
The Nelson Mandela AFrican Institution of Science and Technology

NM-AIST Repository https://dspace.mm-aist.ac.tz

Life sciences and Bio-engineering PhD Theses and Dissertations [LiSBE]

2019-03

Risk assessment for dietary exposure of

pesticides among vegetables

consumers in Arusha, Tanzania

Kiwango, Purificator

NM-AIST

https://dspace.nm-aist.ac.tz/handle/20.500.12479/2497

Provided with love  from The Nelson Mandela African Institution of Science and Technology



 
 

RISK ASSESSMENT FOR DIETARY EXPOSURE OF 

PESTICIDES AMONG VEGETABLES CONSUMERS IN ARUSHA, 

TANZANIA 

 

 

 

 

Purificator Andrew Kiwango 

 

 

 

A Dissertation Submitted in Partial Fulfilment of the Requirements for the Degree of 

Doctor of Philosophy in Life sciences of the Nelson Mandela African Institution of 

Science and Technology 

 

 

 

Arusha, Tanzania 

 

 

 

March, 2019 





 

ii 
 

 

DECLARATION 

I, Purificator Andrew Kiwango do hereby declare to the Senate of Nelson Mandela African 

Institutition of Science and Technology that this dissertation is my own original work and 

that it has neither been submitted nor being concurrently submitted for degree award in any 

other institution. 

 

_________________________________________   ________________ 

Purificator Andrew Kiwango     Date 

Candidate 

 

The above declaration is confirmed 

 

 

________________________________________   _________________ 

Prof. Martin Epafras  Kimanya     Date 

Supervisor, School of Life Science and Bioengineering, NM-AIST, Tanzania 

 

 

________________________________________   _________________ 

Dr. Neema Kassim       Date 

Supervisor, School of Life Science and Bioengineering, NM-AIST, Tanzania 



 

iii 
 

 

COPYRIGHT 

This dissertation is copyright material protected under the Berne Convention, the Copyright 

Act of 1999 and other international and national enactments, in that behalf, on intellectual 

property. It must not be reproduced by any means, in full or in part, except for short extracts 

in fair dealing; for researcher private study, critical scholarly review or discourse with an 

acknowledgement, without the written permission of the office of Deputy Vice Chancellor 

for Academics, Research and Innovations, on behalf of both the author and the Nelson 

Mandela African Institution of Science and Technology. 







 

vi 
 

 

DEDICATION 

This work is dedicated to my lovely family.  



 

vii 
 

 

TABLE OF CONTENTS 

ABSTRACT ................................................................................................................................ i 

CERTIFICATION .................................................................................................................... iv 

DEDICATION .......................................................................................................................... vi 

LIST OF TABLES .................................................................................................................... xi 

LIST OF FIGURES ................................................................................................................ xiii 

LIST OF ABBREVIATIONS AND SYMBOLS .................................................................... xv 

CHAPTER ONE ........................................................................................................................ 1 

1.1 Introducation .............................................................................................................. 1 

1.2  Background information ............................................................................................ 1 

1.3  Problem statement and justification of the study ....................................................... 3 

1.4 Objectives .................................................................................................................. 5 

1.4.1 Main objective ....................................................................................................... 5 

1.4.2 Specific objectives ................................................................................................. 5 

1.4.3 Research questions ................................................................................................. 6 

1.5 Conceptual frame work of the study .......................................................................... 7 

CHAPTER TWO ....................................................................................................................... 9 

A CRITICAL REVIEW OF LITERATURE ON PESTICIDE RESIDUES IN 

VEGETABLES: MAGNITUDE OF THE PROBLEM AND PRACTICAL 

INTERVENTIONS TO MINIMIZE THE RISK OF HUMAN EXPOSURE IN TANZANIA 9 

Abstract ...................................................................................................................................... 9 

2.1 Introduction .............................................................................................................. 10 

2.2 Vegetable production in Tanzania ........................................................................... 12 

2.3 Health benefits of vegetables consumption ............................................................. 12 

2.4 Pesticides use in Tanzania ....................................................................................... 13 

2.5 Malpractices in pesticide application in Tanzania ................................................... 15 



 

viii 
 

 

2.6 Occurrence of pesticide residues in vegetables ....................................................... 17 

2.7 Dietary exposure of pesticide residues .................................................................... 23 

2.8 Pesticide health effects ............................................................................................. 27 

2.9 Household vegetable preparation practices and fate of pesticide residues .............. 28 

2.9.1 Effect of washing ................................................................................................. 28 

2.9.2 Effect of peeling ................................................................................................... 29 

2.9.3 Effect of cooking ................................................................................................. 30 

2.10 Conclusion and Recommendations .......................................................................... 31 

CHAPTER THREE ................................................................................................................. 32 

THE RISK OF DIETARY EXPOSURE OF PESTICIDE RESIDUES AND ITS 

ASSOCIATION WITH PESTICIDE APPLICATION PRACTICES AMONG VEGETABLE 

FARMERS IN ARUSHA, TANZANIA.................................................................................. 32 

Abstract .................................................................................................................................... 32 

3.1 Introduction .............................................................................................................. 33 

3.2 Materials and Methods ............................................................................................. 35 

3.2.1 Study area ............................................................................................................ 35 

3.2.2  Study design and sample size .............................................................................. 35 

3.2.3 Data collection ..................................................................................................... 35 

3.2.4 Sampling and quantification of ready-to-eat vegetables ...................................... 36 

3.2.5 Analysis of pesticide residues in ready-to-eat vegetables ................................... 37 

3.2.6 Method performance and quality assurance ........................................................ 38 

3.2.7 Estimating dietary pesticide residues exposure ................................................... 39 

3.2.8 Estimating the risk of unacceptable exposures .................................................... 39 

3.2.9 Data analysis ........................................................................................................ 40 

3.3 Results and Discussion ............................................................................................ 41 

3.3.1 Method performance and quality assurance ........................................................ 41 





 

x 
 

 

4.4 Conclusion and recommendations ........................................................................... 95 

CHAPTER FIVE ..................................................................................................................... 97 

THE RISK OF DIETARY EXPOSURE TO PESTICIDE RESIDUES IN INDIVIDUALS 

WITH NON-COMMUNICABLE DISORDERS .................................................................... 97 

Abstract .................................................................................................................................... 97 

5.1 Introduction .............................................................................................................. 98 

5.2 Materials and Methods ........................................................................................... 100 

5.2.1 Study area, design and recruitment of subjects .................................................. 100 

5.2.2 Pesticide residue concentration .......................................................................... 100 

5.2.3 Consumption data .............................................................................................. 100 

5.2.4 Estimation of dietary exposure to pesticide residues ......................................... 100 

5.2.5 Determination of health risk for exposures ........................................................ 100 

5.2.6 Data analysis ...................................................................................................... 101 

5.3 Results and discussion ........................................................................................... 101 

5.3.1 Socio-demographic characteristics .................................................................... 101 

5.3.2 Consumption of vegetables ................................................................................ 101 

5.3.3 Risk of exposures to pesticide residues ............................................................. 102 

5.4 Conclusion and recommendations .......................................................................... 111 

CHAPTER SIX ...................................................................................................................... 113 

GENERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS ................... 113 

6.1 General discussion ................................................................................................. 113 

6.2 Conclusion ............................................................................................................. 116 

6.3 Recommendations .................................................................................................. 117 

REFERENCES ...................................................................................................................... 118 

APPENDICES ....................................................................................................................... 137 



 

xi 
 

 

LIST OF TABLES 

Table 1: Registered pesticides, their categories and respective uses in Tanzania ................... 14 

Table 2: Occurrence of pesticide residues in vegetables of Tanzania ..................................... 20 

Table 3: Estimated dietary pesticide daily intakes and hazard indices .................................... 26 

Table 4: Results of QuEChERS multi-residues method validation in leafy vegetables .......... 41 

Table 5: Socio-demographic characteristics of vegetable farmers (n = 70) ............................ 42 

Table 6: Occurrence of pesticide residue in ready-to-eat vegetables (n = 70)......................... 46 

Table 7: Variation of pesticide residues in individual types of ready-to-eat vegetables ......... 48 

Table 8: Co-occurrence of multiple pesticide residues in ready-to-eat vegetables ................. 49 

Table 9: Risk of dietary pesticides exposures above ADIs for organophosphate (positives 
only)......................................................................................................................... 54 

Table 10: Risk of dietary pesticides exposures above ADIs for organophosphate (including 
non-detects assigned with 0.5 LOD); EDIs in (mg kg bw-1d-1)............................... 55 

Table 11: Risk of dietary pyrethroid pesticide exposures below ADIs (positives only) ......... 56 

Table 12: Risk of dietary pesticides exposures below ADIs for pyrethroids (including non-
detects assigned with 0.5 LOD), EDIs in mg kg bw-1 d-1 ........................................ 57 

Table 13: Average estimated daily intakes and hazard quotients of pesticide residues in 
vegetables ................................................................................................................ 57 

Table 14: Association between dietary exposure to pesticide residues with knowledge and 
pesticide application practices ................................................................................. 60 

Table 15: Socio-demographic characteristics of respondents (n = 70) .................................... 70 

Table 16: Diversity of vegetable recipes in Arusha city .......................................................... 72 

Table 17: Occurrence of pesticide residues in raw and ready-to-eat vegetables ..................... 74 

Table 18: Prevalence of pesticide residues in raw vegetables ................................................. 75 

Table 19: Occurrence of multiple pesticide residues in raw vegetables .................................. 77 

Table 20: Prevalence of vegetables exceeding maximum residue levels (MRL) .................... 79 

Table 21: Pesticide prevalence and content in ready-to-eat vegetables ................................... 80 



 

xii 
 

 

Table 22: Prevalence of vegetables exceeding maximum residue levels (MRL) .................... 81 

Table 23: Co-occurrence of pesticide residues in ready-to-eat vegetables .............................. 82 

Table 24: Influence of household processing of vegetables on profenofos, dimethoate and 
dichlorvos residues (the values are the mean concentration for the respective 
vegetable) ................................................................................................................ 88 

Table 25: Influence of household processing on pyrethroid pesticide residues ...................... 91 

Table 26: Influence of household processing on organochlorines, carbamates and benzoic 
acid .......................................................................................................................... 93 

Table 27: Total exposure to pesticide residues for individuals with NCDs .......................... 105 

Table 28: Average concentration (mg kg-1), EDI (mg kg-1 bwt day-1) and HQ for 
organophosphate pesticides in individual vegetables ......................................... 107 

Table 29: Concentration (mg kg-1), EDI (mg kg-1 bwt day-1) and HQ for organochlorine 
pesticides in individual vegetables....................................................................... 109 

Table 30: Concentration (mg kg-1), EDI (mg kg-1 bwt day-1) and HQ for pyrethroid pesticides 
in individual vegetables ......................................................................................... 110 

Table 31: Concentration (mg kg-1), EDI (mg kg-1 bwt day-1) and HQ for dicamba methyl and 
bendiocarb residues in individual vegetables ........................................................ 111 

 



 

xiii 
 

 

LIST OF FIGURES 

Figure 1: Conceptual framework of the study ........................................................................... 8 

Figure 2: A chromatogram of Profenofos in kale .................................................................... 45 

Figure 3: A chromatogram of Lambda cyhalothrin in kale ..................................................... 45 



 

xiv 
 

 

LIST OF APPENDICES 

 
Appendix 1: Assessing pesticide application practices in Arusha district ............................. 137 

Appendix 2: Assessing vegetable consumption pattern ......................................................... 141 

Appendix 3: A checklist for observations of household vegetable processing practices ...... 145 

 



 

xv 
 

 

LIST OF ABBREVIATIONS AND SYMBOLS 

ADIs Acceptable daily intakes 

AICC Arusha International Conference Centre 

ARfD Acute reference dose 

bwt body weight 

BPPM Best practices of pesticide management  

EDIs Estimated daily intakes 

EPA Environmental protection agency 

EU European union 

FAO Food and Agriculture Organization of the United Nations 

GAP Good agricultural practices 

HI Hazard index 

HQ Hazard quotient 

IPCS International Programme on Chemical Safety 

kg kilogram 

LMCA Lutheran Medical Center, Arusha 

LOD Limit of detection 

LOQ Limit of quantification 

mg miligram 

MRLs Maximum residue limits 

NCDs  Non communicable disorders 

PHI Pre-harvest interval 

RLDC Rural Livelihood Development Company 

SCF Small and Medium Enterprise Competitiveness Facility 

SPSS Statistical Package for the Social Sciences 

UNEP United Nations Environment Programme 

URT United Republic of Tanzania 

USEPA United States Evironmental Protection Agency 

WHO World Health Organization 

 



 

1 
 

 

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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Other farmers do not follow the pre-harvest withdraw interval (Mkindi, 2012). Furthermore it 

was realized that, the farmers use pesticides not registered for use to a particular crop (Ngowi 

et al., 2007). All these may have significant effect on the pesticide residue levels of such 

particular pesticides in the vegetables. 

Studies have been done on ways of reducing pesticide residue content in vegetables at 

household level (Kiwango et al., 2018b). Such works studied the influence of various 

household practises for vegetable preparation on pesticide residues and found that, washing, 

peeling and cooking of vegetables have significant influence on reduction of pesticide 

residues, although some of the processes such as sauce preparation could concentrate the 

residues (Keikotlhaile et al., 2010). However, these studies were performed at laboratory 

level, which may not reflect the real practice at community level suggesting a need of 

assessing the influence of vegetable handling to the pesticide residues in the vegetables at 

community level. 

Arusha district is one of the potential areas for vegetable production in Arusha. Although 

pesticide application practices have been reported in other districts such as Arumeru and 

Karatu, such records are not available in Arusha district. Further, the association of these 

practices and dietary exposure to these residues is not yet established. Therefore, it is 

important to assess pesticide application practices and their association to pesticide residues 
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Despite the beneficial effects associated with the use of pesticides, many of these chemicals 

may pose potential hazards to humans and nature (Undeger & Basaran, 2005). Excessive uses 

of chemical pesticides result in pest resistance to pesticides and dangerous diseases to 

humans (Pimentel & Burgess , 2014). According to the (Environmental protection agency 

[EPA], 1992) human pesticide poisonings and illnesses constitute the highest price paid for 

all pesticide use. Exposure to pesticides can range from mild skin irritation to congenital 

disabilities, tumors, genetic changes, blood and nerve disorders, endocrine disruption and 

even coma or death (Alavanja, Hoppin & Kamel, 2004; Huen et al., 2012). Exposure to 

pesticides significantly increases genetic damage, whereby tissues are damaged at the 

chromosomal level, causing a significant increase in chromosomal and chromatid-type 

aberrations, chromosome breakage and/or mitotic spindle alterations, along with other 

nuclear abnormalities, such as pycnosis, karyolysis and karyorrhexis (Bolognesi, 2003; G�q

mez�ËMart�on et al., 2015). Reducing exposure and other pesticides related costs demand 

critical identification of hazardous exposure risks and quantification of mechanism for 

toxicity (Kapka-Skrzypczak, Cyranka, Skrzypczak & Kruszewski, 2011).  

Occupational and environmental pesticides exposure had been linked to malignancy, damage 

in DNA and disruption of enzyme activity, developmental, reproductive, neurodegenerative, 

respiratory and metabolic diseases (Ali et al., 2018; Connolly et al,. 2017; Gangemi et al., 

2016; Hayat, Afzal, Aqueel, Ali &  Saeed et al. 2018; Mostafalou &  Abdollahi, 2017). 

Likewise, exposure to these toxic substances adversely affects human blood cells, liver, and 

the peripheral nervous system (Guytingco, Thepaksorn & Neitzel, 2018; Hu et al., 2015). The 

presence of pesticides in the environment, is also linked to providing support to the growth of 

pathogenic bacteria, hence increasing co-exposure risks to pesticides and pathogenic bacteria 

(Naphade, Durve, Bhot, Varghese & Chandra, 2012).  

Acetylcholinesterase (AChE) is an enzyme involved in rapid hydrolysis of the 

neurotransmitter acetylcholine, thereby catalysing termination of impulse transmission in 

numerous cholinergic pathways in the central and peripheral nervous systems (Tougu, 2001). 

Organophosphates pesticides exhibit toxicity by interacting with the enzyme, hence forming a 

covalent bond with the serine of the catalytic site resulting in an extremely stable enzyme-

inhibitor complex (Enz & Floersheim, 1997). These pesticides are substrate analogues to 

ACh, hence they enter the active site like natural substrates, covalently binding to serine 

hydroxyl group, and in the acetylation process, they are split and the enzyme is 

phosphorylated (Colovic, Krstic, Lazarevic-Pasti, Bondzic & Vasic, 2013). This, 
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phosphorylated enzyme cannot hydrolyze the neurotransmitter. Therefore, biomonitoring of 

enzyme activity provides the mechanistic exposure effects and the extent of internal dose of 

the toxic substance absorbed by the body tissues. Biomonitoring of pesticide exposure 

provides a high degree of confidence in predicting the potential for adverse effects in an 

individual or population-based on marker levels (Liu et al., 2006).   

Poor and injudicious use of pesticides had been reported among smallholder farmers in 

Tanzania (Kiwango, Kassim & Kimanya, 2017; Lekei et a l., 2014; Ngowi, Mbise, Ijani, 

London & Ajayi, 2006; Nonga, Mdegela , Lie, Sandvik & Skaare, 2011)  contrary, 

biomonitoring studies had focused on farmers in traditional crops including coffee and 

commercial farm workers in tea and flower industries (Kapeleka, Lekei & Hagal i, 2016; 

Mrema, Ngowi, Kishinhi & Mamuya, 2017; Mwabulambo, Mrema, Ngowi & Mamuya, 2018; 

Ngowi, 2002). Comparative biomonitoring of pesticides exposure using unexposed (control 

groups) in uncontrolled smallholder vegetable production had not been well documented. The 

aim of this study was therefore, to assess and quantify pesticides exposure among smallholder 

vegetable producers through comparative acetylcholinesterase levels between exposed and 

unexposed individuals,  derive the determinants of increased exposure risks, drivers of 

increased pesticides use, co-exposure risks and relationship between pesticides residues and 

pathogenic bacterial growth in vegetables produced by smallholder vegetable producers in 

Tanzania. 

1.2 Problem statement  

In general, when pesticides are applied to the environment, the general population is exposed 

to their residues due to physical and biological degradation of pesticide products in the air, 

water and food (Bhalli, Khan  &  Nasim, 2006; Bolognesi, 2003). As a result, both farming 

and non-farming populations have been occupationally and environmentally exposed due to 

excessive use of pesticides in their areas (Latif, Sherazi, Bhanger & Nizamani,  2012; Mathur, 

Agarwal, Johnson & Saikia, 2005). Pesticides exposure among smallholder farmers in 

Tanzania have been reported mainly in commercialized cash crops such as cotton, tea and 

coffee (Kapeleka et al., 2016; Mrema et al., 2017; Mwabulambo et al., 2018; Ngowi, 2002). 

Major areas reported include pesticides handling practices and acute poisoning resulting from 

exposure to cholinesterase-inhibiting organophosphates and carbamate insecticides (Lekei et 

al., 2014; Mwabulambo et al., 2018; Ngowi, 2002).  
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1.4 Objectives  

1.4.1 Overall objective  

The general objective of the study was to assess pesticides exposure through biomonitoring 

of acetylcholinesterase (AChE) activity and establish fate of pesticides use among 

smallholder vegetable producers in Tanzania. 

1.4.2 Specific objectives  

(i) To determine changing patterns and drivers of increased pesticides use among 

smallholder vegetable producers. 

(ii) To assess comparative acetylcholinesterase (AChE) activity between exposed farmers 

and unexposed individuals and associated health effects. 

(iii) To determine levels of pesticides residues and bacterial contamination of vegetables 

produced by smallholder production producers. 

(iv) To assess co-exposure risks from pesticides residues and bacterial contamination of 

vegetables produced by smallholder producers. 

1.5 Research questions  

(i) Which are the most frequent pesticides used, and what are the dynamics and changing 

patterns of pesticide use and practices among smallholder vegetable producers? 

(ii) Is there any difference in levels of acetylcholinesterase (AChE) activity between 

exposed farmers and unexposed individuals? 

(iii) What are the levels of pesticides residues and bacterial contamination of vegetables 

produced under smallholder production systems? 

(iv) What is the extent of co-exposure risks and is there any association between 

pesticides residues and bacterial growth in vegetables produces by smallholder 

farmers? 

1.6 Significance of the study  

This study provides information on the extent of occupational and environmental exposure to 

pesticides in uncontrolled smallholder farming systems. It also provides insights into co-

exposure risks among farmers and consumers by deriving the association between pesticide 

residues and bacterial contamination of vegetables, bridging the knowledge gap on 



6 
 

biomonitoring exposure to pesticides and the fate of pesticide application in smallholder 

vegetable production systems. The findings herein will derive policy recommendations for 

developing pesticide monitoring and surveillance systems to monitor and control pesticides to 

ensure sustainable vegetable production system in a manner that minimizes pesticide 

exposure while effectively reducing the levels of pesticide residues and bacterial 

contamination of vegetables under smallholder production systems.  

1.7 Delineation of the stu dy 

Biomonitoring studies involve the collection and analysis of blood samples. Cultural beliefs 

attached to the collection and analysis of blood samples affected the recruitment of farmers 

and non-exposed individuals in the study. Both farmers and unexposed individuals each 

signed a written consent form for blood test and participation in the research. Furthermore, 

awareness and sensitization meetings with village government officials, health and extension 

officers in respective villages were done with farmers to explain the objectives of the study. 

Culture sensitivity was addressed by the use of local medical personnel in respective village 

health facilities in the collection of blood samples as well as undertaking health survey on 

exposure symptoms. The study focused on smallholder producers in uncontrolled farming 

systems and hence the findings cannot be generalized to the entire smallholder farming 

population in other field crops including maize, wheat and perennial crops such as cotton and 

cashew nuts where pesticides are extensively used in the production process.  
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CHAPTER TWO  

LITERATURE REVIEW  

2.1 Dynamics and changing practices of pesticides usage  

2.1.1 Overview of pesticides  

Pesticides are extensively used in agricultural production to prevent and control pests, 

diseases, weeds, and other plant pathogens (Eskenazi et al., 2008; Sanborn et al., 2004; 

Sankoh, Whittle, Semple, Jones & Sweetman, 2016). They are chemicals with unique 

properties designed to be toxic to pests, constituting a heterogeneous category of chemicals 

specifically designed for the control of pests, weeds or plant diseases. Their application 

remains the most effective and accepted means for the protection of plants from pests and has 

contributed significantly to enhanced agricultural productivity and crop yields (Bolognesi, 

2003).  

Pesticides are intended to kill living organisms and are harmful to human if not used properly 

(Van Der Hoek, Konradsen, Athukorala & Wanigadewa, 1998). Farmers depend heavily on 

the use of these pesticides for control of different pests and diseases (Damalas & Koutroubas, 

2016). Their use had increased in the recent past due to their rapid action (Latif, Sherazi &  

Bhanger, 2011b; Mattah, Mattah & Futagbi, 2015). However, these toxic substances can 

contaminate the environment and pose risks to both humans and the ecosystem (Ruiz-

Guzmán , Gómez -Corrales, Cruz-Esquivel & Marrugo -Negrete, 2017). Different pesticides 

formulations, including insecticides, herbicides and fungicides, are being used in developing 

countries (Ngowi et al., 2006; William, 2008; Vikkey et al., 2017).  

The government of Tanzania through Tropical Pesticide Research Institute (TPRI) Act No.18 

of 1979 has defined pesticides as any matter of any description (including acaricides, 

arboricides, herbicides, insecticides, fungicides, molluscides, nematicides, hormonal sprays, 

and defoliants) that are used or intended to be used, either alone or together with other 

material substances for the (a)  control of weeds, pest and disease in plants, or (b)  control of 

the external vectors of veterinary or medical diseases and external parasites of man or 

domestic animals, or (c) protection of any food intended for human or animal consumptions.  

Pesticides can be classified into different groups according to their purposes, that is, 

insecticides, fungicides, herbicides, acaricides, rodenticides, nematicides, and plant growth 
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regulators. They can also be classified according to their chemical composition, such as 

organophosphates, organochlorines, carbamates, pyrethroids, sulfur and urea (Lee, Park, Lee, 

Oh & Ko, 2017).  

Generally, the main chemical families of pesticides across the farming population in 

developing countries remain the same. Carbamates, organophosphates and pyrethroids are the 

most widely used families of pesticides in both developed and developing countries (Dari, 

Addo, & Dzisi, 2016; Gundogan et al., 2018; Ngowi et al., 2006; Pastor et al., 2003; 

Ramirez-Santana et al., 2018; Vikkey et al., 2017). These chemical families constitute the 

major environmental contaminants due to their repeated use.  

The current technology development of nanotechnology provides the key solution to human 

and environmental exposure to pesticides. The green synthesis of nanopesticides which is 

cheap and environmental friendly does not require the employment of highly toxic chemicals 

(Benelli, Pavela, Maggi, Petrelli & Nicoletti, 2017). Despite the use botanicals for 

nanosynthesis being cheaper and effective application of green technology, it had not been 

widely adopted mostly in developing countries where the use of highly hazardous pesticides 

prevails. Bio-pesticides are effective in controlling insect pests as they are active against a 

variety of insects, fast penetrating and no toxic residues in the treated products.  

The development and use of green pesticides had been reported much in developed and to a 

small extent in developing countries (Nnamonu & Onekutu, 2015). Green pesticides, though 

not well applied in developing countries, can also prove effective in agricultural situations, 

particularly for organic food production (Benelli et al., 2017; Kola, 2011; Mossa, 2016; 

Nnamonu & Onekutu, 2015; Qian, Lee & Cao, 2010). Low level application of green 

pesticides in developing countries is fuelled by low level support from governments in these 

countries and the fact that few commercial companies invest in the development of 

commercialized formulations and hence the botanical pesticide market has not grown in a 

comparable way to the botanical medicine market (Nnamonu & Onekutu, 2015). 

Farmers are unaware of the health and environmental implications of pesticide use and 

knowledge on safe use are limited. This ultimately leads to pesticides misuse and negative 

impact on the environment and the health of the farmers (Jallow, Awadh, Albaho, Devi & 

Thomas, 2017; Sankoh et al., 2016). Farmers in diverse production systems are using a wide 

range of pesticides. Chlorothalonil and metalaxyl/mancozeb constitute the majority of used 

fungicides products, while lambda-cyhalothrin, cypermethrin, profenophos endosulfan, 
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chloropyrifos, dimethoate, triadmenol and triadimefon constitute the majority of insecticides 

used among most farmers in Tanzania (Mtashobya & Nyambo, 2014; Ngowi, 2002).  

A study conducted in Brazil showed that farmers use organophosphate pesticides, including 

disulfoton, chlorpyrifos, acephate and dimethoate (Jardim & Caldas, 2012). Furthermore, 

herbicides such as glyphosate and paraquat, fungicides, including triazoles and 

dithiocarbamate, are reported to be used (Silvério et al., 2017). Increased pesticides 

application by farmers is a result of the influence of a wide range of pests and diseases 

including birds, rodents, insects, root rot and other organisms that reduce farm yields (Sankoh 

et al., 2016). Insecticides, fungicides and herbicides constitute the main types of pesticides 

used by the farmers in developing countries (Damalas & Khan, 2017; Ngowi et al., 2006).  

For example, it has been reported that 40 and 43 different types of pesticides were used in 

vegetable farming in Tanzania and Ghana, comprised of mainly insecticides, fungicides and 

herbicides (Ngowi et al., 2006; William, 2008). But farmers may use any pesticide product in 

controlling pesticides. Their desire to eliminate crop pests drive them to use pesticides not 

registered for use, as well as banned pesticides for control of crop pests and diseases (Dari et 

al., 2016; Diop et al., 2016), thus increases health and environmental risks of exposure to 

highly hazardous pesticides (Jallow et al., 2017).  

The use of botanicals and non-conventional methods for pest control is not common among 

vegetable smallholder farmers in developing countries. Nevertheless, some farmers use 

cultural methods, including crop rotation. Other common alternatives include manual 

uprooting of affected plants and the use of wood ashes (Mtashobya & Nyambo, 2014).  

Poor pesticide handling and haphazard pesticide spraying have been associated with 

contamination of food products with hazardous chemicals from pesticides. A huge quantity of 

distributed pesticides suggests a high potential for human exposure, food contamination, 

health injuries and illness (Lekei et al., 2014; William, Gijzen, Kelderman & Drechsel, 2006).  

�,�Q�� �D�� �V�W�X�G�\�� �W�R�� �D�V�V�H�V�V�� �I�D�U�P�H�U�V�¶�� �N�Q�R�Z�O�H�G�J�H�� �D�Q�G��practices concerning pesticide exposure, the 

association between high poisoning symptoms and failure to calibrate their spraying 

equipment suggested that poor application practices can result in higher pesticide residues in 

freshly consumed fruits and vegetables (Lekei et al., 2014). It is undeniably that pesticide use 

has increased agricultural productivity, but excessive uses of these toxic chemicals result in 

increased pest resistance to pesticides and environmental contamination, resulting from 
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pesticides, including field workers, mixers, loaders, appliers through direct contact, provide 

most affected individuals and a good opportunity to study the adverse health consequences of 

pesticide exposure (DaSilva et al., 2008). Comparative assessment of acetylcholinesterase 

activity (AChE) and resultants health effects of pesticides provide the proxy to genotoxic 

effects of pesticides exposure among farmers.  

Currently, the major biomonitoring approach among agricultural workers is the measurement 

of acetylcholinesterase levels in pesticide applicators and handlers (Muniz et al., 2008). For 

instance, the AChE activities among coffee workers assessed during spraying and non-

spraying period were comparable giving no suggestion of decreased AChE in exposed 

farmers, whereas about 30% commercial tea workers had AChE below the limit, suggesting 

occupational exposure to pesticides  (Kapeleka et al., 2016; Ngowi, Maeda, Partanen, Sanga 

& Mbise, 2001). Likewise, about 27% of flower and onion pesticide applicators in Arusha 

had an acetylcholinesterase level below the limit value suggesting that exposure to pesticide 

was evident (Mwabulambo et al., 2018).  

However, data from one study in one particular occupational setting cannot be used to draw 

conclusions on genetic risk in another occupational setting (Naravaneni & Jamil, 2007). This 

is because populations exposed to pesticides are rather specific due to different lifestyles, 

nutritional habits, climatic and environmental conditions, and are exposed to different 

mixtures of pesticides. The use of biomarkers helps to evaluate potential exposures to 

pesticides as well as predicting the effects to human health (Arshad et al., 2016).      

Biological monitoring approaches can be categorized into four main types; direct 

measurement of unchanged pesticides in biological matrices, determination of metabolites in 

biological matrices, quantification of biological effects related to internal dose 

(acetylcholinesterase activity) and measurement of macromolecule adducts combined with 

target or non-target molecules (DNA and hemoglobin adducts). The level of exposure and the 

amount of pesticides absorbed in human body can be determined through well-conducted 

biomonitoring studies (Paustenbach & Galbraith, 2006).  

Biomonitoring is therefore, the direct measurements of environmental chemicals, their 

primary metabolites, or their reaction products (such as DNA-adducts) in people, usually in 

blood, urine, milk, sweat or an expired breath specimens of an exposed individual. It provides 

a more accurate reflection of internal dose resulting from pesticide exposure, in contrast to 
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environmental monitoring which can only indicate the level of external contamination 

(McKinlay, Plant, Bell & Voulvoulis, 2008).  

The use of biomarkers in estimating pesticides exposure provides a critical quantification of 

exposure and its effects in human body. A biomarker is an indicator signalling events in 

biological system or sample (Anwar, 1997). It is a measurement of a molecular or chemical 

substance or event in a biological system. Biomarkers include detection of environmental 

substance itself or its metabolites in urine or blood, changes in genetic material, and cell 

death (Anwar, 1997���� �*�\���U�I�I�\���� �$�Q�Q�D���� �.�R�Y�D�F�V���� �5�X�G�Q�D�L & Schoket, 2007; Jacobsen -Pereira et 

al., 2018). The parent pesticides compounds can be monitored directly in blood products 

instead of their metabolites, which are usually measured in urine. Blood measurements 

provide an estimation of the dose available for the target site, allowing for prediction of dose-

response relationships (Mathur et al., 2005). Pesticide exposure can be measured by 

evaluating the cholinesterase activity in the blood. A different method for evaluating 

pesticide exposure is to quantify the levels of urinary dialkyl-phosphate (DAP), which is an 

organophosphorus metabolite (Lee et al., 2017). Genotoxic biomarkers like DNA damage 

�G�D�W�D���D�O�R�Q�J�� �Z�L�W�K�� �$�&�K�(�� �O�H�Y�H�O�V�� �D�U�H�� �L�P�S�R�U�W�D�Q�W���S�D�U�D�P�H�W�H�U�V�� �I�R�U�� �G�H�W�H�U�P�L�Q�L�Q�J�� �I�D�U�P�H�U�¶�V�� �K�H�D�O�W�K�� �Z�K�R��

are exposed to pesticides in any situation (Naravaneni & Jamil, 2007).  

Six dialkyl phosphate (DAP) metabolites are the most commonly measured general 

biomarkers of OP insecticides. These metabolites reflect exposure to OP but do not verify the 

presence of a particular OP compound. The six common DAP metabolites measured are 

dimethyl phosphate (DMP), diethyl phosphate (DEP), dimethyl thiophosphate (DMTP), 

dimethyl dithiophosphate (DMDTP), diethyl thiophosphate (DETP), and diethyl 

dithiophosphate (DEDTP). The primary metabolites of OP pesticides, DETP and DEDTP, are 

genotoxic under metabolic conditions, and with additional metabolism, could produce 

secondary metabolites that could exert specific hepatic genotoxicity (Vega, Valverde, 

Elizondo, Leyva & Rojas, 2009).  

N7- methyldeoxyguanosine (N7-MedG) has been shown to be a robust biomarker for 

exposure to methylating agents, because of its reported inefficient elimination from DNA. 

Significantly increased N7-MedG levels indicate a genotoxic alkylating effect of pesticide 

exposure (Gmez-Martin et al., 2015).  Techniques that measure DNA damage (e.g., detection 

of DNA adducts) provide a powerful tool in measuring environmental effects. 
































