide application practices with significant 

association with the risk of exposure allows a focussed allocation of resources in controlling 

pesticide residues in the vegetables. Also, best household vegetable practices to reduce 

pesticide residue contamination were identified in this study. 

1.4 Objectives 

1.4.1 Main objective 

To assess the risk of dietary exposure of pesticide residues among vegetable farmers and 

individuals with non-communicable disorders consuming vegetables in Arusha Region.  

1.4.2 Specific objectives 

(i) To assess pesticide application practices in vegetables cultivated in Arusha district 

and their influence to the risk of dietary exposure of pesticide residues among 

vegetable farmers in Arusha district. 
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(ii) To determine extent of pesticides residues in vegetables commonly consumed in 

Arusha. 

(iii) To assess the vegetable processing practices at household level and their influence to 

pesticide content in ready to eat food in Arusha. 

(iv) To assess the risk of dietary exposure of pesticides residues through vegetable 

consumption among individuals with non communicable disorders and vegetable 

farmers in Arusha. 

1.4.3 Research questions 

(i) What is the influence of pesticide application practices in vegetables to dietary 

pesticide residues exposure to the farmers in Arusha district? 

(ii) To what extent are vegetables commonly consumed in Arusha contaminated with 

pesticide residues? 

(iii) What is the influence of vegetable processing at household level to the amounts of 

pesticide residues? 

(iv) To what extent are individuals with non communicable disorders and vegetable 

farmers in Arusha at risk of exposure to pesticide residues? 
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1.5 Outline of the study 

This dissertation is paper-based with three original papers and one review paper. Two papers 

(original and a review) are published in accredited research journals whereas the other 2 

papers are draft manuscripts ready for submission and possibly publication in scientific 

journals. The outline of the dissertation is presented in Fig. 1. Chapter one presents the 

background information of the study, followed by the research problem and justification and 

the objectives of the study. Chapter two is a review of similar studies on the pesticide 

application practices among vegetable farmers, pesticide residues in vegetables, the risk of 

exposure and practical interventions on how to reduce the pesticide residues in vegetables. 

Chapter three is the results of the extent of pesticide residues content in ready-to-eat 

vegetables from Arusha district, the risk of exposure to pesticide residues in vegetable 

farmers and the association of the risk to pesticide application practices, whereby the 

significant practices are identified by logistic regression. Chapter four repeals the extent of 

pesticide residues in raw and ready to eat vegetables from Arusha city and assesses the 

influence of household vegetable handling practices on the reduction of pesticide residues. 

The practices that have significant influences on the reduction of the residues are identified 

by chi-square statistical tool. The risk of dietary exposure to pesticide residues among 

individuals with NCDs are presented in chapter five. Lastly, the general discussion, 

conclusion and recommendations for the study are presented in chapter six, followed by 

references and appendices. 
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Figure 1: Outline of the study 
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2.1 Introduction 

The occurrence of pesticide residues in horticultural produce has been a growing public 

health concern worldwide. High pest infestation forces farmers to apply pesticides intensively 

to rescue crop loss. It is reported that the crop loss due pest infestation can be as high as 

100%, if they are not controlled (Rajabu et al., 2017). However, good pesticide application 

practices have to be observed to protect and promote public health. If not well controlled, 

pesticides use may result in pesticide residues in agricultural produce in levels above the 

maximum residue levels (MRLs) recommended, which in turn results in pesticide exposure in 

human and animals. Consumption of pesticide containing food is the major route of chronic 

exposure to pesticides. It is estimated that dietary pesticide exposure is five times higher than 

exposure through other routes which include inhalation and contact (Fothergill and 

Abdelghani, 2013; Thatheyus and Selvam, 2013). Health risks associated with exposure to 

pesticide residues range from acute characterized with coughing, headache, nausea, 

stomachache, diarrhoea and vomiting to chronic in the form of endocrine disruption, 

reproduction and immune systems malfunctioning and development of some cancers 

(Ndengerio-Ndossi and Cram, 2005). 

Several initiatives have been taken to ensure pesticide safety in vegetables and other foods. 

Some of these include the establishment and enforcement of MRLs. Countries and/or the 

Codex Alimentarius Commission set MRLs based on reference limits such as acceptable 

daily intakes (ADI) and acute reference dose (ARfD) prescribed by the Joint Meeting of Food 

and Agriculture Organization (FAO) and World Health Organization (WHO) on Pesticide 

Residues (JMPR). MRLs are established based on data obtained from field supervised trials 

following good agricultural practices (GAPs) whereas ADI and ARfD are established based 

on international dietary risk assessment data (WHO, 1997). The MRLs are set much higher 

above the ADI to ensure that if the food produced under GAPs is consumed in the entire 

lifetime of the consumer, the adverse health risks associated with the particular pesticide will 

not be manifested (Claeys et al., 2008). 

Furthermore, international treaties and codes on pesticides trade encourages governments to 

establish and/or review regulations and policies related to chemical trading, use and disposal 

to ensure protection of human, animal and environment. Of these, the FAO code of conduct 

on the distribution and use of pesticides was adopted in 2002 (FAO, 2005), The Rotterdam 

Convention on the Prior Informed Consent Procedure for Certain Hazardous Chemicals and 
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2.2 Vegetable production in Tanzania 

In Tanzania vegetables are produced by small, medium and large scale growers mainly for 

commercial purposes. It is reported that of the vegetables produced in the country, 10% is for 

household consumption (SCF, 2008). Vegetable production subsector contributes about 7% 

of the GDP (Putter and Koesveld, 2007). Major vegetables cultivated in the country include 

tomato, cabbage, carrot, onions, kale, spinach, amaranth, nightshade and pumpkin leaves 

(SCF, 2008). Vegetable production is mainly concentrated in Northern zone regions of 

Arusha and Kilimanjaro, Coastal zone region of Tanga and Southern corridor zone regions of 

Morogoro and Iringa but 85% of the production is from the Northern zone (Lema et al., 2014; 

Putter and Koesveld, 2007; SCF, 2008). 

2.3 Health benefits of vegetables consumption 

Vegetables are important sources of macro- and micro-nutrients and phytochemicals 

necessary for boosting body immunity thus maintaining health and prevent diseases in 

human. It is in this context that nutrition guidelines contain a recommendation that a balanced 

diet should include vegetables. Beyond advocacy of vegetable consumption for general health 

promotion and prevention of diseases (WHO, 2003), dietician prescribe higher amounts of 

vegetable and fruits consumptions for people suffering from non-communicable diseases 

(NCDs). As a result there is an increase in awareness about health benefits of vegetables in 

diet.  

The increased awareness of health benefits of vegetables and fruits has contributed to the 

increased consumption and demand of these products (Horticultural Development Council of 

Tanzania, 2012). Since the risk of pesticide exposure is higher in heavy consumers compared 

to the moderate consumers of vegetables, there is an urgent need to ensure the pesticide 

safety of vegetables.  
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2.4 Pesticides use in Tanzania 

Pesticide use in the country increased rapidly from the year 1992 (when the Tanzania adopted 

the trade liberalization policy). From that time, the Government suspended subsidies in 

agricultural inputs and allowed importation and distribution of agrochemicals through trade 

dealers (Bee and Mosh, 1997). Removal of subsidies in agricultural inputs resulted in 

decreased returns from cash crops due to increased production costs (de Bon et al., 2014). 

Consequently, there was a paradigm shift of farmers from cash crops to vegetables and other 

food crops offering short duration of investment and realization of the earnings (Bee and 

Mosh, 1997). Also, trade liberalization has increased pesticide availability locally and in 

retail shops and therefore increased accessibility and rate of use (Ngowi et al., 2007; Nonga 

et al., 2011). This has been resulted in the increased volume of pesticides importation from 

500 MT in 2000 to 2500 MT in 2003 (Lema et al., 2014) and then from 2500 MT in 2003 to 

11 482 MT in 2014. A number of formulations registered for use in Tanzania also increased 

from 450 (Mununa et al., 2014) in 2012 to 1182 in 2014 (Lekei et al., 2014c). Lekei et al. 

(2014c) reported that, of the 1182 formulations registered for use in Tanzania in the financial 

year 2013/2014, 83.4% (986) is for use in agriculture whereby horticulture, a sub-sector in 

agriculture consumes the largest proportion of 41.2% (406). 

The pesticides registered for use in Tanzania are mostly pyrethroids 230 (27.2%) and 

organophosphates 135 (15.9%) as reported by Lekei et al. (2014c), whereas the 

organochlorine pesticides (endosulfan) previously (2011) listed as provisionally registered 

pesticides were no longer in this categorization. Organochlorines are among the persistent 

organic pollutants which were banned from use in agriculture in the country since 1997 due 

to their bio-accumulating property in environment, mammalian and other non-target 

organisms body tissues (Agenda, 2006), associated with adverse effect on human and animal 

health. Based on target pest, most of the registered pesticides are 493 (41.7%) brands of 

insecticides, 321 (27.2%) fungicides and 289 (24.4%) herbicides (Lekei et al., 2014c) (Table 

1). 
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(endosulfan). Endosulfan which is an endocrine disruptor is also reported as the most 

frequently applied pesticides to vegetables (Mhauka, 2014; Nonga et al., 2011), whereas 

carbamate (carbofuran) are reported at lower extent. Bio-pesticides which are regarded as 

safer and biodegradable are limited in use (Moshi and Matoju, 2017). The pesticides that are 

more frequently used are associated with potential health risks to human and non target 

organisms. Their use in horticultural crops should carefully be controlled and minimized by 

including integrated pest management approach so that their residues are minimized below 

their MRLs for consumer protection. There is a need to perform more research on 

biodegradable pesticides in order to provide safer pest management options.  

2.5 Malpractices in pesticide application in Tanzania 

Poor pesticide application practices in vegetable production have been reported. These 

include use of unregistered pesticides, inappropriate dosage, lack of adherence to pre-harvest 

interval, use of banned pesticides, inappropriate use of pesticides such as inappropriate 

pesticide/crop combination and the use of cocktail mix of pesticides in single spray (Lema et 

al., 2015; Ngowi, et al., 2016; Ngowi et al., 2007; Nonga et al., 2011).  

Plant Protection Act of 1997 and Plant Regulation Act of 1999 requires all pesticides to be 

registered by the Pesticide Registrar before they can be used in Tanzania (Mushobozi, 2010). 

However, surveys show that, unregistered pesticides are sold and used in vegetable 

production in various regions across the country. A post-registration surveillance of 

pesticides towards best practices of pesticide management (BPPM) for environmentaland 

human health protection in Tanzania done in Mtwara and Lindi regions in 2012 revealed 

39.4% of pesticide shops selling unregistered pesticides (Mununa et al., 2014). Also, a survey 

by Ngowi et al. (2007) found out that 19% of the pesticides applied on vegetables by 

smallholder farmers in Northern Tanzania were not registered. Of a special concern on 

unregistered pesticides, the application rates, pre-harvest intervals and crop/pesticide 

combination have not been validated in the country. This may create a risk of overdosing and 

harvesting of crops before pre-harvest intervals resulting into unacceptable pesticide residues 

in vegetables which may increase the risk of human exposure to pesticide residues.  

Another survey observed misuse of pesticides in Mindu dam (Mdegela et al., 2013) whereby 

sumithrin-piperonylbutoxide registered for control of mosquitoes was used to control fungi in 

tomato. Diazinon for ectoparasites in animals was used for armyworms in maize and 
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application practices so that the farmers can learn practically from these agricultural 

extension officers. 

It is further reported that majority of the farmers stored remaining pesticides in the kitchen or 

general stores with food (Lekei et al., 2014a; Ngowi et al., 2007; Nonga et al., 2011; URT, 

2011) and dispose empty pesticide containers on the farms. This may result into pesticide 

contamination of food and the environment which may affect food consumers, farmers as 

well as non-target organisms. For instance, the long persistent pesticides like 

dichlorodiphenyltrichloroethane (DDT) can be absorbed by the crop during growth and end 

up to be consumed (Mahugija et al., 2017). In addition, farmers use own experience or advice 

from pesticide retailers on the choice and application of pesticides to vegetables rather than 

guidance from agricultural extension officers. Majority of pesticide retailers are business 

oriented and have low knowledge on GAP which may result in provision of wrong advice to 

farmers (Lekei et al., 2014b). Farmers have been reported to have low level of education and 

limited professional pesticide application training. These limitations are linked to the poor 

pesticide handling practices which contributes to the increased risk of human exposure 

through occupation and food consumption (Kapeleka et al., 2016; Ngowi et al., 2007; Nonga 

et al., 2011; URT, 2011). However, association of the poor pesticide handling practices and 

dietary exposure is not well established in these studies. It is recommended to establish the 

association between various pesticide application practices and the pesticide exposure levels 

so that the most important practices are identified. This will enable a more focused allocation 

of resources on management of these practices and eventually control pesticide residues in 

the vegetables and food crops at large. 

2.6 Occurrence of pesticide residues in vegetables 

Despite well documented poor pesticide handling and application practices in vegetable 

farming, monitoring of pesticide residues in vegetables is not a common practice in Tanzania. 

Only limited studies have evaluated pesticide residues in vegetables. Mahugija et al. (2017) 

evaluated pesticide residues in raw cabbage, onions and spinach whereas Ndengerio-Ndossi 

and Cram (2005) analyzed pesticide residues in ready-to-eat amaranths (spinach) from 

markets in Dar es Salaam. Kariathi et al. (2016) analyzed pesticide residues in raw tomatoes 

from farmers in Ngarenanyuki-Arumeru district. With exception of the residues detected by 
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the residues were above their respective EU MRLs (Kolani et al., 2016) although none was 

above the Codex MRLs. 

Contrary to the high prevalence of pesticide residues above MRLs reported in Tanzania and 

other developing countries, reports by European Union monitoring programme show a very 

low prevalence of pesticide residues above their corresponding MRLs. For instance, the 2015 

and 2014 reports showed that 1.6% of the food samples contained residues above the MRLs.  

Based on the fact that monitoring of pesticide residues in the potential vegetable production 

areas where poor pesticide applications have been reported are limited, this review suggests 

the need for monitoring programme to inform farmers of the health risks that can result from 

poor pesticide application practices, policy makers and regulators for action such as 

organizing intervention program and reinforcement of regulations. To demonstrate the 

foregoing, Mhauka (2014) reported pesticide residues in raw vegetables and the mean 

residues are presented in Table 2. 
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2.7 Dietary exposure of pesticide residues 

Studies on dietary exposure of pesticide residues in Tanzania are limited. This is due to lack 

of monitoring data on pesticide residues in vegetables and other food crops in the country, 

contrary to developed countries where this data is regularly collected and made available.  

Ndengerio-Ndossi and Cram (2005) assessed exposure of adult individuals to pesticide 

residues in Dar es Salaam. The study used average body weight of Tanzanian adult man of 60 

kg and National food consumption data of 2004. The estimated daily intakes of pesticide 

residues through vegetable consumption were found below the ADI and therefore no 

significant risk was associated with the dietary exposure to pesticide residues. These results 

may be different from results obtained for vegetables from areas which are more potential for 

vegetable production and use a wider variety of pesticides in pest management. One of these 

areas is Arusha which is reported as the major pesticide trading and user region (Agenda, 

2006). 

Mhauka (2014) assessed risk of vegetable dietary exposure to pesticide residues in adults in 

nine households from Karatu district. Consumption data was obtained by weighing bundles 

of raw vegetable purchased from retail selling points equivalent to portion size consumed in 

the households. Then the average weight of the raw vegetable was used to compute the 

amount of vegetables consumed per day and used the processing factor of one. Household 

handling such as washing, peeling and cooking could alter the residues levels in the cooked 

vegetables. The processing factor of one implies that the effect of these processes in pesticide 

residues was not accounted for (Keikotlhaile et al., 2010). Together with the consumption 

data, secondary retrieved data on pesticide residues concentrations in 16 vegetable samples 

and adult weight of 50 kg were used to compute exposure levels. The results found out that, 

individuals were at risk of exposure to organophosphates with EDI to ADI ratio [also referred 

to as hazard index (HI)] of 5.9 and pyrethroids with HI of 0.96. Although the study provided 

information on the exposure to these residues, the sample size of nine households would be 

difficult to make statistical inference on the risk levels to the general population (Hulley et 

al., 2013). The weight of the adult person used in this study is lower than the average body 

weight estimated for African adult person of 60.7 kg (Walpole et al., 2012). Also, estimation 

of the amount of vegetables consumed by an individual as the average of the weight of 

vegetable selling unit is considered relatively weak approach.  
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Kariathi et al. (2016) determined dietary exposure levels of permethrin and chlorpyrifos in 

vegetable farmers in Ngarenanyuki. The study estimated exposure levels by combining the 

estimated amount of raw tomato consumed per day and pesticide residues levels in the 

tomatoes assuming the adult weight of 60 kg. The study revealed that 5 (10%) of the farmers 

were at risk of exposure to permethrin and chlorpyrifos residues. The results of this study 

suggest that the vegetable farmers may be at a higher risk of exposure to pesticide residues 

than reported as they consume not only tomatoes but also other types of vegetables. 

Similarly, Mhauka (2014) estimated exposure levels from residues in raw tomatoes without 

considering the effect of processing for those consumers who would consume processed 

tomatoes. 

Other developing countries have conducted similar studies on the pesticide residues exposure 

through vegetable consumption. For instance, Darko and Akoto (2008) estimated the risk of 

exposure to methyl- and ethyl- chlorpyrifos, omethoate, and monocrotophos in eggplant, 

tomato and pepper and found that the hazard indices (HI) of methyl-chlorpyrifos, ethyl-

chlorpyrifos and omethoate in tomato and eggplant were above one indicating pesticide-

health risks associated with consumption of eggplant and tomato, whereas there were no 

health effects associated with consumption of pepper as its HI was below one. Another study 

in Cairo assessed pesticide exposure to adults through vegetable consumption and found 

highest exposure in ethion and chlorpyrifos, having HQ of 15.04% and 2.45% of their 

respective ADI, respectively, indicating negligible risk (Gad-Alla et al., 2015). For vegetable 

farmers the risk is not only associated with dietary exposure but also to the occupational 

exposures as most of the reports show that vegetable farmers do not wear appropriate 

protective gears (Lekei et al., 2014a; Ngowi et al., 2007).  

Regular risk assessment studies are important in order to facilitate management of the risk of 

exposure to pesticide residues in the community. Exposure studies are useful to policy 

makers and managers to make decisions based on scientific evidence and therefore 

appropriate management options. Exposure information is much more important in high 

vegetable production areas. This is particularly vital where there is a high potential of 

exposure to vulnerable groups including women and children. Vegetable consumption data in 

Tanzania is not only limited but also out-dated (Weinberger and Swai, 2006) and therefore 

exposure studies will require a fresh collection of information on vegetable consumption. The 

in-country available information on exposure to pesticides was from the earlier reported 
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studies by Ndengerio-Ndossi and Cram (2005), Mhauka (2014) and Kariathi et al. (2016). 

The results on estimated exposure levels from these studies are presented in Table 3. 
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2.8 Pesticide health effects 

Pesticides are toxic and are expected to exhibit toxicity effect to the target pests. However 

when mishandled, the toxicity can spill over to non-target organism such as beneficial 

insects, human and animals as well as the environment. Symptoms associated with acute 

exposure to pesticide residues in human include coughing, nausea, vomiting, abdominal pain, 

headache, diarrhoea and loss of vision (Lekei et al., 2014a). Chronic exposure to pesticide 

residues is associated with endocrine disruption, neurotoxicity, cytogenetic damage and 

effects in the reproductive and immunological system (Nasreddine et al., 2016). Dietary 

pesticide residues exposure is the major source of pesticide exposure followed by inhalation 

and through skin (Lemos et al., 2016; Lu et al., 2008).  

Health effects resulting from exposure to pesticide residues vary with the nature of pesticides 

and the mode of action. Organophosphate pesticides are associated with inhibition of 

cholinesterase and affect neurologic and cognitive development in children (Lu et al., 2008). 

A birth cohort study examined the association between pre-natal and post-natal exposure to 

organophosphate pesticides and cognitive abilities in school-age children and found a 

positive association in pre-natal but not in post-natal exposure to organophosphate pesticides 

and cognitive development (Bouchard et al., 2011). Carbamates are also cholinesterase 

inhibitors though its activity is reversible (Lemos et al., 2016) whereas that of 

organophosphate is not (Wong et al., 2014). Carbamates are also associated with endocrine 

disruption and it is evident that they affect cellular metabolic mechanism and mitochondrial 

function. They also cause reproduction disorders and are cytotoxic and genotoxic 

(Nicolopoulou-Stamati and Kotampasi, 2016). Organochlorine pesticides disrupt the 

endocrine system and alter the haematological and hepatic function (Nicolopoulou-Stamati 

and Kotampasi, 2016) in addition to being suspected carcinogenic. Studies have found a high 

association between the high levels of DDE in blood samples from women with breast 

cancer. Also, a significant association was found between male farmers exposed to DDT and 

prostate cancer although the association is not yet ascertained due to other confounding 

factors such as diet and exposure to other chemicals such as tobacco (Mnif et al., 2011).  

Pyrethroid pesticides which include cyhalothrin, permethrin and deltamethrin are associated 

with the endocrine disruption and they are linked to DNA damage in human sperm thus 

affecting human reproductive system (Nicolopoulou-Stamati and Kotampasi, 2016). In 

Tanzania studies on the health effects of exposure to pesticide residues have been directed to 
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occupational acute exposures and these studies suggest the need of performing long-term 

exposures (Ngowi et al., 2016; Nicolopoulou-Stamati and Kotampasi, 2016). Based on the 

indiscriminate pesticide application to vegetables reported in literature (Lekei et al., 2014a; 

Ngowi et al., 2007; Nonga et al., 2011) the farmers and other vegetable consumers may be 

exposed to pesticide residues through diet. Therefore there is a need to estimate dietary 

pesticide exposure to vegetable consumers in Tanzania. This will inform risk managers and 

policy makers on the health risks associated with exposure to the residues so that necessary 

steps can be taken in case a risk is revealed. 

2.9 Household vegetable preparation practices and fate of pesticide residues 

In Tanzanian context, most of vegetables are usually prepared and heat-processed before 

consumption. Among processes reported to have considerable effect on pesticide residues in 

vegetables include washing, peeling and cooking (Mnif et al., 2011; Ngowi, 2002). Most of 

these processes results in the level reduction of pesticide in the vegetables thus reducing the 

risk of human exposure to these residues (FAO/WHO, 1997b). On the other hand, processes 

that tend to concentrate product may lead to increase of the pesticide residues in the final 

product (Keikotlhaile et al., 2010). The physical and chemical properties of pesticide residues 

in the vegetable, such as volatility, hydrolytic rate, solubility and physical structure of the 

vegetables influences the removal of these residues (Keikotlhaile et al., 2010). These 

practices have been tested based on best practices in other countries and at experimental 

levels which may not be applicable in Tanzania as the practices differ from one ethnic group 

to another, and from diverse geographical locations (Shackleton et al., 2009). It is therefore 

important to assess these practices at local level to find out if they could help in reducing the 

pesticide residues in the vegetables.  

2.9.1 Effect of washing  

Washing of vegetables with tap water has been reported as one of the common practice 

applied at household level when preparing vegetables for family meals. Selim et al. (2011) 

studied the effect of household processing of vegetables on pesticide residues and found out 

that washing of vegetables with tap water could reduce the concentration of methomyl, 

dimethoate, pirimiphos-methyl, metalaxyl, endosulfan, dicofol and cypermethrin by 59%, 

15%, 10%, 30%, 49%, 67%, and 65%, respectively, in sweet pepper. Addition of acetic acid 

in the washing water increased the percentage reduction of residues for methomyl (99.7%), 
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necessitates the need for performing studies on the actual household vegetable handling 

practices in order to ascertain their practical effect on pesticide residues. 

2.10 Conclusion and Recommendations 

This review work shows that vegetables have high potential to the economy, food and 

nutrition security of the people in Tanzania, but their quality and safety has not been critically 

monitored. As in other developing countries, the current status shows that vegetables are 

intensively treated with pesticide during production. However, there is very limited 

information on the occurrence of pesticide residues in these vegetables. Moreover, the 

association of these practices with pesticide residues in the vegetables is not well studied. 

Based on the existing information, Tanzania should establish pesticide application practices 

that are more associated with occurrence of pesticide residues in the vegetables. This will 

allow a more focused allocation of resources in controlling pesticide residues in the food thus 

minimizing pesticide exposure among vegetable consumers in Tanzania. As vegetable 

consumption levels influence the extent of dietary pesticide exposures, consumption studies 

should also be updated as the existing data are largely outdated. This implies further that once 

new data on pesticides contamination in vegetables and updated data on consumption of 

vegetables are available, the current status of pesticide exposure in Tanzania will be assessed. 

From the review, it is acknowledged that the findings of the influence of vegetable processing 

at experimental settings on reducing pesticide residues are a foundation for formulation of 

pesticide control interventions. However, it calls for further research to be carried out on 

household-based studies in order to validate the actual impact of vegetable processing on 

pesticide reduction at household level. The following chapters attempt to determine the 

association of pesticide application practices to the risk of exposure and results are presented 

in chapter three. The level of pesticide residues in the vegetables and estimation of the risk of 

exposure to these residues in vegetable consumers are also assessed and results presented in 

chapter three. Household-based studies on the influence of household vegetable handling 

practices on reduction of pesticide residues are also studied and results presented in chapter 

four. 
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weight and that of dichlorvos is 0.004 mg kg-1 body weight. Malathion which is relatively less 

toxic has ADI of 0.3 mg kg-1 body weight.  

Tanzania being one of the developing countries is affected by the problem of malpractices in 

pesticide application. This is evidenced in surveys conducted in Southern highlands (Iringa), 

Central (Morogoro) and Northern zones (Arumeru and Karatu) (Lekei et al., 2014a; 

Manyilizu and Mdegela, 2015; Ngowi et al., 2007; Nonga et al., 2011). These studies suggest 

that vegetables from these areas may be highly contaminated with pesticide residues, posing a 

risk of exposure to pesticide residues. However, only limited studies have been done in 

Tanzania to estimate pesticide residues or exposure in vegetables. A study by Ndengerio-

Ndossi and Cram (2005) which analysed 33 samples of spinach found that 72.7% of the 

samples were contaminated with gamma-hexachlorocyclohexane (g-HCH) (0.08 µg kg-1), 

1,1-dichloro-2,2-bis (p-chlorophenyl) ethylene (pp-DDE) (0.74 µg kg-1), 

dichlorodiphenyltrichloroethane (pp-DDT) (2.15 µg kg-1) and chlorpyrifos (0.02µg kg-1). 

Mahugija et al. (2017) analyzed 72 samples of cabbage, onion and spinach for pesticide 

residues in which 72.2% of the vegetables were found contaminated with DDT and its 

metabolites, endosulfan and cypermethrin. These two studies were done in Dar es Salaam 

which is located in lowlands and is not among major producers of vegetables in Tanzania. In 

Tanzania, vegetables are mainly produced in highlands of Morogoro, Iringa, and Arusha 

(Putter and Koesveld, 2007; SCF, 2008) whereby Arusha leads in pesticide trading and use 

(Agenda, 2006). The reported levels of pesticide residues in the vegetables sampled in Dar es 

Salaam indicate that farmers in major vegetable producers and pesticide users in Arusha 

might be exposed to high levels of pesticide residues. A study in Arumeru district in Arusha 

analyzed 50 tomato samples for pesticide residues and 12% of the samples contained 

permethrin and chlorpyrifos at a mean concentration of 5.2899 mg kg-1 and 7.5281 mg kg-1, 

respectively (Kariathi et al., 2016). However, the results from this work are not adequate for 

drawing a conclusion on the dietary exposures through consumption of vegetables in Arusha 

as there are more varieties of vegetables consumed in the region. Furthermore, in Tanzania 

and other parts of developing countries, there is no documented information on specific 

pesticide application practices that can be attributed to pesticide residues. The current study 

assessed pesticide residue exposures through vegetable consumption among vegetable 

farmers in Arusha and determined pesticide application practices attributable to the 

exposures.  
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3.2.7 Estimating dietary pesticide residues exposure 

Dietary exposure [mg kg-1 body weight (bwt) per day] of a pesticide residue in an adult 

vegetable farmer was determined following the deterministic approach as guided by WHO 

and FAO (FAO/WHO, 2009b) whereby for situations where the exposure study is being done 

for the first time, it is more appropriate to use the deterministic approach in order to find out 

whether or not there is any safety concern associated with exposure to pesticide residues. If 

heath risk is determined, then more refined methods are suggested to incorporate more data 

that cover the entire population and more types of food consumed which implies more 

resources. This approach involves multiplying concentration of the pesticide residue (mg kg-

1) in the vegetable sample (from the farmer's household) with the estimated amount of 

vegetable consumed by the individual (kg day-1) and dividing by bw (kg) of the individual as 

shown in equation 1 to obtain estimated daily intakes of the particular pesticide residue. 

 
)(

)/()/(
kgbw

kgmgxCdaykgQEDI �   (1) 

Where; EDI is the estimated daily dietary intake of the pesticide residue in milligram per 

kilogram body weight of the consumer, Q is the quantity of vegetable consumed per day (kg 

per day) and C is the concentration of the residue in the vegetable in mg kg-1.  

3.2.8 Estimating the risk of unacceptable exposures 

Risk of unacceptable exposure to a particular pesticide residue was determined by calculating 

the hazard quotient of such particular pesticide using the equation as described by EFSA, 

(2008) and USEPA, (2005) (equation 2). 

 
ADI
EDIHQ �   (2) 

Where: HQ is the hazard quotient, EDI is the estimated daily intake (mg kg-1 bw day-1) of a 

particular pesticide and ADI is the corresponding acceptable daily intake (mg kg-1 bw day-1) 

for the pesticide 

For multiple exposures to pesticide residues falling under the same chemical group (same 

mechanism of toxicity) such as organophosphates or pyrethroids, the risk of exposure was 
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3.3 Results and Discussion 

3.3.1 Method performance and quality assurance 

Average recoveries of all pesticide standards in sample matrix ranged from 79% to 112% 

indicating that the results obtained are reproducible (Table 4). Limits of detection ranged 

from 0.001 to 0.004 mg kg-1 whereas limits of quantification ranged from 0.002 to 0.015 mg 

kg-1 which shows that the sensitivity of the method is good enough for detection and 

quantification of pesticide residues in the vegetable samples below the set MRLs for most of 

the pesticides. The percent rsd ranged from 1.02% to 18.6 % and coefficient of correlation 

was between 0.955 and 0.999 (Table 4) showing good repeatability of the method. Recovery 

for heptachlor (added to each analytical sample to check for the on-going performance of the 

method) ranged from 70% to 132% with an average of 95% (Table 4). No corrections made 

to the concentration of residues in samples as the recoveries were within recommended range. 

It is recommended that for the on-going method performance verification, recovery should 

range from 60%-140% (SANCO, 2014). No pesticide residues detected in the blank chemical 

reagents which indicate that there was good control of interferences from chemicals and 

instrument. These results indicate that the method was reliable for analysis of the pesticide 

residues of interest in the ready-to-eat-leafy vegetables. For a method to be reliable, initial 

method validation recovery should be between 70 and 120%, percent rsd not higher than 20% 

and coefficient of correlation equal to or higher than 0.95 (Kofi et al., 2016; SANCO, 2014). 

Table 4: Results of QuEChERS multi-residues method validation in leafy vegetables 

Analyte LOD 
(mg kg-1) 

LOQ 
(mg kg-1) 

r2 Mean recovery 
(%) 

rsd % (n = 5) 

Permethrin 0.001 0.005 0.997 88.01 13.9 
Cypermethrin 0.002 0.006 0.999 92.52 9.60 
Cyhalothrin  0.001 0.005 0.992 112.3 13.6 
Dimethoate  0.004 0.015 0.955 89.98 9.93 
Acephate 0.003 0.009 0.960 78.86 18.6 
Profenofos  0.004 0.010 0.992 91.12 1.02 
Malathion 0.001 0.002 0.995 83.15 12.2 
Dichlorvos 0.004 0.010 0.995 100.2 1.70 
Heptachlor 0.001 0.030 0.999 102.0 9.80 
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3.3.2 Socio-demographic characteristics of the participants 

The results on socio-demographic characteristics of the surveyed vegetable farmers in Arusha 

district are as indicated in Table 5. The socio-demographic characteristics recorded were 

gender, age and level of education. 

Most 52 (74.3%) of the respondents in this study were male within the age range from 25 to 

65 years and mean age of 42.3±13.6 years (Table 5). It was reported that pesticide application 

in Arusha is done by men. In cases where farmers are women, they hired men to apply 

pesticides for them. As a consequence and considering exposure through inhalation or skin, 

the risks of exposure to pesticides for men can be higher than in women. The gender 

distribution is congruent to that made previously in Manyara basin Tanzania by Nonga et al. 

(2011), who reported 75% of farmers being males with mean age of 47±14 years. In a similar 

work done in Muheza, Arumeru, Singida and Kongwa, it was found that 85% of all farmers 

(Table 5) involved in vegetable cultivation were men (Weinberger and Msuya, 2004). Studies 

done in other developing countries also report similar results (Amera and Abate, 2008; Banjo 

et al., 2010).  

Most (52.9%) of the vegetable farmers in Arusha district had the formal education of up to 

primary level (Table 5). About one-fourth of the respondents had no formal education 

whereas less than a quarter had secondary and college education. Illiteracy of farmers has 

been linked to poor pesticide application practices by farmers in previous surveys (Mengistie 

et al., 2015; Nonga et al., 2011). 

Table 5: Socio-demographic characteristics of vegetable farmers (n = 70) 

Variable Category Percentage (%) 
Sex Male 74.3 

 
Female 25.7 

Age 15-35 37.1 

 
36-45 21.4 

 
46 and above 41.5 

Level of education No formal education 25.7 

 
Primary school 52.9 

 
Secondary and higher level 21.4 
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along the distribution chain where vegetables are obtained, pesticide residues may have 

declined to levels not detectable at the time of consumption (EFSA, 2012b).  

There are published reports of higher prevalence of pesticide residues in vegetables than 

found in the current study. For instance, in Chile, pesticide analysis was done in 118 leafy 

vegetable samples and found out that 72% of spinach samples were contaminated with 

pesticide residues (Elgueta et al., 2017). In Algeria, 120 vegetable samples were analyzed 

and pesticide residues, detected in 57.5% of the samples (Mebdoua et al., 2017). Another 

study which analyzed pesticide residues in parsley, lettuce and spinach in Turkey found that 

all of the samples contained detectable levels for two or more pesticide residues, including 

dichlorvos which was quantified in every vegetable at a prevalence of 100% (Esturk et al., 

2011). High prevalence of pesticide residues in ready-to-eat vegetables reflects the 

indiscriminate use and misuse of pesticides as reported in the literature (Ngowi et al., 2007; 

Nonga et al., 2011) and observed in the current study. 

On the other hand, two studies in India found lower prevalence of pesticide residues 

compared to the levels found in the current study. In Indian studies, 20% of 50 vegetable 

samples from Karnataka and 34% of 250 vegetable samples from the Andaman Islands were 

found to be contaminated with pesticide residues (Pujeri et al., 2015; Swarman and 

Velmurugan, 2012).  

The detected pesticide residues were insecticides in the groups of organophosphates and 

pyrethroids which were, in 31.4% and 17.1% of the analysed vegetable samples, respectively. 

Organophosphate pesticides detected (with their prevalence in brackets) were dimethoate 

(14.3%), acephate (12.9%), profenofos (8.57%), malathion (2.86%) and dichlorvos (2.86%) 

and the pyrethroid pesticides were permethrin (17.1%), cypermethrin (1.43%) and lambda-

cyhalothrin (1.43%). Representative chromatograms of the detected pesticides are presented 

in Fig. 2 and 3. Range and mean concentration of pesticide residues in the ready-to-eat 

vegetables are presented in Table 6.  
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Figure 2: A chromatogram of Profenofos in kale 
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Figure 3: A chromatogram of Lambda cyhalothrin in kale 

During field survey in the current study, 18.6% of the visited farmers reported to apply 

endosulfan in the vegetables to control pests. However, this pesticide and other 

organochlorine pesticides were not detected in the current study which is a good indication 

that there is a shift from the use of organochlorine pesticides to pyrethroid and 

organophosphorus pesticides and therefore a reduced risk of exposure to health effects 

associated with exposure to organochlorines. Endosulfan had provisional registration of two 

years from 2011 for use in agriculture in various crops implying that its registration ceased in 

2013. Its availability for use during the current survey indicates that it was still in market. 
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This calls for improving pesticide distribution and use strategies so as to curb use of banned 

pesticides in Agriculture. Organochlorines were detected in the studies done in Dar es Salaam 

(Mahugija et al., 2017; Ndengerio-Ndossi and Cram, 2005). The organochlorine pesticides 

were found in foods as reported in 2005 despite the fact that they had been banned from use 

in agriculture in Tanzania since 1997 due to their long persistence in the environment and 

bioaccumulation properties (URT, 2005).  

Table 6: Occurrence of pesticide residue in ready-to-eat vegetables (n = 70) 

Pesticide group (prevalence, (%)) Pesticide Prevalence (%) Range 
(mg kg-1) 

Mean±SD1 

(mg kg-1) 
Organophosphates (31.4) Dimethoate 14.3 2.88-15.4 8.56±4.52 
 Acephate 12.9 0.33-12.4 2.90±3.81 
 Profenofos 8.57 6.53-16.6 8.44±3.98 
 Dichlorvos 2.86 8.60-33.0 20.8±17.3 
 Malathion 2.86 4.63-6.31 5.47±1.19 
Pyrethroids (17.1) Permethrin 17.1 1.23-8.18 2.95±1.92 
 Lambda 

cyhalothrin 
1.43 <0.05-16.2 16.2±0.05 

 Cypermethrin 1.43 <0.06-2.34 2.34±0.06 
1Standard deviation 

Distribution, range and mean concentration of pesticides in individual vegetables are 

presented in Table 7. The highest mean concentration for permethrin, dimethoate, and 

lambda-cyhalothrin (3.44±0.93 kg mg-1, 10.8±6.90 mg kg-1, and 16.2±0.05 mg kg-1, 

respectively) were found in kale samples whereas that of cypermethrin, acephate, malathion, 

and dichlorvos (2.34±0.06 mg kg-1, 4.19±5.55mg kg-1, 5.47±1.19 mg kg-1 and 33.0±0.01mg 

kg-1, respectively) were found in nightshade. The highest mean concentration for profenofos 

(16.4±0.01 mg kg-1) was found in mixed vegetables. 

The lowest mean concentrations of permethrin, cypermethrin and malathion (1.7±0.05 mg kg-

1, 2.34±0.06 mg kg-1, 5.47±1.19 mg kg-1) were found in nightshade (Table 7). The lowest 

concentration for dimethoate (6.48±2.68 mg kg-1) was estimated in cabbage whereas that of 

acephate (0.36 mg kg-1), was found in mixed vegetables (Table 7). The lowest mean 

concentration for dichlorvos and profenofos were quantified in kale (8.60±0.01 mg kg-1) and 

nightshade (6.64±0.01 mg kg-1), respectively. It should be noted that lambda cyhalothrin and 

cypermethrin were detected in one sample only. For the samples in which pesticide residues 

were detected, the concentrations were above respective EU MRLs (Table 7). Quantification 
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of pesticide residues in ready-to-eat-vegetables at levels higher than MRLs indicates poor 

adherence to good agricultural practices by vegetable farmers.  
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Table 7: Variation of pesticide residues in individual types of ready-to-eat vegetables 

1Standard deviation; 2detection frequency of the pesticide in the particular vegetable; 3Frequency of detected pesticides that were above MRL; Source (MRLs): (European 

Comission, 2017)  

 

Vegetable (n) Source (n) Group Prevalence 
(%) 

Pesticide MRL- 
(EU) 

Range 
(mg kg-1) 

Mean±SD1 

 (mg kg-1) 
f2>LoD (%) f3>MRL 

(%) 
Cabbage (10) own farm (10) Organophosphate 6(60) Dimethoate 0.05 4.58-8.37 6.48±2.68 (2)20.0 (2)20.0 

   Profenofos 0.01 <0.01-7.07 7.07±0.01 (1)10.0 (1)10.0 
   Acephate 0.01 <0.01-1.97 1.97±0.01 (1)10.0 (1)10.0 
  Pyrethroids  Permethrin 0.05 1.44-3.91 2.37±1.34 (3)30.0 (3)30.0 
Kale (15) own farm (13) Organophosphate 8(53) Dimethoate 0.02 2.88-15.4 10.8±6.90 (3)20.0 (3)20.0 
   Acephate 0.01 2.04-4.60 3.32±1.81 (2)13.3 (2)13.3 
   Profenofos 0.01 <0.01-7.24 7.24±0.01 (1)6.70 (1)6.67 
   Dichlorvos 0.01 <0.01-8.60 8.60±0.01 (1)6.67 (1)6.67 
  Pyrethroids  Permethrin 0.05 2.62-4.45 3.44±0.93 (3)20.0 (3)20.0 
   Cyhalothrin 0.05 <0.05-16.2 16.2±0.05 (1)6.67 (1)6.67 
 purchased (2) Organophosphate  Profenofos 0.01 <0.01-6.53 6.53±0.04 (1)6.67 (1)6.67 
Nightshade (31) own farm (26) Organophosphate 11(35.5) Dimethoate 0.02 4.25-12.0 8.05±3.74 (5)16.1 (5)16.1 
   Acephate 0.01 0.33-12.4 4.19±5.55 (4)12.9 (4)12.9 
   Malathion 0.02 4.63-6.31 5.47±1.19 (2)6.45 (2)6.45 
   Profenofos 0.01 <0.01-6.64 6.64±0.01 (1)3.22 (1)3.22 
   Dichlorvos 0.01 <0.01-33.0 33.0±0.01 (1)3.22 (1)3.22 
  Pyrethroid  Permethrin 0.05 1.23-8.18 3.40±3.20 (4)12.9 (4)12.9 
 purchased (5) Pyrethroid  cypermethrin 0.05 <0.06-2.34 2.34±0.06 (1)3.22 (1)3.2 
    Permethrin 0.05 <0.05-1.70 1.70±0.05 (1)3.22 (1)3.2 
Mixed (6) own farm (4) Organophosphate 2(33.3) Profenofos 0.01 <0.01-16.4 16.4±0.01 (1)16.7 (1)16.7 
    Acephate 0.01 0.30-0.42 0.36±0.01 (2)33.3 (2)33.3 
  Pyrethroid  Permethrin 0.05 <0.05-2.60 2.60±0.05 (1)16.7 (1)16.7 
Spinach (3) own farm (3) Organophosphate 1(33.3) Profenofos 0.01 <0.01-6.63 6.67±0.01 (1)33.3 (1)33.3 
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Multiple pesticide residues were detected in 14.9% of the 70 samples (Table 8). This 

prevalence is equivalent to 35.7% of the 28 samples which were positive for pesticide 

residues. Among the 31 nightshade and six mixed vegetable samples analyzed, 16.13% and 

16.67%, respectively, had multiple residues whereas among 15 kale samples 20% had 

multiple residues. Cabbage had the least samples with multiple residues (one out of six 

(10%)) (Table 8). Multiple occurrences of pesticide residues in vegetables have also been 

reported in literature. In Khazastan 82 samples of tomato and cucumber were analyzed and 

found that 30% of the samples contained two to nine multiple pesticide residues in one 

sample (Lozowicka et al., 2015). Presence of multiple pesticide residues in one sample 

indicates that consumers are at higher risk of exposure and synergistic health effects of 

pesticides. 

Table 8: Co-occurrence of multiple pesticide residues in ready-to-eat vegetables 

Vegetable  Pesticide residues combination Prevalence (%) 
Kale Acephate, permethrin 

20.00 

 Dimethoate, permethrin, cyhalothrin 
 Profenofos, dichlorvos,  
Overall prevalence  
Nightshade Dimethoate, dichlorvos, malathion 

16.13 

 Acephate, dimethoate, permethrin 
 Acephate, dimethoate 
 Dimethoate, malathion 
 Permethrin, cypermethrin 
Overall prevalence   
Nightshade with kale and 
spinach mix 

Acephate, profenofos, permethrin 
16.67 

Cabbage   Dimethoate, permethrin 10.00 

The quantified concentrations of most pesticide residues in the current study were higher than 

those found in other studies. Elgueta et al. (2017) quantified low pesticide residues 

concentration in vegetables whereby lambda-cyhalothrin, cypermethrin and permethrin were 

quantified at a range of 0.029-1 mg kg-1, 0-1.61 mg kg-1and 0-1.45 mg kg-1, respectively in 

chard, lettuce, and spinach. However, they quantified methamidophos (29.47 mg kg-1) and 

chlorpyrifos (6.86 mg kg-1) at higher concentrations than quantified in the current study. 

Also, a study in the Andaman Islands in India quantified profenofos, dimethoate and acephate 

in vegetables at a lower concentration than that found in the current study whereby 

profenofos concentrations in the study done in the Andaman Islands ranged from 0.023-1.696 

mg kg-1, acephate 0.083-0.509 mg kg-1 and dimethoate at 0.345 mg kg-1 (Swarman and 
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Velmurugan , 2012). However, a study in Egypt found a concentration of profenofos in green 

parsley (7.2 mg kg-1) (Gad-Alla et al., 2015) similar to that of the current study (8.44 mg kg-

1). In Ghana, lower concentrations of 0.12-0.143 mg kg-1 as compared to 4.6-6.3 mg kg-1 in 

the current study were found in vegetables. However, the prevalence of contaminated 

samples was higher in the Ghanian study (Darko and Akoto, 2008) than in this one. In 

Turkey, analysis of pesticide residues in 120 samples of parsley, lettuce and spinach found 

dichlorvos at concentrations ranging from 0.002-0.071 mg kg-1, levels that are lower than the 

8.6-33 mg kg-1 levels found in this study. In Zambia, Sinyangwe et al. (2016) analysed 

dichlorvos residues in 14 lettuce, 15 cabbage and 9 rape samples and, by summing up the 

prevalence of the residues detected below and above MRL, found that 71%, 93% and 100% 

of lettuce, cabbage and rape samples, respectively, contained mean dichlorvos concentrations 

of 5.23 mg kg-1, 6.35 mgkg-1 and 398.28 mg kg-1. The reported overall prevalence (89%) is 

much higher than that obtained in the current study (2.86%) for dichlorvos. Also, the 

concentration of dichlorvos residues in the rape reported in the same study is considerably 

higher than that found in the current study (33 mg kg-1). 

WHO recommends classifying pesticides by hazard toxicology whereby class Ia refers to 

pesticides that are extremely hazardous, class Ib are highly hazardous, class II are moderately 

hazardous, class III are slightly hazardous and class U are unlikely to cause acute health 

hazard (IPCS, 2010). The pesticides residues found in the ready-to-eat vegetables are in class 

Ib, II and III. Most pesticides were found under Class II insecticides with exception of 

dichlorvos which is classified as class Ib and malathion classified as class III insecticides. 

These results indicate that vegetable farmers are shifting from using more to less hazardous 

pesticides and therefore exposed to reduced health effects. The class Ib pesticides are 

registered under restriction conditions and therefore less accessible to vegetable farmers.  

3.3.4 Presence of unauthorized pesticide in ready to eat vegetables 

In Tanzania, Dichlorvos is restricted to control of larger grain borer in maize grain storage 

facilities. Pesticides registered for restricted use are those that are highly hazardous and 

intended for specific use or are technical materials for formulation purposes and must be used 

by specifically trained personnel or under the close supervision of specifically trained 

personnel (URT, 2011). Dichlorvos, although less frequently detected (2.86%) as compared 

to other organophosphate pesticides, it had the highest mean concentration of 20.8 mg kg-1 
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