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ABSTRACT 

INTRODUCTION 

Little data exist regarding the association between exposure to pesticides other than 

organochlorine pesticides and breast cancer risk. Moreover, there are several aspects of 

the relationship between pesticide exposure and breast cancer that still remain unclear, 

including: whether breast cancer risk is associated with a specific source of pesticide 

exposure (e.g. household, workplace, and residential/environmental) and whether 

exposure to pesticides at younger age is associated with higher risk of breast cancer.  

Most of the evidence for the association between pesticides and breast cancer risk is 

from studies conducted in developed countries. Studies in other geographical areas need 

to be conducted, especially in less developed countries, where the intensity of pesticide 

use is high and pesticide regulation is weak. However, before conducting such studies, 

it is important to understand the characteristics of breast cancer and the nature of 

pesticide exposure among women living within these countries. 

AIMS 

The specific aims of the thesis were:  

The specific aims of the thesis were:  

1. To investigate whether noticing spray drift from pesticide application in 

agricultural areas and the use of household or occupational pesticides are 

associated with an increased risk of breast cancer; 

2. To investigate whether noticing pesticide spray drift at younger ages is 

associated with higher risk of breast cancer; 

3. To describe the  histopathological type of breast cancer, as well as the region 

and age distribution of breast cancer patients registered at the National Oncology 

Centre, Yemen; and 

4. To describe practices that may lead to pesticide exposure among women 

working in agriculture in Sana’a governorate and Sana’a city, Yemen.  
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METHODS 

The first and second aims were investigated through analyses of data from a population 

based case-control study of breast cancer conducted in Western Australia (2009-2012).   

The third aim was investigated through a descriptive study of breast cancer patients 

registered at the National Oncology Centre in Yemen.  

The fourth aim was investigated through a cross-sectional survey of Yemeni women 

who had a daughter in high school during 2011-2012. Women who worked or had 

worked on farms were asked about tasks and practices that may lead to pesticide 

exposure. 

RESULTS  

The results from the case-control study revealed that there was an association between 

self-reports of noticing pesticide spray drift from agricultural areas and breast cancer 

risk. The risk appeared to be higher for women who noticed pesticide spray drift 

initially at age 20 or younger and those who had noticed it 20 years prior to diagnosis 

(Chapter Five).   

Exposure to pesticides in households or workplaces was not related to increased risk of 

breast cancer (Chapter Six).  However, the prevalence of occupational exposure to 

pesticides among women in our study was low. 

The results from the descriptive study in Yemen indicated that breast cancer is a disease 

of young women. The majority of women presented with lymph node involvement at 

diagnosis suggesting they have late presentation (Chapter Eight).  

Finally, the results from the cross-sectional survey of pesticide exposure among Yemeni 

women found that most women working on farms were involved in activities that may 

lead to pesticide exposure, such as harvesting and weeding. Many of the pesticides that 

the women reported using were banned or restricted. A substantial proportion of women 

did not wear personal protective equipment when working on farms that used pesticide 

but they did wash their hands if they mixed or sprayed pesticides (Chapter Eleven). 
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CONCLUSION  

This thesis has added to our understanding regarding whether pesticide exposure 

increases the risk of breast cancer. Although we have not definitively answered the 

question of whether pesticide exposure is associated with breast cancer, our findings 

further elucidated different aspects of exposure that might be worthwhile considering in 

other studies of pesticide and cancer.   

This thesis has increased our knowledge of breast cancer and pesticide exposure in 

Yemen. It showed that breast cancer is a disease of young women in the Yemeni 

population. In addition, it showed that the context, traditions and socioeconomic 

situation of women living in less developed countries such as Yemen may result in 

different pesticide exposure in comparison to women in developed countries. This 

information is vital background information in order to be able to undertake studies of 

the association between pesticide exposure and breast cancer in countries such as 

Yemen. 
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1 INTRODUCTION 

1.1 BACKGROUND  

Breast cancer is the most commonly diagnosed invasive cancer and the leading cause of cancer 

deaths among women, both in Australia and globally 
1
. While some risk factors, such as primary 

genetic mutations, reproductive history, weight gain, and alcohol consumption, are well 

established, they do not account for a significant proportion of breast cancer cases 
1
. Hence, the 

search for environmental and occupational exposures, including pesticide exposure that may be 

associated with breast cancer has become of increasing public interest.  

Much of the epidemiologic research on pesticide exposure and breast cancer has been focused on 

examining the relationship between breast cancer and body burden levels of persistent 

organochlorine insecticides, such as dichlorodiphenyltrichloroethane (DDT), as measured in 

serum and adipose tissue. The evidence for organochlorine insecticides as breast carcinogens is 

still limited and inconsistent 
2-7

. One reason for this inconsistency is that in most of these studies 

exposure was measured in serum and adipose tissue at the time of diagnosis, which may result 

misclassification of exposure because of declines in tissues concentration over time, leading to a 

false negative effect 
6
.  

While there are a relatively large number of epidemiologic studies that have investigated 

organochlorine insecticide exposure and breast cancer, few epidemiologic studies have 

investigated the carcinogenic risk of other chemical pesticide groups such as organophosphates, 

carbamates, chlorotriazine herbicides, and phenoxy acid herbicides as carcinogenic 
8
. These 

pesticides are less persistent or non-persistent and hence blood and adipose techniques are not 

useful in assessing their exposure 
9
. Another challenge in studies of these compounds is that 

exposure is often episodic and so many measurements over a long time would be needed to 

correctly rank subjects with regards to exposure. This cannot be done retrospectively because the 

pesticides are non-persistent and no permanent markers of their effects have been yet identified. 
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Therefore, questionnaires may have a benefit in assessing past exposures to a wide range of non-

persistent pesticides. 

A simple classification of source of exposure to pesticides is: (a) household; (b) occupational; 

and (c) environmental. Most of the studies that have used non-biological exposure assessment 

methods have only assessed one of these potential pesticide exposure sources as a risk factor for 

breast cancer.  

Household pesticide exposure may occur through the use of garden pesticides, flea treatment of 

pets and insecticides for insects in the home. Three studies 
10-12

 have examined self-reported 

household pesticide use and breast cancer. The findings of these studies were not consistent, with 

one suggesting a positive association 
11

 with any household pesticide exposure and the others no 

association 
10,12

. This difference in findings is most likely due to the different study designs, 

study populations, and instruments used in these studies. Hence, we cannot conclude that 

pesticides used in households are a risk factor for breast cancer and there is a need for further 

research in this area.  

Women engaged in agricultural work are generally exposed to higher concentrations and 

different types of pesticides than the general population. This exposure can occur through mixing 

and applying pesticides in pesticide treated fields. Most epidemiologic studies of breast cancer 

risk among women exposed to occupational pesticides have relied on surrogate measures of 

pesticide exposure, such as job titles and possession of a pesticide application licence 
13-18

. 

However, job titles such as farming have been considered a poor indicator of pesticide exposure 

(as a substantial proportion of farm jobs may not involve such exposure) and use of job title 

alone to allocate exposure status is likely to result in overestimation of the probability of 

exposure (important associations may be under-rated or remain undetected) 
19

. There has been 

one case-control study and one cohort study that collected self-reported information on 

occupational pesticide exposure and breast cancer risk. The case-control study suggested a 

positive association between breast cancer and work-related pesticide exposures 
20

, while the 

cohort study found no associations among farmers’ wives who reported ever applying pesticides 

and breast cancer risk 
21

. These two studies have been conducted in the United States where 
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pesticide use, regulation, registration and type of crops treated are likely to be different from 

Australia. While the cohort study was less prone to bias and thus more weight can be put on 

these results, there is still a need for further research on whether occupational exposure to 

pesticides increases the risk of breast cancer.  

For environmental exposure to pesticides, epidemiologic studies have examined indirect 

exposure such as residential proximity to pesticide sources. One of the many routes that women 

could be exposed to pesticides is by spray drift from agricultural pesticide application. A number 

of ecological studies have examined the association between residential proximity to agricultural 

pesticide applications and breast cancer with studies showing non-consistent associations 
22-24

. 

However, ecological studies have well-known limitations in that conclusions can be only made 

about populations rather than individuals and they are subject to confounding 
25

. One cohort 
26

 

study and two case-control 
27,28

 studies examined the association between breast cancer risk and 

exposure to pesticides resulting from living close to agricultural areas. Only one of these studies 

reported a positive association 
28

. Again these studies were undertaken in the United States 

where the amount and type of pesticide used on the agricultural areas are likely to be different 

from Australia. One aim of this thesis is to investigate exposure to agricultural spray drift as risk 

factor for breast cancer. 

Exposures that occur during the years from pre-puberty to age at first-full term pregnancy may 

be important in determining subsequent risk of breast cancer 
29

. Results from animal models 

suggest there is a time window of increased susceptibility to mammary carcinogens in early life 

30,31
. Breast tissues undergo terminal differentiation at first full term birth and before that time the 

breast tissue is still developing. Taken together, these findings suggest that environmental 

exposures during younger ages, compared with those that occur at older ages, may be more 

likely to affect breast cancer risk. Because of their oestrogenic properties, pesticide exposures 

may be of particular importance with regards to breast cancer when the exposure occurs in early 

life. A prospective study of young women in California who had blood samples taken in 1959-

1967 found that those women who were younger than 14 years of age when first exposed to 

DDT had significantly increased risks of breast cancer with increasing levels of serum p,p'-DDT 
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32
. However, to date there have been few epidemiologic studies that have investigated the impact 

of early exposure to breast cancer.  

Most of the available evidence for the association between pesticide exposure and breast cancer 

risk is from studies conducted in developed countries. Studies in other geographical areas need to 

be conducted, especially in developing countries, where the intensity of pesticide use is high and 

pesticide regulation is weak 
3,33

. However, before conducting such studies, it is important to 

understand the characteristics of breast cancer and the nature of pesticide exposure among 

women within these countries. For instance, 50% of all women with newly diagnosed breast 

cancer are older than 63 years in developed countries while in many developing countries, breast 

cancer cases are predominately younger than 50 years of age 
34

. In-situ breast cancer is the 

common presentation in developed countries, while locally advanced and metastatic disease at 

presentation remains very common in the developing countries 
34

. With regard to pesticides, the 

level, type and nature of pesticide exposure among women living in developing countries is 

likely to be different from women living in developed countries for a range of reasons, including 

difference in pesticide use and regulation in these countries, type of pest problems, nature of 

agriculture practices, education, behaviours and culture. Hence, understanding the nature of 

breast cancer and pesticide exposure in understudied countries such as Yemen will provide a 

basis for future research to design and develop rigorous studies suitable for investigating the 

association between pesticide exposure and breast cancer in developing countries such as 

Yemen. 

1.2 STATEMENTS OF THE AIMS  

The specific aims of the thesis were: 

1. To investigate whether awareness of pesticide spray drift is associated with an increased 

risk of breast cancer; 

2. To investigate whether noticing pesticide spray drift at younger ages is associated with 

the risk of breast cancer; 
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3. To investigate whether the use of household pesticides is associated with an increased 

risk of breast cancer; 

4. To investigate whether occupational pesticide exposure is associated with an increased 

risk of breast cancer; 

5. To describe the histological type of breast cancer as well as the region and age 

distribution of breast cancer patients registered at the National Oncology Centre in 

Yemen; and 

6. To describe potential pesticide exposure among women living in Sana’a governorate and 

Sana’a city, Yemen.  

1.3 OUTLINE OF THE THESIS  

The following provides an outline of the thesis structure by chapters: 

Chapter 2: A review of classification of pesticides, pesticide use in Australia, pesticide exposure 

assessment and routes of pesticide exposure in humans. 

Chapter 3: A review of breast cancer epidemiology, breast cancer risk factors, pesticide 

carcinogenicity and epidemiologic studies of pesticide exposure and breast cancer risk. 

Chapter 4: The Breast Cancer Environment and Employment Study (BCEES) is described in 

this chapter. The data for chapters 5 and 6 were obtained from BCEES. 

Chapter 5: An accepted paper on the association between noticing spray drift from agricultural 

pesticide application and breast cancer risk. 

Chapter 6: A published paper that investigates the link between occupational and household 

pesticide exposure and breast cancer risk is presented. 

Chapter 7: A review of literature on breast cancer in Yemen is presented. 
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Chapter 8: A published paper that describes the type of breast cancer, lymph node involvement, 

location of cancer as well as the region and age distribution of breast cancer patients registered at 

the National Oncology Centre in Yemen. 

Chapter 9: A review of the nature of pesticide exposure among women living in less developed 

countries. 

Chapter 10: A review of pesticide use in Yemen. 

Chapter 11: A published paper that describes pesticide exposure among women agricultural 

workers living in Sana’a, Yemen.  

Chapter 12: A submitted research letter that describes qat consumption among women living in 

Sana’a, Yemen.  

Chapter 13: The overall results and relevance of the findings of this thesis are discussed in this 

chapter.  
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2 PESTICIDES AND PESTICIDE USE IN AUSTRALIA 

The purpose of this chapter is to understand the nature of pesticides and their use in Australia. 

First the different classifications of pesticides will be described. Terms such as exposure and 

dose will be defined and the human exposure to pesticides from occupational, environmental and 

residential sources will be discussed. Accurate assessment of exposure to occupational and 

environmental risk factors is required to ensure that epidemiological studies meet their aims in 

examining exposure disease relationships. This different methods used to assess exposure to 

pesticides will be also discussed here.  

2.1 PESTICIDES  

This section presents a definition of pesticides and the main pesticide classifications. An 

overview of pesticide use in Australia is also presented. 

2.1.1 What is a Pesticide? 

The Food and Agriculture Organization (FAO) of the United Nations, defines a pesticide as:  

“any substance or mixture of substances intended for preventing, destroying or 

controlling any pest, including vectors of human or animal disease, unwanted species of 

plants or animals causing harm during or otherwise interfering with the production, 

processing, storage, transport or marketing of food, agricultural commodities, wood and 

wood products or animal feedstuffs, or substances which may be administered to animals 

for the control of insects, arachnids or other pests in or on their bodies” 
1
. 

 

Pesticide formulations comprises of “active” and “inert” ingredients 
2
. The active ingredients are 

the ones that prevent, destroy, repel, or mitigate a pest. Generally, these ingredients cannot be 

used directly, but need to be diluted. The inert ingredients usually act as carriers for the active 

ingredients, or they may be added to increase the performance of the active ingredient. There are 

many different inert ingredients used in various pesticide formulations, depending on the 

application method. Commonly used inert ingredients include water, kerosene, corn starch, 
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detergents, and solvents 
3
. Other chemicals in products may include wetting agents, spreaders 

and stickers. Pesticide formulations can be categorised into liquid formulations (e.g. emulsifiable 

and aerosols) and dry formulations (e.g. dusts and baits) 
2
.  

2.1.2 Pesticide Classifications   

There are several ways in which pesticides have been classified. These include classifications 

based upon: target organisms; mode of action; chemical nature and carcinogenicity. The 

classifications are not necessarily mutually exclusive. 

2.1.2.1 Pesticide classification based upon target organisms 

The target organisms include insects, mites, molluscs, rodents, weeds, nematodes and fungi. 

Various pesticides have been identified that are used to control each of these organisms. The 

general term pesticides refers to herbicides (weed killers), insecticides (insect killers), fungicides 

(fungus/ mold killers) rodenticides (rodent killers), and others. Table 2.1 shows the classification 

of pesticides according to the target organisms 
2,4,5

. Note that the suffix –cide means "to kill". 

Table 2.1: Pesticides classification based on target pest 

Pesticides Targets 

Miticides Mites that feed on plants and animals 

Insecticides Insects and other arthropods 

Herbicides Weeds and other plants that grow where they are not wanted 

Fungicides Fungi (including blight, mildews, molds, and rusts) 

Rodenticides Mice and other rodents  

Source: Environmental Protection Agency 
5
 

 

In addition, some pesticide names end with the suffix –fuge which means "to repel", as in the 

word "insectifuge", which means "insect repellent" 
2
. Target organism classification may also 

specify growth stages; ovicides are used for the control of eggs of pests; larvicides for larvae 

while adulticides are used for the control of adult pests. 
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2.1.2.2 Pesticide classification based on mode of action 

Pesticides can be grouped according to the site of action on the undesirable organism. Several 

sites or modes of action are known for herbicides, insecticides and fungicides 
6,7

. Table 2.2 

presents some examples: 

Table 2.2: Pesticide classification based on site of action 

Action Site Pesticides 

Nervous system Organophosphorus compounds, N-methyl, N,N-dimethyl 

carbamates, most organochlorine compounds, avermectins, 

pyrethroids and nicotine and related compounds 

 

Respiration Arsenicals, copper compounds and those which can form 

copper chelates, oxathiin carboxanilides, dinitroaniline 

herbicides (secondary site of action), dinitrophenols, 

pentachlorophenol, tri-substituted organotions, 

hydroxybenonitriles, rotenone, hydrogen cyanide, phosphine 

 

Photosynthesis 

 

 

 

Cell growth and 

development 

Herbicides: straight chain, substituted and cyclic ureas, 

triazines, acylamilides, phenylcarbamates, triazinones, 

phenolic herbicides, nitrodiphenyl ethers 

 

Benzimidazoles and related compounds, discarboxamides, n-

phenyl-carbamates, dinitroanilines, phosphoramidates, 

sulphonylureas, maleic hydrazide, juvenile hormones and 

analogues and precocenes 

 

Biosynthesis Acylalanimes, hymexazole, cycloheximide, pyridazinones, 

aminotriazole, thiocarbamates, imidazoles, triazoles, 

pyrimidines, dichlobenil, diflubenzuron, glyphosate, ethirimol 

and tricyclazoe 

 

Non-specific Mercury compounds, sodium fluoride, captan-type fungicides, 

petroleum and tar oils, long chain guanidine fungicides, 

chloracetanilides, chlorinated short-chain aliphatic 

carboxylates alkyl bis-dithiocarbamate, chlorthalonil. 

Source: Corbett et al 
7
. 
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2.1.2.3 Pesticide classification by structure 

Pesticides can be grouped according to chemical structure. Pesticides with similar structures 

have similar characteristics and usually have a similar mode of action 
4,8

. Pesticides can be 

divided into inorganic compounds, synthetic organic chemicals, and bio-pesticides.  

 

Inorganic pesticides are those pesticides that do not contain carbon. They are derived from 

minerals or chemical compounds that occur as deposits in the environment 
2
. Common inorganic 

pesticides include copper sulphate, ferrous sulphate, copper and sulphur.  

 

Synthetic organic pesticides are compounds that contain the element carbon. Synthetic organic 

pesticides can be subdivided into classes based on their molecular structure. These classes are 

organochlorines, organophosphates, carbamates, organomercurials, thiocarbamates, phenoxy 

herbicides, actemides, ureas, etc. The majority of synthetic chemical pesticides used since 1945 

fall into one of the following categories: organochlorines; organophosphates; carbamates; and 

pyrethroids 
9
. Organochlorine insecticides first appeared on the market after World War II 

10
. 

The organochlorines typically consist of carbon, chlorine, hydrogen and in some instances 

oxygen atoms as well as carbon-chlorine bonds and cyclic carbon chains such as benzene rings
10

. 

Organophosphates are a large group of versatile pesticides derived from ortho-phosphoric acid. 

They are formulated as esters containing varying combinations of oxygen, carbon, sulphur and 

nitrogen attached to phosphorus. Carbamate pesticides are derivatives of carbamic acid, 

N     H 
9
. 

 

Biopesticides (also known as biological pesticides) are substances derived from natural materials 

such as plants, animals, bacteria and certain minerals 
11,12

. Some biological pesticides include: 

bacillus thuringiensis, nicotine, rotenone, neem (oil extract of neem seed kemel), chinaberry (a 

close relative of neem tree), pangram, custard apple (powdered seeds of custard apple), ryania 

(roots of shrub), limonene (citrus peels) and Sabadilla (seeds of lily)
11

.  

 

A further classification system derived by combining the two methods of classification based on 

target species and chemical nature has been derived 
13

 (Figure 2.1). 
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Inorganic pesticides 

Pesticides 

Mineral derivatives (boric acid, copper 

etc.) 

Bio-pesticides Nicotine, rotenone, neem, chinaberry, etc. 

Herbicides 
Synthetic pesticides 

Organochlorines (DDT, endosulfan, dieldrin, aldrin, etc.)  

Organophosphates (dichlorvos, malathion, parathion, etc.) 

Carbamate (carbaryl, propoxur, aldicarb, etc.) 

 

 

 

 

Insecticides 

Fungicides 

Triazines (atrazine, metribuzin, etc.) 

Phenoxy herbicides (2,4,5-T, 2,4-D, etc.) 

Uracil (benzfendizone, bromacil etc.) 

 

Dithiocarbamate (amobam, asomate, etc.) 

Aromatic (chlorothalonil, tecnazene, etc.) 

Canazole (triadimefon, simeconazole, etc.) Figure 2.1: Pesticide classification based on target species and chemical nature 
15

. 
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Pesticides can be classified based on their persistence in the environment
14

. Persistent 

pesticides are defined as those that remain in the environment for 5 to 25 years. These 

include the organochlorine pesticides such as DDT, aldrin and dieldrin. These pesticides 

tend to bioaccumulate in humans and other animals and can biomagnify up to 70,000 times 

in the food chain 
15

, particularly in fatty foods of animal origin (meat, fish and dairy 

products).  

 

After the ban of DDT and other organochlorine pesticides, the search for alternate 

pesticides began. The second group, the moderately persistent pesticides, were the result. 

These pesticides have a lifespan from 1 to 18 months. These include some active 

ingredients in carbamate insecticides, triazine herbicides and phenyl urea herbicides 
14,15

.  

 

The third group, non-persistent pesticides, are unstable and break down in the environment 

within approximately 12 weeks. Some major classes of pesticides included in this group are 

organophosphate insecticides, phenoxy acidic herbicides, and ethylene bisdithiocarbamate 

fungicides. The development and production of these pesticides escalated after the most 

persistent pesticides were banned 
15

. These pesticides tend not to bioaccumulate, and, they 

are typically metabolized and excreted from the body in a few days 
15

.  

2.1.2.4 Pesticide classification based on hazard 

The World Health Organisation classification (WHO) has classified pesticides based upon 

their toxicity to the rat (Table 2.3). This classification has been used by regulators to help 

determine which pesticides should be restricted 
16

. The hazard referred to in this 

recommendation is the acute risk to health that might be encountered accidentally by any 

person handling the product. This classification system is based on the acute oral and 

dermal responses of rats using LD50 as a reference. LD50 refers to the lethal dose required 

to kill 50% of an exposed population of rats in the laboratory and is expressed in 

milligrams (mg) of active ingredient per kilogram (kg) of body weight of the test animal.  
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Table 2.3: Classification of pesticides according to World Health Organization  

Class Property Oral LD50 for rat 

(mg/kg body weight) 

Dermal LD50 for rat 

(mg/kg body weight) 

  Solid Liquid Solid Liquid 

Ia Extremely hazardous < 5 <20 <10 <40 

Ib Highly hazardous 5-50 20-200 10-100 400-400 

II Moderately hazardous 50-500 200-2000 100-1000 400-4000 

III Slightly hazardous > 500 >2000 >1000 >40000 

“The terms solids and liquids refer to the physical state of the product or formulation being 

classified.” Source: World Health Organisation 
16

 . 

 

2.1.2.5 Pesticide classification based on carcinogenicity  

Pesticides are also classified according to carcinogenicity by organization including the 

International Agency for Research on Cancer (IARC) 
17

 and the Environmental Protection 

Agency (EPA) 
18

 .  The IARC publishes a series of monographs evaluating the strength of 

potential human carcinogenicity judgment based on exposure data, human carcinogenicity 

data, experimental animal carcinogenicity and its mechanisms. The IARC classifies agents 

as carcinogenic to humans (Group 1), probably carcinogenic to humans (Group 2A), 

possibly carcinogenic to humans (Group 2B), not classifiable as its carcinogenicity to 

humans (Group 3), and probably not carcinogenic to humans (Group 4). Pesticides that 

have been evaluated by IARC are listed in Table 2.4.  
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Table 2.4: International Agency for Research on Cancer classification of pesticide as 

human carcinogens 

IARC group Pesticide Active Ingredient  

1 (carcinogenic in 

humans) 

 

Arsenic and arsenic compounds, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), 

ethylene oxide 

2A (probably 

carcinogenic in 

humans) 

Captafol, creosote, non-arsenical insecticides, ethylene dibromide 

2B (possibly 

carcinogenic in 

humans) 

1,2-dibromo-3-chloropropane, 1,3-dichloropropene, 2,4,5-t 

2,4-d, amitrole, chlordane, chlorophenols, chlorophenoxy herbicides, 

chlorothalonil, DDT, dichlorvos, heptachlor, hexachlorobenzene, lindane, 2-

methyl-4-chlorophenoxyacetic acid, mecoprop, mirex, nitrofen, 

pentachlorophenol, phenoxy acid herbicides, sodium ortho-phenylphenate, 

sulfallate, toxaphene 

 

3 (not 

classifiable) 

 

Aldicarb, atrazine carbaryl, permethtrin, dieldrin, quintozene, simazine, 

1,1,1,2-tetrachloroethane, tetrachlorvinphos, thiram, acrolein, trichlofon, 

trifluralin, aldrin, amitrole, aramite, azobenzene, captan, chloropropham, 

deltamethrin, dicofol, fenvalerate, ferbam, fluometuron, quintozene, simazine, 

ziram, monuron, malathion ,picloram 

 

The EPA system has a similar approach to the IARC 
18

; however more emphasis is given to 

the weighting of evidence such as mode of action. Weighing of evidence includes the 

likelihood of human carcinogenic effects of the agent and the conditions under which such 

effects may be expressed, as they are revealed in the toxicological and other biological 

important features of the agent. The EPA classifies agents as: carcinogenic to humans; 

likely to be carcinogenic to humans; suggestive evidence of carcinogenic potential; 

inadequate information to assess carcinogenic potential and not likely to be carcinogenic to 

humans 
19

. Pesticides that have been evaluated by EPA are listed in Table 2.5.  
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Carcinogenicity(U.S. EPA) Pesticide Active Ingredient  

Carcinogenic to humans None 

Likely to be carcinogenic 

to humans 

Acifluorfen sodium, alachlor, benthiavalicarb‐isopropyl, butachlor, carbaryl, chlorothalonil, cocamide, diethanolamine, cyflufenamid, 

diclofop‐methyl, thiabendazole, thiacloprid, tribufos, trichlorfon 

Suggestive evidence of 

carcinogenic potential 

Acetochlor, amisulbrom, amitraz, benfluralin, bioallethrin, buprofezin, bhlorfenapyr, boscalid, buprofezin, blodinafop‐propargy, bumyluron, 

dichlorvos, dicloran, dicrotophos, dimethoxane, dithianon, esbiothrin, ethaboxam, ethiprole, flonicamid, fluazinam, isoxaben, lindane, 

malathion, mecoprop‐P , metaldehyde, metrafenone, molinate, nitrapyrin, orthosulfamuron, penflufen, penoxulam, penthiopyrad, PHMB, 

phosmet, picoxystrobin, propanil, pyrasulfotole, S‐bioallethrin, tebufenpyrad, thiazopyr, tralkoxydim, triforine, ziram 

Inadequate information to 

assess carcinogenic 

potential 

Azafenidin, ametryn, chloroneb, cyhexatin, pinoxaden, prosulfuron, tepraloxydim  

Not likely be carcinogenic 

to  be humans 

1,3‐dibromo‐5,5‐dimethylhydantoin, 1,3‐dichloro‐5‐methylhydantoin, 2, 4‐DBA, acequinocyl, acetamiprid, acibenzolar‐S‐methy, ADBAC, 

amicarbazone, aminocyclopyrachlor,  aminopyralid, amitrole, aquashade, atrazine, azinphos‐methy, azoxystrobin, bensulide, benzyl benzoate, 

beta cyfluthrin, bifenazate, bispyrabac sodium, bitertanol, butafenacil, carbofuran, carboxin, carfentrazone‐ethyl, chlorantraniliprole, 

chlorflurenol methyl ester, chlorimuron‐ethyl, chlormequat chloride, chloropicrin, chlorpyrifosmethyl, clethodim, clomazone, clopyralid, 

cloquintocet‐mexyl, clothianidin, coumaphos, cyazofamid, cycloate, cyfluthrin, cyhalofop‐butyl, cymoxanil, cyproconazole, cyprosulfamide, 

dantochlor, deltamethrin, diazinon, dichlormid, diclosulam, diflufenzopyr sodiium, dimethomorph, dimethylhydantoin, dinotefuran, 

diphenylamine, disodiummethanearsonate, dodine, ecolyst, emamectin benzoate, endosulfan, endothall, ethyl dipropylthiocarbamate, 

etoxazole, famoxadone, fenamidone, fenarimol, fenazaquin, fenhexamide, fenpropathrin, fenpropimorph, fenpyroximate, flazasulfuron, 

florasulam, fluazifop‐p‐buty, flubendiamide, flucarbazone‐sodium, flufenacet (Thiaflumide), flufenoxuron, flumetralin, flumioxazin, 

fluopicolide, fluoxastrobin, fluroxypyr, fluroxypyr acid, flurprimido, flutriafol, fluxapyroxad, fomesafen, forchlorfenuron, formasulfuron, 

fosetyl‐al, fosthiazate, gamma cyhalothrin, glutaraldehyde, halosulfuronmethyl, HOE107892, imazamox, imazaquin Acid, imazethapyr, 

imazosulfuron, indaziflam, indoxacarb, iodomethane, iodosulfuran, ipoconazole, isoxadifen‐ethy, kasugamycin, KBR 3023, mandipropamid, 

MB46513 (photodegradate of fipronil), MCPB Acid, mefenoxam, mefluidid, mepiquat chloride, mesosulfuron methyl, mesotrione, 

metaflumizone, metconazole, methamidophos, methoxyfenozide, methyl bromide, methyl parathion, metofluthrin, metsulfuronmethyl, 

mevinphos, monosodium acidmethanearsonate, MSMA‐calcium salt, NAA potassium salt, napropamide, napthalene acetates, novaluron, 

orthophenylphenol, oxydemeton‐methyl, paradichlorobenzene, pebulate, phosalone, prallethrin, prohexadione, propamocarb hydrochloride, 

propazine, propetamphos, propoxycarbazone‐sodium, prothioconazole, pyraclostrobin, pyrazon, pyrethrins, pyridalyl, pyridate, 

pyrifluquinazon, pyriofenone, pyroxasulfone, pyroxsulam, quinoxyfen, rimsulfuron, saflufenacil, sethoxydim, simazine, spinetoram, spinosad, 

spiromesifen, spirotetramat, spiroxamine, sulfosulfuron, sulfurylfluoride, sumithrin, tau‐fluvalinate, tefluthrin, thiamethoxam, thidiazuron, 

thiencarbazone‐methyl, thifensulfuron methyl, thiram, topramezone, triazamate, triclosan, trifloxystrobin, trifloxysulfuron, trinexapac‐ethyl, 

triticonazole, troysan polyphase, zoxamide 

Table 2.5: Environmental Protection Agency classification of pesticide as human carcinogens 
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2.2 AGRICULTURE IN AUSTRALIA 

The agricultural industry plays an important role in Australia’s economy. In 2010-2011, the 

gross value of total agricultural production was $46.0 billion, which was an increase of 

16% compared with the year 2009-2010. According to the Australian Bureau of Statistics, 

in 2010-2011 there were 135,447 establishments in Australia engaged in agricultural 

activities each with an estimated value of agricultural operations of $5000 or more 
20

.  

 

Approximately 53% of Australia's total land area has been used for agriculture with a 

diverse range of agricultural activates, including broadacre cropping, horticultural 

production, and livestock 
21

. In recent years, the agricultural commodities with the highest 

value of production by Australian farmers have been cattle, wheat, milk, fruits, nuts, 

vegetables, wool, barley, poultry, lambs and sugar cane 
21

.  

 

Australia is also known for its viticulture. In its latest vineyard survey (2009-2010), the 

Australian Bureau of Statistics estimated that 156,632 hectares were cultivated for wine 

grapes in Australia 
22

. South Australia alone had 73,409 hectares of vineyards which 

accounts for 46.9% of the national total vineyard area. New South Wales follows with 

42,621 hectares (27.2% of the total) then Victoria with 26,498 hectares (16.9% of the total). 

Western Australia accounts for 11,882 hectares of vineyards which represents 7.5% of the 

national vineyard area.  

 

The diverse agricultural industries in Australia rely on the use of insecticides, herbicides 

and fungicides to ensure production, quality, and economic objectives are achieved.  

2.3 PESTICIDE USE IN AUSTRALIA 

2.3.1 Registration and Assessment of Pesticides in Australia 

The Australian Pesticides and Veterinary Medicines Authority (APVMA) was established 

in 1993, in accordance with the Agricultural and Veterinary Chemicals Act 1994 and the 
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Agricultural and Veterinary Chemicals Code Act 1994. The role of APVMA is to regulate 

the import, manufacture, registration, packing, labeling, distribution and retail sale of 

pesticides in Australia. Any pesticide that is to be sold in Australia , including those 

intended for domestic purposes, need to be registered with and approved by the APVMA 
23

. 

APVMA registration of new products will only occur if the product, when used according 

to the instructions contained on its label, does not: constitute an undue hazard to the safety 

of people exposed to it (or its residue) during its handling; have an effect that is harmful to 

human beings; have an unintended effect that is harmful to animals, plants or other 

organisms or to the environment in general; unduly prejudice trade or commerce between 

Australia. Moreover it needs to be effective according to the criteria determined by the 

APVMA for the product 
23

. 

The APVMA has established a post-registration quality assurance program known as 

“Adverse Experience Reporting Program” to assist in the management of the usage of 

veterinary medicines and agricultural chemicals throughout their life-cycle. This allows for 

the identification of any unknown effects of the chemicals and subsequent corrective 

actions may be taken to guarantee the continued safety, quality and effectiveness of 

registered products 
23,24

.  

Risk justification or corrective actions may be required based on the assessment of adverse 

experience reports. These may include, but are not restricted to, the following: registration 

alterations, such as label changes; recommendation for action, such as compliance action, 

referral to state authorities for action, or nomination of products or active constituents for 

formal chemical review by the APVMA; and education and publicity, such as providing 

scientific papers or articles on issues identified for relevant journals, magazines or 

newspapers.  

Findings of investigations conducted by the APVMA are made available to the persons 

making the complaint and/or those who reported adverse effects with the chemical. This 
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includes an explanation of whether the APVMA considers that the observed adverse effects 

(including health symptoms) were related to the use of or exposure to the product.  

2.3.2 Usage of Pesticides in Australia 

Currently there is no detailed and publically available information on the use of pesticides 

in terms of active ingredients or in terms of formulated products in Australia 
25

. Two 

possible sources of such information are a) the APVMA, which collects confidential 

information on the active ingredients and formulation of the pesticides, and b) agricultural 

companies which collect such information to develop their marketing strategies. Legislation 

prevents government agencies such as the APVMA from making this information available 

to the general public, due to commercial concerns of the industry.  

However, there are broad data on pesticide type and usage. The number of pesticide 

products and pesticide sales have increased annually since 2000 in Australia 
26

. Herbicides 

accounted for the largest growth in sales experienced in recent years (Figure 2.2). Sales of 

insecticides and fungicides have risen slowly, although the overall proportion of these has 

declined. In addition to herbicides, insecticides and fungicides, there are a few other 

chemical types, such as fumigants, plant growth regulators and home garden products. 

 

Figure 2.2: Pesticide sales in Australia ($000,000s) for years 1999-2010 
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Figure 2.3: The number of pesticide products available for sale in Australia for years 

1999-2010 

 

In 2002, the Australian Academy of Technological Sciences and Engineering reviewed 

agricultural pesticide use in Australia during the period 1997-1999 
25

. During 1997-1999 

there were 6,000 products using 2,000 technical grade active constituents, most of which 

are still approved for use in Australia. There were over 250 registered agricultural 

chemicals of which more than one tonne was imported and/or manufactured and used each 

year in Australia. Approximately 70 of these were insecticides with a total usage 

approaching 10,000 tonnes, 90 were herbicides representing nearly 30,000 tonnes, and 50 

were fungicides whose total use approached 4,000 tonnes of active ingredient per year 
25

. 

This review did not include pesticides used in lawns, gardens and households. As this 

review is now 14 years old it is likely that pesticide use today is different 
25

.  

 

Since 1999, Australia has restricted the use of eight pesticides (Table 2.6) and prohibited 

three pesticides (chlordane, endosulfan, heptachlor) 
27

. Restricted pesticides can only be 

purchased and used by authorised people. An authorised person is one who: “conducts the 
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business of selling or supplying agricultural chemical products; or is a state licensed 

pesticide applicator; or holds a Spray Safe Certificate for successful completion of the 

Chemical Handling Manual for Agricultural Aviation under Operation Spray Safe issued by 

the Aerial Agricultural Association of Australia; or holds a current Certificate (AQF level 3 

or above) or statement of attainment issued by a Registered Training Organisation” 
28

.  

Table 2.6: Pesticides currently restricted in Australia  

Active ingredient Restricted uses  

2-aminopyridine Vertebrate pest control products 

Acrolein All 

Alphachloralose Vertebrate pest control products 

Bifenthrin Pre-construction termite products 

Chlorpyrifos Pre-construction termite products 

Fenthion Vertebrate pest control products 

Mevinphos All 

Pindone A concentrate for which the relevant label 

instructions require further mixing with 

carriers before it is ready to use as a bait 

Source: Pesticides and Veterinary Medicines Authority 
27

 

 

Over 80 pesticides that were registered for use in Australia in 2010 were not registered for 

use in the European Union 
29-31

 (Table 2.7). Twenty one of these pesticides are classified as 

probable or possible carcinogens and 28 pesticides have been flagged as potential endocrine 

disruptors.  
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Table 2.7: A list of some pesticides that are registered for use in Australia but 

prohibited by the European Union 

Pesticides prohibited by the European Union 

Acephate
#
, aclfuorfen, allethrin, aldlicarb

#
, ametryn, amitraz, atrazine

#
, azaconazole, 

azamethiphos, azinphos-methyl, bendlocarb, bensulide, bifenthrin^
#
, bioallethrin

#
, 

bromoxynil^
#
, cadusafos, carbayrl

#
, carbendazim^, carbosulfan

#
, chlorfenapyr, 

chlorfenvinphos, chloropicrin, chlorthal^, cyanazine^, cyhalothrin
#
, cyproconazole, 

dazomet
#
, diazinon

#
, dichlorobenzene, dichlorophen, dichlorprop, dichlorvos, diclofop, 

dicofol^, dimethipin^, dimethenamid^, dithianon, disulfoton, ethylene oxide, fenitrothion
#
, 

fenoxycarb, fenthion, fenvalerate#, fluometuron^, guazatine, haloxyfop*, hexaconazole^, 

hexazinone, hydramethylnon^, metaldehyde, methamidophos
#
, methidathion^, methyl 

bromide
#
, mevinphos

#
, myclobutanil

#
, omethoate

#
, oxadixyl^, paclobutrazol, paraquat, 

parathion-methyl^
#
, permethrin

#
, phorate, piperonyl butoxide^

#
, prochloraz^

#
, profenofos, 

propachlor^
#
, propanil

#
, propetamphos, propoxur*, prothiofos, pyraclofos, pyridaben, 

quizalofop, rotenone, simazine
#
, tebuthiuron, terbufos, thiobencarb*, triadimefon^

#
, 

trichlorfon
#
, zineb

#
 

Source: European Commission, 2012 
31

.  

*Group B-probable Human Carcinogen. ^Group C‐possible Human Carcinogen.  
# 

Potential endocrine disruptor 

 

In addition, approximately 100 pesticides that are registered in the European Union are not 

registered in Australia. Some examples of these include: the herbicides isoproturon 

metazachlor, aclonifen, amidosulfuron and benfluralin; the fungicides benthiavalicarb, 

cyazofamid and cyflufenamid; and the insecticides ethoprophos and flonicamid 
29

. This 

difference in registration is due to differences in legislative frameworks, regulatory powers, 

climatic conditions, crops, patterns of use of these chemicals and cultural practices. Climate 

conditions, for example, will determine the type of crops that can be grown and the pest 

species associated with them. Thus, insecticides used to control pests on tropical fruit are 

not needed in colder areas 
29

.  

 

The important insecticides, herbicides and fungicide in Australia, as represented by their 

national use during the period 1997-1999 are discussed below. Most of this information 

discussed below is from Radcliffe, 2002 
25

. More detailed information on the active 
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ingredients registered for use based on the type of crops for which they are intended are 

presented in Appendix One 
32

.  

2.3.2.1 Insecticide use in Australia 

Organophosphates were the most commonly used group of insecticides in Australia, with 

approximately 5,000 tonnes of active ingredients being used each year from 1997-1999 
25

. 

The most common active ingredient from the organophosphates group has been parathion 

methyl, with 1,000 tonnes used per annum 
25

. A similar amount of chlorpyrifos was used 

widely on a range of fruit, nut, viticultural, grain, cotton and ornamental crops. Other major 

organophosphate insecticides used included dimethoate (used to control thrips, mites and 

flies, particularly interstate trade of some fruit and vegetable crops), profenofos and 

diazinon. The next most significant group of insecticides were carbamates, of which about 

3,000 tonnes are used each year 
25

.  

 

Over 500 tonnes per annum of organochlorine insecticides used in Australia in the 1990s 

were ones which act on the central nervous system by blocking the GABA-gated chloride 

channel. The most important active ingredient of these insecticides was endosulfan 

(currently prohibited) 
25

. It was widely used for control of Helicoverpa spp. in cotton, and 

was also used on vegetables and a range of vegetable, fruit, pulse, oilseed, cereal and 

ornamental crops. It has been banned since 2010. 

 

Of the remaining insecticides, the most important were pyrethroids and pyrethrins, which 

act as sodium channel modulators. There were twenty chemicals in this group, totalling up 

to a couple of hundred tonnes of use each year 
25

. The pyrethroid, bifenthrin, also became a 

significant organochlorine substitute for termite control 
25

. The most common insecticide 

active ingredients used between 1997-1999 are presented in the Table 2.8. 
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Table 2.8: The most common insecticide active ingredients used from 1997-1999, 

Australia 

  

INSECTICIDES 

Acephate Cypermethrin alpha Maldison Pirimicarb 

Allethrin 20:80 Cyromazine Metham sodium Pirimiphos methyl 

Amitraz Deltamethrin Methamidohos Profenofos 

Azinphos Diazinon Methidathion Profenofos Q grade 

Beta-cyfluthrin Dichlorvos Methiocarb Propoxur 

Bifenthrin Dicofol Methomyl Prothiofos 

Bioallethrin Dimethoate Methoprene Spinosad 

Bioresmethrin Disulfoton Methyl bromide Tau-fluvalinate  

Bt aizawai Endosulfan Monocrotophos Tebufenozide 

Bt israelensis Esfenvalerate Omethoate Temephos 

Bt kurstaki Ethion Parathion Terbufos 

Cadusafos Fenamiphos Parathion methyl Tetramethrin 

Carbaryl Fenitrothion Permethrin  Thiodicarb 

Chlorfenvinphos Fenoxycarb Permethrin  Trichlorfon 

Cypermethrin Fenthion Phorate Triflumuron 

Cypermethrin  Fipronil Phosmet Pirimicarb 

Source: Radcliffe 
25

 

 

Before 1997-1997, insecticides from the synthetic organochlorine chemical group were 

commonly used. In addition to their use as insecticides they were also used as herbicides, 

fungicides and termiticides. Organochlorines provided a high level of control over a broad 

range of important insect pests and their use in Australia spread rapidly through the 1950s 

and 1960s, peaking around 1974 
33,34

. By the year 1981, the number of permitted uses for 

all organochlorine products in Australian agriculture situations had been considerably 

reduced because of health and environment concerns. By the end of 1987 deregistration of 

almost every agricultural use of organochlorines had occurred 
34

. 

 

From 1987 endosulfan was the only organochlorine insecticide that was registered for use 

34-36
. Registration continued after other organochlorines had been banned as it was much 

less persistent than other organochlorines. Endosulfan was banned by the APVMA in 

October 2010, due to an assessment carried out by the Department of Sustainability, 

Environment, Water, Population and Communities that showed that prolonged use of 
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endosulfan is likely to lead to adverse chronic and sub-chronic environmental effects (e.g. 

animal toxicity) via spray drift and run-off 
36

. A diagram representing a historical timeline 

of organochlorine chemical use in Australia is shown in Figure 2.3.  
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Figure 2.3: General history of agricultural use of organochlorine pesticides in Australia. Organochlorine use built up during the 

1950s, peaked around 1975 and they were largely phased out by 1990.

Source: Australian Pesticides and Veterinary Medicines 

Authority. Used with permission  
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2.3.2.2  Herbicide use in Australia 

Herbicides are the largest group of pesticides in use in Australia (Table 2.9). Glyphosate 

was the most widely used herbicide in Australia, each year around 15,000 tonnes were used 

between 1997-1999 
25

. Glyphosate is used to kill weeds, especially annual broadleaf weeds 

and grasses. 

 

The next most extensively used herbicides were atrazine and simazine. These herbicides 

provide knockdown and residual action for control of many broad-leaf weeds and some 

grasses in crops such as sorghum, maize, sugarcane, lupin, pine and eucalypt plantation. 

Approximately 3,000 tonnes of each of these were used annually, much in public and 

industrial (e.g. park, gulf areas) areas rather than agricultural areas for seasonal weed 

control 
25

.  

 

Over 1,000 tonnes of the chemicals, that disrupt plant growth, phenoxy, benzoic acid and 

pyridine chemical groups were used each year. The herbicide 2, 4-D and its derivatives, 

along with 2-methyl-4-chlorophenoxyacetic acid were the major chemicals used 
25

. These 

herbicides were commonly used for control of broadleaf weeds in pastures and crops. A 

similar tonnage of chemicals in the pyridyl group was used. Paraquat dichloride and, to a 

lesser degree, diquat, were the primary chemical contributing to this group. Other herbicide 

groups with usage above 5,000 tonnes per annum included the aryloxyphenoxy propionatic, 

benzoylcyclohexanedione, dinitroaniline, and benzoic chemical groups.  
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Table 2.9: The most significant herbicide active ingredients used between 1997-1999, 

Australia 

HERBICIDES 

2,2,DPA Difluenican Linuron Propachlor 

2,4-D and derivatives Diquat  MCPA Propaquizafop 

Acifluorfen  Disod methyl arsonate MPCA as K salt Propyzamide 

Acrolien Diuron MPCA various esters Pyridate 

Ametryn Eptc Mecoprop Pyrithiobac Sodium 

Amitrole Fenoxaprop-P-ethyl Metolachlor Quizalofop-p.ethyl 

Asulam Flamprop-M-methyl Metribuzin Sethoxydim 

Atrazine Fluazifop-P-butyl Metsukfuron methyl Siduron 

Bensulide Flumetsulam Molinate Simazine 

Bentazone Flupropanate sodium 

mfr. concentrate 

Monosodium methyl 

arsenate (MSMA) 

S-metalochlor 

Benzofenap Fluroxypyr 1 

methylheptyl ester 

MSMA concentrate Tebuthiuron 

Bromoxynil Glufosinate 

ammonium 

Napropamide Tebutryn 

Butroxydim Glyphosate Norflurazon Terbuthylazine 

Chlorproham Glyphosate isoprop. 

salt 

Oryzalin Thifensulfuron-methyl 

Chlorsulfuron Glyphosate trimesium Oxadiazon Thiobencarb 

Clethodim Haloxyfop-methyl Paraquat Tralkoxydim 

Clodinafop-propargyl Hexazinone Paraquat dichloride 

mfr concentrate 

Tri-Allate 

Cyanazine Imazapic Pendimethalin Triasulfuron 

Dazomet Imazethapyr Pebulate Tribenuron methyl 

Dicamba Difluenican Picloram (various 

forms) 

Tricloyper 

(butoxyethlester) 

Diclof-methyl Ioxynil octanoate Prometryn Trifuralin 

Source: Radcliffe 
25

 

 

2.3.2.3 Fungicide use in Australia 

The most commonly used fungicides in Australia belonged to the multi-site activity group, 

which comprised approximately 20 chemicals. These were used at a rate of above 3,000 

tonnes per annum from 1997-1999. The most significant of these chemicals was captan, 

which was used to control a wide range of fungal disease, as well as for a seed treatment on 

field crops, canola, ornamental, and vegetables. The dicarboximide and triazole/pyrimidine 
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groups of fungicides each represented about 100 tonnes of use per year. In addition, about 

500 tonnes of elemental sulphur was used annually as a fungicide 
25

. The most common 

fungicide active ingredients used between 1997-1999 are presented in the Table 2.10. 

Table 2.10: The most common fungicide active ingredients used between 1997-1999, 

Australia 

FUNGICIDES 

Benalaxyl Dimethirimol Mancozeb  Sulphur 

Bittertanol Dimethomorph Metalaxyl Tebuconazole 

Bupirimate Dithianon Metiram Thiabendazole 

Captan Dodine Penconazole Thiram 

Carbendazin Etridiazole Pencycuron Tolclofos-

methyl 

Carboxin Fenarimol Prochloraz manganese 

chloride 

Triadimefon 

Chlorothalonil Fluazinam Procymidone Triadimenol 

Copper 

Hydroxide 

Flutriafol 50:50 Propamocrab Tridemorph 

Copper 

Oxychloride 

Fosetyl Al Propiconazole Triforine 

Cuprous oxide Furalaxyl Propineb Triticonozole 

Cyproconazole Guazatine mfr 

concentrate 

Pyrazophos Zineb 

Cyprodinil Iprodione Pyrimethanil Ziram 

Dichlofluanid Mancozeb Quintozine  

Source: Radcliffe 
25

 

 

2.3.2.4 Household pesticide use in Australia 

There are a number of active ingredients of pesticides that are registered and permitted for 

household pesticide use in Australia. These pesticides are used to control household and pet 

pests such as fleas, flies, moths, ticks, cockroaches, mosquitoes and head lice. Most of the 

active ingredients belong to the organophosphate, carbamate, pyrethroid, and pyrethrum 

chemical groups 
37

. Common organophosphate active ingredients used in pest control 

include fenthion and dichlorvos. The common carbamate active ingredients used are 

bendiocarb and propoxur. While the common pyrethrum active ingredients used are 

pyrethrin I and pyrethrin II. Bifenthrin, permethrin and deltamethrin are the most common 

active ingredients used in the synthetic pyrethroid chemical group 
37

. The active ingredients 



      

     

50 

 

registered for household use in Australia based on the type of pest treated, are presented in 

Table 2.11. The lists of active ingredients were extracted from the Public Chemical 

Registration Information System database on 14 August 2012 

(http://services.apvma.gov.au/PubcrisWebClient/welcome.do) 
38

.  

 

In Australia, chemical treatments for termites can only be carried out by licensed pest 

controllers 
39

. Before 1995, termite management in Australia was based on the use of highly 

persistent organochlorine insecticides, such as dieldrin, chlordane, heptachlor and Aldrin 
40

. 

Organophosphates and pyrethroids have since been used as alternatives to the 

organochlorines. However, they are effective against termites for a much shorter time. 

Currently, there are a limited number of chemicals approved for termite treatment and these 

include: alpha cypermethrin, deltamethrin, bifenthrin, triflumuron, and permethrin, which 

are all pyrethroids; chlorpyrifos, which is an organophosphate; fipronil which is a 

phenylpyrazole; and imidacloprid, which is a chloronicotinyl. An alternative treatment for 

termites is the use of physical barriers such as ant caps and woven stainless steel mesh 
41

. 

These treatment are now commonly used in the construction of the new homes and are 

designed to reduce the use of chemicals 
41

.  

 

 

 

 

 

 

 

 

 

 

 

 

 

http://services.apvma.gov.au/PubcrisWebClient/welcome.do
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Table 2.11: Current active ingredients registered in Australia for household use based 

on the type of pest (Data extracted on 14 August 2012) 

Pest type Active Ingredient Insecticides  

Ticks/fleas Maldison, cypermethrin, maldison, permethrin, cyfluthrin, 

cyromazine, fenoxycarb, piperonyl butoxide, yriproxyfen, 

Moths Phenothrin, cyphenothrin, allethrin, tetramethrin, phenothrin-d, 

piperonyl butoxide, pyerthrins, bioallethrin, bioresmethrin, 

transfluthrin, d-tetramethrin, prallethrin, esbiothrin, permethrin, 

imiprothrin, n-octyl bicycloheptene dicarboximide 

Flies Phenothrin-d, prallethrin, allethrin, tetramethrin, piperonyl butoxide, 

pyrthrins, bioallethrin, bioresmethrin, transfluthrin , cyphenothrin, d-

allethrin, d-phenothrin, fsbiothrin, imiprothrin, esbiothrin, phenothrin, 

maldison, n-octyl-bicycloheptene dicarboximide, pyrethrins 

Cockroaches  Allethrin, alpha cypermethrin, abamectin, permethrin, tetramethrin, 

phenothrin-d, alpha cypermethrin, betacyfluthrin, bifennthrin, 

bioresmethrin, chlorpyrifos, cyfluthrin, cypermethrin, imiprothrin, d- 

tetramethrin, deltamethrin, piperonyl butoxide, tetramethrin –r, s-

bioallethrin, diazinon, dichlorves, esbiothrin, esfenvalerate, fipronil, 

pheromone hydramethylinon, imidacloprid, bendicorab, cyphenothrin, 

n-octyl bicycloheptene dicarboximide 

Garden pests Allethrin, d-phenothrin, tetramethrin, piperonyl butoxide, pyrethrins, 

bifenthrin, bioallethrin, bioresmethrin, camphor, citronella oil, d-

allethrin , cypermethrin, imiprothrin, piperonyl butoxide, prallethrin, 

d-allethrin, deltamethrin, imiprothrin, diatomaceous earth, diazinon, 

esbiothrin, fenoxycarb, hydramethylnon, imidacloprid, indoxacarb, 

methiocarb, methopren – rs, n-octyl bicycloheptene dicarboximide, 

naphthalene, rotenone, thiamethoxam, transfluthrin 

 Active ingredient herbicides 

Weeds 2,2-DPA, amitrole, simazine, butafenacil, glyphosate, dicamba, 

MPCA, mecoprop, metsulfuron-methyl, triclopyr butoxyethyl ester, 

triclopyr 

 Active ingredient fungicides 

Lichen, moss & 

algae  

Benzalkonium chloride 

Source: Australian Pesticides and Veterinary Medicines Authority 
38

  

2.4 SOURCES OF PESTICIDE EXPOSURE IN HUMANS 

It is important to identify the potential sources of pesticide exposure for humans, in order to 

develop and use appropriate exposure assessments for humans. In this section, terms such 
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as “exposure” and “dose” will be defined and the human exposure to pesticides from 

occupational, environmental and residential sources will be discussed.  

2.4.1 Defining Pesticide Exposure and Dose  

The term exposure is defined as contact of an environmental factor with the outer part of 

the person
42

. Quantitative exposure analysis requires collection and analysis of parameters 

such as concentration, frequency and duration of exposure. In addition, exposure factors 

that affect contact such as the use of personal protective equipment, are required to 

determine the magnitude of exposure 
43

. A description of exposure for a specific route 

(ingestion, inhalation, dermal absorption) must contain at least two linked attributes, 

concentration of the pesticides in the carrier medium (air, water, food, dust or soil) and 

duration of contact 
42,43

.  

 

Frequency and duration determine the cumulative exposure. Exposure frequency refers to 

the number of times an exposure occurs over a period of time, and exposure duration refers 

to the length of time of contact 
44

. Exposure to pesticide usually changes over time with 

particular events such as application indoors or to neighbouring fields appearing as spikes 

in a person’s exposure profile over time above a person’s background rate of exposure 
43

.  

 

There are different categories of dose: applied dose; internal dose; delivered dose; 

biologically effective dose 
44

. Applied dose is the amount of an agent at the body’s 

absorption barrier (e.g. skin, lung, gastrointestinal tract) available for absorption. Internal 

dose is the amount of the agent crossing the absorption barriers and therefore available to 

undergo metabolism, transport, storage and/or elimination. Delivered dose is that portion of 

the internal dose that reaches a tissue of interest. Biologically effective dose is that portion 

of the delivered dose that reaches the tissue or sub-cellular sites of toxicological action.  

 

Several elements affect the link between potential exposure and the resulting absorbed dose 

45
. The presence of the pesticides in a particular medium alone does not always result in 

exposure to pesticides; if there is no chance of contact there is no exposure. In addition, 



      

     

53 

 

even though all people who work or live within a defined region could have a similar 

opportunity for potential exposure, activity patterns and the location of work or residential 

areas relative to primary sources of exposure affect a person’s likelihood of exposure. 

 

When the primary route of exposure is inhalation, host factors, such as respiratory rate 

which increases with physical excretion, and exposure factors, such as the vapour pressure 

of the pesticides, can modify the resulting internal dose 
45

. For the dermal route of 

exposure, the internal dose can be modified by the area and location of skin exposed, the 

presence of skin damage, the number of hair follicles and environmental considerations, 

such as temperature and humidity, and the presence of other compounds on the skin 
46

. 

Finally, oral exposure can occur if pesticide-contaminated drink or food is consumed or 

through hand to mouth activity (especially among children). This could occur if a pesticide 

applicator does not wash their hands before eating or cigarette smoking. The connection 

between potential exposure and internal dose can also be altered by work-hygiene practices, 

such as wearing of personal protective equipment, and avoidance behaviours.  

2.4.2 Source of Pesticide Exposure  

Human exposure to pesticides can be classified as: (1) occupational exposure; (2) para- 

occupational/environmental exposure and; (3) household exposure 
47

.  

2.4.2.1 Occupational pesticide exposure  

Some of the occupations where exposure to pesticides could occur include: agricultural 

workers; gardeners, pesticide manufacturing workers; pest control operators; greenhouse 

and nursery workers and florists; veterinary employees and exterminators 
47

. Irrespective of 

whether the occupation involves pesticide use, the presence of the chemicals in the work 

environment constitutes potential occupational exposure. For example, occupational 

exposure to pesticides can occur while transporting them, through cleaning or repairing 

equipment used to apply or store pesticides or from re-entering treated fields 
47

.  

 

It is estimated that approximately 2.5 million agricultural workers in USA come in contact 

with pesticides annually as a result of their employment 
48

. A study of 65 recently exposed 
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pesticide controllers who had worked for an average of 2.5 years applying chlorpyrifos and 

other pesticides against termites and other pests, showed that the average concentration of 

urinary chlorpyrifos metabolite was 629.5 µg/L compared with 4.5 µg/L in the general 

USA population 
49

. Exposure can also occur through accidental spills of pesticides, leakage 

or faulty equipment. In addition exposure can occur during the production process of the 

pesticides.  

 

The US National Institute for Occupational Safety and Health developed the Sentinel Event 

Notification System for Occupational Risks (SENSOR) pesticides program to monitor 

illness from pesticide exposure 
50

. In the period 1998-2005, illnesses related to acute 

occupational exposure to pesticides were notified for 3,271 agricultural workers in ten 

states of the USA
51

. Furthermore, a total of 287 retail employees in the USA experienced 

acute pesticide poisoning between 1998 and 2004 
52

.  

 

One way of reducing pesticide exposure is through the use of personal protective 

equipment. This equipment includes clothing such as long-sleeved shirts, gloves and 

protective coveralls, and full face masks and respirator 
53,54

. A study of USA citrus dicofol 

applicators found dermal exposure to dicofol to be reduced by 27% by wearing gloves, 

38% by the use of coveralls, and 65% by wearing both 
53

. Regardless of the indications of 

efficacy, studies have demonstrated that full use of personal protective equipment does not 

frequently occur 
55,56

.  

 

Other behaviours such as washing of hands in the field before eating and after mixing 

pesticides have been identified to reduce pesticide exposure. For example, among tobacco 

harvesters, hand washing reduced dermal levels of the organophosphate, acephate, by 96% 

57
. 

2.4.2.2 Environmental or para-occupational exposure to pesticides 

Environmental or para-occupational exposure to pesticides in individuals occurs in any 

place where the exposure to pesticides is not a result of the person's job or occupation 
47

. 
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There are numerous situations where exposure to pesticides occurs in the general 

population in places other than workplaces. Exposure to pesticides can also be para-

occupational, such as from living close to agricultural areas where pesticides are used or 

when workers bring home contaminated objects and thus expose their family members 
47

.  

 

Agricultural pesticides can drift from treated fields into surrounding areas where people 

live 
58,59

. Higher levels of pesticides in household dust concentrations were found in homes 

in close proximity to fields treated with pesticides compared with homes located further 

away 
58,60,61

.  Even though the exposure for nearby residents may not be as high as that of 

pesticide workers, their proximity to pesticide sources still places them at risk of pesticide 

exposure. While an exposure is at lower concentrations, their exposure may continue on a 

daily basis over a long period of time without the use of personal protective equipment. 

 

Individuals at home can also be exposed to pesticides if family members work with 

pesticides or in areas where pesticides are used. This could occur if the workers return 

home with contaminated clothing and then have close contact with their family and with 

household items. A study of 25 farmers in the USA found that most farmers (88%) changed 

out from their work clothes inside the home 
62

. A study in the US State of Washington 

showed that the median house dust concentration of organophosphate pesticides in homes 

of agricultural families was seven times higher than those of non-agricultural families 
61

. 

Dimethylthiophosphate concentrations were significantly higher in children whose parents 

worked as pesticide applicators than in non-applicator children (p = 0.015), with median 

concentrations of 0.021 μg/L and 0.005 μg/L, respectively 
63

. The concentrations of 

dimethylphosphate pesticides were also higher in the children of farm workers than in 

children whose parents did not work in the agricultural sector (17 μg/L vs. 8 μg/L) 
64

. 

Furthermore, compared to non-farm working households, farm working households had 

higher house dust levels of azinphosmethyl (643 ng/g vs. 121 ng/g) and phosmet (153 ng/g 

vs 50 ng/g) 
64

. 
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Exposure to pesticides in public places is an unpredictable form of exposure among the 

general public 
47

. Individuals can be exposed to pesticides applied by exterminators in a 

wide range of places such as public restrooms, community buildings, business offices, 

apartment buildings, grocery stores, hospitals, parks and sidewalks with trees 
47,65

. This 

type of exposure may be infrequent compared with other situations, such as living close to 

agricultural areas. 

 

2.4.2.3 Household pesticide exposure  

The application of pesticides in the home or around the home is another source of exposure 

to pesticides. Individuals can be exposed during the preparation and application of 

household pesticides or after the application is completed. Pesticide exposure after 

application can occur via inhalation of air containing residual pesticides, or exposure to 

residues on surface, clothing, pets, bedding, food, dust, used pesticide containers, or 

pesticide application equipment 
66

. Pesticides used on household gardens may be blown in 

through open windows, as well as tracked into homes, where they typically break down 

more slowly than outdoors 
67

. Individuals may be exposed to pesticides through pet 

products containing pesticides and through the use of insecticidal shampoos for lice 

infestations. These patterns of pesticide use indicate the potential for individuals to become 

exposed in the residential setting. Australians, for example, spend 80% to 90% of their time 

indoors, heightening the need to examine indoor settings as potential exposure source 
68

.  

 

In the general population, yard and garden pesticides can be transferred into households by 

dogs and residents 
69

. Studies found that dogs living in and around residences where 2,4-D 

treatment of lawns had occurred, had measurable levels in their urine for a number of days 

after pesticide application 
69,70

. In 44 dogs that had been exposed to 2, 4-D-treated lawns an 

average of 11 days previously, 2, 4-D concentrations were equal or greater than 10 µg/L in 

75% of the dogs and concentrations of at least 50 µg/L in urine were found in 17 dogs 

(39%) 
70

. In contrast, in 15 dogs with no known exposure to a 2,4-D-treated lawn in the 

previous 42 days, 4 (27%) had urine concentrations greater than or equal to 10.0 µg/L of 
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2,4-D, and only one had concentration of at least 50 µg/L 
70

. Chlorpyrifos residues in 

indoor air and in carpet dust were found to be higher after 12 days after an exterior 

residential application than before the application, suggesting that pesticide track-in was the 

principal source of these residues 
71

.  

 

Kurtz and Bode 
72

 examined exposure during the application of pesticides to home gardens 

and found low exposure among the applicant’s households, if pesticides were handled 

cautiously during preparation and suitable protective clothing was used during application. 

However, considerable differences in exposure concentrations were found depending on the 

formulation used (dusts, wettable powder, aqueous), the type of crop treated, and the level 

of protection taken. For example, the use of long sleeves produced exposures of 0.7-0.9, 

0.2-0.3, and 0.2 mg carbaryl/15 minutes in the use of dust, wettable powder and aqueous 

formulations respectively. The exposures with short sleeves were an order higher. 

 

Both indoor and outdoor pesticides use can result in indoor contamination, with pesticides 

predominantly found in carpets 
73

, where they can persist for months or years because they 

are protected from degradation by environmental factors such as sun, rain, and other factors 

which will accelerate pesticide degradation 
73,74

. A number of studies have found the 

presence of pesticides in carpet dust from pesticides which have been commercially 

unavailable for many years 
74,75

. This residue on floors and surface can become a source of 

exposure for home residents.  

 

A study in Western Australia found that concentrations of chlordane, an organochlorine 

pesticide, in women’s breast milk were increased by 63%, one week after home treatment 

for termites 
76

. Air sampling in homes treated with chlordane and heptachlor pesticides for 

termites have detected increases in these pesticide concentrations that were maintained for 

at least 12 months 
77

.  
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2.5 EPIDEMIOLOGIC EXPOSURE ASSESSMENT METHODS 

Accurate assessment of exposure to occupational and environmental risk factors is required 

to ensure that epidemiologic studies meet their aims in examining exposure-disease 

relationships. Prospective exposure assessment is often the most accurate method in 

epidemiologic studies. However, when considering chronic relatively rare outcomes, such 

as cancer, it is less practical to follow large numbers of people for a long time. Hence, 

retrospective exposure assessment is used in epidemiology either in case-control or cohort 

studies. Exposure assessment methods for measuring pesticide exposure have advanced 

from crude surrogates, such as job titles, to detecting particular chemicals in blood and 

urine that could contribute to disease risk. In addition, information on other factors that 

affect pesticide exposure, such as application methods and use of personal protective 

equipment, can be collected to enhance exposure estimates. The different methods to assess 

exposure to pesticides in epidemiologic studies include: job titles; Job Exposure Matrices; 

self-report questionnaires or interviews; expert reviewed exposures; biological samples; 

and geographic information systems.  

 

2.5.1 Exposure Assessment by Occupation and Industry Title 

Job or industry titles have been used to estimate exposure to occupational risk factors, on 

the assumption that every study subject with the same job or industry title has a similar 

level of exposure to pesticides. A benefit of analysis by job or industry title is that the 

information can be derived from employment records and from self-reported employment 

histories that are generally reasonably accurate 
78,79

. Validity and reliability studies have 

compared self-reported occupational histories with company, pension or union records. 

Agreement for job classification, person-years in a job, and start and termination dates to 

have Kappa values for agreement in the range of 0.65 to 0.82 
78

.   

 

The main problem with use of occupation and industry title is that specific agents cannot be 

clearly identified as risk factors. For instance, farmers may be exposed to a range of 
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pesticides, but they also have varying potential for exposure to other agents, such as fuels, 

solvents, welding fumes, wood dust, silica, crop dust, animal dander and endotoxins 
44

. 

Also the job title may not reflect individual exposure as the tasks may vary within each 

industry or job.  

 

A number of epidemiologic studies have used job titles for assessing the risk of cancer 

either among farming occupations 
80,81

 or pesticide applicators 
82

 or in various agricultural 

settings 
36

. In these studies, exposure misclassification is highly likely, due to the crude 

method of exposure assessment and resulting effect measures may be attenuated to such an 

extent that an existing association may not be evident. However, exploring disease risk by 

occupation or industry title can be a useful first step towards the detection of potentially 

hazardous exposure.  

2.5.2 Job Exposure Matrices  

In an attempt to use accurately recalled occupational information, but overcome its 

limitations, job-exposure matrices (JEMs) were developed. Most JEMs list a range of 

occupations and/or industries on one axis, a range of exposure agents on the other axis, and 

the cells of the matrix indicate the presence, intensity, frequency, and/or probability of 

exposure to specific agents in a specific job. Other dimensions, such as calendar time, 

industry and the workers’ gender may also be incorporated to increase the specificity of the 

JEM. They are designed to measure exposure to specific agents such as pesticides for study 

subjects based on the industry and job titles obtained from their work histories 
79

. 

The JEM approach is relatively cheap but it depends on the availability of a relevant and 

valid JEM. However, the main weakness of JEMs is the possible misclassification of 

exposure due to the variability of exposure within the same occupation or job 
83

. There may 

also be over and underestimation of exposure originating from data collection, data 

interpretation, expert judgment, or coding during the construction of a JEM. The inherent 

misclassification of the general JEM approach has been diminished by incorporating the 
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time and even the factory dimensions to the JEMs, but an increase in accuracy is often 

followed by a decrease in general applicability 
83

.  

Regardless of these limitations, JEMs are a more objective method of assessing exposures 

than self-reported exposure data as they are less susceptible to reporting or recall bias in 

case-control studies, which might lead to differential misclassification with cases being 

more likely to report or recall exposure than controls  
84

. However, use of this method could 

be difficult in community-based studies, as the range of occupations and specific job titles 

encountered is normally very broad and there are few JEMs available which cover the 

whole range of jobs. In studies performed within a particular industry or work environment 

better detail may be available regarding job titles, compared to community-based studies, 

where the usage of jobs is much broader. For example, a cohort study of pesticide 

applicators may subdivide subjects into detailed groups with homogenous exposures 

whereas in a community-based study all pesticide applicators may be in one group. 

Regardless of these limitations, JEMs can be used in population based case-control studies 

by acquiring occupational histories from participants job titles and tasks 
84

. 

2.5.3 Self-Report Questionnaires and Interviews  

Self-report methods are used frequently and vary in the level to which they offer privacy, 

low cost for the respondents, wider geographical coverage and avoid contamination of the 

information by the interviewer 
44

. The self-administered questionnaire (SAQ) is the most 

frequently used form of self-report. The SAQ gives privacy and allows administration to 

large numbers of individuals economically. In addition SAQ gives the respondent the time 

to think about the questions and to obtain further information from elsewhere. Comparison 

of the responses from surveys by mail, phone interviews and face-to-face interview with 

information from government health insurance data bank records showed that the results of 

the mail survey had better validity than phone or individual interview especially for 

sensitive questions (e.g. income, Medicare number) 
85

. Nevertheless, use of SAQs is not 

suitable for individuals who have limited literacy skills and can result more in missing data 

86
. The face-to-face or phone interview requires that individuals have a one-on-one 
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interaction with an interviewer. An advantage of this method is that individuals can request 

the interviewer to clarify any questions, and allow for more questions to be asked and a 

greater level of detail acquired.  

Self-report questionnaires or interviews in epidemiologic studies normally obtain more 

information than a subject’s occupational or residential history, and can include questions 

on the use of pesticides as a group, classes of compounds or particular trade name or active 

ingredients. Furthermore, details of the episodes of pesticide use can also be obtained, for 

example the frequency and duration of pesticide use, the person who applied the pesticides, 

the application method, and the use of personal protective equipment during application 
87

. 

Even though this approach can allow for more detailed pesticide exposure assessment, it 

may be prone to recall error. These issues associated with pesticide exposure assessment 

using a questionnaire will be discussed in the next section.  

 

2.5.3.1 Recall Accuracy 

Assessment of exposure to pesticides depends upon an individual’s ability to recall their 

lifetime exposure over some previous years. Reporting pesticide exposure can be a 

potentially difficult task because these episodes are likely to be forgettable if the use at any 

time is small. Furthermore, getting information on exposure to particular chemicals over a 

long period of time is difficult, given the large number of products on the market and 

changing products available over time. However, this is important when exposure effects 

may be cumulative. For participants occupationally exposed to pesticides, the recall 

accuracy of their self-reported pesticide exposure is high for heavily used chemical classes 

(e.g., organophosphates, organochlorines) and general pesticide categories but not specific 

pesticides 
88

. For example, among 185 orchardists the sensitivity of recall was good to 

excellent (0.6-0.9) for the broad categories of insecticides, herbicides and fungicides; for 

heavily used chemical classes, such as organophosphates and organochlorine; and for 

commonly used pesticides; but it was lower and more variable (0.1-0.6) for specific 

pesticides (e.g. DDT, parathion, diazinon) 
88

. However, the accuracy of recall for residential 

or non-occupational pesticide exposure is questionable 
87

, and the authors of several studies 
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89,90
 using this method acknowledged that they were unable to categorize specific pesticides 

used, because of the participant’s lack of knowledge about their pesticide exposure.  

It is important that the study design incorporates features which improve subject’s reporting 

accuracy; including prompted questions about agents they can smell, using familiar terms 

commonly used on the worksite, and presenting guideposts which will help them to place 

their exposure in relation to that of others. To improve recall, investigators have provided 

pesticide lists to study participants either prior to a scheduled telephone interview 
66

 or 

during the in-person interview 
91

.  

It has been suggested that for household exposure, asking about treatment for specific pest 

problems may be an effective way to help subject to recall pesticide exposure 
87

. However, 

this would result in reduced specificity of exposure because assumptions are made about 

the actual chemicals that were used for the pest problems.  

Finding information on pesticide exposure can also be complicated by the fact that 

individual may not be the main household member responsible for applying pesticides. In 

addition, a professional, such as an exterminator or gardener may do such tasks. Commonly 

individuals are not aware of the detail of pesticide exposure such as the name or quantity of 

the title of the pesticides products utilized in and around their homes, if they were not 

involved in the application 
87

 .  

2.5.3.2 Recall bias  

In addition to the difficulties with exposure recall detailed above, epidemiologists are 

concerned about recall bias when conducting case-control studies. Recall of pesticides has 

been shown to differ between cases and controls in a general population sample 
92

. 

Individuals with disease may be more likely to report hypothesized exposures more 

accurately or over-report than individuals in good health 
89

. This especially may occur 

when there is heightened public health concern of the potential toxicity and carcinogenicity 

of pesticides 
93

. In these situations, estimates of association will be biased away from the 

null for dichotomous exposures. 
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A further possible source of exposure misclassification happens when both diseased and 

non-diseased individuals are equally likely to under-or over-report their exposure, leading 

to attenuated risk estimates (if the exposure is dichotomous) 
94

. For example, if the media 

has focused on the link of pesticides and a specific disease, it is possible that both cases and 

controls might over-report their exposure to a similar extent due to increased awareness 
89

. 

Information on beliefs about the causes of the disease provided by the subjects can be used 

to evaluate their awareness of the study aims as well as whether such awareness different 

by case-control status 
87

.  

2.5.4 Expert-Reviewed Exposures 

The use of experts (e.g. industrial hygienist, occupational physician, and chemist) is 

considered the most accurate method for assessing chemical exposure in the workplace in 

community-based case-control studies 
95

. In this method, a full job history is provided by 

the subjects. The subjects are then asked questions from job-specific modules. The job-

specific modules contain questions relevant to exposure determinants for tasks and 

processes (such as mixing and spraying pesticides) conducted within a particular job. This 

is then given to an expert, who evaluates the exposure to a predetermined list of 

occupational agents. Experts by training are aware of the determinants of occupational 

exposures and know where to find data about them; within the context of a study, they 

know the types of exposures considered relevant; and based on study data, they have an 

overview of the range of jobs whose exposures need to be estimated. However, expert 

assessment also may have some limitations: experts may not be familiar with some of the 

jobs and industries in subjects' occupational histories especially if they were not given 

detailed reports from subjects 
78

.  

Expert assessment is labour intensive and expensive due to the time involved reviewing job 

histories, sample characteristics and exposure of interest. For example, assessment of 

13,000 jobs in a case-control study in Western Australia of prostate cancer took over 1,000 

hours of expert time 
96

. Experts try to calibrate their own assessments but it is difficult to 

ensure consistency over time and over many different jobs. On the other hand, if funds and 
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appropriate experts are available, the method is thought to produce less misclassification 

than occupational based exposure assessment such as self-report of exposure 
97

. Self-report 

was compared with blinded industrial hygienist assessment and the effect of 

misclassification using the median sensitivity and specificity comparing the two methods 

across a variety of chemical agents was determined 
98

. The authors concluded that relying 

on self-reported information of occupational exposure would tend to increase the sample 

size requirements due to the attenuating effects of misclassification. This increase in the 

sample size would increase the total cost of a study significantly, possibly compensating for 

the savings made in using a less expensive method. 

Good concordance has been obtained in studies examining agreement of rating of pesticide 

exposure between different experts. Based on 245 subject-reported jobs, farm locations, 

crop and pesticides handling, an overall weighted kappa of 0.76 was measured for two 

agricultural chemists ranking exposure to phenoxy herbicides 
99

. Higher interclass 

correlations of 0.88 to 1.0 were obtained for eight agronomists examining exposure to 

fungicides and insecticides in viticulture, based on 82 individual-reported job titles and 

pesticide exposure 
100

. However, these results were not obtained for particular pesticides. 

One study examined the agreement between self-reported and occupational hygienist 

assessment of pesticide exposure. The kappa was 0.88 for cases and 0.46 for controls 
92

 . 

The results indicated that controls were more likely to report pesticide exposure when the 

hygienist assessed no significant exposure had occurred. 

The validity of experts’ rating has also been studied. High sensitivity of 0.99 was obtained 

in experts’ attribution of fungicide exposure when compared against farm records of 

pesticides use. However, the sensitivities for insecticides were lower and ranged from 0.54 

to 0.61. Specificities ranged from 0.60 to 0.99 and improved when experts used extra 

information on pesticide use from study subjects 
100

.  

Regardless of the fact that the industrial hygiene panel method is the most rigorous, it still 

needs extra methodological work. This is because industrial hygienists cannot know 

exposures in all occupations and industries. McGuire et al., 1998 suggested that continually 
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updated bibliographic literature that is specific to putative exposures of interest is required. 

This information must consist of the year the products were first marketed, the most 

common industrial uses of exposures of interest, and how exposures have altered over time 

within particular occupations and industries 
101

. 

While not perfect, expert assessment is considered to be the best exposure assessment in 

community-based studies for identifying occupational risk factors. In 2007, a research 

group in Australia developed a web-based application (OccIDEAS) that automated the 

entire process of the expert assessment method. The novel features of OccIDEAS are 

combining all steps in the assessment into one software package; enmeshing the process of 

assessment into the development of questionnaires; selecting the exposure(s) of interest; 

specifying rules for exposure assignment; allowing manual or automatic assessments; 

ensuring that circumstances in which exposure is possible for an individual are highlighted 

for review; and providing reports to ensure consistency of assessment 
102

. The development 

of this application has the potential to make high-quality occupational assessment more 

efficient and accessible for epidemiologic studies. 

2.5.5 Biological Samples  

Biomonitoring is also used to assess people’s exposure to pesticides. The US National 

Centre for Environmental Health defines biomonitoring as a “method for assessing human 

exposure to chemicals by measuring the chemicals or their metabolites in human tissues or 

specimens such as blood and urine” 
103

.  

 

Biomonitoring has the advantage that it measures the internal dose rather than external 

exposure. A additional advantage of biomonitoring over questionnaires or surrogate 

measures is that one can determine the dose absorbed via any of the possible routes dermal, 

inhalation or ingestion 
103,104

. However, there are also disadvantages including individual 

metabolism differences, difficulty in obtaining biological samples, difficulty in getting 

accurate laboratory measurement of the biomarker, and the likelihood of selecting the 

wrong biomarker in metabolic pathway that could feature a number of candidate toxins 
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105,106
. Furthermore, the most appropriate biological samples vary depending on the 

pesticides being targeted, since each has unique chemical properties 
107,108

. The time 

window for collecting a biomarker will also vary; some biomarkers are persistent and last 

in the body tissues long after exposure occurs, while others may only be detected for a few 

days after exposure occurs.  

 

Exposure assessment by biomarkers for non-persistent pesticides has to be planned 

prospectively, as it is commonly impossible to employ it in population-based case-control 

studies 
105,109

. Non-persistent pesticides are shorter lived compounds, which, unlike 

organochlorines, do not persist in the environment for long duration and tend not to 

bioaccumulate 
15

. The challenge in studies of these compounds is that exposure is regularly 

episodic, so repeated measurement over a long time would be needed to correctly rank 

subjects on exposure 
110

. This cannot be done retrospectively because the pesticides are 

non-persistent and no permanent marker of their effects has been identified yet 
110

. In a 

prospective cohort study, it will increase the costs of a study because of the extra sample 

collection and analysis expenses but also because of the additional prerequisite for 

increased participant commitment. 

 

2.5.6 Geographic Information System 

Geographic Information System (GIS) technology was developed by geographers to 

provide a different approach to examine the link between environmental exposure and the 

spatial distribution of disease 
111

. In addition to conducting ecologic studies in which 

environmental exposure data are compared with disease rates across regions at group 

levels, GIS technology can be also be applied to estimate exposure among individuals in 

cross-sectional, case control and cohort studies 
111

.  

 

GIS is a powerful computer mapping and analysis technology that allows large quantities of 

data to be viewed and analysed within a geographic context 
111

. GIS is defined as “a 

computer system that stores and links non-graphic attributes or geographically referenced 
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data with graphic map features to allow a wide range of information processing and display 

operation, as well as map production, analysis and modelling” 
112

.  

 

GIS is an effective device for exposure assessment because it can efficiently combine: 1) 

historical records of regions where pesticides were applied; 2) models of how these 

pesticides move in the environment through aerial drift during application or in surface 

water, groundwater and soil; and 3) locations of persons at the times and places of likely 

exposure 
113-115

. This method has a number of advantages compared with other exposure 

assessment methods (e.g. self-report, which is prone to error and recall bias, and bio-

monitoring, which is expensive and limited in the number of pesticides that can be 

measured). Due to its reliance on recorded data, GIS-based models suffer from less 

exposure to misclassification than JEMs. However, misclassification may be introduced if 

data inputs are inaccurately geocoded or the maps and records used by GIS are faulty 
116

.  

 

2.6 CONCLUSION 

In summary, pesticides are chemicals or biological agents used to control, repel, attract or 

kill pests. Pesticides can be classified in several ways: by sector of use, target organism, 

mode of action, chemical structure, persistence, toxic property and carcinogenicity. Many 

types of pesticides are currently permitted for use in Australia in the workplace or 

household. Due to the use of pesticides in Australia, persons can be exposed to pesticides in 

their place of occupation, or the environment or their households. In order to assess the 

exposure of persons to pesticides there are several exposure assessments that can be used in 

epidemiologic studies including: job titles, JSMs, self-reported questionnaires or 

interviews; expert reviewed exposure; biological samples and geographic information 

systems.  
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3 PESTICIDES AND BREAST CANCER RISK 

The purpose of this chapter is to review previous research on breast cancer and pesticide 

exposure. More specifically, the aim is provide an understanding of the outcome and exposure of 

interest, by providing an overview of breast cancer epidemiology and breast cancer risk factors, 

followed by a discussion of the rationale for exploring the role of exposure to pesticides as risk 

factors for breast cancer. The chapter will conclude with a review of epidemiologic studies of the 

association between pesticide exposure and the risk of breast cancer.  

 

3.1 BREAST CANCER 

Breast cancers may begin in the milk duct tissue or the lobular milk-producing tissue of the 

breast. More than 75-80% of breast tumours begin in ductal tissue, while 10-20% begin in the 

lobular tissue 
1
. Other rare forms of breast cancer may begin outside of the ductal or lobular 

breast tissue 
2
, such as such as medullary, papillary, mucinous, tubular, apocrine and adenoid 

cystic carcinomas. Carcinoma in situ is defined as cancer confined to the ductal or lobular tissues 

and is the earliest stage of breast cancer (stage 0). Cancer that has spread outside of the ductal or 

lobular tissue is said to be invasive and is staged according to the TNM system depending on the 

primary tumour size (T), regional lymph node involvement (N) and presence of distant 

metastases (M) 
3
. Once a TNM classification is available for a tumour, the cancer is then 

classified into a clinical stage; stage I, II, III, or IV 
3
. Survival from breast cancer is largely 

dependent on the stage at presentation, and the prescription of appropriate treatment is based on 

stage.  

 

There are predominately two types of in situ carcinoma; in situ lobular carcinoma and in situ 

ductal carcinoma. Ductal carcinoma in situ can be detected by mammography and is thought to 

represent a transitional stage in the development of an invasive tumour, with over 25-50% of 

tumours progressing to invasion 
4
. In contrast, lobular carcinoma in situ is usually not detected 

by mammography or by any current screening techniques and is usually an incidental finding 
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during biopsy for another abnormality or suspicious lump 
4
. Lobular carcinoma in situ is 

probably a marker of high risk of a subsequent invasive cancer in either breast, independent of 

which breast was diagnosed with lobular carcinoma in situ 
5
. The risk of developing invasive 

breast cancer after diagnosis with lobular carcinoma in situ is approximately 7% over 10 years 
5
. 

Furthermore, breast cancer can be divided into premenopausal and postmenopausal cancer. The 

incidence rate of premenopausal breast cancer is less than that of postmenopausal breast cancer, 

but women with premenopausal breast cancer tend to have poorer prognostic characteristics that 

lead to higher recurrence rates and higher relative mortality rates 
6
. Premenopausal breast cancer 

is more aggressive than postmenopausal breast cancer and requires treatment that is more toxic
7 

.  

 

Based on the presence or absence of estrogen receptor (ER), progesterone receptor (PR) and 

human epidermal growth factor receptor 2 (HER 2), breast cancer can be classified into: luminal 

A (ER+, PR+/-,HER 2-); luminal B (ER+, PR+/-, HER 2+); and triple negative basal like (ER-, 

PR-,HER 2-) 
8
’
9
 Identifying the receptor status of invasive breast cancer is useful as a prognostic 

and predictive factor. For example, breast cancer patients with tumours that do not express ER, 

PR and HER 2 have a more aggressive phenotype and are less responsive to treatment 
10

.  

 

3.2 EPIDEMIOLOGY OF BREAST CANCER  

3.2.1 Breast Cancer Incidence and Survival in Australia  

Currently, breast cancer is one of the most common site-specific cancers in Australia 
11

. In 2008, 

13,384 females (27.1% of all cancers in females) were diagnosed with incident breast cancer. 

The age-standardised incidence rate of breast cancer in Australian women in 2008 was 84.8 

cases per 100,000 person-years 
12

. In Western Australia, breast cancer is the most commonly 

diagnosed cancer (excluding non-melanoma skin cancer) among females with 1,313 cases 

accounting for 29.1% of all cancer in females 
13

. In 2010, breast cancer accounted for 61,1000 

disability-adjusted life years lost in Australian females, which is 3% of the total burden of 

disease in females 
11

. An Australian woman’s lifetime risk of breast cancer to age 85 years is 

approximately one in nine 
11

.  
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While the incidence of breast cancer starts to increase at around 25 to 29 years of age, the 

majority of breast cancer is diagnosed among postmenopausal women. The incidence continues 

to increase until the age of 65 to 69 (Figure 3.1) 
11

. The combination of increasing breast cancer 

incidence rates with age, increasing incidence rates over time and an ageing Australian 

population highlights the importance of breast cancer prevention 
14

. 

 

Figure 3.1: Age-specific incidence rates (per 100,000) of breast cancer among females in 

Australia in 2008 

Breast cancer survival has improved over the last 30 years from a 5-year survival for cancers 

diagnosed between 1982-1986 of 72% to 88% for those diagnosed between 1998-2004 
15

. This 

improvement is thought to be due to both earlier detection and more effective treatments. 

However, breast cancer is still the second most common cause of cancer death among women in 

Australia. In 2007, 2,680 women died from breast cancer and the age standardised mortality rate 

was 22.1 deaths per 100,000 person-years 
11

. 
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3.2.2 Breast Cancer Incidence Worldwide  

Worldwide, breast cancer is by far the most frequent cancer among women with an estimated 

1.38 million new cancer cases diagnosed in 2008 (23% of all cancers in women) 
12

. Incidence 

rates vary greatly worldwide. The incidence rates of breast cancer in Australia presented 

previously above are among the highest in the world (Figure 3.2)
12

. While the incidence rates of 

breast cancer in countries such as Australia, the United Kingdom, the United States and Canada 

are above 75 cases per 100,000 person years, they are much lower in countries such as Yemen 

(20.8 cases per 100,000 person years), India (22.9 per 100,000 person years) and China (21.6 

cases per 100,000 person years). The marked differences in worldwide breast cancer incidence 

rates suggest that the risk of breast cancer is influenced by environmental or lifestyle factors 
16

.  
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Figure 3.2: Age-standardised rates (per 100,000) of breast cancer incidence and mortality 

worldwide in 2008 

 

 

 

Source: International Agency for 

Research on Cancer, 2008 
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3.3 BREAST CANCER RISK FACTORS 

A number of factors that contribute to the risk of developing breast cancer have been identified. 

The two strongest risk factors for breast cancer are age and gender.  Breast cancer is rare among 

men and their risk increases with age; in particular women after the age of 50 
17

.  

3.3.1 Endogenous Oestrogen-Related Risk Factors for Breast Cancer  

There is evidence that natural ovarian hormones contribute to tumour growth by promoting the 

proliferation and growth of the cells 
18,19

. Three of the hormones produced by the ovaries are 

oestrogen, progesterone and androgen 
20

. Longer exposure to menstrual activity, and therefore to 

natural ovarian hormones, is associated with breast cancer risk. Early age at menarche, late age at 

menopause, and late age at first full-term pregnancy are linked with modest increases in risk for 

breast cancer 
21

.  

Early age at menarche  

The older a woman is before her menstruation begins, the lower her risk of breast cancer 
22

. For 

each one year delay in menarche, the risk of breast cancer decreases by about 5% 
22,23

. It has 

been found that women with early menarche have higher oestrogen levels than women with later 

menarche for several years after menarche and probably throughout their reproductive lives 
24

. 

The increased risk associated with early age at menarche implies that the higher exposure to sex 

hormones during the reproductive years may be linked with higher risk of breast cancer 
22

. 

Age at menopause  

The older a woman is when she reaches her menopause, the higher her risk for breast cancer, 

with the risk increasing by about 3% for each year older at menopause 
25

. Women who have a 

natural menopause after the age of 55 years are twice as likely to develop breast cancer as 

women who experience menopause before the age of 45 years 
26

. 

Age at first full-term pregnancy and parity 

Late age at first full birth is a possible breast cancer risk factor 
27,28

. There is a large body of 

evidence that suggests that on average, the younger a woman when she has her first full term 

baby the lower her risk is of having breast cancer. The risk of breast cancer in women who have 
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their full first birth after the age of 30 years is about twice that of women who have their first 

child before the age of 20 years 
26

. Pregnancy causes breast cells to differentiate, which are less 

susceptible to genetic damage and to subsequent propagation of damaged cells 
29

.  

 

The effect of parity on reducing the risk of breast cancer has long been recognized 
22

. In the 18th 

century Bernardino Ramazzini (1633-1714) reported the high rate of breast cancer in nuns 

compared with married women and speculated that this might be associated with their lack of 

children. In one meta-analysis nulliparity was associated with a 30% increase in risk compared 

with parous women 
30

. The higher the number of full-term pregnancies, the greater the 

protection. There is a reduction in risk of 7% for each birth after the first, in the absence of breast 

feeding 
30

. Pregnancy reduces a woman’s lifetime number of menstrual cycles, and thus her 

cumulative exposure to endogenous hormones 
31

.  

 

Breast feeding  

Breastfeeding is hypothesized to be a protective factor for female breast cancer. Enger et al., 

showed breast cancer risk reductions of 35% for parous premenopausal and 30% for 

postmenopausal women who breast fed for more than 15 months relative to women who never 

breastfed 
32,33

. Furthermore, a large collaborative study reported a modest decrease in risk for 

breast cancer in women who breastfed, beyond that associated with multiple pregnancies’ (4% 

decrease in risk for every 12 months of breast feeding) 
30

. If such a protective risk exists, it has 

been postulated that it may be related to the breastfeeding effect of delaying re-establishment of 

ovulation and hence reducing the cumulative number of ovulatory menstrual cycles following a 

completed pregnancy 
22

. A protective effect of breast feeding could also be related to hormonal 

changes, such as increased prolactin and decreased oestrogen production during lactation, or to 

physical changes in cells of mammary ducts or the mechanical flushing out of carcinogens 

during lactation 
22

. 
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3.3.2 Exogenous Oestrogen Related Risk Factors for Breast cancer  

Hormone replacement therapy  

Use of hormone replacement therapy has been associated with an increased risk of breast cancer. 

The available evidence indicates that the risk is higher while women are using hormone 

replacement therapy, and that it increases with duration of use 
34

. It has been shown that breast 

cancer risk increases by about 10% after 5 years, 20% after 10 years, and 40% after 15 years of 

use of oestrogen replacement therapy alone 
35

. The use of hormone replacement therapy that 

includes progestin for 5 years or more results in an increase in breast cancer risk of about 30% 
35

.  

Oral contraceptive pills  

Oral contraceptive pills are widely used through the world. The formulations of most oral 

contraceptive pills are a combination of ethinyl estradiol or mestranol. The hormones in oral 

contraceptives provide higher levels of oestrogen and progestin during an oral contraceptive 

cycle than the women would have produced during a normal ovulatory cycle 
35

. Hence, the use 

of oral contraceptives may slightly increase the risk of breast cancer. The Collaborative Group 

Study, a major reanalysis of publications worldwide, reported that for women who took oral 

contraceptive pills, their relative risk of breast cancer was 10-30% higher than that of women 

who had never used oral contraceptive pills 
36

. However, the increase in risk in women taking 

oral contraceptives diminishes when contraception stops and, after 10 years, none of the increase 

in risk remains 
36

.  

3.3.3 Family History of Breast Cancer 

Family history is one of the most well-established breast cancer risk factors. In an analysis of 

data from 52 epidemiological studies, a woman with an affected mother or sister has 

approximately double the risk of breast cancer of a woman with no family history of the disease; 

if two (or more) relatives are affected, the risk increases further 
37

. However, over 85% of 

women who have a close relative with breast cancer will never develop the disease, and more 

than 85% of women with breast cancer have no family history of it 
37

.  
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A small proportion of women have a family history of breast cancer and they are at very high 

risk of developing breast cancer. Mutation in the breast cancer susceptibility genes BRCA1 and 

BRCA2 account for the majority of families with four or more affected members and 2-5% of all 

breast cancers 
38

. Women carrying such a mutation have a 50-80% chance of developing the 

disease by the age of 70 years 
39

.  

 

3.4 BIOLOGICAL PLAUSIBILITY OF PESTICIDE CARCINOGENICITY  

Regardless of the fact that breast cancer is the most commonly diagnosed cancer in women, the 

aetiology remains unclear. As discussed in Section 3.3 the established factors for breast cancer 

are age, family history, age at menarche, number of children, age at menopause, age at first child 

and the use of oral contraceptive pills or hormone replacement therapy 
21

. Apart from aging and 

family history these factors are related to lifetime exposures to ovarian hormones. 

 

Given that breast cancer is a hormone-dependent cancer, the question arises whether the 

observed growing incidence of this cancer may be due to environmental factors in combination 

with improvements in screening detection and longer life expectancy 
40

. More specifically, the 

question is whether human made environmental chemicals such as pesticides may, because of 

their oestrogenic characteristic and carcinogenic potential, be risk factors for breast cancers.  

3.4.1 Pesticides as an Endocrine Disruptor  

The rising incidence of breast cancer in young women 
41

, suggests that environmental 

xenoestrogens such as pesticides could be involved as risk factors. Many pesticides are known as 

endocrine disruptors, which are defined by the United States Environmental Protection Agency 

as “exogenous agents that interfere with the synthesis, secretion, transport, binding, action, or 

elimination of natural hormones in the body that are responsible for the maintenance of 

homeostasis, reproduction, development, and/or behaviour” 
42

.  

 

The potential for some pesticides to act as endocrine-disruptors was first reported in the early 

1950s, when DDT and some of its analogues were found to have oestrogenic activity in animal 
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models 
43

. The focus of most toxicological research on pesticides to date has been on their 

oestrogenic potential (especially organochlorine insecticides), although some pesticides have 

been shown to have effects on progesterone, androgen, and other hormones 
44

.  

 

Endocrine disrupting pesticides may bind to and activate various hormone receptors including 

oestrogen receptors (ERs) and then mimic the natural hormone’s action (agonist action). These 

oestrogenic responses occur through two subtypes of ER known to date, ERα and ERβ, which 

share a number of common physical and functional properties 
45,46

. These two oestrogen 

receptors occur in oestrogen-dependent tissues such as breast and endometrium. The activation 

of ERα stimulates cell proliferation and is associated with carcinogenic effects through tumour 

promotion, whereas activation of ERβ stimulates terminal cell differentiation and may contribute 

to anti-cancer effects 
47

.  

 

A recent review identified a total of 105 pesticides as having endocrine disrupting properties 
44

. 

Based on animal and experimental studies: 30 pesticides have been identified to have oestrogenic 

properties; 30 pesticides have been identified to have anti-oestrogenic properties; and 41 

pesticides have been identified to have antiandrogenic properties 
48

. Of these 105 pesticides, 46% 

are insecticides, 21% herbicides and 31% fungicides.  

 

Several pesticides, in particular organochlorine insecticides, have been shown to act as agonists 

on ERα or antagonists on ERβ resulting in the disruption of endocrine processes 
49

. In addition, 

some pesticides such as chlordecone and methoxychlor are both ERα agonistic and ERβ 

antagonistic compounds, strongly contributing to the tumor promoting effects of these pesticides 

49
.  

 

However, not all pesticides have an affinity for oestrogen receptors. A number of pesticides have 

been shown to have 1,000 times lower affinity for oestrogen receptors than estradiol (major 

oestrogen in women) 
49

, indicating that they could not efficiently join with and activate or inhibit 

oestrogen receptors. Kojima et al. 
50

 found that 47 and 33 pesticides out of 200 assessed, showed 

ERα and ERβ mediated oestrogenic activities in vitro, respectively 
50

 .  
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Human breast tissue contains various key enzymes for steroid metabolism, including aromatase 

which catalyses the conversion of androgen into oestrogen 
51

. Testosterone and androstenedione 

are found naturally in females, although at lower levels than in males. A number of pesticides are 

found to be inducers of aromatase activity, namely atrazine 
52,53

, chlordanes, aldrin and 

endosulfan 
54

. These may indirectly contribute to breast cancer promotion by increasing natural 

oestrogen production. Therefore, researches in this area have proposed that induced changes in 

aromatase activity may account for the oestrogenic effects of pesticides that are not themselves 

oestrogenic. 

 

Pesticides may also cause tumour initiation and subsequent tumour promotion by inhibiting gap 

junctional intercellular communication. This is the only mechanism by which cells can directly 

transfer factors from the inside of one cell to the inside of neighbouring cells. During tumor 

initiation, blockage of this communication between normal and preneoplastic cells could create 

an appropriate intra-tissue microenvironment (e.g. hormonal milieu, oxygenation, nutrients, or 

growth factors) that leads initiated cells to escape growth control from normal neighbouring 

cells. Consequently this indirectly contributes to tumor promotion 
55

.  

 

Inhibition of gap junctional intercellular communication has been demonstrated in normal human 

breast epithelial cells exposed to pesticides such as DDT, dieldrin, toxaphene or a mixture of 

these pesticides with hexachlorobiphenyl or hexabromobiphenyl 
56

.  

 

There are several other pesticides which have been associated with the occurrence of mammary 

tumors in animals. Rotenone, an insecticide used in home gardens and on pets for lice and tick 

control, has been found to increase animal mammary tumors 
57

. However, rotenone has also been 

shown to have anti-cancer action in human breast cell cultures 
58

. Dichlorvos has been classified 

as a possible human carcinogen by the US Environmental Protection Agency as it has been 

shown to cause mammary gland fibroadenomas in Fischer rats 
59,60

. Some pyrethroids common 

in residential insecticides (sumithrin, fenvalerate, and d-trans allethrin) have been found to have 

oestrogenic and anti-progesteronic properties in human breast carcinoma cell lines 
61

.  
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In conclusion, some pesticides may act as agonists or antagonists on ERs. As a consequence they 

act as natural oestrogens and stimulate the growth of hormone dependent target tissues, resulting 

in the promotion of exogenous tumours. Pesticides may also act as exogenous tumor promoters 

by also activating aromatase. Furthermore, some pesticides could cause tumor initiation and 

subsequent promotion in human breast tissue by inhibiting gap junctional intercellular 

communication.  

 

3.5 PESTICIDE EXPOSURE AND RISK OF BREAST CANCER  

In this section a review of the epidemiological evidence on the relationship between pesticide 

exposure and breast cancer is presented. The first part of the section summarizes pooled studies 

and meta-analyses that examined the association between organochlorine pesticides and breast 

cancer risk based on biological samples. The second part of the section summarizes 

epidemiologic studies that investigated the relationship between breast cancer and pesticide 

exposure based on non-biological samples. 

 

3.5.1 Epidemiologic Studies of Organochlorine Pesticide Exposure and Breast Cancer 

Based on Biological Samples 

Meta analysis and review studies examining the relationship between breast cancer and 

organochlorine pesticides measured in biological samples are reviewed in this section. Relevant 

published studies were sourced primarily by searching MEDLINE for the following key words: 

“pesticide” or “organochlorine” and “breast neoplasm” or “cancer”. Searches were limited to 

studies written in English and those conducted on human subjects. Further review studies were 

identified through manual searches of the reference lists in articles. Searches were completed in 

August 2012. Two meta-analyses 
62,63

, one pooled study 
64

 and four reviews 
65-68

 were identified 

through the MEDLINE search.  
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Several studies examined the relationship between organochlorine insecticides, in particular 

DDT, and breast cancer risk. The first large scale study to show a positive association was a 

nested case-control study conducted within a cohort of women at New York City 
18

. This study, 

in which DDT/DDE was measured in blood samples reported approximately a fourfold increase 

risk for breast cancer for women in the highest DDE exposure quintile (11 ppb) during 1985-

1991 as compared with the women in the lowest quintile (7.7 ppb) (OR= 3.68; 95% CI: 1.01-

13.50). However, most subsequent studies have reported an association between organochlorine 

concentration in blood and breast cancer. Most of the studies published before 2006 were 

summarised in two meta-analyses and one pooled study 
62-64

. Results from five USA studies 

were pooled and showed no association between breast cancer and DDE (OR= 0.99; 95% CI: 

0.77-1.27) 
64

. Additionally, a meta-analysis of 22 studies showed no evidence for an association 

between DDE body burden levels and breast cancer OR= 0.97 (95% CI: 0.87-1.09) 
63

. Similar 

absences of association were observed in a meta-analysis for other organochlorine insecticides 
62

. 

The findings from these meta-analyses and pooled study are summarised in Table 3.1. 
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Chemical Year  Studies 

included 

(No. showing 

an association)  

OR 

(95% CI) 

 

P⃰ Pǂ GMR 

(95% CI) 

P^ Author/year 

DDT  1990-2001 22 (1) 0.97 

(0.87-1.09) 

0.22 0.25 - - López-Cervantes
63

, 

2004 

DDT 1997-2000 5 (0) 0.99 

(0.77-1.27) 

0.42 - - - Laden 
64

 ,  

2001 

Aldrin 1996-2006 4 (0) 1.55 

(1.00-2.40) 

0.87 - 3.23 

(0.41-25.44) 

<0.001 Khanjani 
62

 , 

 2007 

Dieldrin 1996-2006 8 (0) 1.19 

(0.89-1.61) 

0.14 - 3.84 

(0.52-28.59) 

<0.001 Khanjani
62

 , 

 2007 

Oxychlordane 1996-2006 14 (0) 0.77 

(0.59-1.02) 

0.08 - 0.80 

(0.51-1.25) 

<0.001 Khanjani 
62

, 

 2007 

Trans-nonachlor 1996-2006 16 (1) 0.86 

(0.69-1.09) 

0.64 - 0.69 

(0.45-1.06) 

<0.001 Khanjani 
62

 ,  

2007 

Cis-nonachlor 1996-2006 5 (0) 1.10 

(0.74-1.63) 

0.38 - 1.03 

(0.88-1.22) 

0.503 Khanjani 
62

 ,  

2007 

Heptachlor 1996-2006 2 (2) - - - 5.32 

(3.79-7.48) 

0.64 Khanjani 
62

 ,  

2007 

Heptachlor-epoxide 1996-2006 4 (3) - - - 1.81 

(0.76-4.31) 

<0.001 Khanjani 
62

 ,  

2007 

P⃰, values for heterogeneity test of odds ratio; Pǂ, values for publication bias; OR, odd ratio comparing the highest to lowest level of contamination;  

GMR, is the ratio comparing the ratio of the geometric mean concentration between cases and controls; P^ values for heterogeneity test of GM 

 

Table 3.1: Summary of meta-analyses and pooled studies of organochlorine exposure based on biological samples and breast cancer 
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Four reviews of the association between organochlorine and breast cancer have been 

conducted, with the latest review including studies published in 2010 
65-68

. Most of the 

studies included in these reviews used biological samples to assess the exposure to 

organochlorine pesticides. The authors of each of these review concluded that there is 

biological plausibility that organochlorines could play a role in breast cancer aetiology, 

but most epidemiologic studies do not support this risk as they failed to find an 

association between organochlorine levels in blood or adipose tissues and breast cancer 

risk.  

 

While the epidemiologic evidence suggests no association between organochlorine 

pesticide exposure and breast cancer, several authors have argued that the lack of 

association may be related to methodological limitations. Most of the studies measured 

DDT in the body in the form of p,p’-DDE. The industrial DDT is not a single chemical 

but actually a complex mixture of several DDT congeners, the primary components of 

which are p,p′-DDT (77%) and o,p′-DDT (15-23%) 
69,70

. o,p′-DDT is the oestrogenic 

component and it is biological plausible that it could increase the risk of breast cancer. 

o,p’-DDT is the least persistent of these compounds and is a marker of recent exposure 

to commercial grade DDT 
71

. Through the loss of chlorine, DDT is metabolised in the 

body or broken down in the environment to p,p′-dichlorodiphenyldichloroethylene 

(DDE) and o,p′ DDE . p,p’-DDE is the most persistent of these compounds. p,p’-DDT 

and p,p’-DDE have a weaker or no oestrogenic response and so they are less plausible 

as risk factors for breast cancer 
72

. Since the 1970s, the major route of exposure to DDT 

has been through the less oestrogenic p,p’-DDE contained in food and not the more 

oestrogenic o,p′-DDT found in technical DDT, which was sprayed as an insecticide 
31

. 

Hence, since studies have been measuring the presence of p,p’-DDE, and this 

compound is not plausibly associated with breast cancer, the absence of a positive 

association is not surprising 
70

.  

 

 Another possible explanation for the lack of association seen between DDT and breast 

cancer risk is that DDE levels measured in biological media collected since the late 

1980’s are lower than those observed during the 1960s or 1970s. It has been shown that 

DDE concentrations in blood samples were approximately eight times lower in 1997 



      

     

93 

 

than 1963 
67

. This indicates that one measurement of organochlorine concentration 

cannot be taken as a measure of cumulative exposure over lifetime 
67

. Furthermore, 

there is evidence that organochlorine measurements also reflect individual differences 

in lactation history, metabolism and body fatness 
73

. For example, it has been 

demonstrated that organochlorine compounds reside generally in adipose tissues (80%), 

with rapid, passive distribution to blood and other tissues proportional to their neutral 

lipid content. Nonetheless, body mass index, a surrogate for adiposity, exhibits both 

positive and negative correlations with organochlorine compound concentration 
73-76

. 

On the other hand, reported relationships between body mass index and elimination rate 

are consistently associated, such that a higher body mass index results in a longer half-

life 
77,78

. In addition, weight loss leads to quicker elimination of organochlorine 

compounds 
79

. Breast-feeding also can decrease a woman's body burden of 

organochlorine pesticides rapidly 
80

. Therefore, it seems highly probable that studies 

which used organochlorine levels measured decades after DDT was banned, in middle-

age women or older, were subject to misclassification and measurement error.  

 

In addition, measuring organochlorine compounds in biological samples collected at 

inclusion in the study does not allow the assessment of internal exposure during the 

critical windows of a women’s lifetime. Carcinogen models highlight the importance of 

exposure assessment at different critical periods of mammary gland development where 

increased susceptibility to carcinogens may occur, such as the perinatal period, puberty 

or the time before full time pregnancy 
81

. This was exemplified by studies on breast 

cancer incidence among Japanese atomic bomb survivors. These studies showed that 

radiation exposure at lower age had higher impact on cancer development than exposure 

at later life stage 
82

. A recent nested case-control study by Cohn et al., (2007) 
83

 

reported a significant fivefold rise in risk of breast cancer among women exposed to 

DDT prior to age 14 years, suggesting that exposure early in life may be more relevant 

for breast cancer aetiology. This study used archived blood collected from young 

women in 1959-1967. The study will be difficult to replicate because of the unusual 

nature of the data set. However, it supports the concept that the timing of exposure may 

be critical to the contribution of pesticides to carcinogenesis.  
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Some degree of heterogeneity between the studies in the meta-analysis was also 

observed. One of the major sources of heterogeneity was geographical area 
62,63,66

. Most 

evidence comes from studies in populations with low exposure and from developed 

countries. Clearly, studies in other geographical areas need to be conducted, especially 

in low to middle income countries, such as India, that have a long and continuing 

history of DDT use.  

 

Replication of studies in developed countries with the same design limitations is not 

definitive evidence for or against the hypothesis that the organochlorine pesticides are a 

risk factor for breast cancer. Further, investigations with study designs that can address 

exposure during early life are needed.  

 

Prospective cohort studies could be performed in developing countries where DDT is 

still available for use. Moreover, follow up would be in the order of decades. Bachelet 

et al. 
67

, recently reported that exposure misclassification could be reduced through the 

use of physiologically-based pharmacokinetic models (PBPK). These allow estimation 

of organochlorine lifetime toxicokinetics profiles retrospectively in women, by taking 

into account individual difference in metabolism and key events that affect 

organochlorine kinetics such as lactation and weight variations. PBPK models could be 

used to assess and to investigate the impact of internal exposure at different time 

windows on the incidence of breast cancer.  

 

In summary, it is biologically plausible that organochlorine pesticides may play a role in 

breast cancer etiology. However, most of the epidemiologic evidence to date does not 

support an association between organochlorine concentrations in blood or adipose 

tissues and breast cancer risk. In these studies, concentrations of organochlorine 

pesticides were measured in biological samples obtained at the time of cancer diagnosis 

or only few years before. Further research in breast cancer risk associated with 

organochlorine pesticides exposure is warranted, especially among sensitive 

subpopulations and considering exposures during critical time windows connected to 

the periods of vulnerability of mammary glands cells to carcinogens.  
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3.5.2 Epidemiologic Studies on Breast Cancer and Pesticides Assessed By 

Geographic Location, Job History and Self-Report  

Epidemiologic studies that investigated the relationship between breast cancer and a 

range of pesticide exposures are reviewed in this section. Studies including ecological, 

cohort and case-control studies that measured pesticide exposure by non-biological 

methods are summarised by study type and then this literature as whole is critiqued.  

 

Relevant published studies were sourced primarily by searching MEDLINE for the 

following key words: 

 

 “Pesticide” or “agricultural” or “farmers” or “insecticide” or “herbicide” or 

 “fungicide” or “fumigants” and  

 “Breast neoplasm” or “cancer” and 

 “case-control” or “cohort” or “ecological” or “cross-sectional” 

 

Searches were limited to studies written in English and those conducted on human 

subjects. Further studies were identified through manual searches of the reference lists 

and of the articles citing relevant studies. Searches were completed in August 2012. 

3.5.2.1 Study characteristics 

Thirty-three studies were identified through the MEDLINE search. These are 

summarised in Tables 3.2-3.4. Seventeen of these studies were case-control studies, 

eleven were cohort studies and five were ecological studies. Of the 33 studies, three 

studies investigated household pesticide exposure, 21 occupational pesticide exposure 

and 10 pesticide exposure due to proximity to agricultural areas or through drinking 

water. The majority of the studies (21/33) were conducted in the United States. 

The main considerations for assessing epidemiologic evidence for a causal relationship 

between pesticide exposure and breast cancer were: consistency of findings across 

studies; type of study design; evidence for exposure–response associations; validity of 

exposure assessment; control of confounding and bias and the role of chance. The 

extent to which exposure assessment in a given study is valid, and ideally permits 
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quantitative dose–response estimation is a critical aspect of research quality. Variations 

in findings among the reviewed studies may be largely explained by differences in 

exposure assessment methods, study design and small sample sizes and regional 

variations in pesticide use.  

3.5.2.2   Ecological studies of pesticide exposure and breast cancer risk  

As data in ecological studies are aggregated for groups of individuals, inferences can be 

made only about populations rather than individuals. Conclusions drawn at the 

population level do not accurately reflect individual level associations because of 

within-group heterogeneity in exposure. Because of these limitations, inferences of 

causality cannot rely on studies with an ecological design. Furthermore, the validity of 

ecological studies is questionable because of problems with exposure estimation, 

potential confounding, and other aspects of this study design 
84,85

. Thus, these 

investigations are limited in their contribution to the evaluation of the scientific 

evidence pertaining to the association between pesticide exposure and breast cancer.  

All the ecological studies included in this review examined the association between 

breast cancer and potential pesticide exposure due to proximity to agricultural areas or 

through water consumption. The main characteristics and findings of the studies are 

presented in Table 3.2. Two studies reported a positive association 
86,87

, two studies 

showed no association 
88,89

 and one study found a negative association 
90

. Four of these 

were conducted in the United States 
86-88,90

, and one study was conducted in the United 

Kingdom
89

.  

Mills and Yang 
87

, evaluated breast cancer rates among the Latina population in 

California as a function of the amount of triazine herbicides and organochlorine 

insecticides, applied at the county level. The results indicated significant associations 

with the organochlorine compounds, methoxylor and toxaphene, for highest versus 

lowest quartiles RR=1.8 (95% CI: 1.03-1.35) and RR= 1.16 (95% CI: 1.01-1.34), 

respectively. Muir et al., 
89

 examined the spatial distribution of breast cancer incidence 

in Lincolnshire and Leicestershire (UK) over the years 1989-1991. A spatial association 

between breast cancer incidence rates and the application of three selected pesticides; 

aldicarb (slope coefficient 0.64, 95% CI: 0.03–1.25), atrazine (slope coefficient 0.17, 

95% CI: 0.03–0.31) and lindane (slope coefficient 0.13, 95% CI: 0.05–0.57) was 
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observed in rural Leicestershire. No such associations were found in rural Lincolnshire 

or in the urban areas.  

Reynolds et al., 
88

 found no association between residential proximity to recent, high 

agricultural pesticide use and breast cancer risk in California. Kettles et al.,
86

 conducted 

an ecologic study of triazine herbicide exposure and breast cancer incidence in 120 

Kentucky counties for the time period 1991-1994. Breast cancer ORs of 1.14 (95% CI: 

1.08–1.19) and 1.20 (95% CI: 1.13–1.28) were reported for medium and high levels of 

triazine exposure, respectively. Hopenhayan-Rich et al., 2002 
90

 updated Kettles et al.,
86

 

study and reported a null association for breast cancer incidence, with ORs of 1.01 

(95% CI: 0.96–1.05) and 0.98 (95% CI: 0.93–1.02) for the highest and next-to-highest 

atrazine herbicide exposure, respectively during 1993 through 1997.  

In addition to the methodological problems inherent in an ecological study design, all 

the ecological studies reviewed had further limitations. Reynolds et al.,
88

 was limited by 

the fact that pesticide exposure was based on residential proximity to recent pesticide 

use and did not account for other potential individual pesticide exposures or resident 

mobility. The studies by Kettles et al., 
86

 and Muir et al., 
89

 were limited by the 

concurrent measurement of pesticide use and breast cancer incidence, which is unlikely 

to be an etiologic relevant exposure period. The study of Hopenhayan-Rich et al., 2002 

90
 lacked direct information on triazine use at the county level. The measurements of the 

concentration of atrazine in drinking water (1992–1999) and the reporting of breast 

cancer occurrence (1993–1997) were virtually concurrent. The limitations of the 

reviewed ecological studies make it impossible to draw any conclusions about the link 

between pesticide exposure and the occurrence of breast cancer.  

The following sections review case-control and cohort studies that have investigated 

this association. First, the studies are summarised by design, then the subsequent section 

provides an overall critique of the findings of all studies. 
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Author, 

Year,  

Country 

Study Sample/ 

outcome 

Exposure assessment Pesticide exposure Confounders 

considered 

 Main results 

Pesticide exposure measured as close proximity to agricultural areas or trough to drinking water 

 

Reynolds
88

, 

2005  

USA 

181,080 cases 

diagnosed 1988-

1997 reported to 

registry, incidence  

Pesticide use reporting 

data for the years 1990-

1997 from California 

Department of Pesticide 

Regulation  

Toxicological groups (probable, 

possible, mammary carcinogens, 

endocrine disruptors, 

anticholinesterases, and 

organochlorines) and individual 

pesticides (simazine, diuron, 

oryzalin, propargite, and methyl 

bromide) 

Age, race, 

socioeconomic 

status and 

urbanization 

 No association between 

residential proximity to recent 

high pesticide use for any of 

the toxicological groups or 

individual pesticides. 

 

Mills 

2006
87

, 

USA 

23,513 cases 

diagnosed 1988-

1999 reported to 

registry, incidence 

Pesticide use reporting 

data for the years 1970-

1988 from California 

Department of Pesticide 

Regulation 

Organochlorine insecticides and 

triazine herbicides 

Age, fertility, and 

a measure of 

socioeconomic 

status 

 Organochlorines methoxychlor 

for highest quartile RR = 1.18 

(95% CI: 1.03-1.35) and 

toxaphene for highest quartile 

RR= 1.16 (95% CI: 1.01-1.34). 

Hopenhayn-

Rich 
90

, 

2002 

USA 

Cases from 

Kentucky cancer 

registry by county 

and area 

development district, 

incidence  

Public drinking water, 

acreage of corn planted, 

atrazine sales in 1997  

Atrazine herbicide Education, 

income, race, rural 

 Exposure to atrazine herbicide 

was not associated with 

increased risk of breast cancer.  

Table 3.2: Summary of ecological studies that have investigated the association between breast cancer and pesticide exposure 
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Author, 

Year,  

Country 

Study Sample/ 

outcome  

Exposure assessment Pesticide 

exposure 

Confounders 

considered 

  Main results 

Pesticide exposure due to close proximity to agricultural areas or due to drinking water 

 

Kettles
86

 

1997,  

USA 

Breast cancer 

cases from 

1991-1994 

obtained from 

Surveillance 

Epidemiology 

and End 

Results 

registry, 

incidence  

Groundwater contamination data from 

Kentucky geological survey 1990-

1991; surface water contamination 

from division water Kentucky 

Environmental Protection Cabinet 

1993-1994; acres of corn planted in 

1970; 1980, and 1990; and total 

pesticide use in 1979 were used to 

develop an estimate of triazine 

exposure for each county. Counties 

were classified as having low, medium, 

or high presumed triazine exposure 

 

 

 

Triazine 

herbicide 

Age, race, age at 

first birth, income, 

and level of 

education 

 

 

 

 Low OR=1.10 (95% CI: 1.05-1.16) 

and high OR=1.18 (95% CI: 1.12-

1.24) surface water contamination 

with triazine for 1991.  

Low OR=1.10 (95% CI: 1.04-1.16) 

medium OR=1.14 (95% CI: 1.10-

1.21), high 1.10 (95% CI: 1.04-1.17) 

ground triazine water levels for 1993-

1994.  

Country summary index medium 

1991-1992 OR=1.09 (95% CI: 1.04-

1.14) and 1993-1994 medium score 

OR=1.14 (95% CI: 1.08-1.19). 

 

Muir
89

, 

2004,  

UK 

Breast cancer 

cases from 

1989-1991 

from the Trent 

Cancer 

Registry, 

incidence 

Information on pesticide application in 

‘kilograms of active ingredient used 

‘for the year 1991 was obtained from 

Pesticide Usage Survey Group, 

Ministry of Agriculture, Fisheries and 

Food. 

Aldicarb, 

atrazine, 

cyanazine, 

lindane 

None  Leicestershire rural: aldicarb slope 

coefficient 0.64 (95% CI: 0.03–1.35), 

slope coefficient atrazine 0.17 (95% 

CI: 0.03–0.31), slope coefficient 

lindane 0.31 (95% CI: 0.05–0.57) 

Table 3.2: continued  
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3.5.2.3  Case-control studies of pesticide exposure and breast cancer risk  

Case-control studies are an efficient design to explore the aetiology of relatively rare 

conditions, such as breast cancer. The majority of epidemiologic studies of breast 

cancer aetiology have been case-control studies. However, there are many potential 

sources of error that can limit the validity the results 
84

. These include selection bias, 

measurement error and recall bias.  

 

Fifteen case-control studies have been identified that examined the risk of breast cancer 

and pesticide exposure resulting from: close proximity to agricultural areas or through 

drinking water (n=3); household pesticide exposure (n=3); and pesticide exposure due 

to occupation (n=9). The main characteristics of the studies are presented in Table 3.3. 

Eight studies were conducted in the United States, two in Canada and one each in 

France, Italy, China, Poland and Columbia.  

 

None of the three studies 
91-93

 that examined the association between breast cancer and 

residential proximity to agricultural pesticides or drinking contaminated water found an 

increased risk.  

The three studies 
94-96

 that examined the association between breast cancer and 

household pesticide use, measured exposure via a questionnaire and only Teitelbaum et 

al., 2006 
94

 found a significant increased risk of breast cancer. However, this study did 

not show a dose-response relationship. Differences between the studies may be due to 

differences in pesticide practices in the regions, small numbers and lack of statistical 

power, or differences in the survey instruments. 

Nine case-control studies examined the association between breast cancer and potential 

pesticide exposure through occupation. One study examined breast cancer risk based on 

collected information on pesticide use 
97

, whereas the remaining studies assessed breast 

cancer risk using job titles (e.g. farming) as a surrogate for pesticide exposure 
98-105

. 

Three studies reported a higher risk of breast cancer among women 
97,101,103,106

, one 

study reported lower risk among postmenopausal women 
99

 and four studies did not find 

an association 
98,102,104,105

.  
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Author, 

Year,  

Country 

 

Cases (Response 

fraction): 

Controls 

(Response 

fraction), study 

setting, outcome 

Exposure 

assessment 

Pesticide 

exposure 

Confounders 

considered 

Matching Main results 

Pesticide exposure measured as close proximity to agricultural areas or through drinking water 

Aschengrau 
91

, 

1996, 

USA 

265 (81%):  

953 (44%), 

Population, 

Incidence 

Geological survey 

maps, aerial land 

use photographs 

and maps, 

interview. 

Living near cranberry bogs Extensive* Date of 

birth, vital 

status 

Lived within 2600ft of a 

cranberry bog with 15 years 

latency OR=1.3 (95% CI: 0.9-

2.0) and without latency 

OR=1.2 (95% CI: 0.8-4.9) 

Brody 
92

, 

2004, 

USA 

1,165 (74%): 

1,006 (68%), 

Population, 

Incidence 

Historical record, 

geographic 

information system 

technology, 

interview. 

Aerial application of persistent or 

less persistent pesticides on tree 

pests or cranberry bogs; ground 

application for other agricultural 

or mosquito control in wetlands. 

Extensive * Date of 

birth, vital 

status 

Non consistent trend between 

breast cancer risk and exposure 

across all categories of use. 

McElroy
93

, 

2007,  

USA 

3,275 (83%): 

3,669 (83%), 

Population , 

Incidence 

Samples of 

randomly selected 

private ground 

water wells located 

in rural Wisconsin 

and carried out in 

1994, 1996, and 

2001. 

Atrazine 

 

Extensive* Age Exposed to atrazine 

concentrations of 1.01-2.99 ppb 

OR= 0.9 (95% CI: 0.9-1.4) in 

comparison to women exposed 

to <0.15 ppb.  

 

 

Table 3.3: Summary of case-controls studies that have investigated the association between breast cancer and pesticide exposure 
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Author, 

Year, 

Country 

 

Cases (Response 

fraction): Controls 

(Response fraction), 

study setting , 

outcome  

Exposure 

assessment 

Pesticide 

exposure 

Confounders 

considered 

Matching Main results 

 

 

 

 

Household pesticide exposure 

Teitelbaum
94

, 

2006,  

USA 

1508 (82%):  

1556 (63%), 

Population 

Incidence 

 

Interviewer- 

administered 

questionnaire 

Pesticide use 

based on type 

of pest 

controlled 

Extensive* Age Ever lifetime residential pesticide use 

OR=1.39 (95% CI: 1.15, 1.68); women who 

exclusively self-applied lawn and garden 

pesticides were at a moderately increased 

risk of breast cancer (e.g. lawn insecticides 

OR= 1.56 (95% CI: 1.01- 2.43); chemicals 

for insects or diseases of outdoor plants OR 

=1.58 (95% CI: 1.12, 2.22). 

 

Farooq 
95

, 

2010, 

USA 

447:758 [95%] 

Hospital 

Incidence 

Interviewer- 

administered 

questionnaire 

Pesticide use 

based on type 

of pest to 

control  

 

Extensive* Age No association between breast cancer and 

any type of pesticide used.  

Zota
96

, 

2010,  

USA 

787 (74%):  

721 (68%), 

Population 

Incidence 

Interviewer- 

administered 

questionnaire 

Pesticide use 

based on type 

of pest to 

control 

Extensive* Age No association between breast cancer and 

any type of residential pesticide use. 

Table 3.3:  Continued 

 

Table 3.3: Continued 
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Author, 

Year, 

Country 

 

Cases (Response 

fraction): 

Controls 

(Response 

fraction),  

study setting, 

outcome 

Exposure 

assessment 

Pesticide 

exposure 

Confounders 

considered 

Matching Main results 

Occupational pesticide exposure 

Brophy 
101

, 

2006, 

Canada 

564 (99%): 

599 (52%), 

Population, 

Incidence 

Interviewer- 

administered 

questionnaire 

Ever worked in agriculture Extensive* Age , 

geographical 

area 

Ever worked in agriculture OR= 

2.8 (95% CI: 1.6-4.8) 

Brophy 
100

, 

2002, 

Canada 

229 (?): 

237 (?) 

Hospital, 

Incidence 

A computer-

based 

questionnaire 

Lifetime occupational 

histories (>1 year) 

Social economic 

state, education, 

smoke, age 

None ≤ 55 years old have ever 

engaged in farming OR=9.05 

(95% CI: 1.06-77.43) 

Villeneuve
102

, 

2011, 

France 

1,230 (79%): 

1,315 (76%) 

Population, 

Incidence 

Interviewer- 

administered 

questionnaire 

Lifetime work history (>6 

months) 

Extensive* Age, area No association between 

employed as farm managers or 

farmers or animal or working in 

agricultural industry and breast 

cancer 

Duell 
97

, 

2000, 

USA 

 

 

 

862 (74%): 

790 (53%), 

Population, 

Incidence 

 

 

 

 

 

Interviewer- 

administered 

questionnaire 

Worked in farm or type of crop 

or livestock, presence in field 

during pesticide application, 

ever used pesticide, use of 

personal protective equipment 

Extensive* Age, race Present in fields during or 

shortly after pesticide 

application OR=1.8 (95% CI: 

1.1–2.8); not using protective 

clothing while applying OR=2.0 

(95% CI: 1.0–4.3) 

Table 3.3: Continued 
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Author, 

Year, 

Country 

 

Cases (Response 

fraction): Controls 

(Response fraction), 

study setting , 

outcome 

Exposure 

assessment 

Pesticide 

exposure 

Confounders 

considered 

Matching Main results 

Occupational pesticide exposure 

 

Settimi
99

, 

1999, 

Italy 

259 (93%): 

536 (91%) 

Hospital, 

Incidence 

Self or next kin 

interviewer- 

administered 

questionnaire 

Type of crop, ever 

worked in agriculture 

(> 1 year) 

Extensive* None Farming: premenopausal OR=1.4 (95% 

CI: 0.5-3.4); postmenopausal OR=0.4 

(95% CI: 0.3-0.7) 

Band 
98

, 

2000, 

Columbia 

1,018(68%): 

1,020 (68%) 

Population, 

Incidence 

Self-

administered 

questionnaire 

Lifetime work 

history (job 

description, 

occupation, industry, 

duration, period of 

work) 

Extensive* Age Farming or horticulture or animal 

husbandry OR= 0.78 (95% CI: 0.44-

1.38); farmers OR= 1.93 (95% CI: 0.77-

4.87); crop farm workers OR=0.95 

(95% CI: 0.62-1.47); agricultural 

industry OR=0.92 (95% CI: 0.51-1.69) 

Peplonska
104

, 

2007, 

Poland 

2386(79%): 

2502(69%), 

Population,  

Incidence 

Interviewer- 

administered 

questionnaire 

Lifetime work 

history (>6 months), 

agricultural 

production of crops 

or livestock, 

agricultural services 

Extensive* City of 

residence, 

age group 

Ever farm operators and manages OR= 

0.7 (95% CI: 0.4-1.2); other agriculture 

and related occupations OR=0.8 (95%: 

0.5-1.3).  

Table 3.3:  Continued 
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Author,  

Year,  

Country, 

 

Cases (Response 

fraction) Controls 

(Response fraction), 

study setting , 

outcome 

Exposure 

assessment 

Pesticide  

exposure 

Confounders 

considered 

Matching Main results 

Occupational pesticide exposure 

 

Petralia 
105

,  

1998, 

USA 

1,304 (53%): 

740 (57%), 

Population,  

Incidence  

Interviewer- 

administered 

questionnaire 

Lifetime 

work history 

(> 1 year) 

Extensive* Age , county of 

residence  

No association between premenopausal 

breast cancer OR= 3.17 (95% CI: 0.33-

30.66) or postmenopausal breast cancer 

OR=0.75 (95% CI: 0.12-4.49) and ever 

employed in forestry and farming job.  

 

Gardener
103

,  

2002, 

China 

1,459 (91%): 

1,556 (90%), 

Population, 

Incidence 

Interviewer- 

administered 

questionnaire 

Lifetime 

work history 

(>3 years)  

Extensive* Age Farmers for over 10 years OR=2.08 (95% 

CI: 1.15-3.74); dose response relationship 

between the risk of breast cancer and 

years of employment as farmers among 

post-menopausal women (P=0.04) 

Abbreviations: CI, Confidence Interval; NR, Not Reported; OR, Odds Ratio 

*Extensive potential confounders include most of these: race, education; marital status, religion, household income, age at menarche, parity, age 

at first birth, lactation, menopausal status, oral contraceptive use, hormone replacement therapy use, first-degree family history of breast cancer, 

history of benign breast disease, body mass index, alcohol use, smoking status, and physical activity 

Table 3.3:  Continued 
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3.5.2.4  Cohort studies, including nested case-control studies, of pesticide exposure 

and breast cancer risk  

While the majority of epidemiologic studies examining pesticide exposure and breast 

cancer aetiology are case-control studies, a small number of cohort studies have been 

published, mostly examining pesticide-related occupations. Cohort studies have the 

advantage that relative risk can be determined directly from estimates of incidence, and 

the exposure data may be collected prospectively, enabling better exposure assessment. 

Eleven cohort studies examined the association between breast cancer and potential 

occupational pesticide exposure 
106-116

. Two cohort studies examined the association 

between residential proximity to agricultural pesticides and breast cancer risks 
117,118

. 

No cohort study was found that examined the association between household pesticide 

exposure and breast cancer risk. The main characteristics of the studies are presented in 

Table 3.4. 

Two of these studies were analysed as nested case-control studies 
106,118

.  Six studies 

were conducted in the United States, two in Finland and one each in the United 

Kingdom, Sweden, Denmark, and China. One study covered 12 countries (Australia, 

Austria, Canada, Denmark, Finland, Italy, Netherlands, New Zealand, Sweden, 

Germany, USA) 
113

 and one study covered two countries (Denmark, Italy) 
112

.   

Eight of the cohort studies of breast cancer risk relied on surrogate measures of 

pesticide exposure such as job title, working on particular crops and type of industry. 

Three of these studies reported a significant decreased risk 
108,110,115

, while the 

remainder reported no association. Two of the three cohort studies that collected 

information on pesticide exposure found a positive association for a particular pesticide 

chemical group or active ingredient and breast cancer 
106,107

.  

One cohort study and one nested case-control study examined the association between 

pesticide exposure of women living close to agricultural areas and breast cancer risk 

117,118
. The cohort study did find an increased risk. However, the pesticide exposure was 

based on current residential proximity and did not measure individual’s historic 

pesticide exposure 
117

. The nested case-control study reported significantly elevated 

ORs for breast cancer among women who resided within one mile of hazardous waste 
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sites containing organochlorine pesticides 
118

. The study also found that women who 

had lived close to agricultural lands and were nulliparous or had their first child at older 

age, was at higher risk of developing breast cancer than women who never lived close 

to agricultural lands and who had their first child at an earlier age.  
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Author, 

Year,  

Country 

Study population Follow 

up 

period 

Non-exposure 

group 

Exposure 

assessment 

Pesticide 

exposure 

Confounders 

considered 

Main results 

 

Occupational pesticide exposure 

Engel
107

, 

2005, 

USA 

309 incident cases 

from 30,454 wives of 

private pesticide 

applicators. 

1993-

2000 

Subjects who 

reported no use 

of pesticide or 

individual 

pesticide use 

Self-

administered 

questionnaire 

Wife or 

husband’s use of 

50 specific 

pesticides 

Extensive* Husband’s use of aldrin RR=1.9 (95% 

CI:1.3,27); carbaryl RR=1.4 (95% CI: 

1.0-2.0); chlordane RR=1.7 (95% CI: 

1.2, 2.5); dieldrin RR=2.0 (95% 

CI:1.1, 3.3); heptachlor RR=1.6 (95% 

CI: 1.1,2.4); lindane RR=1.7 (95% 

CI: 1.1,2.5); 1.4 (95% CI: 1.0,2.0); 

2,4,5-TP RR=2.0 (95% CI:1.2, 3.2) 

Pukkala
108

,  

1997, 

Finland 

1,474 incident cases 

from 85,151 females 

farmers registered in 

the Finish farm 

register 

1979-

1993 

General 

Finish 

population 

Data from 

farm register  

Occupation 

 

Age, sex, 

geographic 

location of the 

farm  

Farmer SIR= 0.77 (95% CI:0.73,0.80) 

Fleming
109

,  

1999, 

USA 

4 mortality cases from 

3,503 pesticide 

applicators licensed in 

the Florida 

Department of 

Agriculture and  

Consumer  

1975–

1993  

General 

population of 

Florida 

Florida 

Department of 

Agriculture 

and Consumer 

Services 

Occupation Age Pesticide applicator SMR = 0.76 

(95% CI:0.2,1.9) 

Table 3.4: Summary of cohort studies that have investigated the association between breast cancer and pesticide exposure 
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Author, Year,  

Country 

Study population Follow 

up 

period 

Non-exposure 

group  

Exposure 

assessment 

Pesticide 

exposure 

Confounders 

considered 

Main results  

 

Occupational pesticide exposure 

Inskip 
110

,  

1996,  

UK 

194 incident cases 

female farmers 

and 2,765 

incident cases 

farmers wives 

from the Office of 

Population 

Censuses and 

Surveys  

1979-

1990 

Female farmers 

were compared 

to the general 

working 

population and 

farmers’ wives 

with wives of 

working men-

non farming 

Last full time 

occupation 

recorded on 

death certificate 

from the office 

of population 

censuses and 

surveys. 

Occupation None  Female farmers PCMR=0.84 (95% 

CI:0.73-0.97); farmers wives PCMR =0.98 

(95% CI:0.95-1.02) 

Kristensen 
119

, 

1996,  

USA 

598 incident cases 

from 109,641 

female agriculture 

workers, 

Norwegian 

agricultural 

census 

1969-

1991 

Total 

rural population 

of Norway 

Data from 

agricultural or 

horticultural 

census; farm 

production 

records 

Occupation 

(Agricultural 

workers) 

Age Agricultural workers SIR=1.05 (95% CI: 

0.98-1.13) 

Wiklund 
115

, 

1994,  

Sweden 

1,159 incident 

cases from 50,682 

women reporting 

in 1970 census 

who worked >20 

hours per week in 

agriculture  

1971-

1987 (or 

death) 

General female 

population 

of Sweden 

Data from 

Population and 

housing census 

Occupation Age Agricultural workers SIR = 0.83(95% CI: 

0.78-0.88) 

Hansen
114

,  

1992, 

Denmark 

10 incident cases 

from 859 female 

gardeners 

1975-

1984 

General female 

population of 

Denmark 

Data from 

gardeners’ 

section of the 

Danish Union of 

General workers 

Occupation Age, type of 

work 

Gardener SIR=1.07 (95% CI: 0.51-2.10) 

Table 3.4: Continued 
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Author, 

Year,  

Country 

Study population Follow-up 

period 

Non-

exposure 

group  

Exposure 

assessment 

Pesticide 

exposure 

Confounders 

considered 

Main results 

Occupational pesticide exposure 

Ronco 
112

,  

1992, 

Denmark 

Italy 

495 incident cases from the 

Danish occupational cancer 

and register and; 24 breast 

cases mortality from Italy 

census 

Denmark =10 

years; Italy = 

11 November 

1981 -April 

1982 

Subjects 

dying from 

other causes 

of deaths 

Data from the 

occupational 

census data  

Occupation None  Denmark Self-employed 

SIR = 0.87, family 

worker SIR= 0.81*, 

employs SIR=0.60*; Italy 

self-employed MOR 

=0.64* and employees 

MOR= 0.26* (* p <0.05) 

Ji
111

, 

2008,  

China 

586 incident and 438 

prevalent cases from 74,942 

women aged 40-70 residing 

in seven communities of 

urban Shanghai, 1997-2000. 

 

1997-2004 Never 

worked in 

that 

occupation  

Interviewer- 

administered 

questionnaire 

lifetime 

occupational 

histories (>1 

year) 

Extensive* Cotton plantation 

workers: OR=3.2 (95% 

CI: 1.1-8.8); food crop 

farm worker OR=1.2 

(95%CI: 0.9-1.6) 

Table 3.4: Continued  
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Author, 

Year,  

Country 

Study population Follow-

up 

period 

Non-exposure 

group  

Exposure 

assessment 

Pesticide exposure Confounders 

considered 

Main results 

Occupational pesticide exposure 

Kogevinas 
113

,  

1997, 

12 

countries  

21 mortality cases 

from 1,102 women 

workers enrolled 

in IARC cohort 

employed in 

specific 

Department of 

Plants Production  

1939-

1992 

WHO national 

mortality rates 

were used as 

comparison rate 

Job record, 

questionnaire, 

serum and 

adipose tissue 

dioxin levels 

Production, formulation and 

spraying of phenoxy 

herbicides, chlorophenols or 

dioxins 

Age, country 

of residence 

Phenoxy herbicides 

contaminated with TCDD or 

chlorinated dioxins SMR= 

2.16 (95% CI: 0.99-4.01) 

phenoxy herbicides or 

chlorophenols SMR =1.23 

(95% CI:0.63-2.14) 

Mills 
106

 , 

2005,  

USA 

128 incident cases 

640 controls,  

nested case- 

control study 

 

1973-

2001 

Members of 

farm workers 

who were 

members of the 

United farm 

workers of 

America, 

Incidence 

 

 

Job history 

combined with 

California 

pesticide 

reporting 

database 

Type of crop, commodity 

cultivated , specific 

chemicals (diazinon, 

malathion, captan, methyl 

bromide, 2,4-D, chlordane, 

chlorothaionil, maneb, 

dichloropropane, propargite, 

triflurin, dicofol, simazine) 

County-level 

fertility, 

poverty  

Mushrooms OR= 6.02 

women diagnosed between 

1988-1994 high chlordane 

OR=3.85 (95% CI: 1.22-

12.20), medium malathion 

OR=2.95 (95% CI: 1.07-

8.11); for women diagnosed 

between 1995-2001 high 

2,4,D OR=2.14 (95% CI: 

1.06-4.32) 

Table 3.4: Continued 
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Abbreviations: CI, Confidence Interval; MOR, Mortality odds ratio; PCMR, proportionate cancer mortality ratio; SMR, Standardized Mortality 

Rate; SIR, Standardise Incidence Rate.  

*Extensive confounders include most of these: race, education; marital status, religion, household income, age at menarche, parity, age at first birth, 

lactation, menopausal status, oral contraceptive use, hormone replacement therapy use, first-degree family history of breast cancer, history of benign 

breast disease, body mass index (BMI), alcohol use, smoking status, and physical activity

Author, 

Year,  

Country 

Study 

population 

Follow-

up 

period 

Non-

exposure 

group  

Exposure 

assessment 

Pesticide exposure Confounders 

considered 

Main results 

Pesticide exposure due to close proximity to agricultural areas or due to drinking water 

Reynolds
117

, 

2004,  

USA 

1,552 incident 

cases from 

114,835 the 

California 

Teachers 

Cohort 

1995-

1999 

Subjects 

with 

exposures of 

<1 pounds 

per square 

mile 

Residential 

history and 

California 

Pesticide Use 

Reporting data 

for 1993-95, GIS 

Similarly to the 

classification scheme used in 

the ecological study by 

Reynolds et al 
88

. 2005 

Extensive* No association for individual or 

grouped pesticides. 

O’Leary
118

, 

2004, 

USA 

105 incident 

breast cancer 

cases and 210 

controls 

1980-

1990 

Controls 

who were 

New York  

residents in 

1980 and 

resided at the 

same address 

≥ 18 years 

Aerial 

photographs 

taken in 1947 

and 1950, water 

pesticide sample, 

GIS, interview 

Residing on land previously 

used of agriculture, residing 

in water district/well field 

with any pesticide detected 

and residing within 1 mile of 

hazardous waste sites 

containing organochlorine 

pesticides. 

Race, education, 

BMI, smoking 

alcohol, age at 

first birth 

Residing within 1 mile of 

hazardous waste sites: OR= 2.8 

(95% CI: 1.1-7.1). Residence 

on prior agricultural land + 

nulliparous or had a later age at 

first birth compared to women 

who did not reside on prior 

agricultural land and with an 

earlier age at first birth: OR=6.4 

(95% CI: 1.1- 7.1). 

Table 3.4: Continued  
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3.5.2.5  Critique of the epidemiological literature  

Conclusions about the relationship between breast cancer and pesticide exposure cannot 

be drawn as yet. The inconsistency in the findings from the 33 studies conducted so far 

might be caused by several reasons. These are discussed below: 

Exposure assessment  

The studies reviewed here were heterogeneous in exposure measurement. Studies have 

used several approaches such as job titles, self-administered questionnaires, interviews 

and geographic information systems. Most of the epidemiologic studies, including 

cohort studies, that examined the association between occupational pesticide exposure 

and breast cancer risk have relied on job titles (e.g. farming, agriculture, plantation 

work) as an indicator of occupational pesticide exposure 
108-112,114-116

. Most of these 

studies reported a decreased risk or no association. The difference in results that used 

farming employment as a surrogate for pesticide exposure, in part, can be explained by 

geographical variability in farming practices between study areas. Another explanation 

for these conflicting results may be differential definitions of ‘farming’. For example, 

‘farming’ can be defined as purely agricultural and horticultural or may include animal 

husbandry. Some definitions of ‘farming’ also include forestry and fishing, while others 

do not.  

A recent Australian study investigated the extent to which farm-related occupation was 

associated with pesticide exposure and found that only 22% of farm workers were likely 

to have been exposed 
19

. Farming job title may be a poor indicator of pesticide exposure 

and that this is likely to result in an overestimation of the probability of exposure (i.e. 

important associations may be under-rated or remain undetected) 
19

. Furthermore, 

people employed in the agricultural sector may be exposed to a variety of chemicals 

(e.g. solvents, fuels, and fuel exhaust), dusts and micro-organisms of which may need to 

be examined in the context of breast cancer disease.  

There have been two epidemiologic studies, one case-control study and one cohort 

study, which collected information on pesticide use in the workplace and breast cancer 

risk. The case-control study found a higher risk of breast cancer 
97

, although this study 

did not find an association between breast cancer and farming. The study showed that 
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among women who farmed, the odds ratios (ORs) were elevated for those who reported 

being present in fields during or shortly after pesticide application (OR=1.8, 95% 

CI=1.1–2.8), highlighting the importance of collecting data on actual pesticide exposure 

rather than simply job title. While the cohort study did not found increased risk of breast 

cancer among farmers wives who reported ever applying pesticides 
107

.  However, the 

capacity of the cohort study to find an association was limited by the short follow-up 

period of the women.  

Four case-control studies 
94-97

 and one cohort study 
107

 relied on self-administered 

questionnaires or interviews to collect information on pesticide exposure (occupational 

or household or environmental/residential). Only one study reported the reproducibility 

coefficients for the questionnaire used 
97

. None of the studies investigated the validity of 

the pesticide questionnaires or interviews. The ability to investigate the validity of the 

questionnaires used to collect pesticide information is limited by the burden on 

participants, especially if biological sample are required, and the lack of a gold standard.  

Retrospective self-reporting of exposures is one of the most common methods of 

estimating pesticide exposure but this has the potential for recall bias 
120

. For example, 

self-reported pesticide exposure was associated with increased risk of Parkinson’s 

disease (OR=1.76; CI: 1.15-2.70), however the risk estimate was attenuated when the 

analyses was restricted to those considered exposed by hygienists (OR=1.51, 95% CI: 

0.85-2.69) 
120

. Prospective self-reporting of exposure and the use of more objective 

estimation methods, such as expert assessment, may reduce the potential for recall bias.  

Some studies that assessed the association between living near agricultural pesticide 

applications and breast cancer used geocoded addresses for the women residence using 

geographic information system to determine the proximity to agricultural areas and to 

assign exposures 
92,117,118

 . The results from these studies did not find an association 

between pesticides and breast cancer. This probably because the method used is a 

surrogate for exposure and subject to potential exposure misclassification, which may 

derive from errors in the geocoding or in the arbitrary assignment of proximity (i.e. 

inside the predefined distance/buffer is exposed, just outside is unexposed). The 

estimates of effect may thus be attenuated when evaluating the discrepancies of the 

results of such studies. 
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Mixtures combinations of pesticides as exposure  

The exposure category ‘pesticides’ represent many hundreds of chemicals and, as a 

result, one cohort exposed to ‘pesticides’ may be exposed to a different group of 

chemicals to another cohort said to be exposed to ‘pesticides’. It may be that exposure 

to only a few pesticide compounds, if any, results in an increased risk of developing 

breast cancer. However, differences in exposure to these compounds would be masked 

by the use of broad ‘pesticide’ exposure categories in the studies, possibly resulting in 

the heterogeneity of results observed.  

Furthermore, the assessment of exposure to specific active ingredients of pesticides or 

group of chemical pesticides may be confounded by exposure to other pesticides, 

hindering identification of the causative agent. In addition, exposure to different types 

of pesticides may also be correlated, and it is difficult to disentangle the independent 

effects of specific pesticides.  

The lack of adequate exposure definition and/or the variation in definition of exposure 

across studies is a problem encountered in the vast majority of epidemiologic studies. 

For example, important factors (i.e. like those associated with pesticide applications and 

behaviours) should be incorporated into exposure estimates to reduce measurement 

errors and to permit for better resolution of the exposure distribution 
121

. Future work to 

develop exposure metrics that incorporate both chemical and exposure characteristics 

will contribute to improving these assessments at least in the occupational setting 
121

.  

In the absence of long-term biomarkers of exposure to most pesticides, organochlorine 

compounds being an exception, there is a need for more detailed estimates of pesticide 

exposure, addressing all routes of exposure and integrating occupational, environmental 

and household exposures in order to produce better validated exposure indices. Only 

two studies were able to examine or adjust for pesticide exposure from other sources in 

addition to the pesticide exposure variable interest 
91,107

. Both of these studies indicated 

that there was no difference between the crude odds ratios for the exposure of interest 

and the adjusted odds ratios.  
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Dose response and latency  

Only a few studies have collected detailed information on the frequency, duration, and 

use of individual compounds, that allows the dose-response relationship for pesticides 

to be investigated. Nevertheless, eight studies examined breast cancer risk using a 

ranking of pesticide exposure 
92-97,106,117

 (e.g. low/medium/high), five studies examined 

breast cancer by duration of employment (years) 
97,99,102-104

 and three studies examined 

breast cancer by latency (time between first exposure to diagnosis) 
91,92,111

. None of 

studies that have examined breast cancer risk using a ranking of pesticide exposure 

found a statistically increased in the risk of developing breast cancer. For studies that 

have examined duration of employment reported inconsistent result, with some reported 

no association 
97,99,102

, others showed increased risk 
103,104

 and others showed lower risk 

99
. The studies that have considered latency period in their analyses reported similar 

results without this assumption
91,92,111

.  

Sample size 

The small number of cancer cases and hence the lack of power identified in some 

epidemiologic studies may introduce error when investigating the association between 

pesticide exposure and breast cancer. In the case-control studies reviewed the number of 

breast cancer cases ranged between 229 
100

 to 3,275 
93

. In cohort studies the number of 

cases varied from 4 
109

 to 1,552 
117

. Four out of 11 cohort studies have reported fewer 

than 100 breast cancer cases 
109,112-114

. When exposure strata contain few subjects, even 

slight misclassifications of diagnosis or exposure can significantly alter the associations 

observed. In general, small samples are likely to yield unstable risk estimates. The 

results of these studies usually have broad confidence intervals and must be interpreted 

with caution.  

Confounding  

Confounding and independent risk factors for breast cancer have not been addressed 

well in about half the studies, especially in retrospective cohort studies. Sixteen of 33 

studies (13 case–control studies, three cohort studies) assessed most of the following 

variables: age at menarche or menopause, late first pregnancy and age at first delivery, 

use of oral contraceptives, hormone replacement therapy or family history. However, 
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this may have not influenced the findings significantly, as they are unlikely to be 

associated with pesticide exposure and therefore are not likely to have a confounding 

effect. On the other hand there may have been some residual confounding effect 

resulting from factors not explicitly collected by the study. For example, one study has 

shown that the husband’s use of pesticides increased the risk of breast cancer of their 

wives 
107

. The use of pesticides by the women’s husbands may be associated with the 

women using pesticides. Hence, adjusting for husband pesticide use may confound an 

association between pesticides and breast cancer towards the null. Socioeconomic status 

(e.g. education, profession and income) in particular is likely to confound the 

relationship between pesticide exposure and breast cancer. The number of indicators to 

assess socioeconomic status used in the studies considered varied with those using one 

indicator only there might be residual confounding. Some other possible confounding 

factors could be the use of solvents and fertilizers which may be correlated to the 

exposure to pesticides, if they are also related to breast cancer.  

Mortality as the end point of interest  

Three studies 
109,110,113

 investigated the association between breast cancer mortality and 

farming. The risk factors for breast cancer mortality might be related to survival as well 

as incidence. In addition, the results from these studies could not be generalised to less 

invasive and aggressive types of breast cancer.  

Hospital-based case-control studies   

The selection of control subjects from hospital patients, especially in studies examining 

the relationship between pesticide exposure and health outcomes, has long been 

debated. The methodological problem with hospital controls is that the distribution of 

exposure in the hospitalized control may not be representative of the exposure 

distribution in the source population
84

. Moreover, the use of hospital controls could 

result in selection bias for both cases and controls; if attendance at the hospital was 

influenced by factors such as severity of breast cancer, geographic location, and social 

class which in turn may be related to exposure. Of the 15 case-control studies that 

investigated the link between pesticide exposure and breast cancer risk, only three had a 

hospital-based design 
95,99,100

.  
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Nested case-control studies 

Two studies had a nested case-control design 
106,118

. Timing factors used for matching 

cases and control are of particular importance in the design of nested case-control 

studies 
122

. In addition to age, the time of enrolment to the cohort should be taken into 

account. Controls might serve as possible cases in the course of study and measures 

should be taken to prevent misclassification bias. Although both studies have matched 

cases and control on age, none were matched based on time of enrolment to the cohort.  

Selection bias  

A total of 14 out of 15 case-control studies have reported information on participation 

fractions of cases and controls. The participation fractions ranged from 53% 
105

 to 99% 

101
 for cases and from 44% 

91
 to 90% 

103
 for controls. The pattern of exposure in the 

subjects who refused to participate, patients who were too ill to take part or cases that 

died may differ from those persons who agreed to be included.  

Regional differences 

Pesticide exposure patterns and the epidemiology of breast cancer may differ among 

study populations, which may partially explain the current inconsistency of results. 

3.5.2.6 Summary  

The current review examined the epidemiologic studies that have investigated the 

association between pesticide exposure through the use of non-biological exposure 

assessment and the risk of breast cancer. This review shows a mixture of results, which 

is probably due to the different types and sources of pesticide exposure examined in the 

studies.   

 

Only a limited number of studies found a statistically significantly positive association 

between pesticide exposure resulting from close proximity to agricultural areas or 

through drinking water, household pesticide exposure and pesticide exposure due to 

occupation. Although much of the data does not support an association between 

pesticides and breast cancer, some positive observations keep the issue alive but 

unresolved. 
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Most of the case–control and cohort studies that have examined the association between 

pesticide exposure resulting from close proximity to agricultural areas or through 

drinking water did not find an increased risk of breast cancer. One of the two cohort 

studies reported a positive association between residing within 1 mile of hazardous 

waste sites and the risk of breast cancer 
118

. However, these women would also have 

been exposed to other contaminates found at the hazardous waste site. Furthermore, 

living near hazardous site does not necessarily equate to individual exposure. 

 

Only two studies examined the association between occupational pesticide exposure and 

the breast cancer risk by collecting data on pesticide exposure from the participants 

themselves 
97,107

. Based on these two studies, the case-control studies suggested an 

association, while the cohort study did not found increased risk of breast cancer. 

However, the cohort study lacked statistical power to detect an association.  

 

Only three epidemiologic studies examined the association between pesticide household 

exposure and breast cancer, and these were case-control studies 
94-96

. The largest study 

which also had the most extensive exposure assessment indicated an association 
94

 

between breast cancer and pesticides but no dose response was found. Based on the 

evidence available to date, it is impossible to determine whether exposure to household 

pesticides is a risk factor for breast cancer.  

 

Most studies were conducted among women living in the United States, where pesticide 

exposure is likely to be different to women living in other countries, including 

Australia. Most of the case-control studies examined recent pesticide exposure as a 

measure of exposure and that is less relevant to chronic diseases such as cancer. Recall 

and selection bias, small sample size, short follow-up period in some cohort studies, and 

lower power are amongst the major methodological issues in the epidemiological 

studies reviewed. In conclusion, inconsistency in the results from studies of pesticide 

and breast cancer appeared to have predominately resulted from inadequate measure of 

pesticide exposure.  
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This thesis aims to provide further evidence input regarding the relationship between 

pesticide exposure from three different sources and the risk of developing breast cancer 

by using the data collected by the Breast Cancer Environment and Employment study. 
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4 THE BREAST CANCER ENVIRONMENT AND 

EMPLOYMENT STUDY 

4.1 INTRODUCTION  

My research included data from the Breast Cancer Environment and Employment Study 

(BCEES) which was designed and commenced data collection prior to me commencing 

PhD studies. This chapter provides an overview of the BCEES methods with a focus on 

the data collection used in my PhD to investigate the association between pesticide 

exposure and breast cancer in Australia. Further discussion of research methods, with 

particular reference to the objectives of this PhD project is provided in Chapters Five 

and Six.  

4.2 THE BREAST CANCER ENVIRONMENT AND 

EMPLOYMENT STUDY 

BCEES was a population-based case-control study, funded by the Australian National 

Health and Medical Research Council (#572530), which aimed to examine whether the 

risk of breast cancer is increased by chronodisruption (disruption of circadian rhythms), 

and exposure to solvents and polycyclic aromatic hydrocarbons in the work place. The 

study was also interested in investigating the associations between pesticide exposure, 

sleep distribution and physical activity and the risk of breast cancer. The study took 

place in Western Australia between 2009 and 2011. Figure 4.1 presents a flow chart of 

the study recruitment and data collection process 

4.2.1 Definition and Recruitment of Cases  

Case recruitment took place by identifying the cases notified to the Western Australian 

Cancer Registry. Registration of all cancers except non-melanoma skin cancer is 

mandatory in Australia. Identified cases were cross checked with the death records. 

Cases who were alive were sent a study invitation letter, information leaflet, consent 

form, reply envelope and lifestyle questionnaire by the Western Australian Cancer 



      

     

119 

 

Registry. A reminder phone call was made to those who did not reply within 14 days. 

Those who still did not reply after a further two weeks were sent a reminder letter. 

Those who still did not reply to the reminders were recorded as non-responders.  

The inclusion criteria for cases were as follows:  

1. Female 

2. Aged between 18 and 80 years old at the time of diagnosis  

3. Resident in either rural or metropolitan Western Australia 

4. Diagnosed with incident invasive breast cancer (ICD-10, C50) between 

01/05/2009 to 31/01/2011 and reported to the Western Australian Cancer 

Registry before 31/07/2011. 

The exclusion criteria of cases were as follows: 

1. Resident outside Western Australia 

2. Could not speak adequate English to complete the questionnaire 

3. Diagnosed with ductal carcinoma in situ 

4. Unable to complete the questionnaire due to self- reported co-morbidity 

5. Tumours which were notified to the Western Australian Cancer Registry more 

than 7 months after their date of diagnosis 

In total 2,084 eligible cases were approached to participate in the study, of which 57.8% 

(1,205 subjects) participated in the study.  

4.2.2 Definition and Recruitment of Controls 

Controls were randomly selected from the Western Australian Electoral Roll and 

frequency matched by five year age group to the expected age-distribution of breast 

cancer cases. Being registered to vote is compulsory in Australia, and the electoral roll 

is considered an almost complete list of Australian citizens. The randomly selected and 

frequency matched list of potential controls and addresses was cross-checked against 

death records. Once the cross checking was completed, the controls were sent an 

invitation letter, information leaflet, consent form, lifestyle questionnaire, and reply 

paid envelope by the BCEES group. A reminder phone call was made to those who did 

not respond after 14 days. Those who still did not reply 14 days after the reminder call 
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were sent a reminder letter. Those who still did not reply to the reminders were recorded 

as non-responders.  

The inclusion criteria for controls were as follows:  

1. Female 

2. Aged between 18-80 years old  

3. Not previously diagnosed with breast cancer  

4. Resident in Western Australia 

The exclusion criteria for controls were as follows: 

1. Resident outside Western Australia 

2. Could not speak adequate English to complete the questionnaire 

3. Inability to complete the questionnaire due to co-morbidity (self-reported) 

 

In total 4,356 eligible controls were approached, of which 41.1% (1,789 subjects) 

participated in the study. 

Once the cases and controls consented and returned the lifestyle questionnaire a DNA 

saliva kit (for subjects who consented to DNA) and/or a risk perception questionnaire 

were sent. For those who did not reply within 14 days, a reminder phone call was made. 

If the women still did not return the risk perception questionnaire and/or DNA kit a 

reminder letter was sent 14 days after the reminder phone call. Those who still had not 

returned the risk perception questionnaire and DNA kit were recorded as non-

responders for DNA and/ or risk perception.  

A thank you letter was sent to participants who returned the questionnaire and/or DNA 

kit (Figure 4.1). The last component of data collection was a computer assisted 

telephone interview to collect more detailed information about selected occupational 

exposures (shift work, solvents, polycyclic aromatic hydrocarbons and pesticides).  

Copies of the lifestyle and risk perception questionnaires are in Appendix Three and 

further details about specific exposures relevant to this thesis are given in Chapter Five 

and Chapter Six.  
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Figure 4.1: Steps in the case and controls ascertainment, recruitment and data 

collection process in the BCEES. 
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4.2.3 Data Collection Overview 

The instruments that were used to obtain information from the women included the 

following:  

 The BCEES lifestyle questionnaire  

 Telephone interview  

 Risk perception questionnaire  

 Oragene® DNA kit 

All participants were asked to complete each of the two self-administered 

questionnaires, which had been posted to their home address.  

The BCEES lifestyle questionnaire  

The BCEES lifestyle questionnaire (see Appendix Two) covered the following areas: 

Demographic details 

Demographic characteristics such as date of birth, place of birth and education. 

History of breast related conditions or investigations  

Information on breast cancer diagnosis among relatives, conditions that resulted in the 

operation or biopsies of the breast and history of mammograms. 

Lifestyle factors 

Alcohol consumption; smoking history; height and weight (current, early teenage years 

and in early 30s); lifetime physical activity (including recreational and household 

activity) and sleep hygiene.  

Reproductive history 

Characteristics of menstrual history; number of pregnancies; age at each pregnancy; 

duration of breastfeeding; and use of contraceptives and hormone replacement therapy. 

Residential pesticide exposure 

Residential pesticide exposures were examined in two ways:  

1. Residential proximity to pesticide exposure sources. 

Respondents were asked to report if they lived on or within a kilometre of an 

agriculture area (farm, vineyard, nursery, market garden) for one year or more. 
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Those who reported that they had lived near an agriculture area were asked a 

series of questions on pesticide exposure, which included the type of an 

agriculture area they lived near or on (farm, vineyard, nursery, market garden), 

their ages during which they lived in or near these properties (first age to last 

age), whether they noticed a spray drift (yes, no), and how often they noticed the 

spray drift (weekly, monthly, every 2 months, every 3 months, every 6 months, 

once/year, don’t know).  

2. Self-reported residential pesticide use.  

All the participants who reported pesticide use in or around their homes were 

asked a series of questions on household pesticide exposure, which included the 

purpose of pesticide use (garden, spraying insects, treating pets for fleas or ticks, 

white ants/ termite in the home, white ants/termites in the garden), whether it 

was applied by the participant herself (yes-always, yes-sometimes, no-never), 

and the frequency of use (daily, weekly, monthly, 6 monthly, yearly, once in 5 

years, don’t know).  

Occupational pesticide exposure 

Each woman was also asked to provide information on every job or occupation that she 

had held for 6 months or longer, including the age she started work, the duration in 

years, job title, main job duties, employer, industry, country of employment, number of 

hours per week and number of weeks per year.  

Telephone Interview  

Once participants’ questionnaire data were uploaded, their job history information was 

entered in OccIDEAS (www.occideas.org), an online application which manages the 

process of assessing occupational exposure. In the BCEES, OccIDEAS contained 

questionnaires asking details about the characteristics of the following jobs: health 

professional (including nurses and midwives); driver; cleaner; chef; farmer; gardener; 

nursery worker, laboratory workers; hair dresser; and dry cleaner.  

The information on each job was reviewed by the project co-ordinator. The women 

were interviewed by phone and asked further questions on pesticides if they reported 

ever working in a job where pesticide exposure was possible (e.g. farmer, gardener, and 

http://www.occideas.org/
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nursery worker). The questions included information about the crops grown or the 

livestock handled, and whether they used pesticides for pests that they were trying to 

control. The circumstances of use were also noted. For example, did participants mix or 

apply the pesticide and what protective equipment did they use while handling the 

pesticides. The names of any pesticides that they recalled were noted.  

The interviewer contacted the consenting subjects to arrange a time for a telephone 

interview, which was managed using OccIDEAS. An experienced interviewer 

conducted all interviews from a single location and did not know whether he/she was 

interviewing a case or control. In cases where a woman had multiple jobs with an 

allocated job specific questionnaire, she was interviewed for up to five jobs, to keep the 

respondent burden reasonable. These jobs were usually the longest held or most variable 

among each of the participant jobs. 

Risk Perception Questionnaire  

The risk perception questionnaire was a four page questionnaire that included questions 

about the participant’s beliefs regarding factors that may contribute to breast cancer 

risk: heredity, diet, chemicals, physical activity, etc. Women were asked “Do you think 

any of the following increases, decreases, or has no effect on the chance of getting 

breast cancer?” There were 37 items including pesticides with a choice of answers; 

‘increases a lot’, ‘increases a little’, ‘decreases a little’, ‘decreases a lot’, ‘no effect’ or 

‘don't know’ to each item. The risk perception questionnaire was completed and 

returned by 1,109 (92%) of case participants and by 1,633 (91%) of control participants.  

DNA Saliva Sample  

All participants were asked to provide a sample of their DNA using a commercial 

Oragene® saliva collection kit. This kit was sent by mail to participants after their 

consent forms and main questionnaire had been returned. The saliva sample was given 

by spitting approximately a teaspoon of saliva into the DNA collection kit (a disc 

shaped pot) containing a preservative. These samples were not available for use in this 

thesis.  
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4.2.4 Data Management  

Once returned, the completed self-administrated questionnaires were checked for 

completeness and data consistency. Checking for missing data or inconsistency was 

carried out using a proof-checking sheet and questionnaire query proforma. Incomplete 

or inconsistent data were amended by contacting the participants for clarification or 

following agreed rules. The self-administered questionaries were scanned once the 

checking process was complete. The resulting data files were again cleaned and checked 

for consistency.  

On completion of interviews, the data were provided to the project team in data files by 

the survey research contractor. These data were then checked for missing data and 

inconsistencies.  
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5  NOTICING PESTICIDE SPRAY DRIFT FROM 

AGRICULTURAL PESTICIDE APPLICATION AREAS 

AND BREAST CANCER: A CASE-CONTROL STUDY 

This chapter is based on the following published paper: 

El-Zaemey S, Heyworth J, Fritschi L. Noticing pesticide spray drift from agricultural 

pesticide application areas and breast cancer: a case-control study. Australian & New 

Zealand Journal of Public Health. 2013 Initially submitted on 10 December, 2012. 

Accepted for publication on April 21, 2013.   

5.1 ABSTRACT 

Objectives: To examine the relationship between noticing agricultural pesticide spray 

drift and breast cancer.  

Methods: A case-control study of breast cancer was conducted in Western Australia in 

2009-11. Self-report of whether the participants had noticed spray drift was assessed 

among 1,169 cases and 1,743 controls. To evaluate recall bias, we stratified the analysis 

by participants’ belief about whether pesticides increase the risk of breast cancer. 

Unconditional logistic regression was used to calculate odds ratios (ORs) and 95% 

confidence intervals (CI). Sensitivity analysis to evaluate selection and misclassification 

bias was conducted.  

Results: Among women who reported ever noticing pesticide spray drift from 

agricultural areas, an increased risk of breast cancer was observed (OR=1.43; 95% CI: 

1.15, 1.78). A dose response relationship between lifetime exposure to noticing 

pesticide spray drift and risk of breast cancer was observed (P <0.001). An increased 

risk of breast cancer was observed among women who noticed pesticide spray drift: 

initially at the age of 20 or younger (OR=1.61; 95% CI: 1.19, 2.16); at least 20 years 

before diagnosis (OR=1.51; 95% CI: 1.19, 1.92); and for 10 years or more (OR=1.51; 

95% CI: 1.18, 1.94). The OR for noticing spray drift was higher among participants 
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who believed pesticides increased breast cancer compared with those who did not. 

Selection or misclassification bias did not appear to appreciably alter the ORs.  

Conclusion: These findings support the hypothesis that women who ever noticed spray 

drift or who first noticed spray drift at younger age had increased risk of breast cancer. 

5.2 INTRODUCTION  

Breast cancer is the most common cancer in Australian women excluding non-

melanoma skin cancer, and is a leading cause of cancer-related morbidity and mortality 

in Australia 
1
. Less than 50% of the incidence of breast cancer is due to known risk 

factors such as a history of early menarche, later age at first live birth, nulliparity or 

family history of breast cancer 
2
; suggesting that other genetic and environmental 

factors may be potential risk factors. Some pesticides have oestrogenic properties that 

make them possible risk factors for breast cancer.  

One of the many routes that women could be exposed to pesticides is through pesticide 

drift from treated agricultural areas. Pesticides applied through aerial or ground 

application can drift from their application sites, with measurable concentrations 

subsequently detected in the air, in plants, and in animals up to several hundred metres 

from application sites 
3,4

.  

A descriptive study in the United States of America (USA) using data from reporting 

systems on pesticide-related events, indicated that 53% of acute poisoning cases during 

1998-2006 resulted from non-occupational pesticide drift from outdoor agricultural 

applications 
5
. Furthermore, it has been reported that 31% of acute pesticide illnesses 

that occurred at USA schools were attributable to pesticide drift exposure 
6
. Measurable 

pesticide residue, including the organophosphate insecticide, methamidophos (O,S-

dimethyl phosphoramidothioate), has been found inside and/ or outside households near 

agricultural treated areas from aerial application 
7,8

. These studies support the possibility 

of exposure to pesticides through living near pesticide treated agricultural areas.  

Several ecological studies have examined the association between residential proximity 

to agricultural pesticide applications and breast cancer with some studies reporting a 

positive association 
9-11

 and others not 
12-16

. However, ecological studies have well-
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known limitations in that conclusions can be only made about populations rather than 

individuals and they are subject to confounding 
17

. Results from such studies are best 

used to generate hypotheses. Only one cohort study examined the association between 

breast cancer risk and exposure to specific pesticides resulting from living close to 

agricultural areas 
18

. The study did not find an increased risk of breast cancer. However, 

pesticide exposure was based on current residential proximity and did not measure an 

individual’s historic pesticide exposure. Furthermore, the study used California 

pesticide use report data where pesticides data are reported in relation to square mile 

sections rather than actual field boundaries.  

Two case-control studies investigated the association between exposure to agricultural 

pesticides and breast cancer risk 
19,20

 using geographic information systems to estimate 

exposure. One study observed a non-statistically increased risk associated with living 

near cranberry bogs on which organochlorine pesticides had been aerially applied 
19

. 

However, this study lacked information about women with early life exposure. O’Leary 

et al. also observed an increased breast cancer risk for women residing within one mile 

of hazardous waste sites containing organochlorine chemicals 
20

. These women would 

also have been exposed to other contaminates found at the hazardous waste site. 

Furthermore, living near a hazardous waste site does not necessarily equate to 

individual exposure.  

Exposures that occur during the years from pre-puberty to age at first-full term 

pregnancy may be important in determining subsequent risk of breast cancer 
21

. Results 

from animal models suggest there is a time window of increased susceptibility to 

mammary carcinogens in early life 
22,23

. Breast tissues undergo terminal differentiation 

at first full term birth and before that time the breast tissue is still developing. Hence 

taken together, these findings suggest that environmental exposures during younger 

ages, compared with those that occur at older ages, may be more likely to affect breast 

cancer risk. Because of their oestrogenic properties 
24

, pesticide exposures may be of 

particular importance with regard to breast cancer when the exposure occurs in early 

life. 

Here we report the result of a population-based case-control study of the relationship 

between self-reported of noticing pesticide spray drift and breast cancer risk. The aims 
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of the study were: to determine whether noticing pesticide spray drift at younger ages is 

associated with the risk of breast cancer; to determine whether noticing pesticide spray 

drift for 10 years duration or more is associated with higher risk of breast cancer; and to 

determine if there is a dose relationship to noticing pesticide drift and breast cancer.  

5.3 MATERIALS AND METHODS 

5.3.1 Study Population 

This study was undertaken as part of the Breast Cancer Environment and Employment 

Study (BCEES), a case-control study of breast cancer conducted in 2009-2011. Cases 

were identified through the Western Australia Cancer Registry and were eligible if they 

were a resident of Western Australia, aged 18-80 years and were diagnosed with a first 

incident invasive breast cancer (International Classification of Diseases, Tenth 

Revision, code C50) during the period May 2009 to January 2011. A total of 2,222 

potential cases were identified of whom 138 were ineligible because they were too 

unwell to complete the questionnaire (n=12), had inadequate English (n=14), were not 

resident in WA (n=6), already included within the study (n=3), had died (n=8), had been 

mis-diagnosed (n=4), unrecorded (n=1), were diagnosed outside the dates of study 

(n=76), or their address was not correct (n=14). Of the 2,084 eligible cases, 1,205 

consented (58%), 334 refused, and 545 did not respond to the invitation.  

Controls were randomly selected from the Western Australian Electoral Roll and were 

frequency matched to cases for age, based on the approximate distribution of breast 

cancer in Western Australia for 2002. Registration on the electoral roll is compulsory 

for Australian citizens. A total of 4,608 individual names were extracted from the 

electoral roll, of whom 252 were ineligible. Selected subjects were ineligible if they 

were too unwell to complete the questionnaire (n=18), had inadequate English (n=37), 

were not resident in WA (n=4), had died (n=2), unrecorded (n=11), previously had 

breast cancer (n=23), were male (n=2), or had incorrect addresses (n=155). Of the 4,356 

eligible controls, 1,789 consented (41%), 939 refused, and 1,628 did not respond to the 

invitation.  
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The study was approved by the Human Research Ethics Committee of The University 

of Western Australia. 

5.3.2 Data Collection 

The study participants completed a postal questionnaire that collected information on 

occupational history, reproductive history, hormone use, home pesticide use, lifestyle 

factors (smoking, sleep, physical activity, alcohol intake) and demographic 

characteristics. Information about whether women noticed pesticide spray drift from 

living near agricultural areas was also obtained. Women who returned the questionnaire 

were sent a risk perception questionnaire that collected information about their beliefs 

about factors that may contribute to breast cancer including pesticides. The risk 

perception questionnaire asked “Do you think any of the following increases, decreases, 

or has no effect on the chance of getting breast cancer?” There were 37 items including 

pesticide with a choice of answers; ‘increases a lot’, ‘increases a little’, ‘decreases a 

little’, ‘decreases a lot’, ‘no effect’ or ‘don't know’ to each item. The RPQ was 

completed and returned by 1,109 (92%) case participants and by 1,633 (91%) control 

participants. 

5.3.3 Pesticide Spray Drift Assessment 

Respondents were asked to report if they lived on or within one kilometre of an 

agricultural area (farm, vineyard, nursery, market garden) for one year or more during 

their lifetime. Respondents who reported living near or on an agricultural area were 

asked a series of questions, which included the type of agricultural area (farm, vineyard, 

nursery, market garden), their ages during which they lived in or near these properties 

(first age to last age), whether they noticed a spray drift (yes, no), and how often they 

noticed the spray drift (weekly, monthly, every 2 months, every 3 months, every 6 

months, once/year, don’t know).  

Reports of noticing spray drifts from different agricultural sources were combined for 

the analysis, because the number of subjects noticing spray drift from each individual 

agricultural source was low. Lifetime exposure to noticing pesticide spray drift variable 

was derived by multiplying the frequency (weeks per year) of spray drift by years of 
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noticing spray drift (last age minus first age). Lifetime exposure to noticing pesticide 

spray drift was categorised into groups according to the control distribution. Indicator 

variables representing tertile membership (high, middle, and low categories) were used 

in the models. Spray drift from different agricultural sources were also presented. To 

define the relation between the time of noticing pesticide spray drift and the risk of 

breast cancer, different time windows were used: noticing pesticide spray drift initiated 

greater than 20 years before diagnosis (or before selection into the study for the 

controls) compared with noticing pesticide spray drift 20 years or less years before 

diagnosis; and noticing pesticide spray drift prior to 21 years of age compared with 

noticing pesticide spray drift initiated 21 years of age or more.  

5.3.4 Sensitivity Analyses of Noticing Spray Drift Misclassification and Non-

Response Bias  

Different approaches were used to determine the quality of the data collected and the 

impact that potentially imperfect data could have had on results. Because of the 

concerns regarding differential reporting between cases and controls, we attempted to 

calculate the degree of potential recall bias (differential misclassification bias) in this 

study. A number of simple sensitivity analyses were undertaken using the formulae 

derived from Rothman et al., 
17

. Assuming that cases are more likely to over report 

noticing pesticide spray drift than the controls 
25-27

 two assumptions were made. First, 

cases would tend to over-report noticing pesticide spray drift compared with the 

controls because of knowledge and beliefs about pesticides. For this scenario it was 

assumed that 10% of the cases who noticed pesticide spray drift over-reported noticing 

spray drift. Second, that control women may have been less motivated to think back on 

past exposures and may under-report their noticing of spray drift. For this scenario a 

20% increase in noticing spray drift among the control group was assumed. 

Due to the relatively low response fractions among cases and controls, in particular for 

the controls, we investigated the impact of the study participants not being 

representative of the source population in terms of noticing pesticide spray drift from 

agricultural areas. Among the respondents, 12% of the controls ever noticed a spray 

drift and 16% of the cases ever noticed a spray drift. Hence, we made different 
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assumptions for case and control non-responders: 1) the prevalence of noticing pesticide 

spray of the case and control non-responders is similar to the respective prevalence in 

the responders; 2) the prevalence of noticing pesticide spray drift of the control and case 

non-responders is similar to the prevalence of noticing pesticide spray drift in the 

responding cases; 3) the prevalence of noticing pesticide spray drift in the case and 

control non-responders is similar to the prevalence of noticing pesticide spray drift in 

the responder controls; and 4) the non-responder controls are 50% more likely to notice 

pesticide spray drift than the responder controls and the prevalence of non-responder 

cases is similar to prevalence of the responder cases.  

We think these assumptions represent a reasonable range of possible biased sampling. 

We implemented these assumptions by randomly coding the non-responders,and 

recomputing the unadjusted ORs.  

5.3.5 Stratified Analyses of Noticing Spray Drift Misclassification By Beliefs 

Because participants' awareness of the hypothesis may bias reporting of noticing 

pesticide spray drift, we stratified the analyses by beliefs about whether noticing 

pesticide spray drift contributed to breast cancer. Beliefs were dichotomised as those 

who said pesticides contributed to breast cancer, “increase a little”, “increase a lot”, 

versus “no effect”, “decrease a little, “decrease a lot” and “don’t know”. Missing 

responses (n=6) were coded as “don’t know”. 

5.3.6 Statistical Analysis  

Unconditional logistic regression was used to calculate odds ratios (OR) and 95% 

confidence intervals (CI). Statistical analysis was conducted using STATA (version 12, 

Stata-Corp, College Station, TX). The reference group for all comparisons were those 

who had never noticed a spray drift. 

The analyses presented are based on 1,169 cases and 1,743 controls because 36 cases 

and 46 controls did not provide any information on whether or not they noticed spray 

drift or on the age of noticing spray drift. Information on the frequency of noticing 

spray drift among women who indicated that they ever noticed spray drift was missing 

for two controls. To calculate the total lifetime exposure to noticing pesticide spray drift 
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for women who reported noticing spray drift but for whom data on frequency were “not 

known”, the median value for the specific frequency variable was used. Exclusion of 

these women from the analyses did not materially change estimates of association with 

the total life time exposure to noticing pesticide spray drift.  

The selection of confounding variables was based on the change in estimate criterion, 

when comparing the adjusted OR with the baseline OR containing only age group and 

selected pesticide variables. Possible breast cancer risk factors were evaluated as 

potential confounders: Socio-Economic Indexes for Areas (SEIFA); household and 

occupational pesticide exposure; access to health services; highest level of education; 

country of birth; family history risk of breast cancer; age at menarche; age stopped 

periods; contraceptive use; age at first birth; breast fed at least one child; contraceptive 

use; hormone replacement treatment, smoking cigarettes; alcohol consumption per 

week; physical activity; and body mass index at the current age. Family history of breast 

cancer was categorised into increased risk, some family history, no family history and 

unknown. Women were considered to have an increased risk if they had: 1) one first 

degree relative diagnosed with breast cancer before the age of 50; or 2) two first degree 

relatives with breast cancer diagnosed at any age; or 3) one first and one second degree 

relative diagnosed with breast cancer at any age; or 4) two second degree relatives on 

the same side of the family with breast cancer. Women were considered to have some 

family history if they had at least one first or second degree relative diagnosed with 

breast cancer at any age and not in the ‘increased risk’ category. None of these 

covariates were included in the final model because none resulted in at least a 10% 

change in the OR compared to the baseline model 
17

.  

The controls were selected from the electoral roll, but we did not exclude the cases who 

were not on the electoral roll. We therefore conducted a sensitivity analysis, in which 

we repeated all analyses without cases who were not on the electoral roll (n=19) and 

compared the effect sizes with those from the original models.  
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5.4 RESULTS 

Selected characteristics of cases and controls are presented in Table 5.1. Cases were 

more likely to report family history of breast cancer, had never breast fed, and had an 

older age at first birth, but were similar to controls on other characteristics.  

Table 5.1: Selected characteristic of breast cancer cases and controls, Western 

Australia, 2009-2011 

Characteristics of participants      Controls 

(n=1,743) 

Cases  

(n=1,169) 

No. % No. % 

Age  

< 45  

45-49  

50-54  

55-59  

60-64  

65-69  

70+ 

 

175  

202  

234  

297  

311  

263  

261  

 

10.0 

11.6 

13.3 

17.0 

17.8 

15.1 

18.0 

 

165  

171  

148  

179  

185  

143  

178  

 

14.1 

14.6 

12.7 

15.3 

15.8 

12.2 

15.2 

SEIFA, Socioeconomic index for areas 

Quintile 1-high 

Quintile 2 

Quintile 3 

Quintile 4 

Quintile 5-low 

Missing 

 

87  

238  

364  

347  

707  

0  

 

5.0 

13.7 

20.9 

19.9 

40.6 

0.0 

 

51  

148  

227  

238  

504  

1  

 

4.4 

12.7 

19.4 

20.4 

43.1 

0.1 

Access to health services  

Highly accessible 

Less accessible/remote 

Missing 

 

1475 

268 

0 

 

84.6 

15.3 

0.0 

 

1,002 

168 

1 

 

85.7 

14.2 

0.1 

Highest level of education 

Finished year 9, 10 or 11 

Year 12 or equivalent 

Trade/Apprenticeship/Diploma 

University education 

 

622  

395  

423  

303  

 

35.7 

22.7 

24.3 

17.4 

 

419  

241  

253  

256  

 

35.8 

20.6 

21.6 

21.9 

Country of birth 

Australia/New Zealand 

UK/Ireland 

Other Europe 

Asia 

Other 

 

1,160 

376 

82 

67 

58 

 

66.6 

21.6 

4.7 

3.8 

3.3 

 

743 

255 

64 

63 

44 

 

63.6 

21.8 

5.5 

5.4 

3.8 

Family history of breast cancer 

No family history 

Some family history 

Increased risk 

Unknown family history 

Missing 

 

1,245  

365  

129  

4  

0 

 

71.4 

21.0 

7.4 

0.2 

0.0 

 

712  

287  

166  

1  

3 

 

60.9 

24.6 

14.2 

0.1 

0.3 
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Table 5.1: Continued 

Characteristics of 

participants 

Controls (n=1,743) Cases (n=1,169) 

No. % No. % 

Age at menarche (years) 

≤10 

11 

12 

13 

≥14 

Don’t know or missing 

 

85  

246  

393  

515  

485  

19 

 

4.9 

14.1 

22.6 

29.6 

27.8 

1.2 

 

54  

170  

302  

320  

312  

11  

 

4.6 

14.5 

25.8 

27.4 

26.7 

0.9 

Age stopped periods (years) 

 Still having periods 

< 45 

45-47 

48-50 

51-53 

54+ 

Missing 

 

820  

123  

131  

275  

216  

168  

10  

 

47.1 

7.1 

7.5 

15.8 

12.4 

9.6 

0.6 

 

610  

66  

84  

168  

114  

115  

12  

 

52.2 

5.7 

7.2 

14.4 

9.8 

9.8 

1.0 

Age at first live birth (years) 

No children 

<20 

20-24 

25-29 

30+ 

Missing 

 

182  

165  

627  

512  

255  

2  

 

10.4 

9.5 

36.0 

29.4 

14.6 

0.1 

 

152  

117  

415  

283  

202  

0  

 

13.0 

10.0 

35.5 

24.2 

17.3 

0.0 

Breast fed at least one child 

No 

Yes 

Missing 

 

328  

1,379  

36  

 

18.8 

79.0 

2.1 

 

272  

880  

17  

 

23.3 

75.3 

1.5 

Lifetime contraceptive use 

No 

Yes 

Missing 

 

198  

1,543  

2  

 

11.4 

88.5 

0.1 

 

176  

992  

1  

 

15.1 

84.9 

0.1 

Hormone replacement 

treatment 

No 

Yes 

Missing 

 

1,013  

729  

1  

 

58.1 

42.8 

0.1 

 

724 

445  

0  

 

61.9 

 38.1 

0.0 

Ever smoked 

No 

Yes 

Missing 

 

1,000 

741 

2 

 

57.4 

42.5 

0.1 

 

644 

523 

2 

 

55.1 

44.7 

0.2 
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Table 5.1: Continued  

Characteristics of 

participants 

      Controls (n=1,743)           Cases (n=1,169) 

No. %          No            % 

Alcohol intake 

None 

≤3 drinks per week 

4-9 drinks per week 

10+ drinks per week 

Missing 

 

286 

623 

372 

458 

4 

 

16.4 

35.7 

21.4 

26.3 

0.23 

 

195 

405 

261 

307 

1 

 

16.7 

34.6 

22.3 

26.3 

0.1 

Lifetime physical activity, 

(MET hrs/week) quartiles~ 

0-37 

38-58 

59-85 

86+  

 

 

433 

443 

439 

440 

 

 

24.2 

24.8 

24.5 

24.5 

 

 

291 

290 

308 

287 

 

 

24.2 

24.1 

25.6 

23.8 

Current body mass index 

Underweight 

Healthy 

Overweight 

Obese 

Missing 

 

34 

708 

570 

396 

35 

 

2.0 

40.6 

32.7 

22.7 

2.0 

 

22 

473 

375 

275 

24 

 

1.9 

40.5 

32.1 

23.5 

2.1 

Household pesticide use 

No 

Yes 

Missing 

 

207 

1,528 

8 

 

11.9 

87.7 

0.5 

 

134 

1,027 

8 

 

11.5 

87.9 

0.7 

Occupational pesticide use 

No 

Yes 

  

1,594  

 37 

 

97.7 

2.3  

 

1,066 

17 

 

98.4 

1.6 

~~ MET is average metabolic equivalent of task and MET hours/ per week were determined 

from self-reported physical activities undertaken over a woman’s life time. 

Among women who ever noticed pesticide spray drift, there was an increased risk of 

breast cancer (OR=1.43; 95% CI: 1.15, 1.78) compared with women who never noticed 

pesticide spray drift (Table 5.2). Moreover, there was an increased risk of breast cancer 

among women who ever noticed pesticide spray drift from farm or vineyard or market 

garden compared with women who never noticed pesticide spray drift. Women who 

noticed pesticide spray drift and lived near that agriculture area for 10 years or more 

were at an increased risk (OR=1.51; 95% CI: 1.18, 1.94) in comparison with those who 

never noticed pesticide spray drift.  

Women with breast cancer had a significantly increased odds of ever noticing pesticide 

spray drift before or at 20 years of age (OR=1.51; 95% CI: 1.19-1.92). Furthermore, 

women who first noticed spray drift at least 20 years before diagnosis were at higher 
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risk of developing breast cancer compared with women who never noticed pesticide 

spray drift (OR=1.61; 95% CI: 1.19, 2.62).  

With regard to the relationship between lifetime exposure to noticing spray drift and 

risk of breast cancers, a dose response relationship was found (       < 0.001). Women 

who noticed pesticide spray drift for more weeks were two times more likely to have 

breast cancer than those who never noticed pesticide spray drift (OR=1.99; 95% CI: 

1.42, 2.79).  

Table 5.2: Age adjusted associations between risk of breast cancer and noticing 

pesticide spray drift, Western Australia, 2009-2011 

Variable Controls  Cases  ORa 95% CI 

No No   

Any spray drift     

Never 1,541 988  1.00 Ref 

Ever 

Spray drift from specific agricultural area† 

202  181  1.43  1.15, 1.78 

Farm  158 138 1.39 1.09, 1.76 

Vineyard  9 17 3.16 1.40, 7.14 

Market garden and nursery  50 47 1.52 1.01, 2.29 

Noticed spray drift ≥ 20years before diagnosis      

<20 years 41  31  1.13  0.70, 1.82 

≥ 20 years 161  150  1.51  1.19, 1.92 

Age first noticed spray drift      

> 20 years old 108  85  1.27  0.95, 1.72 

≤ 20 years old 94  96  1.61  1.19, 2.16 

Duration of noticing spray drift      

<10 years 58  45  1.23  0.83, 1.85 

≥ 10 years 144  136  1.51  1.18, 1.94 

Total weeks of noticing spray drift*     

< 20 weeks 61  44 1.18  0.79, 1.18 

20-65 weeks 72  56  1.32  0.86, 1.77 

> 65 weeks 67  81  1.99  1.42, 2.79 

          <0.001 
a
 Adjusted for age  

* Total may vary because of missing value.  

 † Total does not add to 202 as women reported living next to multiple types of 

agricultural areas.  

None of the effect estimates in the above analyses were appreciably changed when the 

cases who were not on the electoral roll were excluded from the analyses. We also 

examined the risk of breast cancer for women who ever lived on or near an agricultural 

area regardless of whether they noticed spray drift in comparison with those who never 
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lived near an agricultural area (data not shown). The OR was very close to 1.00 and was 

not statistically significant.  

5.4.1 Sensitivity Analyses of Noticing Spray Drift Misclassification and Non-

Response Bias  

To test for reporting bias, the ORs for the comparison between women who ever-never 

noticed spray drift presented in Table 5.2 were recomputed after recoding cases and 

controls who noticed and did not notice spray drift under the assumptions described in 

the methods section. The ORs were attenuated toward the null when it was assumed that 

10% of the cases who noticed spray drift over-reported this in comparison to controls 

(OR=1.23; 95% CI: 0.99, 1.53) or when the prevalence of noticing spray drift in the 

control group increased by 20% (OR=1.12; 95% CI: 0.92, 1.39). 

For non-response bias, when the non-responder cases and controls were allocated 

similar prevalence of noticing spray drift as the responders the OR (OR=1.45; 95% CI: 

1.25, 1.68) was similar to the reported OR (1.43). When 50% of the non-responder 

controls were assumed to more likely to report noticing pesticide spray drift compared 

with the responder controls and the non-responder cases had similar prevalence of 

noticing pesticide spray drift as the responder cases, the OR was attenuated toward the 

null (OR=1.10; 95% CI: 0.95, 1.26). When case and control non-responders were 

assumed to have a similar prevalence of noticing pesticide spray drift as responder cases 

the OR was attenuated toward the null but was still statistically significant (OR=1.20; 

CI: 95% 1.04, 1.38). When the case and control non-responders were assumed to have a 

similar prevalence of noticing pesticide spray drift as the responder controls the risk was 

still statistically significant (OR=1.28; CI: 95% 1.10, 1.49). 

5.4.2 Differences by Beliefs about Disease Causation 

Cases and controls did not differ significantly in their beliefs about the role of pesticide 

in breast cancer; 84% of controls and 82% of cases believed that pesticides increased 

breast cancer (p=0.57). In the stratified analyses, the OR for breast cancer and noticing 

pesticide spray drift was higher among women who reported that they believed that 
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pesticide increased breast cancer risk (OR=1.47, 95% CI: 1.15-1.87) compared with 

those who did not report this belief (OR=0.94, 95% CI: 0.51-1.47) (Table 5.3). 

Table 5.3: Noticing spray drift and breast cancer risk stratified by disease 

causation belief, Western Australia, 2009-2011 

a Adjusted for age  

*For all individual categories, some data were missing. 

 

5.5 DISCUSSION 

Our finding indicates that there was an association between self-reports of noticing 

pesticide spray drift and breast cancer risk. Compared with participants who never 

noticed pesticide spray drift, the risk of breast cancer was 43% higher for those who had 

noticed pesticide spray drift and 51% higher for those who lived near an agricultural 

area for 10 years and noticed spray drift. We found that the risk of breast cancer was 

greater among women who ever noticed pesticide spray drift, when they were 20 years 

or younger and those who had noticed it 20 years prior to diagnosis. However, these 

associations may be an artefact of the self-reported exposure assessment, recall or 

selection bias. 

The finding that an earlier age of noticing spray drift was associated with an increased 

breast cancer risk is consistent with animal studies which showed that effects of 

environmental exposure depended on whether exposure occurs during specific times of 

the mammary gland development 
22,28

. Epidemiological human studies also propose 

similar periods of susceptibility of the breast to carcinogenesis early in women’s life. 

For example, increases in breast cancer risk were observed in women who survived the 

atomic bomb in Hiroshima and Nagasaki before 20 years of age, whereas no increase in 

risk was observed among women older than 35 years at the time of the bombing 
29,30

. 

 Belief about pesticides and breast cancer 

 Increases risk Does not increase risk 

Pesticide spray 

drift  

Controls 

(No.)  

Cases 

(No.) 

ORa 95% 

CI 

Controls 

(No.) 

Cases 

(No.)  

ORa 95%CI 

Never 1,171 733 1 Ref 233 175 1 Ref 

Ever 166 150 1.47 1.15-

1.87 

28 20 0.94 0.51 -

1.74 
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Limited epidemiological human studies on pesticide exposure during early life and 

breast cancer are available, possibly due to the methodological challenges involved in 

accurate exposure assessment. A prospective study of young women in California who 

had blood samples taken in 1959-1967 found that those women who were younger than 

14 years of age when first exposed to DDT had significantly increased risks of breast 

cancer with increasing levels of serum p,p'-DDT 
31

. Women in the highest exposure 

category had five times the risk of breast cancer compared with women in the lowest 

category. A case-control study conducted in North Carolina between 1993-1996 found a 

non-statistically significant increase in risk for personal application of pesticides to 

crops during ages 9-16 years compared with farming women who were not exposed 

(OR=1.2; 95% CI: 0.7, 2.2) 
32

. Our results are consistent with these studies. Although 

these findings are consistent with the assumption of a susceptibility period during early 

life, there is still inadequate evidence to specify the time during which pesticide 

exposure may be most important. 

Because of the lack of available data, it is not possible to examine whether the observed 

associations are the result of noticing spray drift to a particular class in the potential 

pesticide mixture. Women who noticed a spray drift from specific agricultural area or 

from any agricultural area, were likely to be exposed to more than one active ingredient 

or pesticide class during the growing season. Persistent organochlorine pesticides such 

as DDT, were used in Australia in agricultural areas until 1987 
33

. Before 1987, one or 

more organochlorine pesticides were registered for use against a wide range of pests in 

most Australian crops 
33,34

. For example, heptachlor was registered and used on 

vegetables crops such as potatoes and peanuts 
35

. DDT was registered for use as an 

insecticide, termiticide, fungicide and herbicide. It was widely used in agricultural 

situations where it was used to control pests on fruit, vegetables, oilseed, cereals and 

pastures 
33,35

. Similarly, dieldrin was applied in Western Australian vineyards to protect 

the young vines from termite attack 
35

. Dieldrin was also previously used on bananas. 

Until 2010, endosulfan was registered for use in Australia although it was prohibited for 

use in most other developed countries 
36

. Endosulfan was registered for use in 

vegetables, tree and vine crops, nurseries, ornamentals, wildflowers and tobacco.  
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Organophosphates are now the most commonly used insecticides in agriculture 
34

. The 

most widely used chemicals from this group have been parathion methyl, chlorpyrifos, 

dimethoate, profenofos and diazinon. The most commonly used herbicides are 

glyphosate, atrazine and simazine, whereas the most commonly fungicides used are 

mancozeb and captan. These are used to control a range of fungal diseases and used as 

seed treatment on field crops, canola, ornamentals and vegetables 
34

.  

A number of pesticides have been assessed and identified to have carcinogenic potential 

37
. Pesticides may act on the oestrogen receptors, interfere with endocrine processes 

(synthesis, transport or metabolism), or act as tumour promoters or inducers of enzymes 

which may lead to the formation of genotoxic DNA adducts and possibly to breast 

cancer 
38

. A number of organochlorine pesticides such as DDT 
39

, lindane and dieldrin, 

are known to possess oestrogenic properties in vivo in the uterotrophic assay or in vitro 

40
, and therefore could act as tumor promoters. Some atrazine herbicides can increase 

the expression of the enzyme aromatase, an enzyme that facilitates the conversion of 

testosterone and other androgens to oestrogens and estradiol 
41

.  

The major disadvantage of this study was the low response fractions for controls (41%) 

and cases (58%). However, we believe it is unlikely that the low response fully explains 

the observed pattern of results. We carried out a sensitivity analysis to estimate how 

much non-response bias would be needed to produce the magnitude of difference we 

observed between controls and cases. We conclude that the selection bias would have to 

be greater than what we believe likely. For example, the non-responding controls would 

need to notice spray drift 50% more often compared with the responding controls, while 

non-responder cases would have to have similar prevalence of noticing spray drift as the 

responder cases. In addition, the information sheet on the study did not mention the 

interest of the investigators in pesticide exposure. Observing an increased risk for 

known risk factors such as family-history and previous breast condition and decreased 

risk for breast feeding, further suggest a lack of bias 
42

.  

Differential recall of noticing pesticide spray drift by cases and controls cannot be 

excluded because the data were self-reported by the participants. The questionnaire 

required the women to integrate a considerable amount of information over their 

lifetimes, resulting in potentially imprecise reporting of detail of spray drift. The 
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awareness of the general public of the potential toxicity and carcinogenicity of 

pesticides is increasing, so it is possible that this heightened awareness influenced the 

reporting from cases. This issue could have resulted in recall bias so that the observed 

associations were biased away from the null. Difficulties in recall of noticing pesticide 

spray drift have been shown to differ between cases and controls in the general 

population 
25

, cases over-reporting their notice to pesticides as they are more likely to 

believe that chemicals such as pesticides are a cause of disease compared with the 

controls 
27,43

.  

In the stratified analyses, the odds ratio for noticing spray drift was higher among 

participants who believed pesticide increased breast cancer compared with other 

participants. However, when Zota et al.
43

, observed that women who believed that 

heredity contributed “a lot” had higher odds ratio for family history and breast cancer 

(OR=2.6; 95% CI: 1.9 - 3.6) compared with other participants who did not (OR=0.7; 

95% CI: 0.5- 1.1). These authors propose that the higher odds ratio for hereditary is 

unlikely to be mainly due to recall bias, because over-reporting of first degree breast 

cancer family history by cases has been found to be insignificant in previous research 
43

. 

For this study, the elevated odds ratio for noticing spray drift may be interpreted as 

resulting from recall bias or that women’s belief about disease causation may be due to 

their own experience of noticing or seeing a spray drift.  

The participants may have also been exposed to pesticides from sources other than 

pesticide spray drift from agricultural areas, such as diet, home use, and occupation. 

Few women in this study worked in an occupation which could have had pesticide 

exposure (2% of cases and 2% of controls). Home pesticide use was common, with 88% 

of women reporting having used household pesticides. With adjustment for other 

sources of pesticide exposure, reported pesticide spray drift from agricultural areas was 

still associated with breast cancer. The findings regarding household and occupation 

pesticide exposure have been presented in El-Zaemey et al 
44

 (Chapter Six). These 

analyses indicated that women’s exposure to pesticides in households and workplaces 

were not related to increased risk of breast cancer (OR=1.10; CI: 0.86-1.37) and 

(OR=0.77; CI: 0.45-1.32), respectively. 
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Exposure misclassification can result from missing information about other personal 

behaviours, for example time spent outside and housekeeping practices such as window 

and door opening during the spray drift. Furthermore, self-reporting of noticing 

pesticide drift does not necessarily mean that exposure to pesticide has actually 

occurred. One of the major concerns in this study was the measurement error in 

ascertaining earlier life of noticing spray drift. This study was not able to confirm 

subjects’ self-report of noticing spray drift with historical information about agricultural 

activities in areas where subjects had lived. While validity of self-report has not been 

assessed, a recent study showed that the reliability of self-reported of “living within a 

mile of a pesticide sprayed agricultural area” was recalled with only moderate to fair 

repeatability by both case and control with 0.49 and 0.66 kappa, respectively 
45

. 

The study design had many strengths, including: 1) a population-based design with 

histopathologically confirmed cases, which allowed for generalizability of the results to 

the population of Western Australia, Australia, as well as similar populations; 2) a large 

sample size, which increased the power to detect associations; and 3) a comprehensive 

questionnaire, which provided data on a range of confounding variables.  

In conclusion, women who noticed pesticide spray drift or who first noticed pesticide 

spray drift at younger age had an increased risk of breast cancer. The positive 

association we observed for the proxy exposure of pesticide spray drift and breast 

cancer risk warrants further evaluation, particularly in prospective cohort studies where 

recall bias is minimised.  
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6 HOUSEHOLD AND OCCUPATIONAL EXPOSURES 

TO PESTICIDES AND RISK OF BREAST CANCER 

This chapter is based on the following published paper: 

El-Zaemey S, Heyworth J, Glass D, Peters S, Fritschi L. Household and Occupational 

Exposure to Pesticides and Risk of Breast Cancer. International Journal Of 

Environmental Health Research. 2013 Initially submitted on 18 September, 2012. 

Accepted for publication on February 21, 2013.   

6.1 ABSTRACT  

The association between breast cancer in women and the use of household or 

occupational pesticides was examined in a population based case-control study. This 

study was conducted in Western Australia in 2009-2011 and included 1,789 controls 

and 1,205 cases. Information on household pesticide exposure was collected by 

questionnaires. For occupational pesticide exposure job-specific modules were used. To 

evaluate potential recall bias, we stratified the analysis by belief about whether 

pesticides contribute to breast cancer. Unconditional logistic regression was used to 

calculate odds ratios (ORs) and 95% confidence intervals (CI). Women’s exposures to 

pesticides in households and workplaces were not related to increased risk of breast 

cancer (OR=1.10; CI: 0.86-1.37) and (OR=0.77; CI: 0.45-1.32), respectively. The 

prevalence of occupational exposure to pesticides among women in our study was low. 

In the stratified analyses, the odd ratios associated with household pesticide use were 

similar among participants who believed pesticides increased breast cancer risk and 

those who did not. The results of our study did not show associations between breast 

cancer and household or occupational exposure to pesticides.  
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6.2 INTRODUCTION 

The search for environmental factors associated with breast cancer is of public interest. 

Pesticides belong to a wide group of chemicals that are of increasing concern and 

raising public health debates. Many pesticides have been identified as oestrogen 

mimics, which may increase the risk of breast cancer or disrupt hormones and some 

pesticides cause mammary tumors in animals 
1-3

.  

Much of the epidemiologic research on this subject has been focused upon examining 

the relationship between breast cancer and body burden levels of persistent 

organochlorine insecticides, as measured in serum and adipose tissue. Recently Bachelet 

et al. 2010 
4
 and Shakeel et al. 2010 

5
 reviewed studies on DDT, DDE, and breast 

cancer risk concluding that existing research provided inconsistent findings and mostly 

negative evidence of a relationship. The interpretation of most of the studies is limited 

because exposure was measured in biological samples at the time of diagnosis rather 

than samples taken closer to the time of disease initiation. While organochlorine 

compounds can be present in body tissues, it has been demonstrated that organochlorine 

pesticide concentration measured in blood and fat samples since the late 1980s are 

substantially lower than those observed during the 1960s or 1970s. For example, DDE 

blood-levels were approximately eight times lower in 1997 than in 1963 
4
. Hence, 

current values of organochlorine blood concentrations may not reflect cumulative 

exposure over lifetime. Furthermore, a one-time measurement does not reflect 

individual differences in metabolism and key events that affect organochlorine kinetics 

in the entire lifespan of the women such as breast-feeding and weight variations 
6
. The 

use of biomarkers for many pesticides is limited since many pesticides are short-lived 

and degrade very rapidly.  

Few studies have examined the relationship between breast cancer and other pesticides 

that are commonly used in the workplace and around the home. Pesticide exposure may 

occur at home through the use of garden pesticides, flea treatment of pets and 

insecticides against insects in the home. Three studies have examined self-reported 

residential pesticide use and breast cancer 
7-9

. These studies were not consistent in their 

findings with one suggesting a positive association with any household pesticide 

exposure (OR= 1.39, 95% CI: 1.15- 1.68) 
9
 and the others showing no association 

7,8
. 
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This difference in findings is most likely due to the different study designs and 

instruments used in these studies. Different results may also be attributed to regional 

differences in pesticide use and practice.  

Women engaged in agricultural work or as pesticide applicators are generally exposed 

to higher concentrations and different types of pesticides than the general population. 

The exposure can occur through mixing and applying pesticides or working in 

pesticide-treated fields. Most epidemiological studies of breast cancer risk among 

women exposed to occupational pesticides have relied on surrogate measures of 

pesticide exposure, such as job titles and possession of a pesticide application licence 
10-

15
. There have been two case studies, one case-control and one cohort study that 

collected self-reported information on occupational pesticide exposure and breast cancer 

risk. The case-control study suggested a positive association between breast cancer and 

work-related pesticide exposures 
16

, while the cohort study found no increased risk of 

breast cancer among farmers’ wives who reported ever applying pesticides 
17

. 

The aim of the present study was to examine the relationship between the use of 

household or occupational pesticides and the risk of breast cancer in a large case-control 

study in Western Australia.  

6.3 METHODS  

6.3.1 Study Population  

The Breast Cancer Environment and Employment Study (BCEES) is a case–control 

study of environmental and occupational risk factors for breast cancer conducted in 

Western Australia from 2009 to 2011. The population of Western Australia is 

principally urban, with 74% of the population residing within the Perth metropolitan 

area. The Western Australian economy is dominated by its mining sector, comprising 

28% of gross state product; while the agriculture sector represents about 2% of gross 

state product. 

Details on case and control ascertainment for the BCEES can be found in Girschik et al 

18
. Briefly, all participants were women aged between 18 and 80 years and who resided 

in Western Australia. Incident cases of invasive breast cancer occurring between May 
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2009 and July 2011 were recruited through The Western Australian Cancer Registry. 

Registration of all cancer cases is mandatory in Australia (with the exception of non-

melanoma skin cancer). The pathologists, haematologists and radiation oncologists are 

required to notify the cancer registry within 30 days of patient diagnosis. It is estimated 

that 90% of the cases should at least be registered in the Western Australia cancer 

registry within three months. Controls were randomly selected from the Western 

Australian electoral roll and frequency age-matched to the expected distribution of 

cases. Of the 2,084 eligible cases invited to participate, 1205 consented (58% response 

fraction), 334 refused, and 545 did not respond. From the electoral roll, 4608 women’s 

names were extracted and 252 were ineligible. Of eligible controls, 1,789 (41% 

response fraction) consented to participate, 939 refused, and 1,628 failed to respond. 

Ethics approval for the BCEES was obtained from the University of Western Australia 

Human Research Ethics Committee and the Confidentiality of Health Information 

Committee within the Western Australian Department of Health. Written informed 

consent was obtained from all participants. 

6.3.2 Residential Pesticide Exposure 

Woman were mailed a questionnaire regarding lifestyle, reproductive history, 

occupational history, exposure to pesticide spray drift from living near agricultural 

areas, household pesticide exposure and demographic characteristics. In the household 

pesticide exposure section of the questionnaire women were asked if they used 

pesticides in and around their homes during adult life. Women who reported the use of 

household pesticides were asked further questions about the use of pesticides for: a) 

gardening or landscaping at home; b) spraying insects (flies, cockroaches, moths) inside 

the house; c) treating pets for fleas or ticks; d) treatment for white ants/termites in the 

home; e) treatment for white ants/termites in the garden. For each group of pesticides, 

information on the frequency of use (daily, weekly, monthly, 6 monthly, yearly, once in 

5 years or don’t know) was obtained and the responses were coded from 6 (“daily”) to 1 

(“once in 5 years). Furthermore, the frequency of self-application was also obtained and 

was coded 3 for, “always”, 2 for “sometimes” and 1 for “never”. Based on the control 

distribution, three categories of exposure (low, medium, high) were obtained by 

multiplying the frequency of use with frequency of self-application. For home and 
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garden termite pesticide use, only the low and high categories were used. The “don’t 

know” response in the frequency of pesticide use was treated in the following manner: 

women who said “don’t know” and “always” for self-application were included in the 

high exposure category; women who said “don’t know” and “sometimes” were included 

in the medium exposure category; and women who said “don’t know” and “never” were 

included in the low exposure category. For the termite exposure, women who reported 

“don’t know” and “always” were included in the “high” exposure category, while 

women who reported “don’t know” and “sometimes” or “never” were included in the 

low exposure category.  

6.3.3 Occupational Pesticide Exposure 

In the mailed questionnaire each woman was also asked to provide information on all 

jobs that she had held for 6 months or longer, including the age she started work, the 

duration in years, job title, main job duties, employer, industry, country of employment, 

number of hours per week and number of weeks per year. 

We used structured telephone interviews by trained, blinded interviewers to collect 

more detailed occupational information. Answers to the questions were recorded in 

OccIDEAS, an online application which manages the interview and the process of 

assessing occupational exposure 
19

. OccIDEAS contains questionnaires asking details 

about the characteristics of a certain job based on a framework of job specific modules 

(JSM). 

Using OccIDEAS, an interview was allocated to any job for which the woman 

identified that she worked as farmer and/or gardener. These farmer and gardener JSMs 

included questions about the crops grown or the livestock handled, and the pest that she 

was trying to control. Data on whether participants mixed or applied the pesticide and 

what protective equipment they used while handling the pesticides and names of any 

pesticides that they recalled were also collected. A pesticide exposure JSM developed 

for an earlier Australian study was found to be very useful for identifying the likely 

pesticides used 
20

.  
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Where a woman had multiple jobs with an allocated JSM, she was interviewed for up to 

five jobs, to keep the respondent burden reasonable. These jobs were usually the longest 

held, or most variable among each of the participant jobs. For those jobs where there 

was no time to do a phone interview (n=45 jobs), the exposure to pesticides was based 

on a similar job undertaken by the same woman. If this was not applicable, then 

exposure to pesticides, based on similar jobs held by other women, was assumed. 

Again, if this was not applicable, then exposure to pesticides was assessed based on the 

information provided about that job.  

6.3.4 Risk Perception Questionnaire  

After completion and return of the initial questionnaire, participants were mailed a Risk 

Perception Questionnaire (RPQ). The respondents were asked “Do you think any of the 

following increases, decreases, or has no effect on the chance of getting breast cancer?” 

There were 37 items including pesticides with a choice of answers; ‘increases a lot’, 

‘increases a little’, ‘decreases a little’, ‘decreases a lot’, ‘no effect’ or ‘don't know’ to 

each item. The RPQ was completed and returned by 1,109 (92.0%) case participants and 

by 1,633 (91.3%) control participants. 

6.3.5 Statistical Analysis 

Unconditional logistic regression was used to calculate odds ratios (OR) and 95% 

confidence intervals (CI). Statistical analysis was conducted using STATA (version 12, 

2010, Stata-Corp, College Station, TX). The reference group were women who did not 

report household or occupational pesticide exposures for household and occupational 

pesticide exposure analysis, respectively. 

The analyses presented for household pesticide exposure were based on 1,184 cases and 

1,767 controls because 21 cases and 22 controls did not provide any information on 

pesticide use. The analyses presented for occupational pesticide exposure were based on 

all participating women, 1,789 controls and 1,205 cases.  

Because participants' awareness of a hypothesis may bias exposure reporting 
21

, we 

stratified the analyses by beliefs about whether household pesticide use contributed to 

breast cancer. Beliefs were dichotomised as those who said pesticides contributed to 
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breast cancer, “increase a little”, “increase a lot”, versus “no effect”, “decrease a little, 

“decrease a lot” and “don’t know”. All missing answers were coded as “don’t know”. 

The selection of confounding variables was based on the change in estimate criterion, 

when comparing the adjusted OR with the baseline OR containing only age group and 

selected pesticide exposure variables. Factors that were evaluated as potential 

confounders included: Socio-Economic Indexes for Areas (SEIFA); access to health 

services; education; country of birth; family history of breast cancer; previous breast 

condition; hormone replacement treatment use; age stopped periods; age at menarche; 

age at first live birth; breast fed at least one child; ever smoked; alcohol consumption 

per week; physical activity; body mass index at the current age; and noticing pesticide 

spray drift from agricultural areas. Family history of breast cancer was categorised into 

increased risk, some family history, no family history and unknown. Women were 

considered to have an increased risk if they had: 1) one first degree relative diagnosed 

with breast cancer before the age of 50; or 2) two first degree relatives with breast 

cancer diagnosed at any age; or 3) one first and one second degree relative diagnosed 

with breast cancer at any age; or 4) two second degree relatives on the same side of the 

family with breast cancer. Women were considered to have some family history if they 

had at least one first or second degree relative diagnosed with breast cancer at any age 

and not in the ‘increased risk’ category. Occupational pesticide exposure was evaluated 

as a potential confounder in models testing the relationship between household pesticide 

exposure and breast cancer, and vice versa. None of these covariates were included in 

the final model because none resulted in at least a 10% change in the OR compared to 

with baseline model 
22

. 

6.4 RESULTS 

The demographic characteristics of the 1,205 breast cancer cases and 1,789 controls 

selected for the study are presented in Table 6.1. A slightly higher proportion of cases 

reported an earlier age at menarche, no lactation over their lifetime, positive family 

histories of breast cancer and cigarette smoking.  
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Table 6.1: Characteristics of breast cancer cases and controls, Western Australia, 

2009-2011 

Characteristics of participants  Controls (n=1,789) Cases (n=1,205) 

No. % No. % 

Age group (years) 

< 45 

45-49 

50-54 

55-59 

60-64 

65-69 

70+ 

 

179 

203 

237 

306 

322 

272 

270 

 

10.0 

11.4 

13.3 

17.1 

18.0 

15.2 

15.1 

 

168 

175 

152 

184 

193 

148 

185 

 

13.9 

14.5 

12.6 

15.3 

16.0 

12.3 

15.4 

SEIFA, Socioeconomic index for areas  

Quintile 1-high 

Quintile 2 

Quintile 3 

Quintile 4 

Quintile 5-low 

 

91 

254 

372 

361 

720 

 

5.1 

13.7 

20.8 

20.2 

40.3 

 

54 

153 

234 

248 

515 

 

4.5 

12.7 

19.4 

20.6 

42.8 

Access to health services  

Highly accessible 

Less accessible/remote 

 

1,513 

276 

 

84.6 

15.4 

 

1,033 

171 

 

85.7 

14.3 

Education 

Finished year 9, 10 or 11 

Year 12 or equivalent 

Trade/Apprenticeship/Diploma 

University education 

 

646 

403 

436 

304 

 

36.1 

22.5 

24.4 

17.0 

 

436 

248 

259 

262 

 

36.2 

20.6 

24.5 

21.7 

Country of birth 

Australia/New Zealand 

UK/Ireland 

Other Europe 

Asia 

Other 

 

1,191 

385 

86 

67 

60 

 

66.6 

21.5 

4.8 

3.8 

3.4 

 

768 

261 

66 

64 

46 

 

63.7 

21.7 

5.5 

5.3 

3.8 

Family history of breast cancer 

No family history 

Some family history 

Increased risk 

Unknown or missing 

 

1,281 

373 

131 

4 

 

71.6 

20.9 

7.3 

0.2 

 

729 

302 

170 

4 

 

60.5 

25.1 

14.1 

0.4 

Previous breast condition  

No history of benign breast disease 

History of benign breast disease not leading to 

an increased risk** 

History of breast disease leading to an increased 

risk## 

Unknown history or missing 

 

1,306 

317 

 

9 

 

157 

 

73.0 

17.7 

 

0.5 

 

8.8 

 

855 

246 

 

15 

 

89 

 

71.0 

20.4 

 

1.2 

 

7.4 

Hormone replacement treatment 

No 

Yes 

 

1,035 

753 

 

57.9 

42.1 

 

748 

456 

 

62.1 

37.8 

 * Values may not sum to total number of cases/controls because of missing values. ** 

Defined as women who had previously non-proliferative or proliferative breast lesions 

without atypia.  ## Defined as women who had previously proliferative breast lesion with 

atypia 
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Table 6.1: Continued 

Characteristics of 

participants  

Controls (n=1,789) Cases (n=1,205) 

No. % No. % 

Age stopped periods  

Still having periods 

< 45 

45-47 

48-50 

51-53 

54+ 

 

843 

125 

133 

284 

220 

172 

 

47.1 

7.0 

7.4 

15.9 

12.3 

9.6 

 

628 

67 

85 

176 

116 

119 

 

52.1 

5.6 

7.1 

14.6 

9.6 

9.9 

Age at menarche (years) 

≤10 

11 

12 

13 

≥14 

Don’t know or missing 

 

85 

253 

399 

534 

498 

20 

 

4.8 

14.1 

22.3 

29.9 

27.8 

1.2 

 

56 

176 

311 

334 

316 

12 

 

4.7 

14.6 

25.8 

27.7 

26.2 

1.0 

Age at first live birth (years) 

No children 

<20 

20-24 

25-29 

30+ 

 

188 

176 

647 

521 

255 

 

10.5 

9.8 

36.2 

29.1 

14.3 

 

158 

123 

427 

291 

205 

 

13.1 

10.2 

35.4 

25.2 

17.0 

Breast fed at least one child  

No 

Yes 

 

343 

1,410 

 

19.2 

78.8 

 

285 

901 

 

23.6 

74.8 

Ever smoked 

No 

Yes 

 

1,022 

761 

 

57.1 

42.5 

 

658 

543 

 

54.6 

45.1 

Alcohol intake 

None 

≤3 drinks per week 

4-9 drinks per week 

10+ drinks per week 

 

295 

639 

378 

469 

 

16.5 

35.7 

21.1 

26.2 

 

205 

413 

268 

315 

 

17.0 

34.3 

22.2 

26.1 

Lifetime physical activity, 

(MET hrs/week) quartiles^ 

0-37 

38-58 

59-85 

86+  

 

433 

443 

439 

440 

 

24.2 

24.8 

24.5 

24.5 

 

291 

290 

308 

287 

 

24.2 

24.1 

25.6 

23.8 

Current body mass index  

Underweight 

Healthy 

Overweight 

Obese 

 

35 

721 

581 

409 

 

2.0 

40.3 

32.5 

22.9 

 

22 

482 

388 

285 

 

1.8 

40.0 

32.2 

23.7 

Noticing pesticide spray 

drift  

Never 

Ever 

 

1,545 

206 

 

86.4 

11.5 

 

992 

184 

 

82.3 

15.3 

* Values may not sum to total number of cases/controls because of missing values. ^ MET is 

average metabolic equivalent of task and MET hours/ per week were determined from self-

reported physical activities undertaken over a woman’s life time. 
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6.4.1 Residential Pesticide Exposure 

The association between household pesticide exposure and breast cancer risk are shown 

in Table 6.2. Approximately 90% of study subjects reported having been exposed to one 

or other type of household pesticide during adulthood. Breast cancer was not associated 

with use of any household pesticide product (OR=1.10, 95% CI: 0.86-1.37). No 

significant association between the level of exposure to household pesticide and the risk 

of breast cancer was found (Table 6.2). When women who responded “don’t know” for 

the frequency of pesticide use were considered as missing data, there were no notable 

changes in risk estimates for any pesticide product used. 

Table 6.2: Age-group adjusted associations between risk of breast cancer and 

household pesticide use, Western Australia, 2009-2011. 

Variable  Level Controls Cases OR 95% CI 

No No   

Used any house pesticide  

 

 

Never 

Ever 

210 

1,557 

136 

1,048 

1 

1.10 

Ref 

0.86-1.37 

Gardening/landscaping Ever 1,290 833 1.05 0.83-1.33 

 Low 354 232 1.05 0.80-1.38 

 Medium 300 178 0.97 0.73-1.29 

 

 

High 620 407 1.08 0.84-1.38 

Spraying insects in home Ever 1,482 1,005 1.10 0.87-1.39 

 Low 325 199 0.98 0.74-1.30 

 Medium 374 286 1.23 0.94-1.60 

 

 

High 760 499 1.07 0.84-1.37 

Fleas/ticks on pets Ever 1,065 709 1.10 0.86-1.38 

 Low 212 124 0.95 0.70-1.30 

 Medium 413 295 1.17 0.89-1.52 

 

 

High 424 279 1.08 0.51-1.01 

Termites in home Ever 1,091 657 1.00 0.78-1.26 

 Low 569 312 0.90 0.70-1.17 

 

 

High 506 332 1.08 0.83-1.40 

Termites in garden Ever 681 523 1.00 0.78-1.27 

 Low 432 239 0.90 0.69-1.18 

 High 453 296 1.08 0.82-1.14 

*For all individual categories, some data were missing. 

¶ OR, odds ratio; CI, confidence interval. 
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6.4.2 Occupational Pesticide Exposure 

JSMs were completed for 120 farm jobs, and in 25% of these jobs, women indicated 

pesticide use. Seventy nine gardener JSMs were completed and of these 39% reported 

the use of pesticides. For those jobs where there was no time to do a phone interview, 

five out 29 farm jobs and two gardener jobs out of 14 were considered exposed to 

pesticides. The two jobs for which we were unable to perform an interview, and there 

was no similar job, were classified as having possible pesticide exposure. In total, 21 

cases and 40 controls had ever mixed and/or applied pesticides at the workplace. There 

was no evidence of associations between breast cancer and occupational exposure to 

any pesticides (OR=0.77, 95% CI: 0.45-1.32). The risk estimates for individual 

occupational pesticide exposures were imprecise as they were based on small numbers.  

6.4.3 Differences by Beliefs about Disease Causation 

Cases and controls did not differ significantly in their beliefs about the role of pesticide 

in breast cancer (p= 0.57); 84% of controls and 82% of cases believed that pesticide 

increased breast cancer. In the stratified analyses, the odds ratio for breast cancer and 

household pesticide use was not significantly different between women who reported 

that they believed that pesticides increased breast cancer risk (OR=1.03, 95% CI: 0.78-

1.37) and those who did not report this (OR= 0.89, 95% CI: 0.53-1.47). 

6.5 DISCUSSION  

The findings of this relatively large population-based case-control study of incident 

breast cancer in Western Australia did not provide strong support for the hypothesis that 

exposure to household pesticide products affects the risk of breast cancer. The risk 

estimates for occupational pesticide exposure were imprecise as they were based on 

small numbers.  

Pesticides are widely used in the home and garden, with over 80% of households in the 

USA and UK reporting the use of at least one pesticide within the last year 
23,24

. 

Similarly, 88% of the participants in our study reported the use of household pesticides 

during adulthood. Of the three case-control studies 
7-9

 that examined the association 

between household pesticide exposure and breast cancer risk, only the Long Island 
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Breast Cancer Study Project showed a positive result 
9
. That study showed an increased 

breast cancer risk with all pesticides, (OR=1.39, 95% CI: 1.15-1.68) 
9
, but there was no 

evidence of increasing risk with increasing lifetime exposure. In comparison with our 

study, the Long Island study had a larger sample size and employed a measure of 

lifetime applications, which calculated the number of years for which the pesticides 

were applied. In our study, the estimated level of exposure represented pesticide 

exposure during adult life, but the women were not asked to specify the ages during 

which they used pesticides. Furthermore, the Long Island study was an interviewer-

administered questionnaire compared with our study which used a self-administered 

questionnaire.  

Obtaining information on specific pesticides over a long period of time is difficult, 

given the large number of products on the market, but is vital when exposure effects 

may be cumulative or vary over time. For non-occupational exposure, it has been 

proposed that asking about treatments for pest problems may be an effective way to 

help participants recall exposure, a practice which was applied in designing the 

questionnaire in this study 
25

. It has been reported that measurement of household 

pesticides and their metabolites in urine was higher among people who reported recently 

using selected pesticides compared with people who reported not using these pesticides 

recently 
26

. Furthermore, Fortes et al. 
27

 and Slusky et al. 
28

 showed that the reliability of 

self-reported lifetime household pesticide use is fair-to-good. The overall kappa for 

different indicators of exposure to pesticides ranged from 0.28 to 0.72 
27,28

.  

Many epidemiological studies have examined the risk of breast cancer with the use of 

job titles as a surrogate for pesticide exposure (e.g. farming/agricultural work) 
29-31

. 

These studies have failed to find positive associations between breast cancer and farm 

related job titles. However, a statistically significant increased risk has been observed in 

studies which specifically considered the use of pesticides in occupational environments 

by women. For example, a study in North Carolina, USA, 
16

 reported a positive 

association between female farmers exposed to pesticide and breast cancer in 

comparison with female farmers with no pesticide exposure (OR=1.6, 95% CI: 1.1-2.4). 

The study also indicated that women who reported not wearing protective clothing or 

gloves while applying pesticides were at an increased risk compared with women who 
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reported using protective clothing or gloves while applying pesticides. The use of 

specific pesticides by farmers (e.g. 2, 4, 5-TP; 2, 4, 5-T; dieldrin; or captan) was also 

associated with increased breast cancer risk among farmers wives 
17

. However, the 

study did not find an association between breast cancer and either overall pesticide use 

or specific pesticide use among farmer wives 
17

.  

Our study focused on women who mixed and applied pesticides, ignoring other 

occupational pesticide exposures. For example, re-entry to sprayed fields after pesticide 

treatment for harvesting may result in greater cumulative exposure to pesticide residues 

than the application itself 
32

. Coronado et al. 
33

 reported that detectable levels of 

pesticide metabolite were higher among workers who performed fieldwork (e.g. 

harvesting, weeding) compared with workers who were engaged in mixing, loading, or 

applying pesticide formulations. This may be because safety training and use of 

personal protective equipment was not adequate and the duration of exposure may have 

been greater than that of pesticide applicators 
34,35

. 

Despite the large number of cases of breast cancer, our study had limited statistical 

power due to the low prevalence of exposure to occupational pesticides. Occupations 

where exposure to pesticide can be found include: agricultural workers; pesticide 

manufacture workers; pest control workers; greenhouse workers and florist; and 

exterminators 
36

. However, these jobs are rare among women and are traditionally held 

by men. Only 2% of women in Australia work in the agriculture sector 
37

.  

A major weakness of this study is that it only asked about adulthood household 

pesticide exposure, ignoring exposure during potentially aetiologically relevant periods 

in the woman’s lifetime. Evidence from both animal and epidemiologic studies suggests 

that there may be vulnerable periods, perhaps during gestation or adolescence or 

between menarche and birth of first child, when exposure is more important 
38,39

. In 

addition, household chemical exposure categories defined in this study were broad and 

did not provide detail on the specific chemicals to identify specific carcinogenic 

pathways. Moreover, the pest categories included pests for which different pesticides 

would be used, and the same pesticide could have been used for individual pests.  
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Selection bias may have occurred in this study because the participation fractions were 

low and were differential between cases (58%) and controls (41%). The low response 

among eligible subjects reflects an observed trend in epidemiologic studies over the past 

thirty years, with participation rates for population-based case-control studies declining 

nearly 2% per year 
40

. Low participation rates can result in biased risk estimates only 

when participation is dependent on both the exposure and outcome of interest 
41,42

. It is 

unlikely that participation in this study was linked to the exposure and outcome of 

interest because the participants were not aware of specific aims (e.g. pesticide exposure 

and breast cancer risk) but rather the general aim (environmental and occupation 

exposures) of the study. Furthermore, elevated risk for the known risk factors for breast 

cancer were found, suggesting limited selection bias 
18

.  

Compared with studies using biological or environmental samples at single time points, 

a questionnaire-based study has advantages in the assessment of long-term exposure by 

constructing a lifetime history. It also has limitations. First, there may be bias in recall; 

cases with breast cancer may be likely to report exposure more completely than controls 

in good health, which may lead to biases away from the null. This especially may occur 

when there is enhanced public health concern about an exposure, as may be the case for 

pesticides. In this study, cases (82%) and controls (84%) were equally likely to believe 

that pesticide exposure causes breast cancer. Furthermore, the odds ratio for household 

pesticide use was not significantly different among participants who believed pesticide 

increased breast cancer compared to other participants. This observation was also 

observed by Zota et al 
8
, where the authors did not find a significantly higher risk of 

breast cancer with pesticide use among participants who believed pollutants contribute 

“a lot” to breast cancer compared to other participants. However, the question in our 

RPQ did not specify the type of pesticides (household, environmental or occupational) 

that the women could have been exposed to, which may decrease the sensitivity of the 

question. 

This study also had several strengths. It was a population-based study with 

histopathologically confirmed cases, and pesticide exposure sources, including pesticide 

exposure from spray drift, household and workplace were examined as potential 
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confounders. However, adjustment for other pesticide exposure did not alter the 

occupational or household exposure associations reported.  

Another major strength was the use of OccIDEAS, which was used to obtain detailed 

information about occupational histories to assess exposure and to take into account 

exposure variability within jobs due to specific tasks, processes, and technology 
19

. 

Furthermore, the assessment of occupational exposure by experts, using detailed 

occupational histories, is considered to be state of the art and gives more valid estimates 

of pesticide exposure than methods based solely on self-reported exposures or job titles 

43,44
.  

6.6 CONCLUSION 

In summary, this study did not find a relationship between exposure to pesticides in the 

workplace or household and breast cancer. 
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LINK SECTION  

The main focus of the previous chapters was to clarify the effect that different aspects of 

pesticide exposure have on the risk of breast cancer. This was done by reviewing the 

literature and performing analyses using the Breast Cancer Environment and 

Employment Study (BCEES) data in Western Australia.  

To date, most of the available evidence for association between pesticide exposure and 

breast cancer is from studies conducted in developed countries. There are only a limited 

number of studies carried out in developing countries, where the exposure of pesticide 

is high and pesticide regulation is weak and not enforced. However, before carrying 

such studies, it is important to understand the characteristics of breast cancer and the 

nature of pesticide exposure among women in developing countries such as Yemen. The 

first following chapter (Chapter Seven) is a review of the literature on breast cancer in 

Yemen, while the second chapter (Chapter Eight) presents a published paper of a 

descriptive study undertaken to investigate the type and location of breast cancer and, 

lymph node involvement, as well as the region and age distribution of breast cancer 

patients registered at the National Oncology Centre in Yemen. The other chapters cover 

a review of the pesticide exposure among women living in developing countries 

(Chapter Nine), pesticide use in Yemen (Chapter Ten) and two published papers on 

pesticide exposure among female agricultural workers (Chapter Eleven) and qat 

consumption among women living in Sana’a (Chapter Twelve).  
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7 BREAST CANCER IN YEMEN 

This chapter presents an overview of cancer services and breast cancer in Yemen based 

on literature search and personal communication with cancer specialists (Dr. Nadeem 

Nagi, and Dr. Ahamned Shamlam) in Yemen. The first section of the chapter provides 

brief information on Yemen. The second section focuses on cancer services based on 

availability of facilities, diagnostic tools, treatment, prevention, and registration. 

Finally, the third section summarises epidemiologic studies on breast cancer undertaken 

in Yemen. 

7.1 YEMEN  

The republic of Yemen is located in the southern part of the Arabian Peninsula and is 

bordered by the Kingdom of Saudi Arabia in the north, the Arabian Sea and Gulf of 

Aden in the south, the Sultanate of Oman in the east and the Red Sea in the west. Its 

area is 555,000   .  

Yemen was formed in 1990, when the northern and southern parts of Yemen were 

unified. Sana’a is the capital city of Yemen and Aden is the country’s commercial 

capital 
1
. Yemen is an Arabic country in both language and culture and nearly all of the 

population is Muslim 
1
.  

Yemen is one of the most highly populated countries in the Middle East. According to 

the 2009 national census
2
, the population of Yemen was 22,492,035. Yemen is divided 

into 20 governorates with Sana’a, Taiz, Al Hodeidah, Ibb, Hajjah, Dhamar, Hadramout 

and Amran being the largest governorates with the highest population densities. Each of 

these governorates has populations ranging from 1,002,099 to 3,071,177, with the 

majority (71%) living in rural areas 
2
. The average size of the household is seven 

persons in both urban and rural areas 
3
. The total fertility rate is 6.2 

4
 in 2008; this is 

considered one of the highest rates among developing countries.  

By international standards, Yemen is extremely poor and fast growing. Yemen is 

classified as one of the world’s 30 least developed countries 
5
. The Human 

Development Index which is a composite national score of health (life expectancy at 
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birth), education (expected years of schooling), and living standards (per capita gross 

national income) 
5
 is low for Yemen. Eighteen per cent of the population lives below 

the international poverty line with an income below US $1.25 a day 
6
. 

Gender inequality is amongst the highest in the world, where Yemen ranks 146 out of 

187 countries on the Gender Development Index 
5
. This index takes into account the 

gender disparities based on the levels of income, life expectancy and education 

attainment
5
. According to the 2003 Family Health Survey carried out in Yemen, the 

illiteracy rate among Yemeni women is 60% compared with 27% in Yemeni men 
3
. 

Young educated women aged between 15 to 29 years have a higher rate of 

unemployment than their male counterparts. Fifty-six per cent of all female 

unemployment is among young women compared with 47% for men 
7
.  

As a nation, Yemen is trying to address important public health issues such infant and 

child mortality, malaria and communicable diseases 
8
. Forty-six per cent of children 

under five are under-weight and 35% of all reported diseases are malarial infections 
9
. 

Sixty four per cent of the population is without sustainable access to clean water 
9
. It is 

estimated that 65% of the population in Yemen live in areas at risk of malaria 
9
. Access 

to health services is problematic because of the vast geographic area and the sparse 

population distribution especially in rural areas. In addition, poorly developed road 

networks and lack of proper public transports affect access to these health services. 

Primary healthcare is only available in urban areas, thus covering only 29% of the 

population. Therefore, effective disease prevention and primary care is still limited.  

7.2 CANCER SERVICES IN YEMEN  

At the present time, the public health sector of Yemen is ill equipped to meet the 

requirements of cancer patients. The public health sector has few medical resources and 

very little funding allocated for detection, prevention and treatment of cancer. There are 

only three physicians, seven nursing and midwifery personnel, one dentistry personnel, 

eight other health service providers (e.g. pharmacists, laboratory health workers, 

environmental and public health workers, medical assistants, dieticians and 

nutritionists) and seven hospital beds per 10,000 population 
10

. In comparison, Australia 
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has 25 physicians, 97 nursing and midwifery personnel, 11 dentistry personnel, 33 other 

health service providers and 40 hospital beds per 10,000 population 
11

. 

 In the year 2010, there were two oncology centres in Yemen, the National Oncology 

Centre (NOC) in Sana’a and Aden Cancer Centre (ACC) in Aden. The NOC is a 

publicly funded centre that was opened in 2004 (Dr Nadeem Nagi, personal 

communication, December 2010). In 2010, the NOC had nine radiation oncologists, 

three medical oncologists and only one cobalt 60 radiotherapy machine. The NOC 

offers free treatment for its patients including surgery, chemotherapy, and radiation 

therapy. Cancer patients from different governorates come to the NOC for confirmation 

of diagnosis and for treatment (Dr Nadeem Nagi, personal communication, December 

2010). The NOC treats low and moderate-income patients who cannot afford treatment 

at private hospitals or who cannot afford to travel overseas. The centre runs regular 

cancer campaigns to increase cancer awareness in the Yemeni population.  

In 2010, mammography was not available at the NOC. However, free mammography 

was available for patients at two other places, the Kuwait hospital and Dar Al-Haya 

clinic in Sana’a city. These mammography machines were installed in 2006 and 2010 

respectively. Patients younger than 40 years are examined through ultrasound and 

patients older than 40 years undergo mammograms (Dr Ahmed Shamlan, personal 

communication, December 2010).  

The Aden Cancer Centre treats patients from Aden and nearby governorates such as 

Lahej, Abyan and Aldhale’e. This centre was opened in 1997 and its focus is on cancer 

registration, prevention and research activities due to limited and scarce resources for 

treating patients 
12

. Data are collected from the different hospitals (public and private) 

and diagnostic centres. This centre does not offer radiotherapy for patients, and patients 

that require radiotherapy are therefore required to travel to Sana’a.  

Other cancer centres also exist as part of health care centres at other governorates such 

Taiz, and Al-Hudiadia. However, these centres do not provide treatment for diagnosed 

patients and the patients are required to travel to Sana’a city, Aden, or to local private 

hospitals to get their treatment.  
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Yemen has very few oncologists and lacks specialized centres for education and 

training. There is a lack of nurses, therapists, social workers and other facilities to 

provide care as needed to the patients. The overall Yemeni approach to cancer care does 

not include a system of home care, nutritional advice or psychological care 
13

. The focus 

is largely placed on maximizing the number of patients treated because so many patients 

exist and limited financial and medical resources are available (Dr. Nadeem Nagi, 

personal communication, December 2010). 

A recent partnership between Yemeni and Canadian oncology professionals resulted in 

the development of a Yemeni Oncology Program in 2008 
14

. This program aimed to 

improve the cancer control strategies in Yemen by: 

1. “Promoting hospital-based cancer registries in the region surrounding cancer 

centres. 

2. The preliminary determination of cancer risk factors. This can be implemented 

by itself or as part of a tool such as the WHO STEPwise 
15

 approach by each 

cancer centre. This approach uses a chronic disease risk factor surveillance tool 

using sequential collection starting with core data from health questionnaires, 

physical measurements and eventually blood samples as necessary to determine 

risks for development of chronic diseases. It uses a representative sample of the 

study population, which can then be generalized to a larger population.  

3. Enhancing the training and number of positions for cancer-related health 

professions. 

4. Establishing a medical records system to monitor the effectiveness of cancer 

control. 

5. Improving the resources for symptom control and palliation. 

6. Increasing support and encouragement of cancer providers, including regular 

reviews of progress and continuing medical education programs for cancer care 

providers. 

7. Creating administrative flow charts with responsibilities and clear job 

descriptions for managerial positions.  

8. Improving the public education and undertaking extensive prevention programs 

in some areas. 
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9. Implementing a month long observer program in Canada for Yemeni oncologists 

so that they appreciate practices that enhance cancer care, including safety 

standards, multidisciplinary case conferences, guidelines for care, and protocols 

for treatment” 
14

. 

 

Overall, the aim is to improve existing services and treatment and to increase education 

for health practitioners and cancer awareness in the public as past surveys have shown 

awareness to be limited. A cross sectional study, was carried out among 424 female 

university students in Al Mukalla city in the year 2009 to assess their knowledge and 

attitude of breast cancer and breast self-examination 
16

. The study indicated that 77% of 

participants had heard about breast self-examination, 17% of them were performing it 

and 56% mentioned a lack of knowledge about technique of breast self-examination as a 

barrier to practising breast self-examination. For 82% and 67% of the participants, mass 

media was the first source of information about breast cancer and breast self-

examination respectively. These results indicated that university female students have 

some information about breast self-examination but they do not practise it regularly. 

The true cancer incidence in Yemen has not been determined due to the limited 

pathological resources, the lack and quality of medical records and limited 

epidemiologic resources, but most importantly because people do not seek medical 

advice for cancer 
14

. For Yemen to have a good estimate of cancer incidence and 

mortality related to these cases a population-based cancer registry needs to be 

established. This registry would collect epidemiological data that would track 

fluctuations in the number of new cases in the population. It would also, over time, 

allow for the evaluation of the impact of newly enacted preventive and treatment 

measures designed to decrease cancer mortality. These data are essential to assess the 

impact and relevance of new cancer control strategies.  

7.3 BREAST CANCER STUDIES CONDUCTED IN YEMEN 

To date most of the studies on breast cancer in Yemen were retrospective studies and 

were hospital-based due to the lack of a population based national cancer registry in 

Yemen. According to GLOBOCAN 2008 
17,18

, the age standardised incidence rate for 

breast cancer in Yemen was approximately 20.8 per 100,000 person-years. Normally, 
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the GLOBOCAN 2008 database uses a large amount of data derived from national 

population-based cancer registries. The database may cover whole national population 

but more often covers smaller or sub national areas particularly in developing countries. 

However, Yemen has no data to estimate the incidence rate of specific types of cancers. 

Therefore, the GLOBOCAN 2008 rates for Yemen were calculated by the International 

Agency for Research on Cancer using data from other countries for which an estimate 

could be made 
18

. The incidence rate of cancers in Yemen was estimated as the mean of 

the country estimates for Saudi Arabia and Oman. They were partitioned by site and age 

using proportions from Aden (2001-2004) and Sana’a (2003-2004) cancer registries 

which had been scaled using site, sex and age specific percentages of microscopically 

verified cases obtained from the mean of Egypt, Gharbiah (1999-2002) and Aswan 

(1999-2002) and Israel (non-Jews 1998-2002) cancer registries 
18

. Given the lack of 

actual data, the GLOBOCAN estimations are considered the best available. However, 

they should be interpreted with caution because their reliability is determined by the 

quality and completeness of cancer incidence and of the suitability of external data used 

to get unavailable data 
17

.  

Breast cancer studies conducted in Yemen are summarized in Table 7.1. The mean age 

of breast cancer patients in years ranged between 35 to 46 years and at least 64% of the 

patients were 50 years old or younger 
19-23

. In each study, more than 76% of the patients 

were diagnosed with invasive ductal breast cancer 
19,21,23-25

. Three studies included data 

on stage, and the results showed that 60-95% patients presented with stage III and stage 

IV breast cancer 
19,26

. A recent study using 2007-2009 data from the cancer centre in 

Aden indicated that the case fatality rate over two years was 8.5/100 breast cancer 

patients with late stage presentation 
26

. The author 
26

 suggested several different factors 

that may have contributed to the high percentage of delayed presentation (stage III and 

stage IV) of patients in Aden and the neighboring governorates. These included: low 

socio-economic conditions; mistaken attribution of symptoms to a benign illness; the 

belief that it is better “not to know”; the decision to pursue local therapies first; 

competing life demands; and not enough oncologists and cancer treatment centres in 

Yemen 
26

.  
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Table 7.1: Summary of descriptive studies of breast cancer undertaken in Yemen 

First author, 

governorate, 

year  

Source of data Study population Highest age 

range 

Mean 

age 

% Women 

diagnosed 

at age ≤ 50 

% IDCa %LNb 

Al-kahiry26 

Aden 

 2010 

Al-Amal Oncology Unit at Al-Gamhouria 

Modern General Hospital (December 1, 

2007 to December 31, 2009 December). 

197 patients in which 

21 patients were 

excluded because they 

were not staged. 

40- 49 years 

based on 118 

patients (115 

females and 3 

males) 

NR 62 based on 

118 patients 

(115 

females and 

3 males) 

NR 61 

Hamid25 

Aden 

 2001 

Treatment registry of Aden Health Office, 

archives of Al-Gamhoria Teaching 

Hospital (1989 -1996),  

Aden Cancer Centre (1997- 1998) 

227 patients in which 

225 where females and 

2 males. 

40-49 NR 70 81 90 

Al-Thobhani21 

Sana’a 

 2006 

 

Histopathology laboratory (1997 to 2001) 155 patients 41-50 44.7 76 88 NR 

Al-Thobhani20 

Sana’a 

2001 

 

Histopathology centre in Sana’a 

(August 1996 - August 2000)  

116 patients in which 

110 were females and 

were 6 males.  

NR 44.6 NR NR NR 

Ghouth 27, 

Hadramout 

2009 

Two histopathology centres, register of 

treatment abroad of the Ministry of Public 

Health, Hadramout branch and Department 

of Drug Supply health office (2006) 

 48 patients  NR 46.0 NR NR NR 
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Table 7.1: Continued  

a
 IDC = Invasive Ductal Carcinoma; 

b
 LN= Lymph node Involvement; NR = Not Reported 

First author, 

governorate, year  

Source of data No. Highest age 

range 

Mean age % Women 

diagnosed at age ≤ 

50 

% IDCa %LNb 

Harhra23 

Aden 

2006 

 

Registry of Algomhuria Teaching Hospital 

(1998-2002) 

74 

patients 

40-50 46 65% 84 84 

Al-Hadrani 19 

 Sana’a 

 2000 

 

Three public hospitals, two private clinics 

(1982-1992, 1994-1997) 

72 

patients 

NR 35 69% 76 95 

Karama24 

Aden 

 2009 

Private hospitals (2005-2007) 120 

patients 

40-50 46 

(median) 

NR 88.3 44 
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In Yemeni studies that examined all cancers, breast cancer was ranked the most 

common cancer among all female cancers, representing 12-30% of all cancers 
20,27-29

. 

Two studies reported a lower percentage of 15% 
20

 (Sana’a) and 12% 
29

(Aden) of breast 

cancer among female cancers. These studies were based on data collected before the 

year 2001, and may reflect a lack of adequate diagnostic services. The NOC, for 

example, did not open until 2004.  

Only one case-control study on breast cancer in Yemen has been identified to date. This 

study comprised 55 patients and 110 controls. It aimed to determine the risk factors 

associated with the occurrence of breast cancer for patients admitted at Al-Gamhouria 

Teaching Hospital in Aden during January 1st, 2003 to December 31st, 2004 
30

. The 

study showed early menarche, late menopause, family history, stressful life events, and 

smoking were significant risk factors for breast cancer 
30

. Nulliparity was not shown as 

a risk factor for breast cancer and parity was not found to be protective against the 

occurrence of breast cancer in the study population. A reduction in breast cancer risk 

was found among parous women who breastfed for two years. Females who had their 

first live birth at the age of 30 years or more and those who used oral contraceptives for 

more than 10 years had an insignificant increased risk of breast cancer. 

In 2010, two Yemeni oncologists were interviewed by myself regarding breast cancer in 

Yemen. The two oncologists believed that the known risk factors for breast cancer such 

as late full time pregnancy, use of replacement hormone and lack of breast-feeding are 

less relevant to Yemeni women. Yemeni women marry at an early age and usually have 

their first child before the age 25. For example, based on the Family Health Survey of 

women aged 25-59 years, the median age of mothers at birth was 20 years old 
3
. 

Furthermore, due to the high cost of milk products, the women will breast-feed their 

child for approximately 2 years 
3
. In addition, Yemeni families typically consist of more 

than two children. The Family Health Survey showed that the mean number of live 

births of married or ever married women was 4.8 
3
. The interviewed oncologists 

believed that pesticides used on qat, consanguinity, Shamma (Tobacco), pipe smoking 

and malnutrition could be the causes of breast cancer in Yemen. However, there are no 

scientific studies to support these views and further epidemiological studies are 

warranted to identify the main risk factors of breast cancer in Yemeni women.  
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Quality of life among breast cancer patients is a further consideration. A recent cross 

sectional study was carried out to determine the quality of life based on socio-

demographic and clinical characteristics among 106 breast cancer patients in Yemen 
31

. 

The quality of life can be defined as self-perceived aspects of wellbeing that are related 

to or affected by the presence of a diseases or treatment 
32

. It includes perceptions, both 

positive and negative, of several dimensions such as physical, emotional, social and 

mental functioning 
33

. The study identified several factors including family monthly 

income, body mass index, educational status, years after diagnosis, histological grade, 

radiotherapy and surgery that influenced the quality of life of breast cancer patients in 

Yemen. The clinical characteristics of years after diagnosis (P=0.01), histological grade 

(P=0.02), type of surgery and radiotherapy (P=0.039) were associated with self-reported 

quality of life among breast cancer patients in Yemen 
31

.  

In summary, most of the studies on breast cancer were limited in their data and used 

data from hospitals and cancer centres in the city of Aden and its surrounding areas. 

Furthermore, the studies to date (Table 7.1) are based on small numbers and most of 

them were published before the year 2011. However, they indicate that the pattern of 

breast cancer and it risk factors differed from those seen in developed countries. As 

more comprehensive data are now available, I undertook to update this information 

(Chapter Eight) by describing the type, lymph node involvement, side of breast as well 

as the region and age distribution of breast cancer patients registered at the NOC in 

Yemen (Chapter Eight).  
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8 BREAST CANCER AMONG YEMENI WOMEN 

USING THE NATIONAL ONCOLOGY CENTRE 

REGISTRY 2004-2010. 

This chapter is based on the following published paper: 

El-Zaemey S, Nagi N, Fritschi L. Heyworth J. Breast cancer among Yemeni women 

using the National Oncology Centre Registry 2004-2010. Cancer Epidemiology. 2013; 

35:249-53. 

8.1 ABSTRACT  

Background: In developing countries including Arab countries breast cancer is one of 

the most common cancers found in women. Even though breast cancer incidence is 

lower in Arab developing countries than in western countries, Arabic women are more 

likely to be diagnosed at an earlier age than the women in western countries. 

Method: A descriptive study was undertaken to investigate the type of breast cancer, 

lymph node involvement, side of breast and, region and age distribution of breast cancer 

patients registered in the National Oncology Centre in Yemen. 

Results: From September 2004 to December 2010, 2654 women across Yemen 

diagnosed with breast cancer were registered in the National Oncology Centre for 

treatment. Between the years 2004 and 2010, breast cancer represented 22% of all 

cancers registered in women. Seventy-one per cent of the women were aged 50 or 

younger at the time of diagnosis. The most common age group affected was women 

aged 41-50 years, with (35%) of cases occurring in this age. Invasive ductal carcinoma 

was the most common pathology (76%) and 79% of the patients had lymph node 

involvement at the time of diagnosis. Approximately 2% had bilateral disease and the 

frequency of left (44%) and right breast cancer (42%) were similar. 

Conclusion: This study has shown that breast cancer is a disease of young women in 

Yemen. The majority of women presented with lymph node involvement. Hence efforts 
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are needed to increase breast cancer awareness in Yemen for early detection at all age 

groups, and to target women living in areas that have lower access to health care 

services. 

8.2 INTRODUCTION 

Breast cancer is the most common cancer diagnosed among women, constituting 23% 

of all cancer cases in the world 
1
. In the year 2008, the Age-Standardised Incidence Rate 

(ASIR) of breast cancer was 66.4 per 100,000 in developed countries and 27.3 per 

100,0000 in less developed countries 
1
. Several differences with respect to age, stage at 

presentation, and biological characteristics of breast cancer cases exist between 

countries 
2
. In developed countries approximately 50% of all women with newly 

diagnosed breast cancer are older than 63 years while in many developing countries, 

women with breast cancer are predominately younger than 50 years of age 
3
. This 

indicates that breast cancer presents a decade before among women in developing 

countries, including Arab countries, compared with the developed countries. In-situ 

breast cancer has become the most common cancer in the developed countries, yet 

locally advanced and metastatic diseases at presentation remains very common in the 

developing countries 
2
.  

Yemen is a small country in the Eastern Mediterranean Region of the globe. It is one of 

the poorest Arab countries, dealing with the burden of outbreaks of infectious diseases 

such as malaria while fighting to end extreme poverty, illiteracy, hunger and children 

mortality 
4
. Cancer is a relatively new medical field in Yemen and many Yemenis are 

still unaware of this disease 
5
. Statistics on incidence and the characteristics of breast 

cancer are limited to reports mostly done by the Aden governorate 
6-11

. This study was 

undertaken to describe the type, lymph node involvement, side of breast as well as the 

region and age distribution of breast cancer patients registered at the National Oncology 

Centre (NOC) in Yemen. 

8.3 MATERIALS AND METHODS 

Yemen consists of 20 governorates, with most population distributed within Sana’a, 

Taiz, Al-Hudaydah, Ibb, Hajjah, Dhamar, Hadramout and Amran 
12

. Each of these 
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governorates has a population of 1–3 million with 71% living in the rural areas and the 

rest living in the major cities. 

Data on breast cancer cases were obtained from NOC at Al-Joumharia hospital as the 

majority of the patients diagnosed with breast cancer in governorates near Sana’a are 

referred to the NOC. The NOC has been a hospital-based cancer registry since 

September 2004 and is the largest cancer centre in Yemen. It offers free chemotherapy 

and radiotherapy treatment for cancer patients and therefore patients registered in other 

centres in Yemen who require chemotherapy or/and radiotherapy treatment are 

predominately transferred to the NOC. The NOC provides services to Yemeni people 

who have limited financial resources and are unable to pay for expensive treatments at 

private hospitals or travel overseas. 

Most new cases diagnosed with cancer in other hospitals or centres are referred to the 

NOC for confirmation of diagnosis or free treatment. Once a patient approaches the 

NOC, a file is commenced that contains all the previous patient's medical reports. In 

addition, data on age at diagnosis, date of birth, governorate of birth and residence, 

marital state, and tumour morphology are collected. Data from this form for patients 

attending NOC during 2004 and 2005 were entered into a computerized package Can 

Reg-4 while data from patients attending between 2006 and 2010 were entered into an 

excel spread sheet. However, data from 2006 to 2010 are currently being transferred 

into Can Reg-4. For 2009 and 2010, additional data on breast side and lymph node 

involvement were collected from the histopathology reports; these variables are not 

normally collected by the NOC. The data in both databases were reviewed manually to 

identify any duplication or incompleteness. 

The possibility of including data from other centres in Yemen (Taiz, Aden, Al-

Hudaydah) was investigated. However, it was found most of the patients registered in 

these centres were also likely to be registered in the NOC and because of the likelihood 

of double counting we did not add these data to the NOC database. 

Information on ASIR of breast cancer per 100,000 (standardized to the world standard 

population) for different countries were derived primarily from the GLOBOCAN 2008 
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database published by the International Agency for Research on Cancer (IARC) of the 

World Health Organization (WHO) 
13,14

 

The demographic profiles of Yemen and other countries were retrieved from the WHO 

2010 report 
15

. The age distribution of Yemen and Australia for the year 2008 was 

derived from United Nations Population Division 
16

.  

Descriptive analyses were undertaken using SPSS statistical software. 

8.4 RESULTS  

There were 2654 patients with breast cancer registered at NOC between September 

2004 and December 2010. The number of patients referred to the NOC has increased 

over the years; with the highest peak in 2008 (Table 8.1). Between 2004 and 2010, 

breast cancer represented 22% of the total number of registered women with cancer. 

Table 8.1: The number of breast cancer reported to the NOC, Yemen, each year 

between 2004-2010  

Year Number of breast cancer patients 

2004 146 

2005 290 

2006 397 

2007 394 

2008 493 

2009 468 

2010 466 

 

The majority of breast cancer cases came from Sana’a (17%), Taiz (15%), Al-Hudaydah 

(10%), Ibb (9%) and Aden (8%). Of 2654 breast cancers registered at the NOC, exact 

age was recorded for 2354 patients with a median age of 45 years and mean age of 46 

years (SD = 12). As for the remaining 300 breast cancer patients their age groups only 

were recorded. The highest percentage of cases was in the age group 41–50 years 

(35%), followed by 31–40 years (25%) and 51–60 years (19%) (Table 8.2). 
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Table 8.2: Age and regional distribution of breast cancer patients reported to the 

NOC, Yemen 2004-2010 (N=2,654) 

Age Age Range No. % 

 16-20 12 0.5 

 21-30 246 9.3 

 31-40 673 25.3 

 41-50 940 35.4 

 51-60 502 18.9 

 61-70 217 8.2 

 71-80 51 1.9 

 >80 13 0.5 

Residence Gover. No. % 

 Sana’a 454 17.1 

 Taiz 403 15.2 

 Al-Hudaydah 273 10.3 

 Ibb 238 9.0 

 Aden 218 8.2 

 Other 1068 40.2 

 

The characteristics of breast cancers registered in the NOC between 2004 and 2010 are 

shown in Table 8.3. The majority of the cancer patients (76%) were diagnosed with 

invasive ductal carcinoma, followed by unspecified and other breast carcinoma (18%). 

The pathological records indicated that 79% of the breast cancer cases that were 

registered in 2009–2010 had lymph node involvement at the time of diagnosis. 

Table 8.3: Histopathological characteristics of breast cancer in women reported to 

NOC, Yemen 2004-2010 

    No. % 

Histological Type   

Invasive ducal carcinoma 2,024 76.3 

Invasive lobular carcinoma  82 3.1 

Ductal carcinoma in situ  29 1.1 

Medullary carcinoma 20 0.8 

Inflammatory carcinoma 11 0.4 

Unspecified and other breast carcinoma 488 18.4 

Lymph Node Involvement (2009-2010)   

Yes 742 79.4 

No 121 12.9 

Unknown 72 7.6 

Breast Side (2009-2010)   

Left breast 408 43.7 

Right breast 393 42.1 

Bilateral 19 2.0 

Unknown 114 12.2 
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8.5 DISCUSSION  

The present study analysed and presented data from the NOC, which is the largest 

cancer centre in Yemen. Breast cancer represented 22% of all women cancer registered 

between the years 2004 and 2010. This study suggests breast cancer occurs in young 

patients in Yemen and most women have a lymph node involvement at diagnosis 

suggesting that they presented late. The study analysed data from 2564 breast cancer 

patients compared to other studies undertaken in Yemen that examined no more than 

200 breast cancer cases. Many of these studies were undertaken prior to the National 

Oncology Centre being established. 

The percentage (22%) of breast cancer in this study was in the range of percentages 

reported in previous studies that were carried out in Yemen, in which breast cancer 

represented 12–30% of the overall registered cancers in women 
17-20

. Previous studies in 

Sana’a 
18

 and Aden 
19

 have reported 15% and 12% of all cancers among women as 

being breast cancer but these were based on data collected before the year 2001. At that 

time Yemeni women were less likely to be aware of breast cancer symptoms and 

Yemen lacked adequate diagnostic equipment, resulting in underreporting. It is 

important to note that the use of relative frequencies of total cancers can be misleading 

as changes in reporting of other cancers over time can also change the relative 

frequencies of breast cancer 
21

. However, we think it is unlikely that the numbers of 

other cancers would decrease over this period, as medical care generally has improved 

in Yemen over the previous decade. 

In GLOBOCAN 2008 
22

 the ASIR rate for breast cancer in Yemen was estimated as 

20.8 per 100,000 which is approximately similar to other Arab countries but about one 

fourth that of western countries (Table 8.4). In general, the incidence is high (greater 

than 80 per 100,000) in developed countries of the world and low (less than 50 per 

100,000) in developing countries. The GLOBOCAN estimations are considered the best 

possible given the data availability at the current time, however they should interpreted 

with caution because their reliability is determined by the quality and completeness of 

cancer incidence and suitableness of external data used to get unavailable data 
13

. 

Compared to the GLOBOCAN estimates, the number of patients reported in the NOC 

annually is very low. According to GLOBOCAN with an ASIR of 20.8 per 100,000 
14
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we should expect about 1200 incident cases of breast cancer annually. However, this 

study only reported 2,654 cases of breast cancer from different regions over a 7 year 

period. The NOC registry would be expected to underestimate numbers of cases due to 

missing cases which present to peripheral hospitals and are not referred to NOC or who 

receive their treatment at a private hospital in Yemen or overseas. In addition, some 

Yemeni women will not present for medical treatment because of shyness, pursuing 

local therapies, fear of cancer, travel expense and lack of awareness. 

Table 8.4: Total population, median age and life expectancy of the population and 

age standardized incidence rate of breast cancer in a selection of countries  

Country Population 

x    (2008) 15 

Median age 

(2008) 15 

Life 

expectancy at 

birth of 

females 

(years)15 

Age 

standardized 

incidence rate 

of breast 

cancer per 

         

(2008)14 

Arab developing countries 

Yemen 22,917 17 66 20.8 

Saudi Arabia 25,201 24 75 22.4 

Syria 21,227 22 75 23.0 

Libya 6,249 25 76 23.3 

Oman 2,785 24 77 28.3 

Iraq 30,096 19 69 31.1 

UAE 4,485 31 80 36.7 

Egypt 81,527 23 71 37.3 

Qatar 1,281 30 76 38.1 

Jordan 6,136 22 74 47.0 

Kuwait 2,919 30 79 47.7 

Lebanon 4,194 28 74 55.4 

Neighbouring countries 

Turkey 73,914 28 77 28.3 

Israel 7,051 29 83 96.8 

Industrialized nations 

USA 311,66 36 81 76.0 

Canada 33,259 39 83 83.2 

France 62,036 40 85 83.3 

Australia 21,074 37 84 84.8 

UK 61,231 39 82 89.1 

     
a Standardized to the World Standard Population 

Invasive ductal carcinoma was the most common type reported in our study whereas 

ductal carcinoma in situ was among the least common histopathological diagnosis. 
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Similar results have been obtained in research done in Yemen 
6-9

, Arab countries 
23

, 

Australia and United States 
24,25

, although as more mammographic screening is 

performed, the proportion of ductal carcinoma in situ cancer increases. Nearly 79% of 

our cancers were detected to have lymph node involvement based on histopathology. 

Likewise this proportion was 86-95% in the studies undertaken in Aden 
6-8

, 80% in Iran, 

74% in Libya and 73% in Iraq 
26

. Recently a study in Aden showed 67% of the total 

number of staged patients presented with late stage III or stage IV 
10

. Breast cancer 

survival in Yemen is likely to be poor because of the late presentation. 

Seventy per cent of the patients registered with breast cancer at the Yemen NOC were 

aged 50 years or less. This is similar to previous studies carried out in Yemen that 

showed that younger women comprised between 65% and 76% 
7-9

 of the total breast 

cancer cases. The percentage is also similar to the percentage of patients age at 

diagnosis less than or equal to 50 years in studies undertaken in Ethiopia (71%) 
27

, 

Taiwan (64%) 
28

, Sudan (74%) 
29

, Iran (60%) 
30

, Libya (71%) 
31

 and much higher than 

those observed in western countries such as England (19%) 
32

 and Australia (24%) 
24

. 

The median age at diagnosis from our study was 45 years and this is similar to the 

median age reported in other studies in Yemen (45-46 years) 
11,20

, as well as studies in 

Libya (44-46.5 years) 
31,33

, Kuwait (45 years) 
34

, Egypt (46.5 years) 
35

 and Saudi Arabia 

(46 years) 
23

. While the median age at diagnosis for women in the US and Australia are 

61 years 
25

 and 60 years 
24

 of age respectively. 

In this study, we found that there was an increase in the annual number of breast cancer 

patients reported to the NOC between 2004 and 2010. This is possibly due to 

improvement in education, awareness campaigns, better access to diagnostic resources, 

previous misclassification, and opening of new cancer centres. 

The younger age at diagnosis in Yemen and similar countries is possibly due to the 

higher proportion of women less than 51 years old in developing countries. For example 

Yemen has 92% 
12

 of women aged ≤ 50 years compared with 64% in the UK 
36

 and 

69% in Australia 
37

 in the year 2009. Furthermore, the average the life expectancy of 

women in developing countries is shorter than in women in developed countries 

resulting in lower age of breast cancer in developing countries (Table 8.4). Most Arab 

and non-Arab developing countries including Yemen currently have a cone shape 
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population pyramid compared to cylinder shape in the developed countries such as 

Australia (Figure 8.1). This is an indication of high fertility rate; as a result, the majority 

of citizens are young population. According to WHO statistics 
15

 the median age of the 

Yemeni population is 17 years old which is two decades younger than the median age of 

the western countries (Table 8.4).  

 

 

Figure 8.1: Comparison of the female population distribution of Yemen and 

Australia in 2008. 

In developed countries the incidence of breast cancer increases with age, being 50 per 

100,000 women-years in women less than 50 years of age and 300 per 100,000 women-

years in women more than 50 years 
38

. However, in Arab and non-Arab developing 

countries, women are affected at a younger age than their counterparts in the West 
2
. 

The age specific incidence indicates that the incidence rate in developing countries 

including Yemen is quite constant in postmenopausal women. In comparison, the 

increase in incidence with age is continuous in developed countries, with the highest 

rates at older ages (Figure 8.2). According to Mousavi et al. a possible explanations for 

lower rates in older women in developing than in the developed countries include 

physical activity, difference in parity, age at first birth, and breast feeding patterns 
39

. 

Other possible differences may be related to differences in alcohol 
40

 and dietary fat 

consumption 
41

.  
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Figure 8.2: Age-specific incidence rates of breast cancer in some developing and 

developed countries from GLOBOCAN. 

Our results have shown that 35% of the cancer patients are aged ≤ 40 years. Breast 

cancer in this age group  usually have more aggressive biological behaviours and more 

advanced stage of cancer at diagnosis, with a worse overall prognosis, among patients 

as compared with those > 40 years 
42

. Women diagnosed at that age are more likely to 

have germ-line BRCA1 or BRCA2 mutation (15-33% of cases), which are frequently 

associated with aggressive behaviour of cancers in studies undertaken in developed 

countries 
43-45

.  

The higher incidence rates seen in western women compared with Yemeni and other 

Arab women may be related to different reproductive risk factors such as fertility rates, 

earlier childbirth and breastfeeding duration. For example, women who have their first 

child after the age of 35 years are at an elevated risk of breast cancer compared with 

women with first birth before age 20 years 
46

. In western countries, the average age at 
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first birth in 2006 ranged from 25.0 years in the USA to 29.4 years in Switzerland 
47

. 

The western countries have observed an increase in average age at first birth since 1970 

with increase ranging on 2.9 years in Sweden to 4.6 years in Denmark 
47

. Based on the 

Family Health Survey carried in 2003 in Yemen, Yemeni women have their first baby at 

20 years old, which is approximately 5 to 10 years younger than women in developed 

countries 
48

.  

The Population Reference Bureau indicated that Yemeni women in 2008 had higher 

parity (6.2 per women) compared with women in western countries such as Australia, 

USA and UK who had approximately 2 children per women 
49

. High parity has 

generally been associated with lower breast cancer risk in previous epidemiological 

studies 
50,51

. This difference in fertility may also result in differences in lifetime duration 

of breastfeeding which have a protective effect. For example, it has been estimated that 

each birth reduces the relative risk of breast cancer by 7% in the absence of 

breastfeeding and each 12 months of breastfeeding further reduces the risk by 4% 
52

. 

The Family Health Survey has shown that the median length of breastfeeding among 

Yemeni women is 22 months 
48

. These reproductive factors difference among Yemeni 

women may tend to be a protective effect against breast cancer.  

Yemen lacks a national based cancer registry to gather more reliable information about 

cancer patients. Establishing a population based national cancer registry will provide 

future plans to improve health care, to define preventative strategies and to enable a 

etiological studies 
53

. Furthermore, Yemen needs to plan and develop effective 

programs for early detection of breast cancer targeting women of all age groups. In 

addition information regarding survival, incidence, prevalence and breast cancer risk 

need to be collected to guide decision making for managing breast cancer in Yemen. 
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9 PESTICIDE EXPOSURE AMONG WOMEN LIVING 

IN DEVELOPING COUNTRIES 

9.1 INTRODUCTION  

Many studies have investigated pesticide exposure among women living in western 

countries and the associated health effects 
1
. The same is not true for developing 

countries, and only a few studies exist which examined the effects of pesticides in these 

countries. Most of these studies were conducted in males rather than females 
1,2

. In 

addition, scientific publications in developing countries are less likely to be published in 

international, mainly English-language, scientific journals compiled in biomedical 

databases such as MEDLINE and PubMed 
3
.  

The level, type and nature of pesticide exposure among women living in developing 

countries is likely to be different from women living in developed countries for a range 

of reasons, including differences in pesticide use and regulation in these countries, type 

of pest problems, nature of agriculture practices, education, behaviour and culture. In 

this chapter, the focus is primarily on pesticide exposure in less developed countries. 

However, the differences in pesticide exposure between men and women are described 

first briefly.  

9.2 PESTICIDE EXPOSURE AMONG MALES AND FEMALES  

The prevalence and nature of pesticide exposure in men and women is different in most 

countries but the focus of the discussion here is on exposure in developing countries. 

For a variety of reasons, there is a gender separation of the labor market in most 

countries. Women often have different jobs to those of men, and these jobs have 

different exposure patterns. Even if both genders perform the same job, they do not 

always perform the same tasks 
4,5

. For instance, in comparison to men, women working 

in agriculture are usually found in lower paid and lower status jobs, with less access to 

support services, information and safety measures 
3
.  
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Female vineyard workers in South Africa were less likely to be provided with personal 

protective equipment than men (mean of 2.1 items, standard deviation 1.4 for women; 

versus mean of 2.5 items, standard deviation 1.5 for men; p<0.001) 
6
. More male farm 

workers who handled pesticide than females were provided with personal protective 

equipment (88% vs. 45%) in Zimbabwe 
7
. The poor usage of protective equipment 

among women can increase the pesticide residues accumulating in the body. In China, 

acute pesticide poisoning was more likely to occur among female pesticide applicators 

compared with male applicators (13.1% vs. 6.1%, p<0.001) 
8
, which the authors 

reported was possibly due to the less self-protective behaviors during pesticide 

application among female applicators. 

In comparison to men, women are more likely to take care of the home environment and 

spend longer time at home than at work, especially in developing countries. Hence, the 

women will have higher exposure to pesticide used in and around the home.  

Females are more susceptible to the effects of lipophilic pesticides than males because 

of the higher proportion of body fat in females, which provides a greater reservoir for 

pesticides that are lipophilic 
9
. Moreover, females have thinner skin than males 

10
 which 

allows greater absorption of pesticides through skin under similar levels of exposure. 

Females, for example, absorbed three times as much lindane than men given the same 

exposure 
11

.  

9.3 PESTICIDE USE IN DEVELOPING COUNTRIES  

The world pesticide use for the year 2002 was 2.6 million tonnes with a 38,000 million 

USD market value 
12

. The use of pesticides to improve crop protection and eliminate 

some diseases is increasing worldwide particularly in developing countries where the 

economy relies heavily on agriculture 
13

. Ecobichon 
2
 reported that the trend in 

agriculture in the developing countries is to use older, non-patented, more toxic, 

environmentally persistent and inexpensive pesticides. This is supported by studies 

undertaken in developing countries which showed that agricultural workers use more 

banned and restricted toxic pesticides 
14-17

.  



      

     

205 

 

Most of the acute toxic pesticides used by farmers in developing countries belong to the 

World Health Organization (WHO) classifications Ia (extremely hazardous) and Ib 

(highly hazardous) 
2,18

. A study conducted in Ghana, found that lindane and endosulfan, 

which are restricted to use on cocoa, coffee and maize along with DDT, were being 

used on vegetables 
19

. The study also concluded that “these more potent agrochemicals 

are used irrespective of whether they are approved for vegetable production or not” 
19

. 

Four per cent of 130 interviewed farmers during 2007-2008 in Thailand, indicated that 

they used the pesticide, endosulfan, which was banned for use by the Thai government 

in 2004 
14

. In Ethiopia, 29% of 422 interviewed farmers in 2007 indicated the use of 

DDT pesticide for agriculture purposes 
15

. A survey among 81 hybrid vegetable seed 

and cereal farmers in Bangladesh found 25 brands of pesticides were used including a 

substantial number of banned pesticides. The highest four banned pesticides used by 

farmers were chlorpyrifos (65.4%), monochlorophos (20.9%), diazinon (11.1%) and 

phosphamidon (11.1%) 
16

. Similarly, a study of 186 farmers in Bolivia reported that 

2.2%, 4.3%, 1.1%, 0.5%, and 23.7% of farmers used the banned pesticides aldicarb, 

aldrin, DDT, monocrotophos and parathion, respectively 
17

. 

The reasons for using banned and restricted pesticides by farmers in developing 

countries can be varied. Some of the possible reasons include: 1) the perception of 

farmers that these pesticides are more effective and easy to use 
20

; 2) banned and 

expired pesticides tend to be the cheapest on the market 
18

; and 3) these pesticides are 

normally available and easily accessible to farmers since they are illegally sold by 

individuals on the streets or pesticide retail shops that normally do not have a licence 

complying with country law for selling pesticides 
17

. In the year 2000, a market survey 

conducted by the Plant Protection Department in Vietnam found that 2,500 kg of 

banned pesticides and 10,000 of illegally imported or counterfeit pesticides were 

available in pesticide retail shops 
21

. A study carried out in Ghana in year 2010 found 10 

banned pesticides such as DDT, aldrin, lindane and dieldrin in local agricultural supply 

shops 
22

. In addition, banned pesticides are illegally exported to developing countries by 

the developed countries 
2,23-25

. For example, between 2001-2003 nearly 28 million 

pounds of banned pesticides within the USA were exported, with the majority of these 

shipments going to developing countries 
26

.  
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The most effective way of reducing the impact of pesticides in developing countries is 

by reducing their use. A number of methods have been proposed to reduce pesticide use 

and exposure, such as those proposed in the Food and Agriculture Organization (FAO) 

Code of Conduct 
27

, the Rotterdam Convention on the Prior Informed Consent 

Procedure for Certain Hazardous Chemicals and Pesticides in International Trade 
28

 and 

the Stockholm Convention on Persistent Organic Pesticides 
29

. In 1985, the FAO 

initiated a voluntary Code of Conduct, which established standards of conduct for all 

public and private entities involved in, or linked with, the distribution and use of 

pesticides. In 1998, the Rotterdam Convention, while voluntary, aimed to assist 

countries in avoiding use of pesticides that are identified to be harmful to human health 

and the environment, and in particular the use of highly toxic pesticides that cannot be 

handled safely by small farmers in developing countries. In 2001, the Stockholm 

Convention aimed to protect human health and the environment from persistent 

organochlorine pesticides, to reduce or eliminate production and use of organochlorine 

pesticides and to reduce the release of organochlorine from unintentional production 

and from stockpiles and wastes. Nevertheless, problems remain due to weak national 

pesticide legislation and regulation in many countries that has led to widespread 

availability and unrestricted use of pesticides 
2
. Although this is often assumed, there 

has not been, to my knowledge, any empirical study carried out on pesticide regulation 

and administration for a large number of countries. 

9.3.1 Pesticide Exposure In Rural and Urban Populations In Developing Countries 

In the year 2010, 55% of the population in less developed countries lived in rural areas 

compared with more developed countries where only 25% of the population lived in 

rural areas 
30

. Rural populations generally have higher pesticide exposure compared 

with urban populations because of greater agriculture activity in rural setting, greater 

occupational exposure and agricultural spray drift. 

People living in rural areas in developing countries are more likely to live in lower 

income households with lack or poor provision of water and sanitation 
31

. Poor housing 

conditions have been associated with infestation of pests such as rodents and 

cockroaches that may lead to higher amounts of home pesticide usage 
32,33

. In rural 

areas of the developing countries, access to electricity is much lower than urban areas. 
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For example, 42% of the rural population in developing countries has no access to 

electricity; and this proportion is 87% for the least developed countries 
34

. This will 

result in less access and use of electrical appliances such as vacuum cleaners. Arcury et 

al., (2005) 
35

 in a US study found that people who had a vacuum cleaner had lower 

levels of urinary organophosphate metabolites.  

9.3.2 Use of Pesticides For Vector Control  

The use of pesticides is important element in the current global strategies for the control 

of major vector-borne diseases, particularly malaria, dengue, and Chagas disease 
36

. 

Vector-borne diseases are an important public health threat in the developing world 

such as Africa 
37

. Currently, 18 developing countries (Botswana, China, Eritera, 

Ethiopia, India, Madagascar, Marshall Islands, Mauritius, Morocco, Mozambique, 

Namibia, Senegal, South Africa, Swaziland, Uganda, Venezuela, Yemen, Zambia) use 

DDT for disease-vector control, and others are preparing to reintroduce it 
38,39

.The 

continued use of DDT in developing countries to prevent the spread of vector-borne 

diseases overshadows the environmental impact. DDT use can be an effective means of 

lowering the economic losses from malaria. For example, it has been estimated that $69 

billion was lost in 2010 due to malaria in Sub-Saharan Africa, South Asia and East Asia 

Pacific 
40

. There are different methods for vector control including spraying the streets 

of the affected region, the use of treated insecticide bed nets and indoor residential 

spraying. It is critical that these vector control pesticides are used for the required 

purpose without causing adverse effects on health and the environment.  

A number of vector control methods in the house are considered effective against 

malaria mosquitoes. Methods include pyrethroid-treated nets and indoor residual 

spraying of insecticide. In recent years, endemic countries using the two methods singly 

or in combination have reported significant declines in malaria related morbidity and 

mortality 
41

.  

Irrespective of the benefits, the people may be exposed to pesticides through the use of 

long-lasting insecticidal nets that are generally impregnated with pyrethroid insecticides 

42
. The exposure to insecticides could occur through dermal contact with the treated nets 

or though inhalation. A study indicated that for individuals who are older than 10 years, 



      

     

208 

 

dermal and inhalation exposure from the use of long-lasting insecticidal nets was 99.7% 

and 0.3% of total exposure, respectively 
43

. To date, there is limited literature on the 

health hazards associated with long-term exposure to the use of insecticide treated nets. 

Training regarding vector and pesticide management in some countries is lacking. For 

example, surveys found that 7%, 13%, 5% and 4% of pesticide applicators of African, 

Eastern Mediterranean, South-East Asian and Western Pacific countries respectively, 

did not receive any certified training on vector control or on sound management of 

public health pesticides 
44

. Furthermore, public awareness programmes of safe use of 

pesticides are lacking in the majority of countries when pesticides are applied in or 

around houses. Only 41% of the countries worldwide have national information and 

awareness programmes in place, most of which are European countries 
44

. In the Eastern 

Mediterranean region, only 41% of countries have such programmes, followed by 40% 

of countries in the African region. The regions where the least number of countries had 

information and awareness programmes were the Americas (22%) 
44

.  

Another source of pesticide exposure is through indoor residual spraying, where the 

insecticides are sprayed on walls and roofs of households to kill the insects that come 

into contact with it 
45

. Again, human exposure to these pesticides would be through 

dermal contact with sprayed surfaces or inhalation if people were present during the 

spraying process or for some hours after the spraying process. Data on the systemic 

concentration of DDT and its metabolites in men and women from studies conducted in 

South Africa and in other countries suggest that indoor residual spraying can result in 

high DDT exposure in humans 
46,47

. It has been shown that people living in houses that 

have been sprayed with DDT have 100 times higher DDT concentrations in blood and 

human milk than the general population in Europe 
46

.  

9.3.3 Education In Relation To Pesticide Use  

In developing countries, literacy is lower than in developed countries with the 

proportions of the populations who are literate being 75% and 98% respectively 
48

. 

Literacy levels among males and females in developed countries are the same at 99% 
48

. 

In contrast, the literacy level in developing countries differs between genders with 69% 

of the females being literate and 83% of males being literate. In some developing 
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countries, the literacy level for women is very low, for example, it is only 9% in Niger, 

29% in Yemen and 32% in Bangladesh 
48

. Therefore, women from these countries who 

work in agricultural areas may have a higher exposure to pesticides not only because of 

the low autonomy that they have in their work, but also their inability to read the 

instructions on safe use of pesticides.  

The WHO reported that low literacy and education levels are possible factors that 

increase the likelihood of higher pesticide exposure 
49

. A study of 434 farmers in Nepal 

showed that farmers who are educated had a better knowledge of pesticide use, 

knowledge of pesticides, attitude and safe practices (p<0.05) 
50

. In India, pesticide 

handlers with a degree (n=4) had a significantly higher knowledge and more acceptable 

practices (p<0.001) compared with illiterate and those with primary level education 

pesticide handlers (n=26) 
51

. Among eight hundred and three female farmers surveyed 

in South Africa only 17.5% to 25.9% were able to correctly interpret the pictograms on 

pesticide bottles 
52

. In a survey of 582 farmers in Thailand, 53% of the women were not 

able to read, decreasing ability of these women to read safety warnings offered on the 

labels of pesticides 
53

.  

9.3.4 Pesticide Training 

Given the risk associated with pesticide use, it is important that those using pesticides 

be knowledgeable about health hazards, appropriate safety practices, and first aid 

treatment 
54

. Studies have shown that education on pesticide use has resulted in 

reduction in pesticide use, an increase in the use of personal protective equipment 
55

, 

and an increase in awareness of serious health consequences associated with the use of 

pesticides 
56

.  

Most of the women in developing countries have limited access to pesticide training. 

For example a study conducted among women sprayers in South Africa indicated that 

only 16% of these women had received formal training on pesticide use and safety 
52

. 

Similarly, low percentages have been reported in other developing countries such as 

Nepal (6%) 
50

, Ecuador (14%) 
57

 and Cambodia (16%) 
58

. Some of the possible reasons 

why women have limited access to pesticide training are: 1) absence of training 

opportunities; 2) lack of easy modes of transportation which will allow them to reach 
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the venue; and 3) indirect discrimination based on gender as most agricultural extension 

staff are male and training opportunities are usually targeted to male farmers 
59

. 

Furthermore, social communication between men and women is not socially acceptable 

in some developing Muslim countries. Such gender barriers may affect women’s access 

to pesticide-related information.  

9.3.5 Home Pesticide Use 

Some household pesticides that are either severely restricted or have been banned 

globally due to their adverse health effects are still being marketed and used in 

developing countries 
60,61

. For example, diazinon pesticide, which has been banned in 

many developed countries, was still found to be used for indoor pest control by 

Ugandan people 
62

. A recent study in Gambia found that there were a range of pesticides 

available at local markets for household vector control, many which are considered 

unsafe for use by the USA and WHO 
61

. Out of 128 pesticide samples collected from 

the street retailers, 115 were unlabeled (90%). Approximately 28% of these samples 

contained pesticides banned or restricted in the United States and/ or Gambia, and about 

16% were classified as hazardous by WHO 
61

. In addition, the study found some 

pesticide formulations that contained more than three active ingredients, indicating that 

some vendors blended multiple pesticides together for resale.  

Differences in the actual use of household pesticides between countries have been 

observed. For example in 280 households in Bangkok, pesticides were mostly applied in 

living rooms (30.4%) followed by bedrooms (17.5%), kitchens (15.0%) and other places 

(37.1%) 
63

, that is, the rooms where people spend most of their time also had the highest 

pesticide application. In contrast, in 107 households in the USA, the highest pesticide 

application occurred in the kitchen (29.2%) 
64

. This has raised concerns of pesticide 

exposure through food preparation.  

9.3.6 Pesticide Storage 

Other unsafe practices that are especially common in developing countries include 

storage of pesticides in the family bedroom and in unlocked cabinets that can easily be 

accessed by household members 
65-67

. Most farmers in developing countries live in basic 
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housing and few have lockable or isolated storage amenities. A study of 188 farmers in 

Egypt indicated that 98% store their pesticide in their bedrooms 
65

. In a study that was 

carried out in Ghana, the most popular storage site used was the bedroom with 31%, 

followed by storeroom or other room 17.9% 
68

. In Oman, 14.9% of the greenhouse 

workers indicated that they stored their pesticides in their bedrooms; and further 81.1% 

stored them in other rooms in the house 
67

. In the Gaza strip, 18% of the farmers stored 

pesticides in the home 
66

. A recent survey in Cambodia indicated that 54% of the 

women farmers store the pesticides at their home 
58

. The ready availability of pesticides 

in homes has also been found to facilitate suicide poisonings. Studies from China 
69

, 

India, 
70

 and Sir Lanka 
71

 found that 65%, 80% and 76%, respectively, of pesticides 

used for self-harm were obtained from the house or close proximity to the house.  

9.3.7 Empty Pesticide Containers 

In many developing countries, empty pesticide containers are highly valued and used as 

storage containers for other materials such as fuel, other chemicals, and sometimes even 

drinks or food. In a cross-sectional study of the knowledge and practices associated with 

pesticide use among 381 agricultural farm workers in Palestine, 10% of the farmers 

reported washing and reusing the empty bottles at home 
72

. In Menia El-Kamh province 

of the Sharkia governorate, Egypt, 38% of 177 farmers used empty pesticide containers 

to store drinking water 
65

. Furthermore, 13% of the farmers gave the containers to 

neighbours who may also use these containers for domestic purposes. In Oman, 11% of 

74 greenhouse workers used the empty pesticides containers to store food 
67

.  

Farmers do not appear to be aware that dangerous levels of pesticide residues may 

remain in containers, even after their attempts to clean containers using dirt, soap or 

kerosene. A recent study to identify the cause of serious illness among a village 

community in Madhya Pradesh found that many villagers were using empty pesticide 

containers, which previously contained endosulfan, for wheat, grain or flour storage 
73

. 

An analysis of food and blood samples of these villagers showed presence of endosulfan 

pesticides 
73

.  

Disposal of empty containers in the field, garbage sites, or on the street is an unsafe 

practice common in developing nations 
66,74,75

. These empty pesticide containers are not 
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always empty, and small residues of pesticides may present a risk of exposure for 

persons coming in contact with these containers. Furthermore, these practices can be 

also dangerous to children as they may play with the empty containers.  

9.3.8 Pesticides In Food 

Pesticides are valuable chemicals used to increase harvest yields. However, pesticide 

residues that remain on fruits and vegetables may lead to health risk to consumers 
76

. 

Consequently, pesticides must be controlled at optimum levels to protect the health of 

consumers. Many countries have established legal directives to control levels of 

pesticides in food, through maximum residue levels (MRLs) 
77

. Most studies in less 

developed countries have found that pesticide residues in food were above the MRLs 

compared to pesticide residues in food from developed countries. The percentage of 

samples with concentrations of pesticides above MRLs ranges from 12 to 61% in less 

developed countries compared with 1% to 6% in developed countries (Table 9.1). As a 

result of the high pesticide residues exceeding maximum MRL limits on produce from 

Arab countries, many European nations banned certain agricultural exports from these 

countries 
78

.  
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Table 9.1: Selected studies that investigated the presence of pesticide residues in 

food samples 

Author Years data 

collected 

Country Number of 

samples 

analysed 

% Samples 

>MRL 

Developed countries 

Voedsel en Waren  

Autoriteit 79 

 

2008 Netherlands 4,344 6% 

Zicari et al. 80 

 

2000-2008 Italy 6,947 3.2% 

Góralczyk et al.81 2004-2007 Poland 5,340 2% 

Department of 

Agriculture, Fisheries 

and Forestry 82 

2009-2010 Australia 974 1% 

Developing countries 

Latif et al.83 Not stated Pakistan 

(Hyderabad) 

 

200 61% 

Osman et al.84 2008-2009 Saudi Arabia 

(Al-Qassim) 

 

160 33% 

Bempah et al. 85 2009 Ghana (Kumasi 

Metropolis) 

 

350 19% 

Jardim et al. 86 2001-2010 Brazil 13,556 20.6% 

Chen et al.87 2006-2009 China (Xiamen) 3,009 11.7% 

 

9.3.9 Washing Pesticide Contaminated Clothes 

Women are generally responsible for washing the family’s clothes and equipment, 

including those used while spraying pesticides. For example, 86% of 240 women 

farmers surveyed in the Philippines occasionally or regularly washed pesticide soaked 

clothes 
88

. These women were exposed to pesticide by potentially absorbing the 

pesticides dermally from contact with the fabric. On the other hand, a study conducted 

among launderers of farm workers clothes in California (mostly women) indicated 86% 

and 70% washed the contaminated clothes using a washing machine only and separated 

the clothing from other household wash 
89

. A study of pesticide applicators in California 
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found that 94% washed clothing in the same machine as family laundry, although 81% 

washed the contaminated clothing in separate washes in the same machine 
90

. 

In developing countries, some rural women rely on washing pesticide soaked clothes 

such as overalls to generate income 
3
. Based on a focus group conducted among rural 

women working in Brazil, these women indicated that they usually washed the 

contaminated clothes along with the family’s regular clothes, elevating women’s 

exposure to these pesticides 
91

. This is normally seen by the women as regular and 

harmless housework 
91

. Women living in developing countries and in rural areas often 

lack access to electricity and water supply. Hence, women will wash clothes by hand, 

using cold or lukewarm water that they carry from a river or pull up from a well. 

Furthermore, because of frequent water scarcity in many developing countries 
92

, the 

women may use the same water for multiple washes. 

9.3.10 Customs Which Influence Pesticide Exposure  

Some countries may have other traditional or cultural behaviors such as qat chewing 

that may increase women’s exposure to pesticides. Qat (Catha edulis Forsk, 

Celastraceae) is a leaf that contains cathinone, a naturally occurring drug with an 

amphetamine-like structure and action 
93

. It is widely chewed in Ethiopia, Yemen, 

Somalia and other parts of the world as part of the social custom and as stimulant. WHO 

estimates that 70–90% of adult males, 30–50% of adult females and 15–20% of children 

under 12 years chew qat every day in Yemen 
94

. There is concern that people who chew 

qat before any treatment (e.g. washing, soaking in boiling water and other thermal 

treatment) may ingest pesticides 
95

. 

 A 2009 study investigated the presence and level of pesticide residues in qat samples 

collected from various parts of Ethiopia 
96

. The qat samples had pp’-DDT 

concentrations ranging from 141.2 to 973.0 µg/Kg. Maximum concentration found were 

between 240 and 1200 times the European Union maximum recommended levels for 

DDT in food (vegetables 10 µg/kg, cereals 50 µg/kg). The high levels of DDT in the qat 

samples instead of DDE suggest that DDT is currently in use as a pest control agent in 

the study region. In another study in Ethiopia, sixty of 70 qat farmers surveyed 

indicated the use of DDT and other pesticides for qat 
97

.  
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A study conducted in 1997/1998 to evaluate the acute toxic effects of pesticides used on 

qat, estimated that 70% of all pesticide use in Yemen was used on qat 
98

. The study 

indicated that some globally banned pesticides were still used in Yemen such as DDT, 

lindane and parathion. In addition, some of the extremely hazardous compounds 

according to WHO classification of pesticides (Class IB) were also heavily used on qat 

99
. In 2007, a survey among 319 qat farmers in Yemen, reported that few farmers used 

DDT and lindane 
100

.                                                                        

9.4 CONCLUSIONS 

In summary, this review indicates the necessity for increasing awareness of potential 

exposure to pesticides and their harmful effects among people living in less developed 

countries, in particular among women. Women living in less developed countries are 

more likely to be exposed to pesticides compared with women in developed countries as 

a result of: 1) weak national pesticide legislation and regulation in these countries; 2) a 

higher proportion women living in rural areas where is agriculture is normally done; 3) 

a greater use of pesticides to control vectors; 4) lower literacy; 5) limited access to 

pesticide training; 6) use of banned and expired household pesticides; 7) improper 

storage of agricultural pesticides; 8) re-use of empty pesticide containers; 9) higher 

pesticide residues in food; 10) electricity and water scarcity; and 11) cultural behaviors.  

Epidemiological studies assessing the nature and the level of pesticide exposure in the 

developing world are important. A number of authors have indicated the need to 

conduct health research in developing countries, where exposure is often greater 
101,102

. 

Increasing data on pesticide exposure will provide scientific basis for pesticide control 

in these countries. Moreover, in-depth human health studies in these countries are 

necessary for assessing the degree of health risks to the public and for setting priorities 

in setting environmental control measures. In addition, epidemiological investigation in 

countries with different traditions and socioeconomic backgrounds are helpful in 

strengthening scientific evidence about the association or causative relationships 

between these pesticides and various health endpoints.  
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10 PESTICIDE USE IN YEMEN 

The purpose of this chapter is to summaries the literature relating to pesticide use in 

Yemen. Firstly, pesticide use in Yemen will be discussed and studies on farmer 

behaviours with regard to pesticide use will be summarised. Secondly, pesticide use in 

qat crop and the nature of qat consumption among women will also be discussed. 

Finally, an observation on pesticide use and exposure in Yemen, based on field trip that 

took place in 2010 is also described. 

10.1 PESTICIDE USED IN YEMEN 

Agriculture is vital to the people and economy of Yemen; 29% of the Yemeni 

population in the year 2005-2006 was dependent upon agriculture for their income and 

livelihoods 
1
. In 2009, agricultural products in Yemen included 21% vegetables, 19% 

fruits, 13% cereals, 3% qat, 2% legumes, 2% cash crops, and 40% fodders (animal 

foods) 
1
. Given Yemen‘s dependence on agricultural produce, it is not surprising that 

farmers have sought ways to improve yields by traditional means and more recently, 

modern means.  

There are several traditional agriculture practices for pest control. One was a biological 

control in which a predatory ant (qa's) was brought in and placed near flowers or fruits 

in order to eat wax worms, a common problem of dates 
2
. In the Hadramawt 

governorate sesame oil was applied to flowering branches during pollination time to 

protect them from diseases 
2
. Another practice was placing trap plants near a crop in 

order to ward off harmful insects. These trap plants included barley, colocynth, garlic, 

onion, Nerium oleander, Ricinus communis and Calotropis procera 
2
. There were also 

non-biological mechanisms, such as spraying with dirt, dousing with water, use of 

smoke or heat, use of protective devices and manual removal of infected parts. For 

example, dirt spraying is an effective way to absorb moisture from the leaves and thus 

reduce fungus 
3
. During the 1930s the British introduced chemical pesticides into the 

country. Since then, the use of chemicals has replaced most of the traditional ways of 

pest control 
2
.  
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Over the period 2002 to 2007, insecticides comprised the greatest proportion of 

pesticides imported followed by fungicides, herbicides (Table 01.1) 
4
. The highest 

pesticide importation occurred during the year 2006 at 1,186 tonnes. It estimated that 

70% of imported agricultural pesticides are used on qat trees (Catha edulis) 
5
.  

Table 10.1: Type and quantities in tonnes of pesticides imported to Yemen during 

the period 2002-2007 

Type 2002 2003 2004 2005 2006 2007 

Insecticides 1,250 809 1,292 1,609 1,627 620 

Acaricides 38 30 62 87 79 76 

Fungicides 592 758 562 859 957 228 

Herbicides 3 3.5 5.5 2 5.5 12 

Nematicides 7 16 2 0 1.5 - 

Others 4 2.5 3.5 0 - 0.7 

       Source: Sayan, 2012
4 

In 1999 the Yemen Ministry of Agriculture and Irrigation established a National 

Committee to be responsible for issuing pesticide registration. The committee comprises 

members from the Ministry of Agriculture and Irrigation, Assistant Undersecretary of 

Agricultural Affairs, The General Manager of Plant Protection, Head of the Department 

of Pesticides, Head of Department of the Analysis and Registration of Pesticides, Head 

of Department of the Selection of Pesticides and Control Mechanisms and 

representatives of the Ministry of Health, General Environmental Protection Authority, 

Yemeni Society for Consumer Protection, Yemeni Social Society for Agricultural 

Supplies, The General Authority for Agricultural Research and Guidance, The General 

Authority for Agricultural Research and Guidance  
5
. For pesticides to be imported the 

importers must submit an application to the committee before they get the permission 

for importation. Twenty-five insecticides, three herbicides, eight rodenticides and 30 

fungicides 
6
 are approved for use in Yemen. Importers who import banned pesticides or 

lack permission for pesticide importation, and who get caught, are required to return the 

pesticide to the exported country at their expense.  

The Yemeni Ministry of Agriculture issued a list of banned and restricted pesticides in 

2006 
6
. One hundred ninety-five pesticides are banned and 195 pesticides are restricted 
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6
. The aim of this list was to control the importation of banned and expired pesticides 

that were found to be increasing in use in Yemen. However, according to Dr Abdel 

Rahaman Thabit (Professor of Pesticides at Faculty of Agriculture, Sana’a University) it 

has been difficult to enforce such a ban, because many pesticides are smuggled in to the 

country. Most importers and smugglers tend to bring cheap, banned and expired 

pesticides into the country. 

Obsolete pesticides are defined as pesticide waste comprising specific chemicals which 

are unwanted due excessive supplies or deterioration, and/or banned due to public 

health and environmental reasons 
7
. Stocks of obsolete pesticides are mostly present in 

developing countries. For example, a total of 262 thousand tonnes of obsolete pesticides 

were removed from 20 different sites in Yemen in 1996 (Figure 10.1), in an operation 

jointly funded by the Government of the Netherlands, the FAO Technical Cooperative 

Programme (TCP) and the Government of Yemen 
8
. The cost of this operation was 

close to US$1 million. Over a period of six weeks almost all obsolete pesticides were 

brought to a central location at Hodeidah and subsequently shipped to the United 

Kingdom for incineration 
8
. 

 

Figure 10.1: Obsolete, unwanted and banned pesticides in Yemen: relative 

location, affected sites and waste disposal
 

 

 

t=tonnes 

Source: Food and Agriculture 

Organization, 1997 8 
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10.1.1 Practices Related To Pesticide Use in Yemen  

This section summarizes studies on farmers, behaviour with regard to pesticide use in 

Yemen. While cereals, vegetables, fruits are the most common crops in Yemen, most of 

the studies are of male qat farmers. Hence the focus of the following discussion is on 

qat production.  

Relevant published studies were sourced primarily by searching MEDLINE, Google 

and PubMed for the following key words: “pesticides” or “agriculture” or “qat” and 

“Yemen”. Both English and Arabic language publications were searched using relevant 

keywords and reference lists were also hand-searched. These studies are discussed 

below.  

A study in Yemen that comprise several components: interviews with agricultural 

experts; a questionnaire targeting farmers who used and applied pesticides; discussion 

with medical experts; and a systematic review of relevant scientific investigation was 

conducted in Year 2001 
9
. The results revealed that the pesticides used in Yemen 

predominantly belonged to the organophosphorus group, and that they were distributed, 

sold and applied without any visible regulatory systems, resulting in inappropriate and 

improper use 
9
. Pesticides used on qat or other crops were selected by farmers based on 

their personal experience (60%) or other farmers’ experience (30%) or agents’ opinion 

(10%). Qat farmers mainly used pesticides in order to improve the quality and quantity 

of their crop. 

A study conducted in Sana’a to assess the association between qat sprayed with 

pesticides and diabetes 
10

 identified the types of pesticide used on qat. The study 

reported that 95% of the farmers used pesticides and the remaining 5% used the dusting 

(dirt) method (Figure 10.2). The most common pesticides used by farmers were 

dimethoate, trichlorfon, penconazole, methidathion, fenarimol, DDT and lindane 
10

. 
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Figure 10.2: A Yemeni farmer sprays dirt on qat trees, Sana’a  

Another survey of chemical pesticides used for the control of agricultural pests in 

southern region of Yemen (Lahej, Abyan, Dhalae and Taiz governorates) showed that 

52 types of insecticide and 24 types of fungicide were used in Yemen. Twenty-eight 

types of organophosphorous pesticide and four types of chlorinated hydrocarbon 

insecticide were also commonly used 
11

. Of the pesticides used, 25 were classified as 

high toxicity and 32 as medium toxicity, respectively. 

A prospective study conducted between February 1997 and September 1998 in Sana’a 

to evaluate the acute toxic effects of pesticides used on qat 
12 

showed that 32% of 

pesticide applicators suffered acute toxicity, with five fatal poisonings. The study 

indicated that some globally banned pesticides were used in Yemen such as DDT, 

lindane and parathion. In addition, some of the extremely hazardous compounds 

according to WHO classification of pesticides (Class IB) 
13

 are used heavily on qat. A 

study by Al-Gohry 
14

 in 1997-1998 indicated that DDT, aldrin and lindane pesticides 

were still commonly used by farmers in Taiz governorate and found in pesticide retail 

shops.  

Protective measures and equipment for safe handling and spraying of the pesticides are 

far from being adopted among Yemeni farmers. For example, male farmers usually 

work barefoot and barehanded, wearing only short sleeved cotton tee shirts and 

traditional futa (wraparound skirt) 
15

. A study carried in Dhale and Yafe region showed 

that none of 110 farmers surveyed wore overall protective clothes or long boots or 

glasses during pesticide spraying or mixing 
15

. However, 30% wore masks, 40% wore 

head covers and 13% wore gloves.  

Source: 

 El-Zaemey, S. 
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A substantial proportion of farmers in Yemen neglect the required period of time to 

harvest after the last spraying. For example, Al-Haja et al. 
15

 showed that 50% of 

farmers interviewed stated that a period of between 7-10 days is required between 

harvesting qat and the last spraying, and 50% of the farmers said that the period 

between should be 10-20 days. A field study among six farmers in Addwan village 

found farmers harvested qat between 3 and 52 days from last spray, with an average of 

30 days 
14

. A field study by Al-Mola found that about 39% of farmers had harvested qat 

after 3-6 days from last spray, 41% harvested after 7-10 days from the last spray and 5% 

harvested after 11-15 days from last spray 
16

. 

Some qat farmers prefer to use higher doses of pesticides than recommended on the 

label. For example, Al- Haj et al.
15

 reported that 40% of the farmers restricted their use 

to concentrations of pesticides on the label, but 60% did not restrict to the concentration 

on the labels. Qat harvesting during the waiting period and the use of high pesticide 

concentrations for spraying will increase the amount of pesticide residues on qat leaves 

and, consequently, will raise the risk of hazardous effects of qat consumers 
15

. 

10.1.2 Qat and Pesticide Use  

In 2007, experts from the Ministry of Agriculture and Irrigation reviewed previous 

studies on qat and pesticide use, and carried out a field survey among qat farmers to 

identify factors related to pesticide use 
17

. The survey included 319 farmers in major qat 

producing regions (Al Bayda, Ad-Dali', Amran, Dhamar, Hajjah, Ibb, Sana’a). Factors 

related to pesticide use that were identified in this report are summarised below: 

 Qat farmers do not follow the instruction labels regarding the proper use of 

pesticide. They may spray pesticides on qat before marketing to improve 

quality. Furthermore, they think that spraying qat with large doses improves qat 

quality and stimulates its growth which increases the crop harvested. In addition, 

they believe that large doses of pesticides, not only protect the plant from insects, 

but also lead to large sizes of leaves and give it a distinctive colour favoured by the 

consumers.  

 Pesticide use has increased over the last five years. The optimum dose is one 

kilogram per hectare, but according to interviews with farmers during the field 

survey, they were using 2 to 5 kilogram per hectare. 

http://en.wikipedia.org/wiki/%27Amran_Governorate
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 Qat farmers usually mix different types of pesticide, which may increase the 

pesticide toxicity. A few farmers used DDT and lindane that are banned nationally 

and internationally. 

 Dusting with dirt is used in some governorates to eliminate fungi from qat. 

Dusting is an effective way to absorb moisture from leaves and thus get rid 

of fungus. Dusting is frequently used in Sana'a governorate.  

 Qat farmers use pesticides inappropriately causing serious health damage to 

themselves. Women often spray pesticides wearing their daily clothes which 

make them more susceptible to diseases when they wash their clothes. 

Children are often seen playing with empty pesticide containers. 

 

The committee considered a ban of use of pesticides on qat cultivation but the decision 

was not implemented due to the lack of abilities to ensure implementation. On average, 

a qat farmer spends 8% of the total variable costs on pesticides, while the costs of 

irrigation take up about 66% of the total variable costs (Figure 10.3). Qat farmers in 

Sana’a governorate spend between 3 to 10 times more on pesticides than farmers in 

other governorates as shown in Figure 10.4. This is due to the large qat market in the 

capital city of Sana’a and its suburbs. 

 

Figure 10.3: Structure of variable costs (Yemeni Riyal) for qat production at the 

national level, 2007 

Other  Fertilizers  Pesticide

s 

Hired labour 

Irrigation  

66% 

3% 3% 
8% 

8% 

Source: Food and Agriculture 

Organization and Ministry of 

Agriculture, 2008 17 
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Figure 10.4: Pesticide costs (Riyal / hectare) at major qat producing governorates, 

2007 

The experts from the Ministry of Agriculture and Irrigation observed that farmers use 

limited types of pesticide 
17

. The most common insecticides used were Perfekthion 

(dimethoate), Supracide (methidathion), Sumicidin (fenvalerate) (Table 10.1) especially 

in Sana’a governorate, while other insecticides were prevailed at Hajjah governorate 

(81%). For fungicides, the most common used were Topaz (propiconazole), Bayleton 

(triadimefon), Rubigan (fenarimol) (Table 10.2). Similar to insecticides, it was found 

that the three common types of fungicide were predominant at Sana’a governorate, 

while other fungicides were predominant in Hajjah governorate (18%). 

Table 10.1: The types of insecticides used among qat farmers in different 

governorates, Yemen, 2007 

Gove. Total 

no. 

farmers 

Perfekthion  

(dimethoate) 

Supracide 

(methidathion) 

Sumicidin  

(fenvalerate) 

Others 

No. 

farmers 

% No.  

farmers 

% No. 

farmers 

% No. 

farmers 

% 

Al 

Bayda 

26 21 81 6 23 2 8 2 8 

Ad-Dali' 36 26 87 7 23 0 0 3 10 

Amran 42 18 42 3 7 18 42 0 0 

Dhamar 35 24 69 9 26 2 6 1 3 

Hajjah 69 66 99 1 1 0 0 62 82 

Ibb 47 41 87 10 21 0 0 0 0 

Sana'a 64 47 73 22 34 12 19 0 0 

Total 319 243 76 58 18 34 11 68 21 

(Source: FAO and MAI, 2008)
17

 

  Al Bayda Ad-Dali' Amran Dhamar Hajjah    Ibb       Sana'a    Average 

Source: Food and Agriculture 

Organization and Ministry of 

Agriculture, 2008 17 
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Table 10.2: The types of fungicides used among qat farmers in different 

governorates, Yemen, 2007 

Gove. Total 

no. 

farmers 

Topaz 

(propiconazole) 

Bayleton 

(triadimefon) 

Rubigan 

(fenarimol) 

Others 

No.  

farmers 

%  No.  

farmers 

%  No.  

farmers 

%  No. 

farmers 

%  

Al 

Bayda 

26 11 42 1 4 1 4 0 0 

Ad-Dali 36 16 53 0 0 0 0 0 0 

Amran 42 29 67 0 0 3 7 1 2 

Dhamar 35 23 66 1 3 0 0 0 0 

Hajjah 69 66 99 0 0 0 0 12 18 

Ibb 47 20 43 0 0 0 0 0 0 

Sana'a 64 34 73 11 17 7 11 1 2 

Total 319 199 62 13 4 11 3 14 4 

(Source: FAO and MAI, 2008)
17 

The data show that farmers in all governorates except Amran used insecticides more 

often than fungicides Table 10.3. In Sana’a governorate the highest rate of fungicides 

(10.2 kg/ha) was used. The large quantity of pesticides used in Sana’a is because 

farmers believe that pesticides stimulate plant growth, increase the number of 

harvesting, and give a colour preferred by consumers. Even though the rate of pesticides 

used in Sana'a governorate was the highest among all governorates, the cost of 

pesticides at Al Bayda governorate was the highest among all governorates.  

Table 10.3: Average application rate and the cost of pesticides per hectare in 

different governorates, Yemen, 2007 

Government  No. farmers Insecticides Fungicides Dusting 

  Average kg / ha Average kg/ha Average kg/ ha 

Al Bayda 26 24.5 6.1   1.6  

Ad-Dali 36 13.9 7.6   0.4 

Amran  42 7.7 8.4 13.5 

Dhamar 35 11.4 6.7  0.0 

Hajjah 69 7.8 3.6  0.0 

Ibb 47 10.7 2.7  0.0 

Sana'a 64 24.3 10.2 26.1 

Total 319 14.0 6.4 7.2 

(Source: FAO and MAI, 2008)
17
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10.1.2.1 Women and Qat 

Adults may ingest pesticides through qat chewing, since 70% of pesticides used in 

Yemen are used on qat. Up to 50% of family incomes are used to purchase qat 
18

. Qat 

principally used as fresh plant material where the more succulent parts (the young 

shoots of the plant) are chewed till all juice is extracted. Young fresh qat leaves are 

chewed and held unilaterally in the lower buccal pouch as a bolus for three hours or 

longer 
19

.    

Based on the literature and personal experience, women now chew qat more often than 

the past and this practice has become an important part of their social and cultural life 

20
. There are two different kinds of qat sessions for women; a qat session associated 

with social occasion such as wedding party (Figure 10.5) and celebration of birth 
20

 and 

a qat session for sole purpose of chewing the leaves. The sessions for social occasions 

are for married and older women. Girls and unmarried women attend these sessions but 

are not involved in qat chewing. The second kind of qat session is held on a usual basis 

for the sole purpose of chewing the leaves. This type of qat session has become more 

common only in recent years 
20

. Girls and unmarried women also attend these sessions 

but in small numbers. Typically the women are from the same social level and mostly 

they are close friends. Just a few years back, it was undesirable for unmarried women to 

chew qat as it was not socially accepted and was mostly limited to older or married 

women 
21

. Now such sessions have become accepted for younger women to some 

degree and they are generally held during the public holidays (Thursdays and Fridays). 
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Figure 10.5: Qat session and the qat market. a) Special wedding session of qat 

outside the majles “a place to sit to chew qat”; b) and inside the majles; c) person 

near a qat shop showing the leaves; d) qat market. 

The major reason for qat chewing among women is the need to cool off and the desire 

to rest after an exhausting day. Women consume smaller quantities and chew qat for 

fewer hours than men, due to other household duties. Female students may chew qat to 

make them more energetic and stimulated, believing that qat chewing increases their 

ability to study better. In summary, qat chewing has become more integrated, socially 

accepted, and probably for most an unproblematic habit in Yemen. 

10.2 OBSERVATION OF PESTICIDE USE AND EXPOSURE IN 

YEMEN BASED ON A FIELD TRIP IN 2010 

I undertook a field trip to Yemen in 2010 and visited seven pesticide shops (Figure 10.6 

a) to obtain information on the pesticides they were selling. The most common types of 

pesticides sold by retailers are listed in Appendix Four. Eight farmers and five 

a b 

c d 

Source: 

 El-Zaemey, S. 



      

     

238 

 

housewives were interviewed about their pesticide use. Information was gathered on 

pesticide usage and source of exposure as well as information on the common pesticides 

currently being used by farmers. The aim was to inform the development of a 

questionnaire suitable for Yemeni women.  

This preliminary fieldwork showed that banned and expired pesticides were still on sale 

in pesticide shops (Figure 10.6 b-c). Farmers were found to prefer the use of Topaz, 

Perfekthion, Robgen and Arginates. These pesticides contain penconazole, diamthoate, 

fenarimol and methymol as active ingredients respectively. The active ingredient, 

diamothoate and methymol, have been listed as banned pesticides by the Yemeni 

Ministry of the Agriculture since 2006, however they were found to be still in use. 

There were a number of expired pesticides that were still on the shelves of the shops for 

sale. For example the information sheets on the containers of the Norbasal and Active 

pesticides stated that this pesticide should expire three years after 25/6/2007 and two 

years after 10/2008 respectively. Photos shown in figure 10.6 were taken in December 

2010, the Norbasal pesticide expired five months ago and Active pesticide expired two 

months ago.  

According to the retailers, their customers are mainly qat farmers. Retailers will give 

instructions and information for the farmers on how to use the pesticide bought. The 

retailers mentioned that most farmers will bring an empty bottle of the required 

pesticide or they will recognize the appearance of the bottle. Farmers stated they were 

afraid of being defrauded by the shop owners and thus tried to ensure that they were 

being sold the “real product” rather than a fake or diluted one by tasting or smelling the 

pesticides.  
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Figure 10.6: Banned and expired pesticides found in pesticides shop in Sana’a. a) A 

pesticide shop located in the city of Sana’a; b) Expired Norbasal pesticide 

manufactured on 25.6.2007; c) Expired Active pesticide manufactured on 8.2008 d) 

Banned Perfekthion pesticide containing the active ingredient dimethoate  

Interviewed male farmers mentioned that they do not wear any protective clothes during 

spraying, mixing or harvesting. Figure 10.8a shows a farmer in the process of spraying 

pesticides on qat trees. The farmer is not wearing any suitable clothing for spraying and 

that his hands and face are exposed. When this photo was taken, there was no wind, 

however if there had been, the winds may have blown the pesticide into the farmers’ 

face and body.  

Interviews with Yemeni women revealed that they are usually not involved in pesticide 

spraying or mixing; however they may be involved if their husbands are away. They 

mostly undertake harvesting, weeding and preparing agricultural equipment (Figure 

10.7 c-d). Yemeni women in general wear the traditional clothes that cover almost their 

a b 

 

c d 

 

Source: El-

Zaemey, S. 
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entire body and only their hands (and sometimes their faces) are exposed. The women 

stated that they will usually visit the farm several times a day to bring food to the men 

and children working in the farm. This then would be a time when they may become 

exposed to the pesticides being sprayed. 

 

Figure 10.7: Women and men working at the farm in Sana’a. a) A farmer spraying 

pesticides on qat trees; b) A farmers picking up the qat leaves; c)Women farmers 

harvesting; c) Yemeni female farmer. 

Due to the water scarcity in rural areas in Yemen, women usually do not change their 

clothes after working on the farm. Rather, they wear the same clothes for a number of 

days, which increases the likelihood of residual pesticide exposure. Observations made 

during the field trip included male farmers mixing and spraying pesticides and then 

continuing their everyday duties with the same clothes. Male and female farmers also 

did not take proper precautions and safety measures when using pesticides. The reasons 

for this either are most likely lack of awareness, or the high illiteracy rate among these 

people.  

a 
 

c d 

b Source: El-

Zaemey, S. 

http://www.flickr.com/photos/nygus/2182557771/in/photostream/
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Most of the Yemeni families living in rural areas lack access to electricity and thus they 

do not own washing machines. This means that women, who are traditionally 

responsible for this washing of clothes, will wash the contaminated clothing with bare 

hands. The working clothes are usually washed along with the family’s regular clothes, 

thereby elevating the risk of pesticide exposure for the whole family. To date, there are 

only limited data available on the levels of exposure among Yemeni women.  

During the interviews, some farmers confessed that they would harvest the crop the day 

after pesticide application especially during times when qat prices were high. One 

farmer admitted that he chews qat the day after spraying and that this results in 

inflammation inside his mouth. Another, farmer commented that if the Robgen pesticide 

(which contains fenarimol) is used in spraying and the qat is harvested the next day, 

then the chewer could experience kidney failure or chills. It also became obvious that 

farmers were using these pesticides for other purposes, rather than the intended pest 

control. Some farmers believe that the pesticides promote and increase the rate of plant 

growth, so they spray early during the plant’s growth cycle. 

Many farmers admitted to ignoring the instructions on the products. Rather they 

preferred to use their own traditional ways of using pesticides as this “increased the 

activity of effectiveness” of the pesticide. 

Farmers were found to dispose of the empty pesticide containers by simply dumping on 

the farms (Figure 10.8). These represent a danger to the environment and people. 

Children in particular are at the risk of exposure, since they are more likely to end up 

playing with these bottles. Adults are also at risk as many use these empty bottles for 

drinking water or for grain storage. The bottles are only rinsed with water before use.  
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Figure 10.8: Empty bottle pesticides thrown on the ground of a farm. 

Most Yemeni farmers have livestock which graze in any grass available at the farm. 

However, this grass also contains the same doses of pesticides that were used on the qat 

(Figure 10.9). Women harvest the grass in the fields and use it as fodder for the cows 

that they keep at home. Therefore, the livestock are also affected by pesticides and 

consequently, any meat or dairy produced from these animals may contain pesticide 

residue.  

 

Figure 10.9: A boy grazing a goat at a qat farm 

Some housewives were also interviewed during the 2010 field trip. They were asked to 

comment on their use of household pesticides. The most common pesticides that were 

used were pesticides that controlled cockroaches, mosquitoes or ants within the 

households. The housewives did not wash their hands after spraying and stored the 

pesticides either in the kitchen or in the bedrooms. Some of the houses visited had 

Source: El-

Zaemey, S. 
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gardens and the owners employ pest control workers every six months to reduce insect 

numbers. According to one household owner in Sana’a, the pesticide smell within the 

house will stay for approximately two days after spraying the garden. Most of the 

household pesticides used inside the home are brought from a nearby shop; a list of 

household pesticides sold in Yemen is included in Table 10.4.  

Table 10.4: Common household pesticides observed to be available in 

supermarkets in Sana’a 2010-2011 

Name Manufacture 

country 

Purpose Ingredients 

Fleetox  Yemen Crawling insect 

killer 

Propoxur (carbamate insecticide) 

Tetramethrin (pyrethroid insecticides) 

IPA and xylene 

Kerosene and P.B. 

 

Acettelic England Cockroach 

mosquito 

and fly killer 

Actellic 

Pirmiphosmethyl 

Synergized 

Pyrethriods 

 

Killtox Saudi Arabia Crawling and flying 

insect killer 

 

Mixed pyrethroids 

Fleetox  

 

Yemen Flying and crawling 

insect killer 

Propoxur and cyfluthrin (synthetic 

pyrethroid insecticides) 1.025% 

IPA and xylene 15.025 % 

Kerosene 38.95 % 

HAP 45.00% 

 

Fleetox  Yemen Flying insect killer Es-Biothrin 

Cyfluthrin 

IPA and xylene 

Kerosene and P.B.O 

HAP 

 

Shoot Yemen Insect killer Tetramethrin 0.20% 

Cypermethrin (synthetic pyrethroid 

insecticides) 0.10 

Solvent and propellant 

 

PifPaf Saudi Arabia Crawling insect 

killer 

Permethrin 

Inert carrier (Talc/Celiter) 99.5% 

 

In summary, the above studies and field observation suggest that several toxic and 

banned pesticides are being used by farmers in Yemen. The studies reviewed above 
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only examined the types of pesticide used mainly by male farmers in Yemen. Through 

the field work undertaken in Yemen, it appears that Yemeni women are exposed to 

pesticides through different routes than men. For example, women are more likely to be 

exposed to pesticide through harvesting and weeding as these tasks are carried by them. 

Since women are fully covered they have a better protection compared to men. There 

are no studies to the best of our knowledge that describe the extent and nature of 

pesticide exposure among Yemeni women. The next section describes the nature of 

pesticide exposure among women living in Yemen that occurs through agricultural 

work. 
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11 OCCUPATIONAL PESTICIDE EXPOSURE AMONG 

YEMENI WOMEN 

This chapter is based on the following published paper: 

El-Zaemey S, Fritschi L. Heyworth J. Occupational pesticide exposure among Yemeni 

women. Environmental Research. 2013; 122:451-51 

11.1 ABSTRACT  

Objectives: Limited research on the nature and extent of pesticide exposure among 

women in developing countries is available. The aim of this study was to describe 

potential pesticide exposure among women living in Yemen that occurs through 

agricultural work. 

Methods: In this cross–sectional study, 410 women who had a daughter enrolled in 

high school during 2011-2012 were surveyed regarding pesticide exposure.  

Results: Of the 410 women who responded to the survey, 171 women reported working 

on farms during their lifetime. Of these 171 women, 147 reported working on a farm 

prior to marriage and 108 reported working on a farm after marriage. Among the 

women who reported working on a farm before marriage, 47% had worked on farms 

where pesticides were used. Among those women who reported working on farms after 

marriage, 69% of women worked on farms where pesticides were used. Among women 

who reported working on a farm before marriage where pesticides were used, 45% 

reported not using any protective equipment. This proportion was 33% among women 

who worked on a farm after marriage. Among the 28 commercial pesticides that were 

listed within the questionnaire, the banned compound dimethoate was the most 

commonly pesticide reported to be used on farms.  

Conclusions: The findings suggest that improving safe pesticide management practices 

among farmers and enforcing effective banning of the most toxic pesticides is needed to 

reduce pesticide exposure among Yemeni women.  
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11.2 INTRODUCTION  

Pesticide exposure has been associated with various health outcomes in women 

including breast cancer 
1,2

, Hodgkin lymphoma 
3
 and problems in reproductive health 

4
. 

However, most of the health related research has been performed in developed countries 

where pesticide use is more regulated and controlled. Consequently, a number of 

authors have argued for the need to conduct health research in developing countries, 

where pesticide exposures are often greater 
5,6

.  

Similarly, studies describing the use of pesticides and pesticide exposure in agricultural 

and non-agricultural settings have mostly been conducted in developed countries. 

Research in developing countries is limited 
7
 and has mostly been conducted among 

men 
8
. Data from developing countries may be less frequently published in 

international, mainly English-language, scientific journals compiled in biomedical 

databases such as Medline and PubMed 
8,9

.  

Yemen is located in the southern part of the Arabian Peninsula. Agriculture is vital to 

the people and economy of Yemen; 29% of the Yemeni population in the year 2005-

2006 were dependent upon agriculture for their income 
10

. In 2009, in Yemen the 

distribution of agriculture produce was: 13% cereals; 21% vegetables; 19% fruits; 2% 

legumes; 2% cash crops; 3% qat and 40% fodder 
10

. Given their reliance on agricultural 

produce, farmers may have sought to improve yields through the use of pesticides.  

In the year 1997 a total of 690 metric tons of pesticides was imported, which increased 

to 3,312 metric tons in 2007 
11

. The Ministry of Agriculture and Irrigation (MAI) of 

Yemen and the Food and Agriculture Organization (FAO) of the United Nations have 

concluded that the observed increased quantity of pesticide importation is due to an 

increase in pesticide use on qat 
11

. Qat is a green-leaved plant that has been chewed for 

its stimulant effect for centuries 
12

. Estimates indicate that 70% of pesticides used in 

Yemen are applied to qat trees 
13

. Some pesticides that have been banned internationally 

(e.g. DDT) and nationally (e.g. dimethoate) were still in use as late as 2007 on qat and 

other crops by farmers in Yemen 
11,14-16

. Illegal use may have continued after this date 

17
. 
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Past research on pesticide use in Yemen has been primarily among male qat farmers 

14,16,18-20
. Therefore, the aim of this study was to describe pesticide exposure among 

women agricultural workers living in Sana’a governorate and Sana’a city, Yemen.  

11.3 MATERIALS AND METHODS  

11.3.1 Study Sample, Inclusion Criteria, and Informed Consent 

The study population was defined as women who had a daughter enrolled in grade 10 to 

12 in a school and who were living in the city of Sana’a or Sana’a governorate. The 

specific study population of women was selected for these reasons:  

a) There is no population based registry in Yemen.  

b) These is a high level of illiteracy (60%) among Yemeni women 
21

. Women who 

are illiterate will require the assistance of their children, generally their daughter, 

to fill in forms or questionnaires.  

c) It is not culturally appropriate for a female researcher to approach a boy’s 

school.  

d) There was no expedient way to reach single women; therefore single women 

were not included.  

 

Hence, the female students were used as a method of accessing adult women for this 

survey. Sana’a is administratively divided into two governorates: the urban Sana’a city, 

and the rural area around the city known as the Sana’a governorate. Sana’a city is 

divided into 10 districts while Sana’a governorate is divided into 16 districts.  

 

Data collection was conducted between December 2011 and January 2012. The planned 

procedures for sampling were disrupted by the civil unrest and protests (The Arab 

Spring) during the data collection period, and resulting difficulties in travelling within 

the city and governorate. However, it was possible to select two girls schools from each 

of 8 districts in the capital city of Sana’a (Al Wahdah, As Sabain, Assafi'yah, At Tahrir, 

Ath'thaorah, Az'zal, Ma'ain, Shu'aub) and two schools from each of 5 districts in Sana’a 

governorate (Hamdan, Bilad Ar Rus, Sanhan, Bani Hushaysh, Bani Matar) closest to the 

city of Sana’a. One private school was selected from each district of Sana’a city if it 
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was available and contained at least 20 students from grade 10 to 12 in total. There were 

no private schools located in Sana’a governorate. Whenever possible, schools were 

selected from different socioeconomic levels and different neighbourhoods.  

Students from grade 11 were approached first to recruit mothers rather than students 

from grade 10 or 12, because they were considered to be more mature than those in 

grade 10 and because the cohort of grade 11 is larger than that of grade 12, as most girls 

leave school after grade 11 to assist with family duties. For schools with fewer than 20 

students in grade 11, students from grade 10 or 12 were also selected based on 

availability.  

From each school, 20 volunteer girl students were selected to approach their mother or 

female guardian. These girls were given a consent form, information sheet and 

questionnaire for the mother (See Appendix Six-Seven). A total of 540 questionnaires 

were distributed among the female students in the schools approached in Sana’a city 

and Sana’a governorate. The survey did not ask the women to write their name, their 

full home address, or the region where they were working, in order to ensure respondent 

anonymity and to encourage participation and open reporting.  

Ethical approval was granted for this study by The University of Western Australia 

Human Research Ethics Committee (UWA: RA/4/1406). A formal letter of support 

from the Ministry of Education in Yemen was presented to the schools visited when 

requesting permission to carry out the study (See Appendix Five).  

11.3.2 Questionnaire Design 

The questionnaire was developed in four iterative stages to enable creation of a 

culturally appropriate instrument. The first stage involved a review of studies on 

pesticide use in Yemen and a field trip to Yemen in the year 2010. During the field trip, 

pesticide shops were visited and a selection of farmers and housewives were 

interviewed regarding their pesticide use. Information was gathered on pesticide usage 

and sources of exposure, in addition to information about the common pesticides 

currently being used by farmers.  



      

     

252 

 

The second stage involved the development of the questionnaire in the English language 

and discussing its content, clarity and ease of use among the research team. The 

questionnaire comprised six main sections: (1) background information (e.g. age, 

education, family income and marriage status); (2) frequency and duration of qat 

consumption; (3) residential proximity to pesticide exposure (e.g. living on or near the 

farm, type of farm and how often they noticed a spray drift); (4) exposure through 

agricultural activities (e.g. type of work done, duration, type of pesticides used, the use 

of protective equipment and personal behaviours relating to pesticide use); (5) indirect 

occupational pesticide exposure (e.g. washing work clothes and the use of empty 

pesticide bottles); and (6) the type and the frequency of use of household pesticide and 

lice treatments. For sections 2-6, women were asked about pesticide exposure before 

and after marriage. Women interviewed at stage 1, indicated that moving from single to 

married status potentially leads to changes in the behaviours and type of work on the 

farm because there are increases in household responsibilities after marriage. In the 

occupational pesticide exposure section women were asked if the dusting (dirt) method 

was used on the farm. Yemeni farmers sometimes apply a dusting of dirt on crops 

(particularly qat and grapes) in order prevent diseases (especially of leaves and foliage) 

and protect against some pests.  

The third stage was translating the English version of the survey into Arabic and pre-

testing the questionnaire among Yemeni colleagues on content, formatting, structure, 

and cultural appropriateness.  

The fourth stage was pilot testing the questionnaire. We undertook a pilot study that 

used all of the study procedures (e.g. recruitment, consent, and survey administration) 

with a small convenience sample of female students and their mothers very similar to 

the target population. The pilot test resulted in the following changes: changing the 

layout of the questionnaire; adding the dirt dusting method; rewording of some 

sentences; defining farm; and making the skipping process easier. The results from all 

four development stages resulted in a final questionnaire containing detailed questions 

on pesticide use and exposure that was culturally appropriate for Yemeni women. The 

final version of the questionnaire in English and Arabic is in Appendix Eight-Nine.  
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11.3.3 Data Analysis 

Descriptive analyses of these data were undertaken using STATA 12 statistical package 

(StataCorp, College Station, TX, USA). Means and 95% confidence intervals (95%) 

were calculated for continuous data, and frequencies were established for categorical 

data. Responses on exposure before and after marriage are both presented.  

11.4 RESULTS 

The total number of returned questionnaires was 410, giving a total response of 76%. 

The response fractions from Sana’a city (including private and public schools) and 

Sana’a governorate were 77% (263/340) and 73% (147/200) respectively.  

Fifty-three per cent of the respondents were aged between 30 and 39 years (Table 11.1). 

In total, 65% of the women never went to school or went to primary school and only 

55% could read and write. Forty-four per cent of women were married between the ages 

of 10 and 15 years, with only 4% of the women marrying at 24 years or older. Thirty-

five per cent of the women did not know their monthly income. Among those who did, 

22% reported their monthly income as less than 39,000 Riyal (approximately US $184). 

The majority of the women were Yemeni (98%).  

Women who had ever worked on a farm were older; less educated and had married at a 

younger age in comparison to women who had never farmed. Among the women who 

reported their monthly income, those who had ever worked on a farm had lower 

incomes compared to women who had never worked on a farm (Table 11.1).  
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Table 11.1: Socio-demographic characteristics of the participating women, Sana’a, 

Yemen, 2011-2012 

 

 

Worked in 

farm 

(n=171) 

Never worked 

in 

farm(n=233) 

Total 

(n=410)* 

 No. % No. % No. % 

Women age, years        

20 -29  2 1.2 3 1.3 5 1.2 

30-39 84 49.1 133 57.1 219 53.4 

40-49 71 41.5 83 35.6 158 38.5 

≥50 14 8.2 14 6.1 28 6.8 

Women education       

Never went to school 96 56.1 44 19.0 143 35.0 

Primary school  52 30.4 70 30.2 122 29.8 

Secondary school 10 5.9 30 12.9 42 10.3 

High school  7 4.8 36 15.5 43 10.5 

University  6 3.5 52 22.4 59 14.4 

Reading/Writing       

Neither 96 56.1 46 19.8 144 35.1 

Can read and write 61 35.6 163 69.8 227 55.4 

Can read but not write 14 8.2 24 10.4 39 9.5 

Marital status       

Married 163 95.3 206 88.4 375 91.5 

Divorced 2 1.12 8 3.4 10 2.4 

Widowed 6 3.5 19 8.2 25 6.1 

Age married, years       

10-15 88 51.8 87 37.5 178 43.6 

16-18 61 35.9 89 38.4 152 37.3 

19-23 15 8.8 47 20.3 62 15.2 

≥24 6 3.5 9 3.93 16 3.9 

Monthly household income, Yemen 

Riyal  

      

≤20,000 ($94) 19 11.2 9 3.9 29 7.1 

21,000-39,000 ($98-$184) 28 16.6 33 14.3 63 15.3 

40,000-79,000 ($187-$370) 37 21.9 53 22.9 90 22.2 

≥ 80,000 ($374)  13 7.7 65 28.1 79 19.7 

Don’t know 72 42.6 71 30.7 145 35.7 

Ethnicity        

Yemeni 171 100.0 233 97.4 403 98.3 

Other 0 00.0 6 2.6 7 1.7 

* Three women had missing data on working on the farm before and after marriage. 

Three women reported to have never worked on the farm before marriage but did not 

answer the question of working on the farm after marriage.  
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Excluding three women who reported not working on a farm before marriage and had 

missing data on working on a farm after marriage, 84 women reported working on a 

farm before and after marriage, 63 women reported working on a farm before marriage 

only, 24 women reported working on a farm after marriage only and 233 women never 

worked on a farm. Of the women who had worked on a farm before marriage (n=174), 

56% had worked for 7 years or more on a farm. After marriage, 67% of 108 had worked 

for 7 years or more. Reported hours worked on a farm before marriage were greater than 

reported hours worked on a farm after marriage. Most of the women reported working 

on grain, livestock and qat farms. The majority of women who worked on a farm 

indicated that pesticides were used on the farm where they worked (47% before 

marriage and 69% after marriage) (Table 11.2).  

Table 11.2: Characteristics of those women who worked on a farm before and 

after marriage, Sana’a, Yemen, 2011-2012 

          Before marriage 

                           (n = 147) 

After marriage 

                  (n = 108) 

 No. % No. % 

Duration of farm work, 

years 

    

1 11  7.5 10   9.4 

2-3  21  14.4 11  10.3 

4-6  32  22.0 14   13.1 

7 +  82  56.2 72   67.4 

Day duration, hours     

<2 hours 38  26.4 36    33.6 

2-6 hours 64  44.4 47  43.9 

> 6 hours 42  29.2 24  22.4 

Type of farm (more than 

one response allowed) 

    

Qat 57 39.3 53 50.0 

Vegetables 40 27.6 40 37.7 

Fruits 40 27.6 30 28.3 

Grains 116 80.0 73 68.9 

Goats 80  55.2  59 55.7 

Cows 80 55.2 57 53.8 

Chickens 80 55.2 57 53.8 

Other 15 11.1 8 7.5 

Pesticide use in the farm     

None 33  22.8 18  16.8 

Pesticides only 18  12.4 18  16.8 

Pesticides and dirt 50  34.5 56  52.3 

Dirt only  44  30.3 15  14.1 

*Total may vary because of missing value.  Data are presented as number (%). 
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The types of farming activities and the harvesting behaviours of women who had 

worked on farms that used pesticides only or pesticides and dirt are presented in Table 

11.3. Harvesting was the main task reported by these women before (89%) and after 

marriage (95%). On average women reported working for 5 hours daily during the 

harvesting season. Women who harvested crops during farm work before marriage 

indicated that on average there were 24 days between the last pesticide application and 

the harvesting of the treated crops, with a median of 10 days. Women who harvested 

crops after marriage indicated that there was an average of 36 days before pre-harvest 

with a median of 8 days. More than 80% of women reported that they always or almost 

always washed their hands after harvesting.  

Table 11.3: Farming activities and harvesting behaviours before and after 

marriage among women farmers who have worked in treated pesticide farm, 

Sana’a, Yemen, 2011-2012 

*Total may vary because of missing value. Data are presented as number (%) or mean 

±SD 

 Before marriage  After marriage 

 No. % No. % 

Farming activities (more than one 

response allowed) 

    

Mixing pesticides 13 19.7 14 19.2 

Spraying pesticides 19 28.8 21 27.4 

Irrigating 31 47.0 32 43.8 

Cultivating 41 62.1 47 63.0 

Weeding 48 72.7 43 57.5 

Harvesting 59 89.4 70 94.5 

Other 5 7.6 7 9.6 

Daily hours worked  

during harvesting season   

    

Hours mean 5.5 ± SD 3.1  

(5 Median) 

 4.9 ± SD 2.6 

(5 Median) 

Days waited before harvesting     

Days 

 

24± SD 33.3 

(10 Median) 

36 ± SD12.9  

(8 Median) 

 

Hand washing after harvesting     

Always or almost always 49 83.1 58 84.1 

Often 4 6.8 7 10.1 

Sometimes 5 8.5 3 4.4 

Never or almost never 1 1.7 1 1.5 
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Spraying and mixing pesticides were less frequent activities performed by the women 

during farm work either before or after marriage. Around 19% of the women reported 

mixing pesticides and around 27% of the women reported spraying pesticides (Table 

11.3). Approximately half of the women who reported spraying pesticides undertook 

this activity once every year (Table 11.4). Most of them (89% before marriage and 

100% after marriage) reported that they always or mostly always washed their hands 

after spraying (Table 11.4).  

A significant proportion of women using pesticides reported that when working on a 

farm before (45%) and/or after marriage (33%) they never wore any personal protective 

equipment (PPE). Of women who reported the use of PPE, gloves were the most 

common protection used. Fifty per cent of women working on a farm before marriage 

and 39% of women working on a farm after marriage reported that they had eaten or 

drunk in a field sprayed with pesticides.  
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Table 11.4: Pesticide practices and safety measures undertaken among women who 

have worked on farms where pesticides were used, during two time frames, before 

and/or after marriage, Sana’a, Yemen 

 Before marriage 

(n=68) 

After marriage 

(n=74) 

 No. % No. % 

Frequency of pesticides spraying     

Never  49  72.1 53  72.6 

Once every year 11  16.8 8  11.0 

Once every six months 3  4.5 2  2.7 

Once every three months  1  1.5 4  5.5 

Once every month 1  1.5 3  4.1 

Once every week 3  4.5 3  4.1 

Hand washing after spraying     

Never 0 0.0 0  0.0 

Sometimes 0  0.0 0  0.0 

Often 2  11.1 0 0.0 

Always or mostly always 16  88.9 20  100 

Frequency of pesticides mixing     

Never 54  80.6 59  80.8 

Once every year 7  10.6 8  11.0 

Once every six months 3  4.5 2  2.7 

Once every three months/ month/week 3 4.6 4  5.5 

Method of mixing pesticides     

With bare hands 1  7.7 1  7.1 

With hands and wearing gloves 2  25.4 6  42.9 

With a stick/spoon and bare hand 4  30.8 5  35.7 

With a stick/spoon and wearing gloves 6  46.2 2  14.3 

Hand washing after mixing     

Never 0  0.0 1  7.1 

Sometimes 2  15.4 0  0.0 

Often 0  0.0 0  0.0 

Always or mostly always 11  84.6 13  92.9 

Use of protective equipment (more than one 

response allowed) 

    

None 30 44.8 24 32.9 

Gloves 30 44.8 40 54.8 

Glasses 2 3.0 4 5.5 

Face masks 15 22.4 19 26.0 

Other  4 6.0 2 4.1 

Eating or drinking in field sprayed with 

pesticides  

    

Never 33  50.0 44  61.1 

Rarely  12  18.2 17  23.6 

Sometimes 11  16.7 4  5.6 

Often 10  15.2 7  9.7 

Wear the same clothes at work and home     

Days mean 3.1 ± SD 1.6 2.3 ± SD1.5 

*Total may vary because of missing value.  Data are presented as number (%) or mean 

±SD 
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Seventy five per cent and 79% of women farmers who had worked on a farm that used 

pesticides before and/or after marriage, respectively were able to identify one or more 

pesticides used on the farm (Table 11.5). Pesticides that were banned or restricted in use 

were commonly mentioned by these women. The most commonly-reported insecticide 

ingredients reported by the women were dimethoate, acetamiprid, abamectin, lambda-

cyhalothrin and methomyl. Among these, dimethoate and methomyl were banned from 

use in Yemen in 2007. The most commonly-reported active ingredients in fungicides 

which were reported by women were difenoconazole and penconazole. Less than 6% of 

women reported the use of hexaconazole, which is banned for use in Yemen. Twelve 

per cent and 19% of women reported that the rodenticide zinc phosphide was used on 

the farm before and/or after marriage respectively.  
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Pesticides     
              

 

 
Active ingredient  Chemical family  Reported use before 

marriage % 

Reported use after 

marriage % 

Banned/ 

restricted  

Insecticide II Abamectin Avermectin 36.5 50.8  

Insecticide II Acetamiprid Neonicotinoid 30.8 55.8  

Insecticide U Bromopropylate Unclassified 3.8 5.1  

Insecticide II Chlorpyrifos Organophosphorus 3.8 5.1 Restrictedb  

Fungicide III Difenoconazole Triazole 13.5 22.0  

Insecticide II Dimethoate Organophosphorus 71.0 74.6 Bannedc 

Fungicide U Fenarimol Pyrimidine 9.6 16.9  

Fungicide U Hexaconazole Azole 1.9 5.8 Bannedc  

Insecticide II Imidacloprid Neonicotinoid 11.5 10.2  

Insecticide II Lambda-

Cyhalothrin 

Pyrethroid 30.8 35.6  

Fungicide III Metalaxyl Xylylalanine 9.6 17.3  

Insecticide Ib Methomyl N-Methyl 

Carbamate 

15.4 28.8 Bannedc  

Fungicide U Penconazole Azole 48.1 52.5  

Rodenticide Ib Zinc phosphide Inorganic-Zinc 11.5 18.6 Restrictedb  

 These data are based on 75% and 79% of women farmers who have worked on farms where pesticides were used before and/ or after marriage.
a 

Ia 

extremely hazardous;Ib highly hazardous II moderaltely hazardous;III slightly hazardous;U unlikely to present acute hazard in normal use. 
b
This active ingredient was banned from sale and restricted from use since 2006.  

c
This active ingredient was banned from use and sale since 2006. 

Table 11.5: Pesticides used in the farm before and/or after marriage, Sana’a, Yemen, 2011-2012 

http://en.wikipedia.org/wiki/Rodenticides


      

     

259 

 

11.5 DISCUSSION 

This study has found that most of the women working on farms are involved in 

activities that may lead to pesticide exposure, such as harvesting and weeding. Many of 

the pesticides that the women reported using were banned or restricted pesticides. The 

safety period specified on the pesticides used ranged between 10-24 days and some 

women harvested crops within this period, thus increasing their exposure to residual 

pesticide. Substantial proportion of women did not wear PPE when working on farms 

that used pesticide but they did wash their hands if they mixed or sprayed pesticides.  

The illiteracy level among Yemeni women in 2006 was approximately 60%; 35% and 

69% of women living in urban area and rural areas, respectively 
21

. The study 

population contained fewer illiterate women (35%) than the national statistics 

suggested, probably because women were selected through their daughters being at 

school. A greater proportion of women who had worked on farms were illiterate (56%) 

than woman who never worked on a farm (19%). High illiteracy among women farmers 

has been reported in other less developed countries such as Pakistan (66%) 
22

 and Nepal 

(51%) 
23

. The high illiteracy among women farmers could result in less appropriate 

practices and less knowledge of pesticides that may result in higher pesticide exposure 

24
. A study in Nepal showed educated individuals had better knowledge, attitude and 

practice indicators of pesticide use
23

. Pesticide handlers with a university degree in 

Southern India had a significantly higher knowledge and more acceptable practices 

compared with illiterate pesticide handlers 
25

.  

Female farmer workers in this study were involved in almost every aspect of farming 

but their participation was primarily in harvesting, weeding and cultivating. An earlier 

study conducted in Yemen indicated that women working in urban agriculture were 

widely involved in crop harvesting and assembling for marketing purposes 
26

. Similarly, 

women in other countries are also predominantly engaged in farm activities such as 

harvesting and weeding 
22,27-29

.  

Workers harvesting crops have the potential for dermal exposure to pesticides 

particularly on the hands, as pesticide residue can be transferred to the hand from plants 

during harvesting. In this study, more than 45% of the women did not wear gloves while 

working on farms where pesticides were used. Exposure of the hands is an important 

contributor to the total dermal exposure and has been shown to account for 50% to 90% 
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of the total body exposure 
30,31

. Some women within this study harvested crops within 7 

days after the last spraying which would increase their pesticide exposure. A field study 

among six farmers in Addwan village 
16

 found farmers harvested qat between 2-52 days 

after the last pesticide application, with an average of 30 days. That study indicated that 

qat farmers will spray pesticide shortly before marketing believing that it will improve 

its quality. Some women within the study harvested within 7 days after the last spraying 

which would increase their pesticide exposure. Harvesting within a week after the last 

pesticide application has been reported in other developing countries such as Ghana 

(23%) 
32

. 

Overall, longer hours of working on the farm were reported among women who worked 

on a farm before marriage. Married women reported working fewer hours on the farm, 

regardless of whether they had previously worked on farms or not. A possible 

explanation for this is the increased household responsibility. Furthermore, agricultural 

practices in Yemen have changed over the last years, as the MAI is increasingly 

supporting farmers by providing them assistance with regard to agricultural tools, 

information and training 
17

. Women who reported working on farms before marriage 

were more likely to have worked on a farm that did not use pesticides or used the dirt 

dusting method. Dusting through dirt is described as an effective way to absorb 

moisture from the leaves and thus reduce fungus; it is also effective in removing pests 

11,33
. However, there were no data presented to support these claims. The use of this 

method has decreased over the years and more pesticides are used now, especially on 

qat farms 
11,33

. Experts from the MAI and FAO who reviewed results from a survey 

conducted among 317 qat farmers in 2007 concluded that qat farmers do not always 

follow the recommended guidelines for use and use large doses of pesticides. In 

addition farmers mix different types of pesticides and use banned pesticides 
11

.  

This study found that women were exposed to a range of pesticides either during a 

period before marriage (approximately 10 years ago) or a period after marriage. In 2006 

the MAI issued a resolution to stop the import, sale and use of previously banned 

pesticides. This resolution came into force in May 2007 
34

. At the same time, other 

pesticides were restricted from use and banned from sale. These pesticides can now be 

only be imported by special permit from the MAI and their use is only approved under 

direct supervision of the MAI 
34

. During the study data collection time, it was found that 

banned and restricted pesticides were still available at pesticide retailer shops and were 
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commonly bought by farmers, suggesting a limited capacity by the authorities to 

enforce directives regulating pesticide use. In 2009, the MAI inspected 204 retail shops, 

which resulted in the closure of 74 shops due to their violations of MAI pesticide 

regulations 
17

. The women in the study are likely to have been exposed to banned and 

restricted pesticides when they were legal for use (i.e. before marriage) and also there it 

is likely that these women were exposed to these pesticides after they were 

banned/restricted.  

A considerable number of women in our study who worked on farms where pesticides 

were used did not use PPE on a regular basis. Women in Yemen generally wear the 

traditional Islamic covering such as the abaya or robes that cover the women from head 

to toe when they go out in public. It is possible that women farm workers believe that 

their daily clothing is a suitable substitute for the conventional PPE such as face masks, 

glasses and gloves. Some women reported the use of face masks. It is quite possible that 

certain women believed that the term “mask” referred to the niqab (cotton that covers 

their face). We believe that niqab may provide some protection against oral or nasal 

pesticide exposure but to a lesser extent than facemasks. Future studies are needed to 

determine the extent of niqab use in agricultural settings and to determine their 

effectiveness in reducing pesticide exposure. A study carried out in two Yemeni towns, 

Dhale and Yafe, showed that 100% of male farmers do not wear overall protective 

clothes or long boots or glasses during pesticide spraying or mixing 
35

. However, 30% 

wear masks, 40% wear head covers and 13% wear gloves 
35

.  

Most women in the present study washed their hands after harvesting or after mixing 

and spraying pesticides. Studies have found that hand washing removes anywhere from 

23% to 96% of pesticides, depending on the pesticide, the soap used for cleansing, the 

time since exposure, and the amount of pesticide originally on the skin 
3636,37

.  

Working in Yemen presented difficulties for this study, which may have limited the 

effectiveness of this survey. The sample was collected using non-probability sampling 

methods, which may limit the generalizability of the findings to other women in Yemen 

or other developing countries. The closure of the streets due to civil protests during the 

data collection periods meant that schools could not be selected randomly from within 

areas identified. Instead, local knowledge had to be used to identify any school available 

within some of the areas visited. We therefore expect some bias in the sample relating to 
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recruiting the women from girls’ schools. These women might be less likely to have 

occupational pesticide exposure, may have better knowledge about pesticides, and may 

use protective behaviours to a greater extent than other Yemeni women. Even though 

we surveyed women from schools located in urban and rural areas we believe the 

subgroup of women who had worked in agriculture would be broadly representative of 

all Yemeni women working in agriculture.  

Further limitations of this study include the use of self-report data from participants and 

the two step process of approaching women through their daughters. While we did not 

survey single women we asked women in the survey to recall their exposure prior to 

marriage. This recall may have been subject to greater misclassification bias than recall 

of exposure during marriage. In addition, this study did not allow for an in-depth 

examination of pesticide practices and knowledge that contribute to pesticide exposure. 

Another limitation may be that, despite the fact that the survey ensured anonymity of 

the respondents, women may still have been afraid of coming to the attention of the 

authorities.  

In conclusion, the results presented in this paper provide some insight into the nature of 

pesticide exposure among Yemeni women. The study is anticipated to serve as a 

starting point to facilitate a detailed and more comprehensive evaluation of the nature of 

pesticide exposure among women living in Yemen. We focused on identifying the 

nature of pesticide exposure among Yemeni women. Future research studies should 

examine the relationship between safety knowledge and actual work practices. Studies 

are also needed to determine the most useful interventions for this segment of women. 
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12 QAT CONSUMPTION AMONG WOMEN LIVING IN 

YEMEN 

El-Zaemey S, Fritschi L, Heyworth J. Qat consumption among women living in Yemen. 

Submitted to Public Health as research letter. 

12.1 INTRODUCTION 

Qat (khat, kat, catha edulis) is a green-leaved plant that is chewed for its stimulant effect 

in Yemen and some other countries in the Arabian Peninsula and the Horn of Africa 
1
. 

There is concern that people who consume qat are at high risk of pesticide exposure. It 

has been estimated that 70% of pesticides that are imported or smuggled to Yemen are 

used on qat 
2. Studies conducted in Yemen indicated that some globally and nationally 

banned pesticides such as DDT, lindane, parathion, and dimethoate were still used on 

qat as late as 2007 
3-4

. However, it has been reported recently that some banned and 

restricted pesticides are smuggled into Yemen and are available in pesticide retail shops 

from where they are still bought and used by Yemeni qat farmers (AR Thabit, personal 

communication, 2010). As qat is a crop of high economic value, farmers tend to use 

pesticides and fertilizers heavily on qat trees in order to protect them from pests, to 

ensure healthy plant growth and thus to increase the yield and income 
4-5

. Hence qat 

maybe a potential source of pesticide exposure for consumers.  

In 2003, a survey of residents in a randomly selected district of Yemen’s capital city 

Sana’a was used to estimate the prevalence of qat chewing. Through the use of self-

administered questionnaires it was estimated that 80% of males and 50% of females 

above the age of 13 years chew qat 
7
. However, the response fraction for this study was 

30% and only 34 women were surveyed. Thus data on nature and extent of use of qat 

among women was limited. 

In this study we conducted an epidemiological survey to investigate the amount and 

frequency of qat consumption among women living in Yemen.  

Participants included in this study were 410 married women who took part in a cross-

sectional study of pesticide exposure among women living in Yemen between 
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December 2011 and January 2012. The study population was defined as women who 

had a daughter enrolled in a school from year 10 to year 12, living in the city of Sana’a 

or Sana’a governorate. Full details of the study population, questionnaire design and 

recruitment methods used have been published elsewhere (Chapter Eleven) 
6
. These 

women completed a questionnaire that obtained information on pesticide exposure 

including qat consumption.  

Fifty-five per cent of the respondents were aged between 20 and 39 years, while 45% 

were aged 40 years and over 
6
. Qat consumption among women was very high with 278 

out of 410 (68%) women having ever consumed qat during their lifetime. The 

characteristics of qat consumption by participants are shown in Table 12.1. Among 

those who chewed qat, the majority started consuming it after marriage (89%) and more 

than half of the women (54%) had consumed qat for five years or more. The frequency 

of qat consumption was variable, with 39% of women consuming it monthly or 

occasionally, while a further 33% consumed it almost daily. Most of the women always 

or almost always (61%) used water to wash their qat before consumption. Twenty-nine 

per cent of women reported that the family spend more than 5,000 Yemeni Riyals 

(equivalent to $23 US) weekly on qat.  
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Table 12.1: Characteristics of qat consumption among women who chewed qat, 

Sana’a, Yemen, 2011-2012  

 Total (278) 

 No. % 

Start of consumption   

Before marriage 31 11.3 

After marriage 244 88.7 

Current chewer   

Yes 195 71.4 

No 78 28.6 

Duration   

<1 year 55 20.4 

1≤ year <2 31 11.5 

2 ≤year <5 39 14.4 

≥ 5 years 145 53.7 

Frequency of consumption   

Monthly or on occasions 103 38.7 

1-2 per week 32 12.0 

3-5 per week 43 16.2 

6-7 per week 88 33.1 

Hours of consumption/per session   

< 2 hours 89 33.8 

2-4 hours 117 44.5 

4-6 hours 51 19.4 

> 6 hours 6 2.3 

Qat washing before chewing    

Always or almost always 162 61.1 

Often 36 13.6 

Sometimes 51 19.3 

Never or almost never 16 6.04 

Average amount the family spends on qat every week   

<500 Riyal 65 25.6 

600-2,500 Riyal 80 31.5 

2,600-5,000 Riyal 35 13.8 

> 5,000 Riyal 74 29.1 

*Total may vary because of missing values.  

Due to the extensive use of pesticides on qat, there are concerns that people who 

consume qat before any treatment (e.g. washing) may ingest significant quantities of 

pesticides
8
. Health problems such as weakness, a runny nose or congestion, headache 

and gingivitis have been reported in men after chewing contaminated qat
8
. 

This study provides preliminary data suggesting that women in regions where qat 

chewing is common are possibly exposed to pesticides. Hence, research is needed to 

identify the extent of pesticide exposure of women who chew qat.  
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13 DISCUSSION 

This study was undertaken to assess the association between pesticide exposure and 

breast cancer. While there has been a substantial amount of prior research in this area, 

reviews of this topic have concluded that there is still a need for further research to 

determine whether pesticide exposure increases the risk of breast cancer (Chapter 

Three). Moreover, there are several aspects of the relationship between pesticide 

exposure and breast cancer that still remain unclear. Some of the unanswered questions 

include: 1) whether breast cancer is associated with a specific source of pesticide 

exposure (e.g. household, workplace, and/or residential/environmental); 2) whether the 

risk of breast cancer is increased with exposure to pesticides at younger age; 3) whether 

exposure to pesticides for longer duration is associated with a higher risk for breast 

cancer; and 4) if there is a dose-response relationship between exposure to pesticides 

and breast cancer risk. These issues have been examined in this thesis.  

 

A limited number of studies has been conducted to examine the association between 

pesticide exposure and breast cancer in developing countries, where exposure to 

pesticides among women is likely to be more common compared with women living in 

developed countries because of weaker pesticide regulation in developing countries, a 

higher proportion of women who work in agriculture, lower literacy and a greater use of 

pesticides 
1
. For these same reasons, women in developing countries are also more 

likely to be exposed to higher concentrations of pesticides. While the role of pesticides 

with regard to breast cancer is as yet unclear, they may contribute to the incidence of 

breast cancer in these women, who have been found to develop breast cancer at a 

younger age  compared to women in western countries 
2
. However, before conducting 

research in a developing country such as Yemen, where little or no previous research on 

breast cancer or pesticide use is available, it is important to understand the 

characteristics of breast cancer and the nature of pesticide exposure among women in 

this country. Hence, this thesis also presented results from studies to describe breast 

cancer and pesticide exposure among women living in Yemen. This will allow future 

researchers to design suitable studies to examine the association between breast cancer 

and pesticide exposure in Yemen and other similar countries.   
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The major findings and limitations, and strengths of the individual studies carried out in 

Western Australia and Yemen as part of this PhD research will be discussed here. In 

addition, this chapter will explore future directions, contributions to the literature and 

conclusions that arose from this thesis.  

 

13.1 FINDINGS, LIMITATIONS AND STRENGTHS OF THE 

INDIVIDUAL STUDIES 

13.1.1 Pesticide Exposure and the Risk of Breast Cancer - BCEES 

The results of the study presented in Chapter Five, suggested that women with the 

highest reported lifetime exposure to noticing pesticide spray drift had a 43% increased 

risk of breast cancer relative to women who did not ever notice pesticide spray drift. 

Furthermore, the risk appeared to be higher for women who noticed pesticide spray drift 

initially at age of 20 years or younger and those who had noticed it 20 years prior to 

diagnosis. In contrast, no association was found between household pesticide exposure 

and breast cancer (Chapter Six). No conclusion could be drawn regarding occupational 

pesticide exposure because the numbers of women exposed in BCEES were too small to 

investigate this exposure source (Chapter Six).  

  

The increased risk of breast cancer observed with exposure to noticing pesticide spray 

drift but not with household exposure can be explained in multiple ways: 1) difference 

in types of pesticide exposure; 2) exposure misclassification; 3) artifact of bias; 5) 

confounding; and 6) chance. There is a possibility that the types of pesticides that the 

women were exposed to through spray drift were different to the types of pesticides that 

were used in and around the household. The pesticides permitted for non-agricultural 

use are limited to those that are least harmful and are sold as ready to use (diluted) 

products. In Australia, the common active ingredients used in and around the household 

are fenthion, dichlorvos, benicorab, propoxur, pyrethroid, tetramethrin, pyrethrin I and 

pyrethrin II, bifenthrin, permethrin and deltamethrin 
3
. In comparison, the common 

pesticides used in agricultural areas are: the insecticides parathion, methyl, chlorpyrifos, 

glyphosate; the herbicides, atrazine and simazine; and the fungicide captan 
3
. Atrazine, 

for example, is commonly used in agricultural areas and is registered only for 

agricultural purposes. There is evidence that exposure to atrazine leads to spontaneous 
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mammary tumor development in animals 
4-6

, however supporting evidence from human 

studies is still lacking. The Working Group of the International Agency For Research on 

Cancer determined that there was sufficient evidence for carcinogenicity in animals 

because of the association with mammary tumours. However, they determined that the 

atrazine-associated mammary tumors observed in rats involved a hormonally mediated 

mechanism that is not relevant for humans 
7
.  

 

Other reasons for the observed association between spray drift and breast cancer may be 

related to misclassification of exposure. Most studies of pesticide exposure and breast 

cancer have only measured pesticides at one point in time, whereas the study presented 

in this thesis, was one of only few studies that collected information about potential 

pesticide exposure through spray drift throughout the entire lifetime of participants. For 

example, studies examining the effects of organochlorine pesticides tended to evaluate 

serum levels of DDT/DDE in women around the time of cancer diagnosis 
8,9

. They did 

not take into consideration exposure levels in conjunction with tumor latency. However, 

in a prospective, nested case–control study, girls with higher DDT/DDE levels in stored 

serum were more likely to develop breast cancer than those with lower exposures, and 

risk increased with younger age at exposure 
10

. Similarly, the analyses of BCEES data 

carried out here found a greater risk of breast cancer among women who noticed 

pesticide spray drift at younger age. This coincides with a time when DDT and other 

organochlorine pesticides were still registered and commonly used for agricultural 

purposes. However, it was not possible to determine whether exposure to any specific 

pesticides (e.g. DDT) was related to the increased breast cancer risk observed in this 

study.  

 

Assigning a dose to the exposure is a potential area of exposure misclassification. For 

example, the true level of exposure from pesticide spray drift from agricultural 

application areas depends on a large number of factors including the type and amount of 

pesticide used, the method of application, the total surface area treated in the 

agricultural area, the weather conditions at the time and the amount of time that the 

person of interest spent in the home in the time following the application. As women 

would not have been able to provide this type of information, the exposure was 

determined on whether the women noticed spray drift and dose was quantified by the 

frequency of noticing pesticide spray drift on an annual basis. The frequency of noticing 
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the spray drift could have been an inadequate measure of the dose. More pesticides for 

example, could have been used in a single application in treating an agricultural area 

than the total volume used in multiple applications.  

 

To date, three studies on pesticide exposure and breast cancer have investigated the 

effects of household pesticides as a risk factor of breast cancer 
11-13

. Of these, only the 

Long Island Breast Cancer Study Project 
13

 found an association between pesticides and 

breast cancer, the remaining two and also our study found no association.  The different 

findings between studies could be due to differences in pesticide practices in the regions 

or differences in the questions asked. All studies examined exposure to pesticide during 

adulthood or unspecified time of exposure. Nevertheless, breast cancer has a long 

latency period where there may be several decades between the initiation of 

carcinogenic processes and clinical detection  
14

. Because of the limited number of 

studies conducted to date it is not possible for conclusions to be drawn and more studies 

will be needed before this question can be resolved. 

 

The case-control studies that have examined the association between household 

pesticide exposure and breast cancer, including the BCEES, have relied on self-report of 

pesticides used to control a particular pest via questionnaires. However, collecting this 

information is limited by potential recall error and lack of information on the specific 

active ingredients or chemical classes. This method is used due to the fact that the 

general population is typically less able to report histories of use of the specific active 

ingredients of the pesticides than farmers and other occupational groups 
15,16

. Instead 

questions on the target pests are used in which the researcher then may make some 

assumptions of the possible specific active ingredients. These assumptions could be 

based on field work data, governmental data, scientific papers, etc.  

 

In the BCEES study the categorical variable of household pesticide exposure (low, 

medium and high) may not represent the true level of exposure of the women because of 

response error. For example, in the “frequency of pesticide use” question, a woman 

might not give an accurate response for the question, if she was not always the person 

who applied the pesticides. Furthermore, in the “frequency of self application” question, 

one woman might think that she was the only one at home who applied the pesticide, 

while in fact some other members of the household could also applied the same 
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pesticide without informing the person who answered this question.  This could be a 

problem if some of the responders who may had the same nature of exposure in the 

“frequency of self application” but gave different responses to the question.  

 

It is known that pesticides comprise many hundreds of chemicals and, as a result, one 

individual exposed to pesticides may be exposed to several groups of chemicals.  

Exposure to only a few specific pesticide compounds, if any, may result in an increased 

risk of developing breast cancer. However, differences in exposure to these pesticide 

compounds would be masked by the use of broad ‘pesticide’ exposure categories in the 

studies.  Hence this could explain the heterogeneity of the results shown in different 

studies. Furthermore, the aggregation of all types of pesticides would lead to the 

dilution of true effects of one or more individual pesticides and this might lead to an 

additional bias toward the null. For example the BCEES did collect information on 

specific pesticide compounds for women exposed to pesticides in the workplace. 

However, the study had very few women who have been exposed to pesticides in the 

workplace to examine if there was an association between specific pesticide compounds 

and breast cancer risk.  

 

The BCEES did not examine the association between breast cancer and the combination 

of all sources of pesticide exposure (e.g. household, workplace and spray drift).  If the 

sources are combined together, then this may lead to incorrect results as the type of 

pesticides used in the different sources of exposures could be chemically different. 

Moreover, combing all sources of pesticide exposures is not recommended as the routes 

of exposures could be different (e.g. dermal, respiratory and oral). For example, a 

woman exposed through spray drift is more likely to be exposed to pesticides through 

respiratory route. While a woman exposed in the workplace is more likely to be exposed 

through both dermal route (due to pesticides mixing) and respiratory route (due to 

spraying pesticides). As a result of the above, it is recommended to conduct future 

studies to investigate more accurate approaches in combing all sources of pesticide 

exposure and its association with breast cancer.  

 

As with any case-control study, relying on questionnaire, recall bias is a common 

problem. Cases in this study or in any other study may be searching for reasons for their 

breast cancer diagnosis and report exposures more accurately than controls, resulting in 
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an estimate of association that is biased away from the null. Additionally, the hypothesis 

of an adverse association between pesticides and various outcomes is widely published, 

so it is highly likely that participants were aware of the study’s objectives and it is 

possible that cases may have reported their exposure to pesticides more thoroughly than 

control women. This would also result in overestimation of the association. As 

discussed in Chapter Five and Six, when participants were asked whether they believe 

pesticides increase the risk of breast cancer, there were no differences among the 

responses of cases and controls. However, in the stratified analysis, the odds ratios 

associated with noticing pesticide spray drift were higher among women who believed 

that pesticides increased the risk of breast cancer compared to other participants. This 

was not the case for occupational or household pesticide exposure.  The risk perception 

questionnaire did not specify the type (household, environmental or occupational) of 

pesticides that the women could have been exposed to, which may decrease the 

sensitivity of the question. 

 

Selection bias is a possible explanation for the results based on BCEES data, especially 

given the low response fraction among the controls (41%). This response is similar to 

what was found in a review of the response fractions in epidemiological studies. Morton 

et al.
17

 showed a constant decline in participation during the past decades for all study 

designs and the decline was more conspicuous for controls in population based case-

control studies, with sharper declines after 1990. If non-response is directly related to 

the research question, errors may occur, which can seriously distort the survey result 
18

. 

If controls who agree to participate in the study are more health conscious and have 

adapted a healthier lifestyle in comparison with those who do not respond, then the non-

response is selective. It is possible that the controls who participated in the BCEES may 

have been more health conscious, and therefore more likely to have avoided pesticide 

exposure, than those who did not participate. Similarly, cases who agree to participate 

may differ with those who did not participate in terms of the severity of disease, their 

social class and lifestyle, which is likely to introduce selection bias. Ideally, data from 

the non-respondents could have been collected to see if they differed from the 

responders. Unfortunately, the requested ethical approval was not granted to obtain 

information on non-responders. Low participation rates can result in biased risk 

estimates only when participation is depend on both the exposure and outcome of 

interest 
18

.  This is unlikely, because invited participants were not aware of specific aims 
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(e.g. pesticide exposure and breast cancer risk) but rather the general aims 

(environmental and occupation exposures) of the study.  

 

As with all observational studies we cannot rule out the possibility that our findings 

may be due to unmeasured confounding. Although a comprehensive set of potential 

confounders were assessed in this study, we were unable to examine other potential 

sources of pesticide exposure such as pesticide exposure through family members who 

use pesticides. For example, does the fact that a husband uses a certain pesticide 

increase his wife’s risk of developing breast cancer? Are there cumulative effects or 

correlations between a husband’s use of pesticides and the wife’s employment at a farm 

or the location of their home with breast cancer risk? Some other possible confounding 

factors could be the use of solvents and fertilizers which may be correlated to the 

exposure to pesticides. 

 

It is possible that the different association found for breast cancer from the different 

pesticide exposure sources is due to chance. For example, the ability to find an 

association between pesticide exposure in the workplace and breast cancer was limited 

by the small number of women exposed in the workplace (ie. no conclusion was 

drawn). Furthermore, the low exposure prevalence also precluded assessment of the 

frequency and duration of occupational pesticide use.  Overall, chance may have 

contributed to our study findings. Therefore, further investigations are warranted to 

confirm or refute the findings.  

 

Despite all the potential limitations in the study design used, this study had several 

major strengths. The case-control design is suited to studying diseases that are rare or 

have long latency periods such as breast cancer. When a disease takes a long time to 

manifest itself, it becomes more difficult to establish a cause-effect relationship. In rare 

diseases such as certain types of cancer, it can take a long time to get sufficient number 

of cases in other designs such as cohort design. In this case, data from 1,205 individuals 

that had breast cancer were collected over two years.  

 

The results of our study should be generalizable to all women in the Western Australia 

who are at risk for breast cancer. The biological mechanisms by which pesticide 

exposure can cause breast cancer may be modified by genetic variation that increases or 
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reduces risk; however, our large sample represents a genetically diverse population. 

Internationally, the findings can be generalized to similar populations of women in other 

countries.  

 

Data on known or suspected covariates were collected and tested as potential 

confounders, making the possibility of finding a cause effect relationship stronger. 

Having access to three different sources of information for assessing pesticide exposure 

increased the possibility of finding an important result. As well, being able to test for 

known risk factors such as age, socioeconomic status, and reproductive factors made the 

study design and analysis stronger.  

 

 13.1.2 Breast Cancer among Yemeni Women Using the National Oncology Centre 

Registry  

The results of this research project showed that Yemeni women are younger at the onset 

of breast cancer compared with Australian women; the average age was 46 years for 

Yemeni women and 60 years for Australian women 
19

. Other studies carried out in 

Yemen (Chapter Ten) and in countries with a similar social cultural context have shown 

similar results to this present study 
20,21

. It is possible that there may be some genetic 

tendency of the women in developing countries to develop breast cancer earlier; 

however this would need further investigation. A possible reason for differences in the 

age of diagnosis may be due to differences in environmental exposures and cultural 

behaviours including oil production, agricultural practices, qat consumption and 

marriage to close relatives in the developing countries. Other possible explanations are  

the younger age structure of the population in most developing countries 
22

 and the 

underreporting of breast cancer among older women due to lack of awareness among 

these women and socio-cultural factors.  

 

Most breast cancer cases reported to NOC in Yemen had lymph node involvement at 

diagnosis suggesting they have late presentation. Late presentation of cancer may be 

due to the lack of public awareness, absence of breast cancer screening programmes and 

low access to health care in rural areas (that 70% of the Yemeni population lives in the 
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rural areas of Yemen). In addition, the quality of care available for breast cancer 

patients in Yemen is limited (Chapter Seven). 

 

One of the issues that arose during this study was the limited availability of good 

records. For example, Yemen does not have a population-based cancer registry. 

Consequently frequency rather than incidence of breast cancer had to be calculated. 

Because of the absence of a national registry this study had to be based on potentially 

incomplete data, which may not represent the population living in Sana’a or Yemen. 

Moreover, as in many other less developed countries, the cancer patient files in the 

NOC are not usually entered on a daily basis into the computerized software (e.g. Excel 

or Can Reg-4), which may occasionally result in loss of patients folders and hence 

under-registration. It is likely these factors will have affected the accuracy and validity 

of the results obtained here and caution should be taken when interpreting these results. 

 

Nevertheless, this study was the largest study conducted in Yemen to date. It analysed 

and presented data from the NOC, which is the largest cancer centre in Yemen. The 

study analysed data from 2,564 breast cancer patients compared to other studies 

undertaken in Yemen (Chapter Seven) that examined no more than 200 breast cancer 

cases. Many of these studies were undertaken prior to the NOC being established. 

 

The findings of this study are consistent with other studies conducted in Yemen and 

developing countries that showed breast cancer patients are younger and have lymph 

node involvement at presentations compared to cancer patients in developed countries. 

This requires further attention and investigation.  

 

13.1.3 Occupational Pesticide Exposure among Yemeni Women 

The results of the survey measuring pesticide exposure among Yemeni women provided 

much needed information about the state of pesticide exposure among women in 

Sana’a, Yemen. Yemeni women have been largely understudied, as most research on 

pesticide exposure has been focused on males (Chapter Ten). The results of the study 

indicated that a significant number of surveyed women working on farms were involved 

in activities that may lead to potential pesticide exposure, such as harvesting and 

weeding. The uses of banned and restricted pesticides were commonly reported by 
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women who had at one time or another worked at a farm. Furthermore, the study 

showed a substantial proportion of surveyed women did not wear personal protective 

equipment when working on farms where pesticides are used. Moreover, they did wash 

their hands if they mixed or sprayed pesticides.  

 

As with any other studies, this study also had some limitations. This study used proxies 

for exposure to pesticides rather than direct measures of exposure. Although unsafe 

practices may lead to exposure, this relationship was not confirmed in this study. Even 

though the women in this study did not wear personal protective equipment they were 

fully covered with traditional clothing. Social desirability bias is a potential limitation of 

this study. However, we believe that this risk was minimized because we used a self-

administered tool to gather data and provided a good level of privacy during data 

collection 
23

.  

 

Another limitation was that the sample was not selected with a probabilistic sampling 

method and hence the study participants may not be representative of the study 

population. The planned procedures for sampling were disrupted by the civil unrest and 

protests (The Arab Spring) during the data collection period, and resulting difficulties in 

travelling within the city and governorate. However, an attempt was made to approach 

women from a range of socioeconomic groups through approaching private and public 

girl’s schools. Regardless of this, the study population contained fewer illiterate women 

than the national census suggested. Thus, the results may not be representative of all 

Yemeni women. 

 

Despite these limitations, this study still provided valuable data, on which further data 

can be built. It was the first known attempt to describe pesticide exposure among 

women living in Yemen. It used a questionnaire that was piloted and suitable for the 

Yemeni population but not assessed for reliability and/or validity. Further research is 

required to determine whether women behaviours may lead to increased or decreased 

exposure in this population.  
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13.2 DIRECTIONS FOR FUTURE RESEARCH  

13.2.1 The Association between Exposure to Pesticides and Breast Cancer in 

Developed Countries  

 

No consistent association was found between pesticide exposure and breast cancer in 

the BCEES. Based on the original work presented in this thesis and the existing 

literature, the following are suggested to further develop the understanding in this area:  

 

Prospective studies  

It is apparent that more work is required to better assess and define pesticide exposure, 

including the measurement of dose and early life exposure. It may be that some lessons 

can be learned from models of exposure assessment used in diseases with shorter time 

frames between exposure and diagnosis. Like BCEES, many other studies conducted in 

developed countries have also used a retrospective case-control design with 

questionnaires and interviews to assess past exposures. An alternative would be the use 

of prospectively collected data. For example, the analysis of the data collected in cohort 

studies that are part of the AGRICOH consortium of agricultural cohort studies 
24

 may 

provide some further insight into the role that exposure to pesticides plays in the 

development of breast cancer. Ideally, the initiation of a new birth cohort would have 

the potential to answer many questions related to early life factors and cancer 

development 
25

. These types of studies are expensive and individuals need to be 

followed for a long time before results become available, but the impact could be 

substantial.  

 

The balance is often between obtaining timely results, such as might be obtained from a 

case-control study, and obtaining more value results from a cohort study; selection and 

information bias may be less but time taken to obtain adequate number of breast cancer 

cases can be substantial. 

 

The need for better exposure assessment  

In studies examining the association between pesticide and health outcomes, obtaining 

an accurate estimate of exposure is a major methodological challenge. Difficulties arise 
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from day to day variation in the pesticide exposure, measurement error and inconsistent 

reporting. Furthermore, in studies of pesticide exposure variables and health outcomes, 

the internal exposure to active ingredients of pesticides is of more interest than the crude 

estimates of uptake. There is a scope for further exploration into the development and 

application of biomarkers of non-persistent pesticides. In the meantime, most of the 

epidemiologic studies used questionnaires to assess exposure to pesticides. 

 

Research efforts should focus on studies that can validate indirect measures of both 

residential and occupational pesticide exposures. For example, the reliability and 

validity of questionnaires used to assess pesticide exposure should be tested in further 

studies. More specifically, studies should aim to determine how well interview or self-

administered questionnaires captures variation in exposure levels. Such studies may 

include: 1) repeatability studies of self-administered questionnaires; especially for 

questions focused on products and timing; 2) prospective validation studies that 

incorporate a home visit to take an inventory of household pesticide products; 3) studies 

that interview clients of professional pesticide application services and validate self-

administered questionnaire data with company service records; and 4) studies 

comparing self-administered questionnaire or interview reports of pesticide use to 

pesticide residues collected by surface dust wipes or vacuum cleaner assays in the 

home. In addition, laboratory studies of pesticide in breast cell lines might be able to 

detect whether pesticides suppress programmed cell death or interfere with cell 

differentiation. These set of studies will further improve the performance and increase 

the internal validity of studies using questionnaires and to reach an optimum 

compromise between the accuracy of the questionnaire used and feasibility.  

 

Designing a suitable questionnaire that has less ambiguity in the questions used is 

important. The pesticide questions and format of the questions used in the BCEES and 

other studies were too generic. For example, the BCEES questionnaire would have been 

more efficient if it had included more clarifying questions. For example, in the spray 

drift section women could have been asked if they smelled something as a result of 

spray drift, whether the windows were open during the spray drift and, if they took any 

precautionary measures to reduce their exposure (e.g. shutting windows, vacuuming, 

dusting, and not going outside after the spray drift). The questions on the frequency 

should have been an open question rather than limiting the response to selected options. 
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In the household section, the question “In your adult life time, were pesticides 

(herbicides, insecticides, fungicides) ever used in and around your home?”, could have 

been replaced with question “Thinking back at least 10 years from now, were pesticides 

(herbicides, insecticides, fungicides) ever used in and around your home”. The word 

adulthood used in BCEES questionnaire was not defined and women could have 

interpreted it differently. Having a question that allowed latency could have produced a 

more valid result as we know that time is required between initial exposure and 

developing breast cancer. The BCEES questionnaire did not ask the participant if 

professional pesticide treatment was used at their premises. The use of this service is 

likely to result in exposure among the residents if it occurs frequently. The occupational 

pesticide exposure assessment was well designed but due to the low number of women 

exposed in the workplace limited our analysis. Hence, future studies to be carried out 

should consider including the above questions to produce a more meaningful result.  

 

Historically, to reduce measurement error and information bias, occupational 

epidemiologists have moved from assessing job titles to a more thorough assignment of 

exposures, using a job history, job-specific modules and expert assessment. Such 

techniques may be able to be adapted to exposure outside the workplace to give a more 

accurate exposure assessment. For example, if the BCEES had collected information on 

whether the participant lived near an agricultural area in relevant time periods (years) in 

the written questionnaire, further information about the exposure could have then been 

collected in the telephone interview. The experience gained in collecting and analyzing 

these data could be useful in designing a better assessment instrument for a future study, 

which could include expert assessment.  

 

Gene–environment interaction  

Gene-environment interaction complicates the study of the impact of environmental 

factors on cancer risk. It can obscure the effect of an environmental factor, because the 

effect of an exposure may differ depending on genotype or may be restricted to 

genetically susceptible subjects. Some studies have found that the effect of 

environmental chemicals on breast cancer risk may be modified by particular genes (or 

vice versa) 
26

, however there is very limited research on pesticide chemicals 
27

.  The 

investigation of genetic variants in enzymes that govern the metabolism of pesticide 

derived compounds may provide further insight into the pesticide-breast cancer 
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association. Genetic variation may not only provide insight into the aetiology of breast 

cancer but also may serve to identify why individuals are differently affected by the 

same level of pesticide exposure. By identifying and characterising gene-environment 

interactions, it may be possible to identify sub-groups of the population who may be 

susceptible to pesticide-derived carcinogens/mutagens. The genetic information can be 

used to plan appropriate intervention strategies for high-risk individuals.  

13.3.2 Breast Cancer in Developing Countries  

The lack of sufficient well organized data on cancer in most developing countries 
28

, 

including Yemen, highlights the need to establish a national cancer registry to track 

cancer incidence. For example, the National Oncology Centre registry in Yemen, 

although attaining a relatively fine level in terms of cancer registration practices in 

comparison to other developing countries, still has areas that need to be improved. The 

quality and completeness of the data must be enhanced by including all cancer cases 

reported in other cancer registries or hospitals and removing any duplication. In 

addition, patient files need to be entered into the computer on a daily basis to prevent 

the loss of any data. This will facilitate interpretation and comparison of the incidence 

data. Follow-up of patients registered at the cancer registry is important especially for 

survival studies. Furthermore, the establishment of a vital registration system in Yemen 

will aid in collecting mortality data for cancer patients. The improvement in the quality 

and completeness of mortality and incidence registration in Yemen is not needed only 

for appreciating the burden of diseases, but to help us to conducting epidemiologic 

studies to investigate potential risk factors for cancer.  

Most of the research into cancer has been carried out on people living in developed 

countries, representing only a fraction of the global population and their environmental 

exposures, dietary exposures and lifestyle factors. The wide variety and difference of 

diet, lifestyle and environmental exposures, as well as genetic variation in the 

population in developing countries, can add valuable information to our knowledge of 

the factors that contribute to the development of breast cancer. These types of studies 

would not only serve the needs of people in developing countries, but also progress our 

overall knowledge of breast cancer aetiology. Furthermore, conducting such studies in 

these countries might help to understand why women in developing countries develop 

breast cancer at younger age.  
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Attempting to explain why women living in developing countries present with breast 

cancer one decade earlier than women living in developed countries is essential. It is 

necessary to determine the difference between these two populations. Are there genetic 

differences? Is there a similar rate of familial and hereditary breast carcinoma? Is there a 

relation with early onset of pregnancy? Are there differences in tradition or culture 

between developed and developing countries? Which are the environmental factors that 

could promote early development of breast carcinoma? These and many other questions 

need to be investigated and answered in the near future. For example, a question that 

may be of interest and may be possible to answer in developing countries is, does 

exposure to pesticides increase the risk of breast cancer among women living in 

developing countries?. Since women in developing countries are expected to be exposed 

to a wider range and higher levels of pesticides due to the lack of awareness and poor 

enforcement of pesticide measures by the government and the people. Instead of 

carrying studies where exposure is low, it might be more useful for carrying studies in 

countries where the problem is greater.  

 

As discussed in Chapter Three, most of the studies that have investigated the association 

between breast cancer and organochlorine showed no association. These studies were 

carried out in developed countries where organochlorine pesticides were banned from 

use since early 1970 
29

. Hence, carrying out studies in developing countries where 

organochlorine pesticides are still used in agriculture as result of weak regulation or 

used for vector control will confirm if there is an association between organochlorine 

and breast cancer. Furthermore, investigating if there is an association between breast 

cancer and pesticides used, in the workplace might be easier to do in developing 

countries than developed countries, as estimating pesticide exposure in developing 

countries might be more feasible, as more women are involved in farming 
1,30

. The 

outcome from carrying such studies in these countries will be more valuable for women 

living in developing countries, as they are more affected from pesticides than women 

living in developed countries. Different epidemiologic studies (e.g. cohort study, 

hospital based case-control study and others) could be carried out in developing 

countries to assess the association between pesticide exposure and breast cancer.  
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Cohort studies would be more suitable to carry out in developing countries, since breast 

cancer occur at younger women. Hence, the women will be followed for shorter time.   

However, conducting a cohort study in some developing countries, such as Yemen, will 

also present difficulties. The ability to follow-up women to obtain information on their 

diagnosis or exposures may be challenging because: 1) most of the people in developing 

countries live in rural areas 
31

, where the follow-up of these people is likely to be 

difficult, as these areas are often unplanned and lack official addresses; 2) cancer cases 

would more often go undiagnosed among people living in rural areas as they have less 

access to health care and would never be recorded in a cancer registry in comparison 

with people living in the cities. Hence, there is a need to address these issues before 

conducting a cohort study as a loss to follow-up can bias any observed association 

between pesticide exposure and cancer.  

 

On the other hand, hospital-based case-control studies can be carried out in developing 

countries where biological samples could also be collected to analysis of pesticides 

exposure. Specimen collection in hospital-based case-control studies can be easily 

managed, whereas population-based samples are much more difficult to collect since 

most developing countries lack population based registries. But one would need to be 

aware of minimising selection bias.  

 

Most of the studies conducted in developing countries, including our descriptive study 

of breast cancer in Yemen, showed that most women who were diagnosed with breast 

cancer had lymph node involvement at diagnosis suggesting that they presented late. 

This stresses the fact that developing countries should focus more on early detection of 

breast cancer using methods suitable to a country with limited financial sources and 

lacking modern medical facilities. For example, mammography screening is expensive, 

requiring substantial financial and human resources, and thus is not feasible in Yemen. 

Moreover, mammographic screening is not a good tool for early detection in young 

women since the sensitivity of mammography in younger women is low due to the 

increased density of breast tissue 
32

 . In addition, there are several barriers which have 

been identified for cancer screening among women in the Middle East. These include 

discomfort and embarrassment, family relationships, fatalism, social stigma, and shame 

about disease 
33

. However, alternative methods designed to overcome these issues have 

not yet been researched in detail, and assessment of appropriate approaches that will be 
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effective in these populations is needed. For example, education in schools, advertising, 

and social networks are needed to encourage awareness of cancer and its symptoms. In 

the case of breast cancer, the biggest challenges identified in the 2010 Breast Health 

Global Initiative summit for low-income countries were little community awareness that 

the illness is treatable, inadequate advanced pathology services for diagnosis and 

staging, and fragmented treatment options (especially for the administration of 

radiotherapy and the full range of systemic treatments) 
34

. 

 

13.3.3 Occupational Pesticide Exposure among Yemeni Women  

The cross sectional study of pesticide exposure among women living in Sana’a was the 

first study to describe pesticide exposure among Yemeni women. However, the study 

was not based on a random sample of women living in Sana’a. Hence, replication of this 

study on a random sample is required before generalizations can confidently be made.  

 

Future research on the relationship between pesticide knowledge and practices and on 

determining factors that predict better practices is required in this population. This will 

help in identifying the best intervention for women exposed to pesticides. However, 

previous studies in developing countries have shown that barriers to the transition of 

knowledge into behaviours exist 
35,36

. Focus groups and qualitative interviews could 

help to identify these barriers by providing an opportunity for open discussion that is 

not available through quantitative surveys. Qualitative research could also remove any 

potential cultural or fear bias that may lead women to under-report risky behaviours.  

 

13.4 ORIGINAL CONTRIBUTION OF THE THESIS  

This thesis has contributed to the scholarship in several ways. It has added to our 

understanding on knowledge on the relationship between pesticide exposure and the risk 

of breast cancer. Although no consistent association was found between pesticide 

exposure variables examined in this study and the risk of breast cancer, our findings 

further elucidated different aspects of exposure that might be worthwhile considering in 

other studies of pesticide and cancer in an Australian context.  
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The BCEES contributed to our understanding of pesticide exposure and breast cancer 

because it has been one of the very few studies that have examined breast cancer in 

relation to different pesticide exposure sources. The results showed that the prevalence 

of pesticide exposure in the workplace was low but was high in the household in both 

cases and controls. Hence, this study recommends that future studies to be carried out in 

countries where the prevalence of pesticide exposure in the workplace is higher than 

that of household pesticides. In addition, the BCEES was one of the few studies that 

have examined the association of noticing pesticide spray drift at younger age and the 

risk of breast cancer. The implications of these findings are that it may be more use for 

future research on pesticide exposure and breast cancer to concentrate on exposure at 

younger age rather than concentrating on recent pesticide exposure.  

 

This thesis has increased our knowledge of breast cancer in Yemen. Even though the 

study did not collect information on the incidence of breast cancer due to the lack of a 

cancer registry in Yemen, it presented recent data from the largest cancer registry in 

Yemen. This study indicated that breast cancer is possibly a disease of young women in 

the Yemeni population, highlighting the need for analytical epidemiological studies in 

Yemen to understand the risk factors of breast cancer. Moreover, this study showed that 

majority of breast cancer cases presented with late disease, stressing the need to plan 

and develop effective programs for early detection of breast cancer targeting women of 

all age groups.  

 

The findings of the occupational pesticide exposure study among Yemeni women 

provided valuable epidemiologic information on occupational activities, and the nature 

of pesticide exposure among women working in agriculture in the developing world. 

This study will facilitate future studies to provide a specific basis for pesticide control in 

these countries. This study indicated that women living in less developed countries may 

have different traditions and socioeconomic backgrounds which may result in different 

pesticide exposures in comparison to women in developed countries. Hence, this 

information is vital background information in order to be able to undertake studies of 

the association between pesticide exposure and breast cancer in countries such as 

Yemen. 
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13.5 CONCLUSION  

In conclusion, though I have not definitively answered the question of whether pesticide 

exposure is associated with breast cancer, I have identified important areas for future 

research, and through our exploration, identified important issues regarding pesticide 

exposure assessment. The characteristic of breast cancer and the nature of pesticide 

exposure among women living in developing countries such as Yemen appear to be 

different from women living in developed countries. We hope that these finding will 

help researchers improve futures studies, so that we can better understand and prevent 

breast cancer.  
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APPENDIX 1 AGROCHEMICALS REGISTERED FOR USE IN AUSTRALIA 

Crop  Herbicide active constituents 

 

Almond 

Carfentrazone-ethyl  

Glufosinate-ammonium  

Glyphosate 

Napropamide  

Norflurazon  

Oryzalin 

Oxyfluorfen  

Simazine 

 

Asparagus Bromacil  

Diquat 

Diuron  

Metribuzin 

Sethoxydim  

Simazine 

Avocado 2,2-DPA  

2,4-D  

Clethodim  

Diquat 

Diuron  

Fluazifop-p  

Gylphosate  

Haloxyfop 

Oryzalin  

Oxyfluorfen  

Paraquat 

Brassicas  Chlorthal dimethyl Oxyfluorfen  Sethoxydim 

Carrot Chorthal dimethyl  

Fluazifo-p 

Linuron 

Pendimethalin  

Prometryn  

Quizalofop-p-ethyl 

Sethoxydim  

Trifluralin 

Cereal  2,4 D  

Atrazine  

Bromoxynil  

Butafenacil  

Carfentrazone-ethyl  

Chlorsulfuron  

Clopyralid  

Dicamba 

Diclofop-methyl  

Diflufenican  

Diquat  

Diuron  

Fenoxaprop-p-ethyl  

Flumetsulam  

Fluroxypyr  

Glyphosate 

MCPA  

Mefenpyr-diethyl  

Metosulam  

Metsulfuron methyl  

Monosodium methylarsonate  

Oxyfluorfen  

Tralkoxydim  

Triflurali 

Citrus 2,2-DPA-sodium (dalapon sodium)  

Amitrole  

Ammonium thiocyanate  

Bromacil 

Diuron  

Fluazifop-P  

Glufosinate-ammonium  

Glyphosate  

Oryzalin  

Paraquat  

Pendimethalin  

Simazine 

 

Table 1-1: Herbicide active constituents registered for use in Australia  
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Crop  Herbicide active constituents 

Citrus Dichlobenil  

Diquat 

Haloxyfop-R methyl ester  

Norflurazon 

Trifluralin 

Grape 2,2-DPA-sodium  

Amitrole  

Ammonium thiocyanate  

Bromoxynil  

Carfentrazone-ethyl  

Dichlobenil  

Diflufenican  

Diquat  

Diuron  

Oryzalin 

Fluazifop-P  

Fluometuron  

Glufosinate-ammonium  

Glyphosate  

Haloxyfop-R methyl ester  

Isoxaben  

Methabenzthiazuron  

Napropamide 

Norflurazon 

Oxadiazon  

Oxyfluorfen  

Paraquat  

Pendimethalin  

Quizalofop-P-ethyl  

Simazine  

Trifluralin 

Lettuce Clethodim  

Fluazifop-p 

Pendimethalin  

Propyzamide 

Sethoxydim 

Lucerne  2,2-DPA-sodium (dalapon sodium)  

2,4-D  

Atrazine  

Bromoxynil  

Butroxydim  

Chlorthal dimethyl  

Diquat  

Diuron  

Ethyl dipropylthiocarbamat 

Fluazifop-P  

Flumetsulam  

Fluroxypyr 1-methyl heptyl ester  

Glyphosate  

Haloxyfop-R methyl ester  

Imazamox  

Imazethapyr  

Methabenzthiazuron  

Paraquat 

Pendimethalin  

Propaquizafop  

Propyzamide  

Quizalofop-P-ethyl  

Sethoxydim  

Simazine  

Terbacil  

Trifluralin 

Melon Clomazone  

Fluazifop-p 

Quizalofop-p-ethyl  

Sethoxydim 

Sethoxydim 

Olive Carfentrazone-ethyl  

Clethodim  

Glufosinate-ammonium 

 

 

Glyphosate  

Isoxaben 

Oryzalin  

Pendimethalin 

Table 1-1: Continued  
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Crop  Herbicide active constituents 

 

Pasture 

2,2-dpa-sodium  

2,4-d  

Amitrole  

Ammonium thiocyanate  

Atrazine  

Bromoxynil  

Butroxydim  

Carfentrazone-ethyl  

Chlorthal dimethyl  

Clopyralid  

Dicamba  

Diclofop-methyl  

Diflufenican  

Diquat  

Diuron  

Ethofumesate 

Fluazifop-p  

Flumetsulam  

Flupropanate  

Fluroxypyr 1-methyl heptyl ester  

Glyphosate  

Haloxyfop-r methyl ester  

Hexazinone  

Imazamox  

Imazapic  

Imazethapyr  

Mcpa  

Methabenzthiazuron  

Metolachlor  

Metsulfuron-methyl  

Molinate  

Paraquat 

Pendimethalin  

Picloram  

Prometryn  

Propaquizafop  

Quizalofop-p-ethyl  

Sethoxydim  

Simazine  

Sodium chloride  

Tebuthiuron  

Terbacil  

Terbutryn  

Thiobencarb  

Tribenuron-methyl  

Triclopyr  

Trifluralin 

Pistachio Carfentrazone-ethyl  

Glufosinate-ammonium 

Glyphosate  

Oxyfluorfen 

 

Pome fruit 2,2 dpa  

Ametryn  

Amitrole  

Ammonium thiocyanate  

Asulam  

Bromacil  

Carfentrazone-ethyl  

Clethodim  

Dichlobenil 

Diquat  

Diuron  

Fluazifop-p  

Glufonisate-ammonium  

Glyphosate  

Haloxyfop  

Isoxaben  

Norflurazon 

Norflurazon  

Paraquat  

Trifularin 

 

 

Table 1-1: Continued  
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Crop  Herbicide active constituents 

 

Potato 

2,4-d, amitrole  

Ammonium thiocyanate  

Atrazine  

Carfentrazone-ethyl  

Chloridazon  

Chlorthal dimethyl  

Clomazone  

Dicamba  

Dichlobenil  

Diquat 

Diuron  

Fluoroxypyr  

Glufonisate-ammonium  

Glyphosate  

Ioxynil  

Isophorone  

Linuron  

Mcpa  

Methabenzthiazuron  

Metolachlor  

Metribuzin 

Napropamide 

Norflurazon  

Oxyfluorfen  

Paraquat  

Pendimethalin  

Phenmedipham  

Prometryn  

Propachlor  

Rimsulfuron  

Simazine  

Sodium chloride  

Trifluralin 

Pumpkin Clomazone  

Fluazifop-p 

Quizalofop-p-ethyl  

Sethoxydim 

 

Stone fruit Ammonium thiocyanate  

Diquat  

Fluazifop-p  

Glufosinate-ammonium 

Glyphosate  

Haloxyfop  

Napropamide 

Norflurazon  

Paraquat  

Trifularin 

 

Tobacco  2,2-dpa  

Clomazone 

Metolachlor  

Oxyfluorfen 

Pebulate  

Trifluralin 

Tomato  Fluazifop-p  

Glufonisate-ammonium  

Metribuzin  

Napropamide 

Pebulate  

Pendimethalin  

Quizalofop-p 

Rimsulfuron  

Sethoxydim  

Trifluralin 

Walnut  Carfentrazone-ethyl Glufosinate-ammonium  Glyphospate  

  

 

 

Table 1-1: Continued  
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Crop  Insecticide active constituents 

Almond Dicofol  

Paraffinic oil 

Petroleum oil Sulfur 

Asparagus Chlorpyrifos  

Cypermethrin  

Dimethoate 

Paraffinic oil  

Petroleum oil  

Pirimicarb 

Spinosad  

Tau-fluvalinate 

Avocado Acephate  

Bendiocarb  

Betacyfluthrin  

Bifenthrin  

Cadusafos  

Carbaryl  

Chlorpyrifos  

Clofentezine  

Diazinon  

Dichlorvos 

Dicofol  

Dimethoate  

Endosulfan  

Fenamiphos  

Fenbutatin oxide  

Fenthion  

Fipronil  

Hydramethylnon  

Methidathion 

 

Omethoate  

Oxamyl  

Parraffinic oil  

Petroleum oil  

Prothiofos  

Pyridaben  

Spinosad  

Terbufos  

Trichlorfon 

Brassicas  Baccilus thuringiensis 

Betacyfluthrin  

Bioallethrin  

Bioresmethrin  

Carbaryl  

Chlorfenapyr  

Chlorpyrifos  

Cyhalothrin 

Deltamethrin  

Dimethoate  

Esefenvalerate  

Fenamiphos  

Imidacloprid  

Maldison  

Methamidophos  

Methomyl 

Parathion-methyl  

Rotenone  

Spinosad  

Tau-fluvinate  

Thiodicarb  

Triadimenol  

Trichlorfon 

Carrots Carbaryl  

Chlorpyrifos  

Diazinon  

Dimethoat 

Endosulfan  

Fenamiphos  

Maldison 

Parathion-methyl  

Phorate  

Spinosad 

 

Table 1-2: Insecticide active constituents registered for use in Australia  
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Crop  Insecticide active constituents 

Cereal  

 

Aluminium phosphide 

Amorphous silica  

Azamethiphos  

Baccilus thuringiensis 

Betacyfluthrin  

Bifenthrin 

Carbaryl 

Chloropicrin  

Chlorpyrifos-methyl  

Cypermethrin 

Deltamethrin 

Diatomaceous earth  

Diazinon 

Dichlorvos 

Dimethoate  

Endosulfan  

Esfenvalerate  

Fenitrothion 

Imidacloprid  

Maldison 

Methidathion  

Methoprene 

Methyl bromide 

Omethoate  

Parrafinic petroleum oil  

Permethrin 

Phosmet  

Piperonyl butoxide 

Pirimicarb  

Pirimiphos-methyl 

Pyrethrins  

Trichlorfon 

Citrus  Aldicarb  

Azinphos-methyl  

Bifenthrin  

Buprofenzin  

Cadusafos  

Carbaryl  

Chlorpyrifos  

Diazinon  

Dicofol  

Dimethoate 

Endosulfan  

Fenamiphos  

Fenbutatin oxide  

Fenthion  

Imidacloprid  

Maldison  

Methidathion  

Methomyl  

Omethoate  

Parathion-methyl 

Parrafin oil  

Permethrim  

Petroleum oil  

Piperonyl butoxide  

Pirimicarb  

Potassium laurate  

Spinosad  

Sulfur  

Tebufenozide 

Grape Zinphos-methyl  

Baccillus thuringiensis 

Benalaxyl  

Bifenthrin  

Buprofenzin  

Carbaryl  

Chlorpyrifos  

Cypermethrin  

Diazinon  

Dicofol  

 

Fenamiphos  

Fenitrothion  

Fenthion  

Fipronil  

Indoxacarb  

Maldison  

Methidathion  

Methomyl  

Omethoate  

Parathion-methyl  

Piperonyl butoxide  

Pirimicarb  

Prothiofos  

Pyrethrins  

Pyridaben  

Rotenone  

Spinosad  

Sulfur  

Tau-fluvalinate  

Tebufenozide  
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Crop Insecticide active constituents 

Grape Dimethoate 

Emamectin 

Permethim 

Petroleum oil  

Tetradecenyl acetate  

Trichlorfon 

Lettuce  Bioallethrin  

Bioresmethrin 

Carbaryl  

Chlorpyrifos  

Cypermethrin  

Ciazinon 

Dimethoate  

Emamectin 

Fenitrothion  

Fenamiphos  

Indoxacarb  

Maldison 

Methomyl  

Permethrin 

Fenitrothion  

Fenamiphos  

Indoxacarb  

Maldison 

Medon Bacillus thuringiensis 

Bendiocarb  

Betacyfluthrin  

Bifenthrin  

Carbaryl  

Chlorpyrifos  

Cyhalothri 

Cypermethrin  

Diazinon  

Dimethoate  

Disulfoton  

Fenitrothion  

Imidacloprid  

Maldison 

Metarhizium anisopliae  

Methidathion  

Methomyl  

Phosmet  

Pirimicarb  

Trichlorfon 

Olive Bioallethrin  

Bioresmethrin  

Carbaryl  

Chlorpyrifos  

Diazinon  

Dimethoate 

Endosulfan  

Fenamiphos  

Imidacloprid  

Maldison  

Oxythioquinox  

Paraffinic oil 

Parathion-methyl  

Petroleum oil  

Pirimicarb  

Propineb  

Spinosad  

Trichlorfon 

Pasture Dicofol  

Hydramethylnon 

  

Plstachio  Bacillus thuringiensis 

Betacyfluthrin  

Carbaryl  

Chlorpyrifos  

Cyhalothrin  

Cypermethrin  

Diazinon 

Dimethoate  

Disulfoton  

Esfenvalerate  

Fenitrothion  

Fipronil  

Gamma-cyhalothrin  

Imidacloprid 

Maldison  

Metarhizium anisopliae 

Methidathion  

Methomyl  

Omethoate  

Pirimicarb 

 

Pistachio Endosulfan  Sulfur  
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Crop Insecticide active constituents 

Pome fruit 8,10 dodecadien-1-ol  

Abamectin  

Azinphos-methyl  

Bifenazate  

Bifenthrin  

Buprofezin  

Carbaryl  

Chlorfenapyr  

Chlorpyrifos  

Clofentezine  

Cypermethrin  

Diazinon  

Dicofol  

Dimethoate  

Endosulfan 

Etoxazole  

Fenamiphos  

Fenbutatin oxide  

Fenitrothion  

Fenoxycarb  

Fenpyroximate  

Fenthion  

Hexythiazox  

Imidaclorprid  

Indoxacarb  

Maldison  

Methidathion  

Methomyl  

Omethoate  

Oxythioquinox 

Paraffin oil  

Parathion-methyl  

Petroleum oil  

Pirimicarb  

Potassium laurate  

Propargite  

Pyridaben  

Spinosad  

Sulfur  

Tau-fluvalinate  

Tebufenozide  

Tetradecenyl acetate  

Thiacloprid 

Potato Abamectin  

Acephate  

Baccilus thuringiensis 

Bioallethrin  

Bioresmethrin  

Carbaryl 

Dichlorvos  

Disfulton  

Endosulfan  

Maldison  

Methamidophos  

Methomyl  

Permethrin 

Piperonyl butoxide  

Primicarb  

Pyrethrin  

Rotenone  

Spinosad  

Sulfur  

Thiodicarb 

Pumkin  Bioallethrin  

Bioresmethrin  

Carbaryl  

Chlorpyrifos  

Diazinon  

Dimethoate 

 

Endosulfan  

Fenamiphos  

Imidaclorprid  

Maldison  

Oxythioquinox  

Paraffinic oil 

Parathion-methyl  

Petroleum oil  

Pirimicarb  

Spinosad  

Sulfur  

Trichlorfon 
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Crop Insecticide active consituents 

Stone fruit Bifenthrin  

Carbaryl  

Chlorpyrifos  

Clofentezine  

Cypermethrin  

Diazinon  

Dicofol  

Dimethoate  

Fenthion 

Fipronil  

Hexythiazox  

Imidacloprid  

Maldison  

Methidathion  

Methomyl  

Parathion-methyl  

Parrafin oil  

Petroleum oil 

Pirimicarb  

Potassium laurate  

Propargite  

Pymetrozine  

Spinosad  

Sulfur  

Thiacloprid  

Trichlorfon 

Tobacco Acephate  

Alpha-cypermethrin  

Bacillus thuringiensis 

Cadusafos  

Carbaryl  

Carbofuran  

Chlorpyrifos 

Deltamethrin  

Dichlorvos  

Dicofol  

Dimethoate  

Endosulfan  

Esfenvalerate  

Fenamiphos 

Maldison  

Methomyl  

Parathion-methyl  

Permethrin  

Thiodicarb  

Trichlorfon 

Tomato  Abamectin  

Acephate  

Bacillus thuringiensis 

Bifenthrin  

Bioallethrin  

Bioresmethrin  

Botanical oil  

Cadusafos  

Carbaryl  

Chlorpyrifos  

Cyfluthrin  

Cyhalothrin  

Cypermethrin  

Deltamethrin  

Diazinon 

Dicofol  

Dimethoate  

Emamectin  

Endosulfan  

Esfenvalerate  

Fenamiphos  

Fenitrothion  

Fenthion  

Imidacloprid  

Maldison  

Methamidophos  

Methidathion  

Methomyl  

Methoxyfenozide  

Oxamyl 

Paraffinic oil  

Parathion-methyl  

Permethrin  

Petroleum oil  

Phorate  

Piperonyl butoxide  

Pirimicarb  

Propargite  

Pyrethins  

Spinosad  

Sulfur  

Tau-fluvalinate  

Thiodicarb  

Trichlorfon 
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Crop Fungicide active constituents 

Almond Agrobacterium radiobacter 

Chlorothalonil  

Copper hydrox 

Copper oxychloride  

Copper sulphate  

Cuprous oxide 

Iprodione  

Mancozeb  

Sulfur 

Aspargus  Metiram Propamocarb  

Avocado  Azoxystrobin  

Carbendazim  

Chlorothalonil  

Copper ammonium acetate  

Copper hydroxide  

Copper oxychloride  

Copper sulphate 

Difenoconazole  

Epoxiconazole  

Fenbuconazole  

Fosetyl  

Iodine  

Mancozeb 

Metalaxyl  

Phosphorous acid  

Prochloraz  

Propiconazole  

Tebuconazole  

Thiabendazole  

Trifloxystrobin 

Brassicas  Copper ammonium acetate  

Copper hydroxide 

Difenoconazole  

Iodine  

Mancozeb  

Metalaxy 

Metiram  

Thiram  

Zineb 

Carrot Chlorothalonil  

Copper hydroxide  

Copper oxychloride  

Copper sulphate 

  

Cereal Tebuconazole  

Triadimenol 

  

Citrus 

 

 

 

 

 

 

 

Abamectin  

Carbendazim  

Copper ammonium acetate  

Copper hydroxide  

Copper oxychloride  

Copper sulphate  

Cuprous oxide 

Cyproconazole  

Fenarimol  

Guazatine  

Imazalil  

Iodine  

Mancozeb  

Metiram 

Phosphorous acid  

Propineb  

Soidum ortho-phenylphenate 

tetrahydrate  

Sulfur  

Thiabendazole  

Zineb 
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Crop  Fungicide active constituents 

Grape 8 – hydroxyquinoline  

Azoxystrobin  

Benalaxyl  

Benomyl  

Boscalid  

Captan  

Carbendazim  

Chlorothalonil  

Copper ammonium acetate  

Copper hydroxide  

Copper oxychloride  

Copper sulphate  

Cuprous oxide  

Cyproconazole  

Cyprodinil  

Dimethomorph  

Dithianon 

Fenarimol  

Fenhexamid  

Fluazinam  

Fludioxonil  

Flusilazole  

Guazatine  

Hexaconazole  

Imazalil  

Iodine  

Iprodione  

Mancozeb  

Metalaxyl  

Metiram  

Myclobutanil  

Oxadixyl  

Penconazole  

Peroxyacetic acid 

Phosphorous acid  

Potassium bicarbonate  

Procymidone  

Propineb  

Pyraclostrobin  

Pyrimethanil  

Quinoxyfen  

Spiroxamine  

Sulfur  

Tebuconazole  

Thiram  

Triadimefon  

Triadimenol  

Trichoderma harzianum  

Trifloxystrobin  

Zineb  

Ziram 

Lettus Copper ammonium acetate  

Copper hydroxide  

Copper oxychloride  

Dimethomorph  

Iprodione 

Metriam  

Mancozeb  

Metalaxyl  

Prochloraz 

Propineb  

Quintozene  

Thiram 

 

Luccene Iprodione Metalaxyl  

Melon 

 

 

 

 

 

 

Azoxystrobin  

Benalaxyl  

Bupirimate    

Carbendazim  

Chlorothalonil  

Copper hydroxide  

Copper octanoate 

Copper oxychloride  

Copper sulphate  

Dimethomorph  

Fenarimol  

Guatizine  

Imazalil  

Iodine 

 

Mancozeb  

Metalaxyl  

Metriam  

Phosphorous acid  

Triadimefon  

Triadimenol  

Zineb 
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Crop Fungicide active constituents 

Olive Copper oxychloride   

Pasture Carbendazim  

Metalaxyl  

Phosphorous acid 

  

Plastachio Agrobacterium radiobacter Sulfur  

Pome fruit Bupirimate  

Captan  

Carbendazim  

Copper ammonium acetate  

Copper hydroxide  

Copper oxychloride  

Copper sulphate  

Cyproconazole  

Cyprodinil  

Difenoconazole  

Diphenylamine  

Dithianon  

Fenarimol 

Fluquinconazole  

Flusilozole  

Fosetyl  

Hexaconazole  

Imazalil  

Iodine  

Iodocarb  

Iprodione  

Kresoxim-methyl  

Mancozeb  

Metalaxyl  

Metriam  

Penconazole 

Phosphorous acid  

Prochloraz  

Propiconazole  

Pyrimethanil  

Quintozene  

Sulfur  

Thiabendazole  

Thiram  

Triadimefon  

Trifloxystrobin  

Triforine  

Zineb  

Ziram 

Potato Azoxystrobin  

Chlorothalonil  

Copper hydroxide  

Copper oxychloride  

Copper sulfate  

Cuprous oxide 

Dimethomorph  

Fludioxonil  

Iprodione  

Mancozeb  

Metalaxyl  

Metriam 

Propineb  

Quintozene  

Sulfur  

Zineb  

Pumpkin Azoxystrobin  

Benalaxyl  

Carbendazim  

Chlorothalonil  

Copper ammonium acetate  

Copper hydroxide  

Copper oxychloride 

Cuprous oxide  

Dimethomorph  

Fenarimol  

Iodine  

Mancozeb  

Metalaxyl  

Metriam 

Oxadixyl  

Phosphorous acid  

Propineb  

Sulfur  

Triadimefon  

Triadimenol  

Zineb 

Table 1-3: Continued 



      

     

303 

 

 

 

Crop Fungicide active consitiutes 

Stone fruit 

 

Agrobacterium radiobacter 

Captan  

Carbendazim  

Copper hydroxide  

Copper oxychloride  

Cyproconazole 

Dithianon  

Iodine  

Iprodione  

Mancozeb  

Metiram  

Procymidone 

 

Propiconazole  

Sulfur  

Thiram  

Ziram 

Tabacco  Captan  

Chlorothanil  

Copper hydroxide 

Copper sulphate  

Copper ammonium acetate  

Copper oxychlorid 

Metiram  

Propineb  

Zineb 

 

Tomato Azoxystrobin  

Chlorothalonil  

Copper ammonium acetate  

Copper hydroxide  

Copper octanoate  

Copper oxychloride  

Copper sulphate  

Mancozeb  

Metalaxyl 

Cuprous oxide  

Difenoconazole  

Guatazine  

Iodine  

Iprodione  

Mancozeb  

Metalaxyl 

Metiram  

Procymidone  

Propineb  

Pyrimethanil  

Quintozene  

Sulfur  

Zineb 

 

 

Walnut  Agrobacterium radiobacter 

Copper hydroxid 

Copper oxychloride  

Copper sulphate 

Cuprous oxide  

Sulfur 
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APPENDIX 2 QUESTIONNAIRES USED IN THE 

BREAST CANCER, ENVIRONMENT AND 

EMPLOYMENT STUDY 

The BCEES lifestyle questionnaire 
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The risk perception questionnaire for cases 
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Risk perception questionnaire for controls 
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APPENDIX 3 BREAST CANCER IN YEMEN STUDY 

ETHICS APPROVAL 

Ethical approval from the University of Western Australia Human 

Ethics Committee  
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Approval from the National Oncology Centre  
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APPENDIX 4 COMMON PESTICIDES SOLD IN RETAIL 

SHOPS IN SANA’A 2010-2011 

Commercial Name Active ingredient Type Banned/Restricted 

Gimakatin Abamectin Insecticide Not Restricted 

Agromec Abamectin Insecticide Not Restricted 

Mas Abamectin Benzoate Biocides Not Restricted 

Rosorisa Abamection 

Acetamiprid 

Insecticide Not Restricted 

Kroas Acetamiprid 

Abamectin 

Insecticide Not Restricted 

Amistartop Azoxystrobin 

Difenoconazole 

Fungicide Not Restricted 

Urostar Bifenthrin Insecticide Banned 

Deltasuper Deltamethrin Insecticide Not Restricted 

Diazinon Diazinon Insecticides Restricted 

Score Difenoconazole Fungicide Not Restricted 

Parfkthion Dimethoate Insecticide Banned 

Dinazole Diniconazole Fungicides Not Restricted 

Acaratla Forta Dinobuton 

Tetradifon 

Insecticide Not Restricted 

Rubigan Fenarimol Fungicides Fungicides 

Samdofen rate Fenvalerate Insecticide Not Restricted 

Power Topas Hexaconazole Fungicide Banned 

Bgrnaat Imidacloprid Insecticide Not Restricted 

Londen Imidacloprid Insecticide Not Restricted 

Gardina Lambda Cyhalothrin Insecticides Not Restricted 

Super faw Lambda Cyhalothrin Insecticide Not Restricted 

Mentec Lambda Cyhalothrin Insecticide Not Restricted 

Karate Lambda Cyhalothrin Insecticide Not Restricted 

Taxil Metalaxyl 

Diniconazole 

Fungicides Not Restricted 

Agrinate Methomy Insecticide Banned 

Penzol Topas Penconazole Fungicide Not Restricted 

Topaz Penconazole Fungicide Not Restricted 

Crystal Triadimenol Insecticide Not Restricted 

Treflanac Trifluralin Insecticide Restricited 
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WOMEN STUDY ETHICS APPROVAL  
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Ethical approval from the University of Western Australia Human 

Ethics Committee  
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Approval from the Ministry of Education in Yemen 
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APPENDIX 6 DAUGHTER AND MOTHER CONSENT 

FORMS USED IN PESTICIDE EXPOSURE AMONG 

YEMENI WOMEN STUDY-ENGLISH VERSION 
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APPENDIX 7 DAUGHTER AND MOTHER CONSENT 

FORMS CONSENT FORM USED IN PESTICIDE 

EXPOSURE AMONG YEMENI WOMEN STUYD- ARABIC 

VERSION 
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APPENDIX 8 PESTICIDE QUESTIONAIRE USED IN 

PESTICIDE EXPOSURE AMONG YEMENI WOMEN 

STUDY-ENGLISH VERSION  
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APPENDIX 9 PESTICIDE QUESTIONAIRE USED IN 

PESTICIDE EXPOSURE AMONG YEMENI WOMEN 

STUDY -ARABIC VERSION  
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APPENDIX 10 FIRST PAGE OF PUBLICATIONS 

ARISING FROM THE MATERIAL IN THIS THESIS 

Note: The Study presented in Chapter Six has been accepted for publication but 

has not yet been published.  

 



      

     

443 

 

 

 

 

 

 



      

     

444 

 

 

 

 

 

 

 

 


