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CHAPTER I 

INTRODUCTION 

 

1.1 Background of the study 

Thailand is known as an agricultural country. In Thailand’s agricultural 

communities, a number of pesticide products have been highly used in agricultural 

farming and has raised concerns about potential adverse effects on human health and 

the environment. According to the National Statistical Office of Thailand (2003a), 

54.4% of agriculture areas reported using pesticides, of which 45.9% used chemicals. 

The majority of agricultural areas using pesticides are located in the Central and 

Northeastern Region (76.5% and 44.9% respectively) of Thailand, which includes 

Nakhon Ratchasima (6.39 million rais) and Ubonratchathani (4.40 million rais) 

province (1rai = 1,600 square meters) (TNSO, 2003b). 

The amount of imported pesticides rose from 29,189 million tons in 1993 to 

65,074 million tons in 2002. Pesticides most frequently imported for agricultural use 

includes glyphosate, carbofuran, methamidophos, 2,4-D sodium, atrazine, methyl 

parathion, alachlor, and chlorpyrifos (Department of Agriculture Thailand, 2003). 

Pesticides belong to a wide group of chemicals which are of a growing public 

health concern. Pesticide exposure has been associated with leukemia, non- 

Hodgkin’s lymphoma (NHL) and other cancers (Meinert et al., 2000; Richter and 

Chlamtac, 2002), respiratory symptoms (Salameh et al., 2003) and hormonal and 

reproductive abnormalities (Bell et al., 2001). More specifically, exposure to 

organophosphate insecticides (e.g. chlorpyrifos) have been associated with delayed 

neuropathy, chromosome aberrations, central nervous system alterations and NHL 

(Maroni and Fait, 1993); and glyphosate has been associated with adverse 

neurobehavioral development (Garry et al., 2002).  
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Pesticide compounds that are used outdoors or occupationally have also been 

found to contaminate indoor environments. Outdoor contaminants can be tracked 

indoors by shoes, clothes and air drift (Lewis et al., 2001). Bouvier et al. (2006), 

found people were exposed inside their homes to various insecticides, such as 

organochlorines, organophosphates and pyrethroids and also to wood preservatives 

and some herbicides and fungicides . 

The National Institute for Occupational Health and Safety (NIOSH) conducted 

a study to evaluate the potential contamination of the home by substances brought 

home from the workplace. The study raised concern when it showed that 

contamination of worker’s homes was a global problem (Curwin et al., 2002). 

Research has shown that childhood cancer has been associated with children whose 

parents’ occupations involve pesticide application (Daniels et al., 1997; Zahm and 

Ward, 1998; Flower et al., 2004) and household pesticide use has been associated 

with childhood leukemia (Ma et al., 2002). 

Children and spouses of farmers are potentially indirectly exposed to 

pesticides tracked into farm homes on the clothing and shoes of farmer workers 

(Curwin et al., 2002). Children living with parents who work with agricultural 

pesticides, or who live in close proximity to pesticide-treated farmland, have higher 

exposures than do other children living in the same community (Fenske et al., 2002; 

Lu et al., 2000). Children living in agricultural areas may also be exposed to higher 

levels of pesticides than other children as a result of pesticide drift, playing in nearby 

fields, or through breast milk from their mothers who work on the farm or who have 

been indirectly exposed through their spouse (Eskenazi et al., 1999).  

Pesticide urine concentrations among the children of farmers and farm 

workers have been shown to be elevated when compared with children of non-farm 

families (Loewenherz et al, 1997; Lu et al., 2000) and pesticide levels in house dust 

have been correlated with urinary pesticide levels in children and adults living in the 

home. Differences in children’s physiology, behavior patterns and hygiene may result 

in significantly greater exposures of children to environmental contaminants than 

adults (Bearer, 1995). Small children spend much of their time on the floor or ground 
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and are very likely to come into contact with pesticide residues uncovered floors 

when playing inside and yard dirt when playing outside (Renwick, 1998). Children 

may also be more susceptible than adults to the toxic effects of pesticides, due to the 

sensitivity of developing organ systems.  

Pesticide exposure can occur directly and indirectly through several pathways. 

Dermal exposure can occur when directly handling pesticides through mixing and 

application. Inhalation and indirect ingestion can occur as well (Curwin et al., 2002). 

In farm homes, families may be exposed to pesticides even though they may not 

participate in farming activities involving pesticide use. Residential environments in 

proximity to farm operations where pesticides are used may be contaminated through 

a variety of routes including through the air, tracking contaminated soil into the home 

on shoes, and through deposition on the clothing of applicators. Indirect inhalation 

and dermal exposure of families to pesticides may occur through redistribution of 

pesticides via indoor air to surfaces. Families can also be exposed to pesticides 

through food or drinking water and in homes that have been sprayed with pesticides  

The potential for pesticide exposure of susceptible groups, such as children 

and the elderly, living in agricultural communities is a serious concern. Individuals 

living in these communities can be exposed to pesticides through several pathways. 

For example, inhalation exposure via pesticide application; re-suspension of 

contaminated dust; dermal exposure via contact with contaminated surface or soil 

outside the home and indirect ingestion via hand to mouth after contact with 

contaminated surface (Figure 1.1). 
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Figure 1.1 sources of exposure for agricultural communities 
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1.2 Research Questions  

 

1. Is the environmental media (e.g. air, dust, drinking water) related to the 

urinary pesticide levels in people living in agricultural communities? 

2. Do people living in agricultural communities have high pesticide exposure? 

3. What is the concentration of urinary pesticides metabolites in people living in 

agricultural communities? 

 

1.3 Research Objectives  

 

1. To evaluate the risk pesticide exposures in people living in agricultural 

community. 

2. To determine the relationship between environmental media (e.g. air, dust, 

drinking water) and the urinary pesticide levels in people living in agricultural 

community. 

3. To identify environmental factors that contributes to pesticide exposure. 

 

1.4 Research Hypothesis 

 

1. The environmental media (e.g. air, dust, drinking water) is related to the 

urinary pesticide levels in people living in agricultural community. 

2. People living in agricultural community have higher pesticide exposure than 

other people. 

3. People living near agricultural farm have urinary pesticides metabolite 

concentration higher than people living far from agricultural farm. 
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1.5 Conceptual Framework 

 

   

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2 Conceptual Frameworks 
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- Drinking water  

- Surface Residues  

Personal factors: 

- Hand Wipe 

- Foot wipe 

- Urine 

Risk Communication 
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1.6 Operational Definition   

 

Non-occupational family (non-farm family) group  

In this study, non-occupational families are people living in agricultural 

communities in the Hua-Rua sub-district, Muang district, Ubonratchathani province, 

Thailand on land that is not used for farming. Including, nobody in the household 

working in agriculture or commercial pesticide application and have at least one child 

or working age or elderly in their family. 

Occupational family (Farm family) group 

In this study, occupational families are people living in agricultural 

communities in the Hua-Rua sub-district, Muang district, Ubonratchathani province, 

Thailand and work on land that is used for chili farming. Occupational families may 

include one household member that works in agriculture or commercial pesticide 

application; has at least one child; or person of working age; or elderly in their family. 

Common pesticides used 

This study concentrates on pesticide application on chili farms and household 

pesticides used in agricultural communities (organophosphate pesticides). 

Pesticide 

The US EPA defines pesticides as “substances that prevent, destroy, repel, or 

mitigate a pest”. In addition, “a product’s relative toxicity to humans or other non-

target organisms does not make it a pesticide and the Agency has concluded that the 

use of the pesticide product will not cause unreasonable adverse effects to humans or 

the environment when applied according to the label directions and restrictions” (US 

EPA, 2010). 
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Insecticide 

Insecticide is only one type of pesticides, according to the Environmental 

Protection Agency (EPA), the federal agency that regulates pesticides. Pesticides also 

include products that kill or control weeds (herbicide), rodents (rodenticide), mold 

(fungicide), bacteria, and an insecticide is a killer of insects. 

Household insecticide used 

Household insecticides were used to treat problem insects such as mosquitoes, 

ants, and cockroaches such as pyrethroid insecticides.  

Air Samples 

In this study, air samples represent pesticide concentration which people 

inhale a contaminate air during farm activity. The measuring pesticide concentrations 

via inhalation were followed by NIOSH 5600 method (Organophosphorus pesticides, 

Issue 1, dated 15 August 1994). 

Drinking water 

Drinking water in this study is a representative of pesticide contamination via 

house’s member ingestion route. Samples were collected from the bottle or cooler of 

drinking water which participants used in their house.  

Wipe samples 

Wipe samples collecting for analyzing the concentration of pesticide residue 

on hand and foot of each participant. Including hard surface of the common area in 

each house was collected. 
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Urinary Metabolite Level 

The pesticide metabolites were analyzed from the urine sample for each 

participant. These study Organophosphate pesticides were measured due to their 

mostly used in this study area. The six common dialkylphosphate (DAP) metabolites 

of OP insecticides were measured including dimethylphosphate (DMP), 

diethylphosphate(DEP), dimethylthiophosphate (DMTP), dimethyldithiophosphate 

(DMDTP), diethylthiophosphate (DETP), and diethyldithiophosphate (DEDTP) and 

the specific metabolites of organophosphate pesticides. 

Risk Communication 

The goal of risk communication is “to rectify the knowledge gap” between the 

researcher of scientific information and those receiving the information (Frewer, 

2004). Risk communication focused on communicating general risk messages to 

communities, not on communicating specific exposure or risk data to individuals. The 

collection of all samples presents a responsibility to return information to the affected 

participants.  

This study includes risk communication into the last step. The results will give 

the information and provide the knowledge of pesticide exposure to all participants 

for protect their family and themselves including reducing risk in this community.  
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CHAPTER II 

LITERATURE REVIEWS 

 

Pesticides are often referred to according to the type of pest they control. 

Another way to think about pesticides is to consider those that are chemical pesticides 

or are derived from a common source or production method. Other categories include 

bio-pesticides, antimicrobials, and pest control devices (US EPA, 2006).  

Approximately 80% are used in agriculture, 8% are used in homes and 

gardens and the remainder is used in government, commercial or industrial 

applications. Herbicides comprise the bulk of conventional pesticides used (42%) 

while insecticides (10%), fungicides (6%) and other insecticides (43%) make up the 

remainder (Kiely et al., 2004). However, residential uses of chlorpyrifos and diazinon, 

two common of OP insecticides were eliminated in 2001 and 2003 (US EPA, 2002). 

The current use or contemporary pesticides include OP, carbamates, and 

pyrethroid insecticides, and triazine, chloroacetanilides and phenoxy herbicides and 

are considered non persistent. These pesticides have much shorter environmental half-

lives. In fact, most of these pesticides are excreted from humans within 24 hr as the 

parent pesticide, a mercapturic acid detoxification product, oxidative or dealkylation 

metabolites, and/or glucuronide- or sulfate-bound metabolites (Barr et al., 2007) 

 Pesticide exposure refers to human contact with pesticides in environmental 

media. Sources of pesticide exposure include such media as dust, soil, air, water, and 

food, and routes of pesticide exposure include inhalation, ingestion, and dermal 

contact. (The course that a pesticide takes from exposure source to exposure route is 

the exposure pathway (Zartarian et al., 2005.) 
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2.1 Agricultural in Thailand 

The National Statistical Office (NSO) conducted the Fifth Agricultural Census 

in 2003 in order to collect the data on structure of agriculture obtained from the 

agricultural holdings throughout the country.  

In table 3.1, a total of 5.6 million holdings with crops in the country, 91.9% 

used fertilizers. Also found that the highest percentage of holding using fertilizers was 

in the Northeastern Region (97%) follow by Central and Northern region respectively. 

Among these 95.5% used inorganic fertilizers. The average inorganic fertilizer per rai 

of the Central Region was the highest which was 58.3 kg./rai (1rai = 1,600 m
2
) 

Agricultural Census, 2003). 

Considering the use of pesticides, 54.4% of holding reported of using 

pesticides, of which 45.9% used chemical. The majority of holdings using pesticides 

were in the Central and Northern Region (76.5 and 73.3% respectively). However, 

pesticide users were followed by in the Northeastern Region (44.9%) (Agricultural 

Census, 2003).  

 

 

 

 

 

 

 

 

 

 



12 

 

Table 2.1 Percentage distribution of holdings with crops by using fertilizer and 

pesticide (Agricultural Census, 2003)  
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In term of agricultural worker, NSO reported that 58.6% of the total holdings 

employed agricultural workers. The highest percentage of employed agricultural 

workers was in the Northeastern region (68.2%) follow by Northern and Central 

region respectively. Moreover, the highest number of permanent workers was found 

in the Northeastern region as well (99.1%). 

Table 2.2 Percentage distribution of holdings by employment and number of 

permanent workers by region (Agricultural Census, 2003) 

 

 The studies and methodologies of pesticides exposure in several pathways 

vary widely and including environmental (for example, dust and surface wipe), 

personal (for example, hand wipe) and biological sample (for example, urine). 

Summary of studies related to this study were reviewed and presented in Table 2.3.  
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2.2 Organophosphate insecticides (OP) 

OP insecticides are comprised of a phosphate (or thio- or dithio-phosphate) 

moiety and an organic moiety. In most cases, the phosphate moiety is O, O-dialkyl 

substituted. These pesticides, after being enzymatically converted to their active oxon 

form, are potent cholinesterase inhibitors by binding to the serine residue in the active 

site of acetyl cholinesterase, thus preventing its natural function in metabolism of 

acetylcholine (Barr, 2008).This action is not unique to insects, but can produce the 

same effects in wildlife and humans. 

Six DAP metabolites (dimethylphosphate (DMP), diethylphosphate(DEP), 

dimethylthiophosphate (DMTP), dimethyldithiophosphate (DMDTP), 

diethylthiophosphate (DETP), and diethyldithiophosphate (DEDTP)) are the most 

commonly measured metabolites for assessing human exposure to OP pesticides 

(Petchuay et al., 2006). Pesticide-specific metabolites of OP insecticides are also 

frequently measured. The most common metabolite measured is 3,5,6-

trichloropyridinol (3,5,6-TCPy), a metabolite of chlorpyrifos (Olsson et al., 2004) 
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2.3 Pyrethroid insecticides  

Pyrethrins are naturally-occurring chemicals that are produced by 

chrysanthemums which possess pesticidal activity. Natural pyrethrins are comprised 

of many isomeric forms and are usually classified as the pyrethrin I and II isomer sets 

with pyrethrum being a representative pyrethrin. Synthetic pyrethroids are man-made 

chemicals that are produced to mimic the effective action of natural pyrethrins; 

however, their structures are inherently more stable affording them a longer 

environmental half-life and their pesticide activity more effective.   

Pyrethroids exhibit neurotoxic effects by modulating sodium channel voltages. 

Some pyrethroids also have a slight repellent effect. In the past several years, the use 

of synthetic pyrethroids has escalated as the use of the more toxic OP and carbamate 

insecticides has been curtailed. Many products that are routinely found in retail stores 

for home use contain pyrethroids, such as permethrin and allethrin, for eliminating 

household pests such as ants and spiders (Barr, 2008). 

The metabolites of permethrin, cypermethrin, deltamethrin, and cyfluthrin are 

most commonly measured. 3-Phenoxybenzoic acid (3-PBA) is a metabolite that is 

common to as many as 20 synthetic pyrethroids. It has been measured alone, with 

other non-pyrethroid pesticides, or as a part of a suite of pyrethroid metabolites (Barr 

et al., 2007). 

Other more specific metabolites of synthetic pyrethroids have also been 

measured in urine. Cis- and transisomers of 2,2-dichlorovinyl-2,2- 

dimethylcyclopropane-1-carboxylic acid (cis- and trans-DCCA) are metabolites of 

permethrin, cypermethrin, and cyfluthrin. Pyrethroid insecticides have been measured 

in a variety of populations including occupationally exposed (Leng et al., 1996) and 

general populations. 

Because biomonitoring of pyrethroid insecticide exposure is relatively new 

compared to other exposure assessments, epidemiologic studies are just beginning to 

focus on pyrethroid exposures and any resulting health outcomes.
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2.4 Previous studies 

 Several other organophosphate exposure studies have been initiated that 

include children and in agricultural communities (Table 2.3). The most common 

target pesticides are organophosphate pesticides. Most of studies try to finding the 

pesticides concentration in several environment samples. The studies reviewed here 

have provided some new understanding into the extent of organophosphate pesticide 

exposure in agricultural community. It seems clear that people who live near treated 

farmland or children with parents working in agriculture can have higher exposure 

than other people in the same community. In addition, according to all reviewed 

studies, exposure pathways for these people and children in agricultural community 

are farmland proximity and family’s member take-home.  
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Table 2.3 Summary of studies indirect pesticide exposure in several pathways    

References Study population Sample media Pesticides Results 

Simcox et al., 1995 59 households of Farm, 

Farm-worker and non-

farm family 

Dust and soil Organophosphates Farm and farm-worker’s homes had 

significantly higher of dust 

concentration than non-farm’s homes. 

Bradman et al., 

1997 

11 households of farm-

worker and non-farm 

worker family 

Dust and hand wipe 33 different pesticides 

in dust. 

9 different pesticides 

in hand wipe. 

Farm-worker’s homes had higher dust 

concentration of chlorpyrifos and 

diazinon than non-worker’s homes. 

Loewenherz et al., 

1997 

88 children,  

age >6 years old living 

with pesticide applicators 

and reference children 

Urine Organophosphates Children in pesticide applicators site 

had significantly higher detected 

frequencies and DMTP levels in urine 

than reference children. 

Azaroff, 1999 108 households of famer 

and family living in an 

agricultural community 

Urine Organophosphates Farmers and their family who applied 

organophosphate pesticides were best 

predictors for urinary OPs metabolites. 

1
7
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References Study population Sample media Pesticides Results 

Lu et al., 2000 Children 9 months to      

6 years old living in an 

agricultural community 

Dust, hand wipe and 

urine 

Organophosphates Average pesticide metabolite 

concentrations were higher in 

agricultural children and average 

house dust OPs concentration was 

significantly higher in agricultural 

homes. 

Curl et al., 2002 218 households of farm-

workers and their 

children living in an 

agricultural community  

Dust and urine Organophosphates Azinphos-methyl concentrations in 

house dust and OPs metabolite levels 

in children and adult from same 

household were significantly 

associated.  

Frenske et al., 

2002 

Children <6 years old of 

pesticide applicators in 

farm and non-farm 

workers 

 

Dust, urine,        

hand wipe and 

surface wipe 

Chlorpyrifos and 

Parathion 

Farm-worker’s home or close 

proximility to pesticide treated 

farmland had higher concentrations in 

dust. 

1
8
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References Study population Sample media Pesticides Results 

Koch et al., 2002 Children 2-5 years old 

living in agricultural 

community 

Urine Organophosphates No differences in organophosphate 

urinary metabolite levels were seen 

due to parental occupational or 

proximity to fields. 

Thompson et al., 

2003 

Farm workers and 

children 2-5 years old 

Dust and urine Organophosphates - Dust samples from farm worker’s 

home had pesticide levels above 

the limit of quantification and also 

in urine samples. 

- Organophosphate urinary 

metabolite levels in adult and 

children from same home were 

significantly associated. 

McCauley et al., 

2003 

Agricultural and 

references family 

 

Dust Organophosphates Agricultural family had significantly 

association with pesticide residues in 

house dust. 

1
9
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References Study population Sample media Pesticides Results 

Quandt et al., 2004 Farm workers family 

with at least one        

child <7 years old. 

Hand and surface 

wipe 

21 pesticides:             

8 agricultural 

pesticides and           

13 residential 

pesticides 

Agricultural pesticide exposure was 

associated with housing close to 

agricultural fields. 

Hogenkamp et al., 

2004 

Farmer and non-farmer 

households 

Dust 7 pesticides used in 

flower farming 

Farmer’s households had higher 

detecting pesticides than non-farmer’s 

home. 

Coronado et al., 

2004 

Farm workers and     

their child 2-5 years old 

living in agricultural 

community 

Dust and urine Organophosphate  Farm workers were more likely to 

have detectable levels of Azinphos-

methyl in their houses. 

2
0
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2.4.1 Related studies 

A study on non-occupational exposures to pesticides for residents of two U.S. 

cities in 1994 (Whitmore et al.,1994). The objectives of this study were to assess total 

human exposures to 32 pesticides and pesticide degradation products in the non-

occupational environment. This study focused primarily on inhalation exposures. 

Jacksonville, Florida (USA) and Springfield/Chicopee, Massachusetts (USA) were 

studied during three seasons: Summer 1986 (Jacksonville only), spring 1987, and 

winter 1988. Probability samples of 49 to 72 persons participated in individual 

site/seasons. The primary environmental monitoring consisted of 24-hr indoor, 

personal, and outdoor air samples analyzed by gas chromatography/mass 

spectrometry and gas chromatography/electron capture detection. Indoor and personal 

air concentrations tended to be higher in Jacksonville than in Springfield/Chicopee. 

Concentrations tended to be highest in summer, lower in spring, and lowest in winter. 

Indoor and personal air concentrations were generally comparable and were usually 

much higher than outdoor air concentrations. Inhalation exposure exceeded dietary 

exposure for cyclodiene termiticides and for pesticides used mainly in the home. 

Bouvier et al (2006) conducted a study on Pesticide exposure of non-

occupationally exposed subjects compared to some occupational exposure: A French 

pilot study. This study aimed to assess residential pesticide exposure of non-

occupationally exposed adults, and to compare it with occupational exposure of 

subjects working indoors. Data about non-dietary exposure to different chemical 

classes of pesticides are scarce, especially in France. Twenty unexposed persons, five 

gardeners, seven florists and nine veterinary workers living in Paris area were 

recruited. Nineteen residences, two greenhouses, three florist shops and three 

veterinary departments were then sampled. Thirty-eight insecticides, herbicides and 

fungicides were measured in indoor air with an air sampler for 24 h, and on hands by 

wiping them with iso-propanol-wetted swabs. After extraction, samples were 

analyzed by gas and high-performance liquid chromatography. Seventeen different 

pesticides were detected at least once in indoor air and twenty-one on the hands. An 

average of 4.2+1.7 different pesticides was detected per indoor air sample. The 
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organochlorines lindane, α-endosulfan and α-HCH were the most frequently detected 

compounds, in 97%, 69% and 38% of the samples, respectively. The 

organophosphates dichlorvos and fenthion, the carbamate propoxur and the herbicides 

atrazine and alachlor were detected in more than 20% of the air samples. 

Indoor air concentrations were often low, but could reach 200–300 ng/m
3
 in 

residences for atrazine and propoxur. Propoxur levels significantly differed between 

the air of veterinary places and other places and dieldrin levels between residences 

and workplaces. There was a greater number of pesticides on hands than in air, with 

an average of 6.3+3.3 different pesticides detected per sample, the most frequently 

detected being malathion, lindane and trifluralin, in more than 60% of the subjects. 

Maximal levels (up to 1000–3000 ng/hands) were observed either in the general 

population or in workers, depending on the pesticide.  

However, no significant difference was observed between workers and general 

population hand wipe pesticide levels. As expected, gardeners were exposed to 

pesticides sprayed in greenhouses. Florists and veterinary workers, whose pesticide 

exposure had not been described until now, were also indirectly exposed to pesticides 

used for former pest control operations. Overall, general population was exposed to 

more various pesticides and at levels sometimes higher than in occupational places. 

In 2006, a studied on biological monitoring of organophosphate pesticides in 

preschool children in an agricultural community in Thailand by Petchuay et al. The 

study aimed to compare the urinary metabolites in the children living in or near the 

vegetable-farm area with those children living outside the farm area in the same sub-

district. The survey was conducted in a sample of 37 farm children and 17 non-farm 

children. They found that the levels of dialkylphosphate (DAP) metabolites were 

measured in first-morning-void urine samples. During the dry season (April–May), 

the farm children excreted significantly higher levels of all DAP metabolites than the 

reference children did (Mann–Whitney U test, p < 0.05; Wilcoxon signed-rank text, p 

< 0.05). During the wet season (September–October), DAP metabolite levels were 

similar in the two groups. Reference children showed no significant difference related 
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to season. Pesticide spraying during the dry season is a likely cause of the farm 

children’s organophosphate exposures. 

Urinary pesticide metabolites in school students from northern Thailand by 

Panuwet et al (2009). This study aimed to assess exposure to commonly used 

pesticides in school children in Chiang Mai Province, northern Thailand. They 

evaluated exposure to pesticides among secondary school students aged 12–13 years 

old in ChiangMai Province, Thailand. Pesticide-specific urinary metabolites were 

used as biomarkers of exposure for a variety of pesticides, including 

organophosphorus insecticides, synthetic pyrethroid insecticides and selected 

herbicides. We employed a simple solid-phase extraction with analysis using isotope 

dilution high-performance liquid chromatography tandem mass spectrometry (HPLC-

MS/MS). A total of 207 urine samples from Thai students were analyzed for 18 

specific pesticide metabolites. We found 14 metabolites in the urine samples tested; 

seven of them were detected with a frequency≥17%. The most frequently detected 

metabolites were 2-[(dimethoxyphosphorothioyl) sulfanyl] succinic acid (malathion 

dicarboxylic acid), para-nitrophenol (PNP), 3,5,6-trichloro-2-pyridinol (TPCY; 

metabolite of chlorpyrifos), 2,4-dichlorophenoxyacetic acid (2,4-D), cis- and trans-3-

(2,2-dichlorovinyl)-2,2-dimethylcyclopropane- 1-carboxylic acids (c-DCCA and t-

DCCA; metabolite of permethrin) and 3-phenoxybenzoic acid (3-PBA; metabolite of 

pyrethroids).  

The students were classified into 4 groups according to their parental 

occupations: farmers (N=60), merchants and traders (N=39), government and 

company employees (N=52), and laborers (N=56). Children of farmers had 

significantly higher urinary concentrations of pyrethroid insecticide metabolites than 

did other children (p<0.05). Similarly, children of agricultural families had 

significantly higher pyrethroid metabolite concentrations. Males had significantly 

higher values of PNP (Mann–Whitney test, p=0.009); however, no other sex-related 

differences were observed. Because parental occupation and agricultural activities 

seemed to have little influence on pesticide levels, dietary sources were the likely 

contributors to the metabolite levels observe. 



  24 

 

  

Naeher et al., (2010) conducted a study on organophosphorus and pyrethroid 

insecticide urinary metabolite concentrations in young children living in a 

southeastern United States city. This study aimed to evaluate young children’s 

exposures to current-use pesticides in their everyday environment. Pesticide 

metabolites are routinely measured in the urine of children in the United States. They 

performed a study in a city (Jacksonville, Florida) previously determined to have 

elevated rates of pesticide use. They enrolled a convenience sample of 203 children 

ranging in age from 4 to 6 years; their caregivers completed a questionnaire and the 

children provided a urine sample, which was analyzed for a series of 

organophosphorus and pyrethroid insecticide metabolites. The questionnaire 

responses substantiated much higher pesticide use for the study participants as 

compared to other studies. Urinary metabolite concentrations were approximately an 

order of magnitude higher than concentrations reported for young children in other 

studies. Few statistically significant differences (at the p<0.05 level) were observed, 

however, several trends are worth noting. In general, mean urinary pesticide 

metabolite concentrations were higher for males, Caucasians, and those children 

living in homes with an indoor pesticide application occurring within the past four 

weeks. Comparing the urinary pesticide metabolite concentrations in this study to 

those reported in the NHANES and GerES studies showed that the children living in 

Jacksonville had substantially higher pyrethroid pesticide exposures than the general 

populations of the United States and Germany. 
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CHAPTER III 

METHODOLOGY 

 

3.1 Study Design 

The study is designed as a cross sectional study. Pesticide exposure in an 

agricultural community in Hua-Rua sub-district, Muang district, Ubonratchathani 

province, Thailand will be investigated through administration of questionnaires; 

environmental sample collection; foot and hand wipe samples; and urine analysis. 

Data collection was conducted April 2012. Chili season is from October through May 

and pesticide use on chili crops is the highest during April.  

3.2 Study Area  

The study area is Hua-Rua Sub-District, Muang District, Ubonratchathani 

Province, Thailand. There were three chili farms selected as the center to select the 

households and participants because these farms were growing chili during data 

collection (Figure 3.1). 
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Figure 3.1 The study area is located at Hua-Rua Sub-District, Muang District, 

Ubonratchathani Province, Thailand. 
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3.3 Study population 

108 participated in this study. All study participants lived in Hua-Rua sub-

district, Muang district, Ubonratchathani province, Thailand for more than 1 year.  

The participants in this study were separated into three groups: 

1. Preschool children (2-5 years of age)  

2. Working age (15-59 years of age)  

3. Elderly people (greater than 60 years of age) 

Non-occupational family (non-farm family) group 

Inclusion criteria:  

 The housing locations where outside the farm in the agricultural 

community, Hua-Rua sub-district, Muang district, Ubonratchathani 

province, Thailand. 

 Have at least one child or working age or elderly family member. 

 Have to be on land that is not used for farming. 

 Nobody in the household is working in agriculture or commercial 

pesticide application. 

 Healthy children 2-5 years of age who have no desirable health diseases. 

 Healthy working age people 15-59 years of age who have no desirable 

health diseases.  

 Healthy elderly people greater than 60 years of age who have no 

desirable health diseases. 

 Males and females are included. 

Exclusion criteria: 

 Live outside the study area. 

 One of their family members are a farmer or working in agriculture or 

commercial pesticide application. 

 Unwilling to give urine or environment samples.  
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Occupational family (Farm family) group 

Inclusion criteria:  

 Homes are located in the agricultural community, Hua-Rua sub-

district, Muang district, Ubonratchathani province, Thailand. 

 Have at least one child or working age or elderly family member. 

 Have to reside on the land used for chili farming. 

 One member of the household is a chili farmer. 

 Healthy children 2-5 years of age who have no desirable health diseases. 

 Healthy working age people 15-59 years of age who have no desirable 

health diseases.  

 Healthy elderly people greater than 60 years of age who have no 

desirable health diseases. 

 Males and females are included. 

Exclusion criteria: 

 Live outside the study area. 

 Nobody in the household is working in agriculture or commercial 

pesticide application. 

 Unwilling to give urine or environment samples. 

All participants were screened by primary health care in this area (Tambon 

Hua-Rua Health Promoting Hospital) for desirable health diseases which include: 

- Pestilence or chronic disease. 

- Drug addiction. 

- Alcoholism. 

- Mental disorder. 
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3.4 Sample size  

Sample size calculation based on the main objective of the study to determine 

the urinary metabolite concentration. The participants in this study were divided into 

2 independent groups. To conduct the number of subject, the size of difference urine 

metabolite concentrations (d) and SD of difference (σ) were used to calculate the 

sample size.  

According to previous study (Petchuay et al., 2006), the mean and standard 

deviation of urinary metabolite concentration in agricultural area and non-agricultural 

area was used to calculate sample size. 

The formula to calculate sample size; 

   

  n  = 2(Zα/2 + Zβ)
2
σ

2
 

     d
2
 

Where: 

 n = Sample size 

 α = 0.05 

 β = 0.1 (statistical power 90%) 

 σ = Standard deviation 

 d = Difference in mean of urinary metabolite concentration   
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STATA (version10.1) is used to calculate sample size for two-sample 

comparison of means. The result showed below; 

Alpha = 0.05 (two-sided) 

Beta = 0.1 (statistical power = 90%) 

 

Group Mean SD 

1 2.14 2.5 

2 0.85 1.5 

 

Note:  

Group 1 : Children in agricultural area. 

Group 2 : Children in non-agricultural area. 

 From STATA, estimated required sample size was;  

Power of 90%, n/group = 54 

In this study was test of difference in agricultural family and non-agricultural 

family similar to the previous study and data of urinary metabolite concentration from 

the previous study was used to calculate sample size. Sample sizes can be calculated 

to detect the difference mean between two groups for perform estimation in the 

sample size determination.   

Therefore, the number of house should be 54 samples per group (non-

occupational family/farm family).   
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3.5 Household Selection 

Purposive sampling, a nonprobability sampling method, was used to select the 

households for this study since it is known that chili farmers use high concentrations 

of pesticides during the month of April. Household selection was based on residence 

location to the chili farm. Occupational families reside on the farms. Non-

occupational families lived within in a 100 m radius from the chili farms and were 

divided into three levels (Figure 3.2): 

Level 1: Reside less than 50 m from chili farm. 

Level 2: Reside 50-100 m from chili farm. 

Level 3: Reside 101-150 m from chili farm. 
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Figure 3.2 Household selection 
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3.6 Measurement Tools 

3.6.1 Questionnaire 

The questionnaires were administered in person and consisted of 2 

parts:  

Part 1: Demographics 

Basic demographic information such as gender, age, weight and height, 

occupation, household income, household location, and house characteristics 

were collected. 

Part 2: Exposure information 

Exposure information included questions regarding activities 

associated with pesticide exposure in the home and at work. For farm family 

group will add the questions about personal protective equipment use.      

Parents will be asked to complete the questionnaire for children in their 

household (Appendix A). 

 

3.6.2 Environmental samples 

3.6.2.1  Air sample 

NIOSH 5600 air sampling methods were followed for this study 

(Appendix B). The 24 h air samples were collected from the household 

common area using OSHA Versatile sampler (OVS-2) sorbent tubes, 

containing XAD-2 resin with 13 mm quartz. Pumps were set and calibrated 

according to NIOSH methods. 

All samples were transported in ice from the field. Samples were 

solvent extracted and analyzed by gas chromatography with flame photo 

detector (GC/FPD) for the applied target pesticide group. 

3.6.2.2 Drinking water 

Approximately 1 liter of water was collected from each unique 

drinking water source. Drinking water samples were collected first thing in the 

morning after overnight stagnation (8-10 h). Drinking water sample collection 
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procedures were adopted from US EPA Sampling Guidance for Unknown 

Contaminants in Drinking Water (2008). 

3.6.2.3 Surface residues 

Surface residue samples were collected from the study participant’s 

entire house. The aluminum template (114 inch
2
) was placed in the household 

common area. Before wiping within the template, the gauze was soaked with 

40% isopropanol (IPA). The wipe composite samples cleaned aluminum foil, 

were placed in plastic bags and stored in an insulated ice box. The wipe 

samples were kept at 10
o
C until analysis. This floor wiping method is 

modified from Stout II et al., (2009) method.  

 

3.6.3 Personal samples 

3.6.3.1 Hand wipe 

Gauze pads were moistened with 40% IPA and used to wipe hands for 

the presence of pesticide residues. One gauze pad was used to wipe each hand; 

one side for the palm and the back of the hand and the other side for each 

finger and area between the fingers. The wipe samples were transferred to zip-

lock plastic bags and were transported to the laboratory in an ice box. The 

wipe samples were kept at 10
o
C until analysis. 

3.6.3.2 Foot wipe 

Gauze pads were moistened with 40% IPA and used to wipe feet for 

the presence of pesticide residues. One gauze pad was used to wipe each foot; 

one side for bottom and top of the foot and the other side for each toe and area 

between the toes. The wipe samples were transferred to zip-lock plastic bags 

and were transported to the laboratory in an ice box. The wipe samples were 

kept at 10
o
C until analysis. Curwin et al., (2006) methods for wipe samples 

were followed. 
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3.6.3.3 Urine 

First morning void urine samples were collected from each participant. 

Parents were provided with one polyethylene urine collection bottle and 

instructed to collect the urine samples for children in their household.  Urine 

samples were collected in 50 mL polyethylene bottles with screw cap and 

placed in a zip-lock plastic bag and kept in a refrigerator until the samples 

were transported in dry ice to the laboratory were the samples were stored at    

-20
o
C until analysis. This urine sampling method was obtained from Panuwet 

et al. (2009). 
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3.7 Sample Collection 

Data collection was done by the researcher along with trained researcher 

assistants. All research assistances were trained in administering the questionnaires 

and in environmental sample collection, which were all demonstrated by the 

researcher. 

3.7.1 Sampling period 

Administration of questionnaires and environmental sampling were all 

conducted during April of 2012, when pesticide concentrations are the highest 

during chili season. 

 

3.7.2 Questionnaire 

The questionnaire was administered to each participant on the first 

household visit. Part 1 collected basic demographic information including 

gender, age, weight and height, occupation of household members, household 

income, household location, indoor pesticide use, house characteristics, house 

cleaning period and method. Part 2 collected exposure information and 

included questions regarding activities associated with pesticide exposure in 

the home and at work. For farm family group will add the questions about 

personal protective equipment use.  

  

3.7.3 Environmental samples 

3.7.3.1 Air samples 

Air samples were prepared using NIOSH method 5600 (NIOSH, 1994). 

Appendix C shows the NIOSH 5600 method. Air collection was started on the 

first visit. The 24 h air samples were collected from the common area and 

finished on the second visit. All samples were transport from the field in the 

ice box and transfer to a freezer. The sampler was stability at least 10 days at 

25ºC and at least 30 days at 0ºC. 
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3.7.3.2 Drinking water 

Water samples were collect on the second visit. A water sample was 

collected an approximately 1 liter from each unique drinking water source. 

Drinking water samples were collected the first liter in the morning after 

overnight stagnation (8-10 h) was sample. All samples were transport from the 

field in the ice box to laboratory.  

3.7.3.3 Surface residues 

Surface residues were collected participant’s entire house on the 

second visit. Samples were select from common area. The aluminum template 

(114 in
2
) was place in area that they stay in most of the time. The wipe was 

soaked with 40% isopropanol (IPA) before wiping within the template. The 

wipe samples were composite in cleaned aluminum foil, put in plastic bag and 

store in insulated ice box and keep in refrigerator at 10 
o
C until analysis. 

 3.7.3.4 Hand and foot wipe 

 All samples were collected on the second visit from each participant. 

Hand and foot were be wiped for the presence of pesticide residues using the 

gauze pads moistened with 40% isopropanol (IPA). Each hand/foot was used 1 

pad; one side for palm and back of the foot, other side was used to wipe each 

finger and area between the fingers. Wipe samples were transferred to zip-lock 

plastic bag and store in ice box and transport to laboratory and keep in 

refrigerator at 10 
o
C until analysis. 

3.7.3.5 Urine 

All participants were explained the urine collection instructors prior to 

the urine collection. During the first visit, the participant was given a urine 

sample container. The participant was asked to collect the urine sample in the 

morning on the second visit. First morning void urine samples were collected 

from each participant. Urine samples were collect in 50 mL polyethylene 

bottle with screw cap and put in zip-lock plastic bag and kept in refrigerator 

until it was pick up and transport on dry ice to the laboratory and keep in ice 

box during transportation and store at -20 
o
C in freezer until analysis.  
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Children: The parent were provided with one polyethylene urine 

collection bottle and instructed to collect the urine samples. 

 

Table 3.1 Sample collection period  

Day 1 Day2 

10:00 AM Early morning 10:00 AM 

- Provide urine sample 

container 

- Questionnaire 

- Urine sample collection - Drinking water collection 

- Wipe samples collection  

      (hand, foot and surface) 

 Air samples: 24 hours 
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3.8 Sample analysis 

All environmental samples (air, drinking water and surface wipe samples) and 

dermal wipe samples (hands and feet wipe samples) were sent to Central laboratory 

(Thailand) Co., Ltd. in Khon-Kaen district for analysis.  Biological samples (urinary 

metabolite) were analyzed by researchers at the Environment and Health Research 

Unit (ERU), Research Institute for Health Sciences (RIHES), Chiang Mai University.  

Urinary metabolite analysis 

Urine samples from each participant were analyzed for pesticide metabolites. 

This study focused on organophosphate pesticides due to its high usage in this study 

area.    Table 3.1 contains a list of urinary metabolites that are measured for in this 

study. 
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Table 3.2 Metabolites and their parent compounds 

 

Pesticides Metabolite common name  Abbreviation Parental compounds 

Organophosphate 

insecticides 

Dimethylphosphate DMP   

Dimethylthiophosphate DMTP Dimethyl-substituted 

Dimethyldithiophosphate DMDTP Organophosphate insecticides 

Diethylphosphate DEP  

Diethylthiophosphate DETP Diethyl-substituted 

Diethyldithiophosphate DEDTP Organophosphate insecticides 

    

The six common dialkylphosphate (DAP) metabolites of OP insecticides will 

be measured including dimethylphosphate (DMP), diethylphosphate(DEP), 

dimethylthiophosphate (DMTP), dimethyldithiophosphate (DMDTP), 

diethylthiophosphate (DETP), and diethyldithiophosphate (DEDTP). Gas 

chromatography (GC) was used for urine analysis and was equipped with a flame 

photometric detector (GC-FPD) (Petchuay et al., 2006). Methods for dialkylphosphate 

(DAP) metabolite analysis were adopted from Hardt (2000) and Petchuay (2006). 
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3.8.1 Sample Analysis Procedures 

 

Gauze patch analysis (Sample preparation) (Central laboratory (Thailand) Co.,Ltd.) 

 

Weight Sample 1 g 

+ DI water 10 ml  

+ NaCl 5 g 

+ Acetonitrile (HPLC) 10 ml 

+ Magnesium Sulfate 

Vortex Mixed 2 minutes, Centrifuge 10 minutes at 3000 rpm, 5ºC 

 

 

Transfer supernatant 5 ml to new test tube 

 

 

Dry by N2 evaporator to less than 1 ml  

 

 

Adjusted volume to 1 ml  

+ Magnesium Sulfate ½ tea spoon 

+ PSA Bowded Silica 1 tea spoon 

Vortex Mixed 1 minute, Centrifuge 3 minutes at 3000 rpm, 5ºC 

 

 

Pass solvent to Syring filter Nylon 0.2 µm 

 

 

GC-µECD / GC-FPD 
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Drinking water analysis (Sample preparation) (Central laboratory (Thailand) Co.,Ltd.) 

 

Water sample 500 ml 

+ NaCl 20 g in Separation funnel 

 

Extraction by CH2Cl2; 100: 50: 50 ml (3 times) 

 

 

Pass solvent through NaSO4 anhydrous into 250 ml round bottom (3 times) 

 

 

Dry the residue by Rotary Evaporator (Dichloromethane Program; at 40 ºC) 

 

 

Adjusted volume by ethyl acetate (AR grade) 5 ml 

 

 

GC-FPD 

 

Air sample analysis (Sample Preparation) (Central laboratory (Thailand) Co.,Ltd.) 

 

Added Toluene: Acetone (9:1, v/v) 20ml to air sampler 

 

 

Evaporated solvent by evaporator rotary (Acetone Program; 65ºC) 

 

 

Adjusted volume to 1 ml by Ethyl acetate  

 

 

GC-FPD 
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Urinary analysis (Sample preparation)  (Hardt., 2000) 

NaCl 2 g + Urine 5 ml 

+ Internal Standard  

(DBP; Conc 1.25 ppm) 50µl 

+ HCL (6mol/L) 1 ml 

Extraction by Ethyl acetate: Acetone (1:1, v/v) 5ml (2 times) 

- Shake 5 mines 

- Centrifuge 5 mines at 2000 rpm 

Organic Solvent 

+ K2CO3  20 mg 

 

Evaporated to 0.5 ml 

+ Acetonitrile 2 ml 

 

Evaporated to dry 

 

 

Dry residue 

+ K2CO3  20 mg 

+ Acetonitrile 3 ml 

+ PFBBr 50 µl 

Derivertization at 50 ºC, 15 hours 

+ H2O 4 ml 

+ Hexane 2 x 5 ml 

Liquid-Liquid Extraction  

- Shake 5 mines 

- Centrifuge 5 mines at 2000 rpm 

Organic Solvent 

- Dry by N2 

- Added Toluene 200 µl 

GC-FPD 
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Gas Chromatography (GC) condition for analysis  

 

GC-FPD 

Model:  Agilent Technology, 6890N, Made in USA 

Inlet:  Inject   2 µl 

    Temperature  200 ºC 

    Pressure  26 psi 

    Gas Type Nitrogen 

Oven:  Initial temperature 80 ºC 

    Rate (ºC/min)  Final temp (ºC) Time (min) 

    12   195   0 

    2   210   7 

    15   225   10 

    35   275   13 

    Runtime 50.51 mines 

Column: Capillary column  

Model number: Agilent DB-1701 (30m x 0.248 mm x 0.25 µm 

particle size) 

Flow: 2.6 ml/min 

Detector: Flame Photometric Detector (FPD) 

    Temperature: 220 ºC 
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GC-µECD 

Model:  Agilent Technology, 6890N, Made in USA 

Inlet:  Inject   2 µl 

    Temperature  210 ºC 

    Pressure  14 psi 

    Gas Type Nitrogen 

Oven:  Initial temperature 80 ºC 

    Rate (ºC/min)  Final temp (ºC) Time (min) 

    20   190   10 

    3   215   3 

    10   250   5 

    20   280   10 

    Runtime 47.83 mines 

Column: Capillary column  

Model number: Agilent 19091J-413 HP5 

Flow: 3.1 ml/min 

Detector: Micro-Electron Capture Detector (µECD) 

    Temperature: 320 ºC 
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3.9 Quality Control 

AOAC Peer Verified Methods Program (1993) recommends that the 

laboratory will be assessed the analytical chemical technique to document method 

validation. The standard laboratory in Center laboratory of Thailand in Khonkaen 

district was used to control inter and intra observer variation for analyzing residue of 

pesticide. For biological monitoring (urinary metabolites), all samples were prepared 

by the researcher to reach the standard quality control at Laboratory. 

 

Limit of Detection (LOD) and Limit of Quantitation (LOQ) 

The limit of detection (LOD) is the lowest concentration level that can be 

determined to be statistically different from a blank (99% confidence). The limit of 

quantitation (LOQ) is the level above which quantitative results may be obtained with 

a specified degree of confidence. 

Method Detection Limit (MDL)  

The method detection limit is the minimum concentration of a substance that 

can be measured and reported with 95% confidence that the analyze concentration is 

greater than zero. 

Assessment of method precision 

  Relative Standard Deviation (RSD) or coefficient of variation (CV) used to 

estimate the precision for multiple samples. The precision acceptance criterion 

depends on the type of analysis. The precision in environmental analysis depends on 

the sample matrix, the concentration of analyze and the analysis technique. It can vary 

between 2% and more than 20%. 

Assessment of method accuracy 

To access the method of accuracy is calculate by percent of recovery from 

analysis of reference materials, or laboratory control samples (Siriwong, 2006). 
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3.10 Ethical considerations 

This study was approved by The Ethic Review Committee for Research 

Involving Human Research Subjects, Health Science Group, Chulalongkorn 

University. With the certified code No. 054/2555 (Date of approval: 4 April 2012), all 

participants signed a consent form prior to participation in this study. Informed 

consent for parents and children about the study protocols. Parents were signed in 

consent form. The code name was used to protect the subject privacy and the data was 

kept in confidential.  
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CHAPTER IV 

RESULT 

 

This was a cross sectional study conducted in a chili farm community in Hua-

Rua sub-district, Muang district, Ubonratchathani province, Thailand.  

The study population was focused on individuals living in agricultural 

communities. The study included 108 households. Fifty-four were occupational 

households: children 18 houses, working age 18 houses, elder 18 houses and 54 non-

occupational households: children 18 houses, working age 18 houses, elder 18 houses 

were recruited to participate. Participants were selected by purposive sampling 

technique for selecting each household from chili farm community. 

 

4.1 Questionnaires information 

In this part, a face to face questionnaire was completed through 108 

households (54 occupational households and 54 non-occupational households). The 

questionnaire consisted of 2 parts; 1.)General information; general information for 

each participant such as gender, age, weight and height, information regarding 

occupational / parent’s occupational, family income, household location, indoor 

pesticide used, house characteristics, house cleaning period and method. 2.) Exposure 

information the activities associated with pesticide exposure. The questions based on 

exposure data for used to calculate average daily dose and assess the risk. For average 

daily dose calculation were gathered 3 routes of pesticide exposure including 

inhalation, dermal contact and ingestion. For farm family group were add the 

questions about personal protective equipment use. For children, parents were asked 

to complete questionnaires. The data collected was completed the information by face 

to face technique in first home visited during April, 2012. 
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4.1.1 Household insecticide uses in chili farm community
1
 

This part was to determine household insecticides use and frequency of use 

among people living in chili farm community, total 108 households. Table 4.1 showed 

the participant age ranged from 19 to 84 years. The average age (±SD) was 

53.0(±12.3) years. The majority of the respondents were in the range of 41 to 50 

(27.6%) and 61 to 70 years (27.0%), while of 24.1% were in range of 51 to 60 years 

and of 13.9% were in range of 31 to 40 years, and 5.5% of remaining were older than 

70 years.  

The majority of the participants were female (52.8%) and 47.2% were male, 

80.6% of respondents graduated from primary school and 18.5% of them graduated 

from secondary school. About half of respondents (52.7%) had an income less than 

5,000 baht per month, of 33.4% had an income 5,001-10,000 baht per month, and 

13.8% had an income more than 10,000 baht per month. Approximately, 49.1% of the 

respondents were employees, of 24.1% were farmers, of 13.0% were local business 

owners such as local food shop or grocery shop, and 11.1% of them were 

unemployed. Table 4.1 demonstrates the general profile and socio-demographic 

characteristics of sampling population. 

 

 

 

 

 

 

 

 

1
 Parts of this contents were published in Norkaew, S., Taneepanichskul, N., Siriwong, W., 

Siripattanakul, S. and Robson, M. 2012. HOUSEHOLD PESTICIDE USE IN 

AGRICULTURAL COMMUNITY, NORTHEASTERN, THAILAND. Journal of Medicine and 

Medical Sciences. 3(10): 631-637. 
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Table 4.1 Socio-demographic characteristics of the respondents (n=108) 

Characteristics 

Number 

(n=108) 

Percentage 

(%) 

Gender 

Male 

Female  

 

51 

57 

 

47.2 

52.8 

Age 

<30 

31-40 

41-50 

51-60 

61-70 

71-80 

>80 

Mean+ SD = 53.0+ 12.3 Range = 19 to 84 

 

2 

15 

30 

26 

29 

4 

2 

 

1.9 

13.9 

27.6 

24.1 

27 

3.7 

1.8 

Education 

Never 

Primary school 

Secondary school 

 

 

 

1 

87 

20 

 

0.9 

80.6 

18.5 
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Characteristics 

Number 

(n=108) 

Percentage 

(%) 

Income (Baht/month) 

< 5,000 

5,001-10,000 

10,001-15,000 

 

57 

36 

15 

 

52.7 

33.4 

13.8 

Occupation 

Unemployed 

Local business 

Employee 

Farmer 

Others 

 

12 

14 

53 

26 

3 

 

11.1 

13.0 

49.1 

24.1 

2.8 
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For household insecticide use (table 4.2), 73.1% of the participants reported 

using household insecticides. Most of them (70.9%) used pesticides bottled sprays, 

some of them (26.6%) used mosquito coils, and few of them (2.5%) used insecticides 

chalk (also known as miraculous chalk) for pest control in their house such as ants 

and small insect. Mosquitoes were the most pests reported (63.3%), followed by 

cockroaches (22.8%) and ants (13.9%). About 82.3% of the household insecticide 

users reported using pesticide 1-2 times per week, 15.2% of them used 3-4 times per 

week. Most of them (36.7%) used pesticide latest during1-2 weeks ago, 29.1% of the 

users used the latest during 3-4 weeks ago, 25.3% of them used the latest within a 

week and few of them (8.9%) used the latest over 4 weeks. Of 66.7% the respondents 

reported that after each pesticides spraying mostly in the daytime, they stayed for their 

house activities outside house around their common area during the day, but 28.7% of 

them stayed in their bed room and 4.6% stayed inside common area. 

About the frequency of house’s cleaning, it was found that  in that 45.4% of 

the respondents generally cleaned their house 1-2 times per week, 44.4% of them 

cleaned 3-4 times per week, and 10.2% of them cleaned over 5 times per week. Most 

of participants (53.7%) reported the cleaning ways that they (36.1%) sweep their 

house and follow with wet mop.  And 6.5% of them combined wet mop with 

detergent but the remaining (3.7%) used only dry mop. 
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Table 4.2 Household insecticides and their application (n=108) 

Information 

Number 

(n=108) 

Percentage 

(%) 

Household insecticide uses 

Yes
 

No 

 

79 

29 

 

73.1 

26.9 

Pests in home 

Mosquitoes 

Cockroaches  

Ants 

 

50 

18 

11 

 

63.3 

22.8 

13.9 

Type of household insecticides application 

Spray 

Coil 

Others 

 

56 

21 

2 

 

70.9 

26.6 

2.5 

Frequency of household pesticide usage  

(time(s)/week)  

1-2 

3-4 

>5 

 

 

 

65 

12 

2 

 

 

82.3 

15.2 

2.5 
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Information 

Number 

(n=108) 

Percentage 

(%) 

Latest household insecticides use 

<1 week 

1–2 weeks 

3-4 weeks 

>4 weeks 

 

20 

29 

23 

7 

 

25.3 

36.7 

29.1 

8.9 

Family area during pesticides application during 

day 

Bed room 

In house common area 

Outside common area 

 

 

31 

5 

72 

 

 

28.7 

4.6 

66.7 

Frequency of cleaning house (time(s)/week) 

1-2 

3-4 

>5 

 

49 

48 

11 

 

45.4 

44.4 

10.2 

House cleaning method. 

Sweep 

Dry mop 

Wet mop 

Wet mop with detergent 

 

58 

4 

39 

7 

 

53.7 

3.7 

36.1 

6.5 
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Among the 79 respondents indicated that they used pesticides in their house in 

which the products were mostly found such as spray, mosquito coil, and insecticide 

chalk (in Table 4.3). The product and brand names were identified using questionnaire 

and interviewer observation in the household. All household insecticide products in 

this area contain pyrethroids, for example in sprays; the active ingredients are 

esbiothrin, d-tetramethrin, cypermethrin, prallethrin, imiprothrin and permethrin. 

Mosquito coils were also commonly used and the active ingredients are esbiothrin and 

d-allethrin. However, insecticide chalk was not much used as sprays and coils in 

which the active ingredient was deltamethrin. 

In figure 4.1 shows type of household insecticide used applications that 

respondents usually used in study area and categorize by product brands. The spray 

brand 1 ingredients are esbiothrin, imiprothrin, and permethrin, the spray brand 2 

contains cypermethrin, prallethrin, and imiprothrin, and the sprays brand 3 contains d-

tetramethrin, cypermethrin, and permethrin. Most respondents reported that about 

26.6% of respondents used the spray brand 3 (26.6%), 22.8% of the used the spray 

brand 2, and the remaining 21.5% used the spray brand 1. 

For mosquito coil, there are 3 popular products use in this area. The ingredient 

of mosquito coil brand 1 is esbiothrin, and same ingredient of brand 2 and brand 3 is 

d-allethrin. Of 13.9% the respondents used mosquito coil brand 3, 10.2% used 

mosquito coil brand 1, and few of them (2.5%) used mosquito coil brand 2. For 

insecticide chalk, the respondents reported used only one product contains 

deltamethrin, and only 2.5% of them used it as household insecticides. 
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Figure 4.1 Typical type of pesticides used in household
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Table 4.3 Active ingredients of household insecticides used in study area 

Household insecticide 

Type 

Active ingredients (%, W/W) 

Esbiothrin d-Allethrin d-Tetramethrin Deltamethrin Cypermethrin Prallethrin Imiprothrin Permethrin 

Spray Brand1 0.11      0.06 0.06 

Spray Brand2     0.1 0.03 0.03  

Spray Brand3   0.11  0.16   0.255 

Coil Brand1 0.1        

Coil Brand2  0.225       

Coil Brand3  0.2       

Insecticide chalk Brand1    0.11     

5
7
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In term of comparable of educational level and pest in home, Chi-square test 

and was applied. Type of household insecticides application and frequency of 

household insecticide usage of both groups were comparable in term of statistical.  

Cross comparisons between educational level and type of household 

insecticides application and frequency of household insecticide usage were not 

comparable (Pearson Chi-square test, p-value= 0.010and 0.002, respectively). In 

addition, household insecticide users reported that insecticides as household insects 

control. Thus, the comparable of pests in home and type of household insecticides 

application, and frequency of household insecticide usage were applied and found that 

there were not comparable (Pearson Chi-square test, p-value <0.001) as show in table 

4.4. 

 

Table 4.4 Association among education, pests in home and household insecticide uses  

Variables p-value 

Educational level & Type of household insecticides application
(1)

 0.010 

Educational level & Frequency of household insecticide usage
(2)

 0.002 

Pests in home & Type of household insecticides application
(1)

 <0.001 

Pests in home & Frequency of household insecticide usage
(2)

 <0.001 

(1) Type of household insecticides application; (Not use, Spray, Coil/Others) 

(2) Frequency of household insecticide usage; (0, 1-2, >2) 
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4.1.2 Pesticide and personal protective equipment (PPE) use information: 

Occupational family. 

Table 4.5 illustrates the respondents had duration of pesticide application 60 to 

90 minutes per time (53.8%). Most of respondents reported that they sprayed pesticide 

2 times per day (65.4%) and more than half of them sprayed pesticide 3 to 4 days per 

week (57.7%). Less than 50% of respondents wore gloves but most of them usually 

wore mask (57.7%) and boot (76.9%). 

Table 4.5 Pesticide and PPE use of farmer in farm family  

Characteristics 

Number 

(n=26) 

Percentage 

(%) 

Duration of application/ time (minutes)   

<60 

60-90 

>90 

Mean+ SD = 75.0+ 30.3 Range = 30 to 120 

 

6 

14 

6 

 

23.1 

53.8 

23.1 

Frequency of spraying pesticide (time(s)/day) 

1 

2 

 

9 

17 

 

34.6 

65.4 

Frequency of spraying pesticide (day(s)/week) 

2-3 

4-5 

 

15 

11 

 

57.7 

42.3 
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Characteristics 

Number 

(n=26) 

Percentage 

(%) 

Personal protective equipment (PPE)use 

Gloves 

Usually   

Sometimes 

Mask 

Usually   

Sometimes 

Boots 

Usually   

Sometimes 

 

 

11 

15 

 

15 

11 

 

20 

6 

 

 

42.3 

57.7 

 

57.7 

42.3 

 

76.9 

23.1 
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4.2 Residential Pesticide Contamination 

A total of 108 households (54 non-occupational families and 54 occupational 

families) were enrolled in a study investigating residential pesticide contamination. 

Air, drinking water and surface residues samples were collected from each house. 

Study house selection was depend on the residence location and separate to 3 levels.  

Level 1: far from the agricultural farm less than 50 m. 

- Non-occupational family 18 houses: children 6 houses, working age 6 

houses, elder 6 houses. 

- Occupational family 18 houses: children 6 houses, working age 6 houses, 

elder 6 houses. 

Level 2: far from the agricultural farm 50-100 m. 

- Non-occupational family 18 houses: children 6 houses, working age 6 

houses, elder 6 houses. 

- Occupational family 18 houses: children 6 houses, working age 6 houses, 

elder 6 houses. 

Level 3: far from the agricultural farm 101-150 m. 

- Non-occupational family 18 houses: children 6 houses, working age 6 

houses, elder 6 houses. 

- Occupational family 18 houses: children 6 houses, working age 6 houses, 

elder 6 houses. 

 

 

 

 

 

 



  62 

 

  

4.2.1 Environmental samples
2
 

Air, drinking water, wipe (surface residue, hand and foot) samples were 

analyzed by Central laboratory (Thailand) Co.,Ltd.  

All samples were analyzed for organophosphate pesticides and pyrethroid 

insecticides. Organophosphate pesticides (chlorpyrifos) were detected in 24 air 

samples (22.2%). All of drinking water samples were not detected all pesticides. 

Approximately 21.3% of surface wipe samples were detected organophosphate 

pesticides (chlorpyrifos and pirimiphos-methyl) and more than half of surface wipe 

samples (56.5%) were detected pyrethroid insecticides (permethrin and cypermethrin). 

All of hands wipe and foot wipe samples were not detected organophosphate 

pesticides but 22.2% of hand wipe samples were detected permethrin and 

cypermethrin and 13.9% of foot wipe samples were detected permethin. 

In level 1: chlorpyfifos were detected in air samples, 4.6% of non-occupational 

households and 10.2% of occupational households and 5.6% of surface wipe samples 

in non-occupational households and 15.7% of surface wipe samples in occupational 

households were detected organophosphate pesticides. All surface wipe samples in 

level 2 and 3 were below the LOD for organophosphate pesticides. Although in air 

samples of level 2 were detected chlorpyrifos in both of non-occupational (2.8%) and 

occupational (3.7%) households. Most of air samples in level 3 were below the LOD, 

only 1 (0.9%) of occupational house was detected chlorpyrifos.    

 

 

 

2
Parts of this contents were published in Norkaew, S., Taneepanichskul, N., Siriwong, 

W.,Siripattanakul,S. and Robson, M. 2012.INDIRECT EXPOSURE OF FARM AND NON-

FARM FAMILY IN AGRICULTURAL COMMUNITY, UBONRATCHATHANI PROVINCE, 

THAILAND. Journal of Health Research.27(2). 
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A majority of surface wipe samples were detected in level 1, 14.8% of non-

occupational houses and (10.2%) of occupational houses. As level 1, surface wipe 

samples in non-occupational houses were detected more than occupational houses but 

in level 3 the detection frequency of surface wipe samples were equally in both of 

non-occupational and occupational households. 8.3% of hand wipe samples were 

detected in non-occupational houses and 3.7% of occupational houses in level 1. In 

level 2, only 3.7% of non-occupational and 2.8% of occupational houses were 

detected pyrethroid insecticides. Houses located in level 3 were rarely detected in 

hand and foot wipe samples. 

4.2.1.1 Air samples 

A total of 108 households enrolled, 54 occupational households and 54 non-

occupational households. Approximately 77.8% of air samples were below the LOD 

for organophosphate pesticides and all air samples were below the LOD for 

pyrethroid insecticides tested. Of the 25 air samples (23.1%), chlorpyrifos was 

detected in air samples taken from 16 occupational houses and 9 non-occupational 

houses. Cross comparisons of air samples concentration were completed among 

household of occupational family and non-occupational family. There were no 

significantly differences of detection frequencies between occupational and non-

occupational households (Chi-square test, p=0.247).   

Table 4.6 showed the detected frequency and average concentration of OPs in 

air samples with concentration range 0.001-0.002 mg/m
3
and with an average 

concentration1.28x10
-3

 mg/m
3
 in occupational houses and 1.15x10

-3
 mg/m

3
 in non-

occupational houses. The concentrations in occupational family were higher than non-

occupational family and houses in level 1 had high concentration than level 2 and 

level 3.  

There were no significant differences between non-occupational and 

occupational households for average concentration of all OPs (Mann-Whitney test, 

p>0.05). All households were cross compared between house located levels. It was 

found that all households of level 1 had significantly higher OPs concentration than 
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level 2 and level 3 (Kruskal Wallis test, p<0.001), occupational and non-occupational 

households of level 1 had significantly higher OPs concentration than level 2 and 

level 3 (Kruskal Wallis test, p<0.001 and p =0.018 respectively).
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Table 4.6 Detected frequency and average concentration of OPs (chlorpyrifos) in air samples.  

Pesticides House type Number 

(% Detection) 

Concentration (mg/m
3
) 

Mean GeoMean Range 25th 50th 75th 95th 

Chlorpyrifos*  

Non-occupational family (n=56) 

Occupational family (n=56) 

24 (22.2%) 

9 (16.1%) 

15 (26.8%) 

 

1.15x10
-3 

1.28x10
-3

 

 

1.11x10
-3

 

1.21x10
-3

 

 

<LOD – 0.002 

<LOD – 0.002 

 

<LOD 

<LOD 

 

<LOD 

<LOD 

 

<LOD 

0.002 

 

0.002 

0.002 

Abbreviation: LOD= limit of detection, *LOD= 0.001 mg/m
3
 

**Samples reported as below LOD were assigned LOD prior to statistical analysis. 

6
5
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4.2.1.2 Drinking water samples 

A total of 54 drinking water samples from occupational houses and 54 

drinking water samples from non-occupational houses were not detected 

organophosphate pesticides and pyrethroid insecticides.  

4.2.1.3 Surface-wipe samples 

Surface wipe samples were collected from each household, total 108 samples. 

Approximately 11.1% of surface wipe samples were detected chlorpyrifos from 3 

non-occupational and 9 occupational households 

Cross comparisons of surface wipe samples of OPs and pyrethroid 

concentration were completed among household of occupational family and non-

occupational family. There were no significantly differences of detection frequencies 

between occupational and non-occupational households (Chi-square test, p=0.123 and 

p=0.202).   

Table 4.7 showed the detected frequency and average concentration of OPs in 

surface wipe samples with an average concentration 2.89x10
-2 

mg/cm
2
 in non-

occupational households and 4.67x10
-2 

mg/cm
2
in occupational households. Of 10.2% 

of surface wipe samples were detected pirimiphos-methyl with average concentration 

2.44x10
-2

mg/cm
2
 in non-occupational households and 3.18x10

-2 
mg/cm

2
in 

occupational households. Chlorpyrifos and pirimiphos-methyl were detected in 

surface wipe samples in both of non-occupational and occupational households 

located in level 1. Additional, an average concentration in occupational houses were 

higher than non-occupational houses.  

The majority of these samples were detected pyrethroid insecticides 

(permethrin and cypermethrin). For permethrin, there were no significantly 

differences of detection frequencies between occupational and non-occupational 

households (Chi-square test, p=0.576) and cypermethrin, there were significantly 

different between occupational and non-occupational households (Chi-square test, 

p=0.026).  About half of surface wipe samples (46.3%) were detected permethrin in 



  67 

 

  

25 non-occupational households and 25 occupational households with average 

concentration 12.4x10
-2

 mg/cm
2
, 10.8x10

-2 
mg/cm

2
 respectively. 8.4% of surface wipe 

samples were detected cypermethrin in non-occupation households with average 

concentration 3.33x10
-2 

mg/cm
2
 and 1.8% in occupational households with average 

concentration 2.29x10
-2

mg/cm
2
. 

There were no significant differences between non-occupational and 

occupational households for average concentration of chlorpyrifos and pirimiphos-

methyl (Mann-Whitney test, p=0.067 and p=0.113 respectively). Also, there were no 

significant differences between non-occupational and occupational households for 

average concentration of permethrin (Mann-Whitney test, p=0.742) but for 

cypermethrin had significantly differences between non-occupational and 

occupational households (Mann-Whitney test, p=0.027).  All households were cross 

compared of OPs and pyrithroid concentration between house located levels. It was 

found that all households of level1 had significantly higher levels of OPs 

concentration than level2 and level3 (Kruskal Wallis test, p<0.001). Also, permethrin 

and cypermethrin concentration of level1 had significantly higher than level2 and 

level3 (Kruskal Wallis test, p=0.035 and p=0.045 respectively). 

For samples reported as below limit of detection (LOD) were assigned LOD 

prior to statistical analysis;  

LOD of chlorpyrifos  = 0.02 mg/cm
2
 

  LOD of pirimiphos-methyl  = 0.02 mg/cm
2
 

LOD of permethrin  = 0.02 mg/cm
2
 

LOD of cypermethrin  = 0.02 mg/cm
2
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Table 4.7 Detected frequency and average concentration of OPs and PY in surface wipe samples 

Insecticides House type 
Number 

(% Detection) 

Concentration (mg/cm
2
) 

Mean GeoMean Range 25th 50th 75th 95th 

Chlorpyrifos  

Non-occupational family (n=56) 

Occupational family (n=56) 

12 (11.1%) 

3 (5.36%) 

9 (16.1%) 

 

2.89x10
-2 

4.67x10
-2

 

 

2.26x10
-2

 

2.88x10
-2

 

 

<LOD – 0.18 

<LOD – 0.18 

 

<LOD 

<LOD 

 

<LOD 

<LOD 

 

<LOD 

<LOD 

 

0.18 

0.18 

Pirimiphos-methyl  

Non-occupational family (n=56) 

Occupational family (n=56) 

11 (10.2%) 

3 (5.36%) 

8 (14.3%) 

 

2.44x10
-2 

3.18x10
-2

 

 

2.19x10
-2

 

2.54x10
-2

 

 

<LOD – 0.10 

<LOD – 0.10 

 

<LOD 

<LOD 

 

<LOD 

<LOD 

 

<LOD 

<LOD 

 

0.10 

0.10 

Permethrin  

Non-occupational family (n=56) 

Occupational family (n=56) 

50 (46.3%) 

25 (44.6%) 

25 (44.6%) 

 

12.4x10
-2

 

10.8x10
-2

 

 

5.84x10
-2

 

5.25x10
-2

 

 

<LOD – 0.36 

<LOD – 0.36 

 

<LOD 

<LOD 

 

<LOD 

<LOD 

 

0.29 

0.22 

 

0.36 

0.36 

Cypermethrin  

Non-occupational family (n=56) 

Occupational family (n=56) 

11 (10.2%) 

9 (16.1%) 

2 (3.57%) 

 

3.33x10
-2

 

2.29x10
-2

 

 

2.62x10
-2

 

2.12x10
-2

 

 

<LOD – 0.10 

<LOD – 0.10 

 

<LOD 

<LOD 

 

<LOD 

<LOD 

 

<LOD 

<LOD 

 

0.10 

0.04 

6
8
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4.2.2 Personal samples 

In this part of results hands wipe and foot wipe samples were reported as 

personal.  

4.2.2.1Study Population Characteristics 

In this study was separated participants into 3 groups; children, 

working age group and elderly. The results of each group were divided by 

family’s occupational; farmer and non-farmer family.  

4.2.2.1.1Children Characteristics 

Table 4.8 showed the information of children from 18 non-

occupational households and 18 occupational households, the majority of the 

participants were male (55.6%) and 44.4% were female the participant age 

ranged from 2 to 5 years. The average age (±SD) was 3.4 (±0.8) years. In non-

occupational family; the majority of their families occupational were 

employees (61.1%), of 33.3% were local business owner such as local food 

shop or grocery shop and in occupational family; all of their families 

occupational were chili farmers (100.0%). All children in this study, most of 

their parent graduated from primary school (80.6%) and 19.4% of them 

graduated from secondary school. Table 4.8 concluded the characteristics of 

children.   

 

 

 

 

 

 



  70 

 

  

Table 4.8 General information of studied children 

Characteristics 

Household type 

Total 

(n=36) 

Non-Occupational 

Family 

(n=18) 

Occupational 

family  

(n=18) 

Gender 

Male 

Female  

 

11 (61.1%) 

7 (38.9%) 

 

9 (50.0%) 

9 (50.0%) 

 

20 (55.6%) 

16 (44.4%) 

Age (Years) 

2 

3 

4 

5 

Mean+ SD  

Range  

 

2 (11.1%) 

9 (50.0%) 

6 (33.3%) 

1 (5.6%) 

3.4 (+0.8) 

2 to 5 

 

5 (27.8%) 

4 (22.2%) 

7 (38.9%) 

2 (11.1%) 

3.5(+0.9) 

2 to 5 

 

7 (19.4%) 

13 (36.1%) 

13 (36.1%) 

3 (8.3%) 

3.4 (+0.8) 

2 to 5 

Weight (kg) 

Mean+ SD 

Range 

 

15.1 (+3.5) 

12 to 25 

 

15.1 (+3.6) 

10 to 25 

 

15.1(+3.5) 

10 to 25 

Height (cm) 

Mean+ SD 

Range 

 

85.6 (+9.5) 

70 to 108 

 

88.2 (+10.3) 

60 to 100 

 

86.9 (+9.9) 

60 to 108 
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Characteristics 

Household type 

Total 

(n=36) 

Non-Occupational 

Family 

(n=18) 

Occupational 

family  

(n=18) 

Family Occupation 

Local business 

Employee 

Chili farmer 

Others 

 

6 (33.3%) 

11 (61.1%) 

- 

1 (5.6%) 

 

- 

- 

18 (100%)  

- 

 

6 (16.7%) 

11(30.6%) 

18 (50.0%) 

1 (2.8%) 

Education: Parent’s education 

Primary school 

Secondary school 

 

16 (88.8%) 

2 (11.1%) 

 

13 (72.2%) 

5 (27.8%) 

 

29 (80.6%) 

7 (19.4%) 

 

Table 4.9 showed the information of house characteristics of studied 

children, all of studied children were almost having equally chili farm’s area 

that nearest their houses (3.0 rais of occupational family and 3.3 rais of non-

occupational family). The average house’s area was 100.3 square meters and 

most of their houses had 2 floors (61.1%). 

  

 

 

 

 



  72 

 

  

Table 4.9 House Characteristics of studied children 

Characteristics 

Household type 

Total 

(n=36) 

Non-Occupational 

Family 

(n=18) 

Occupational 

family  

(n=18) 

Residence located (From farm area: m) 

<10 

10-30 

31-50 

51-70 

71-90 

91-100 

101-130 

131-150 

 

1 (5.6%) 

1 (5.6%) 

4 (22.2%) 

2 (11.1%) 

3 (16.7%) 

1 (5.6%) 

4 (22.2%) 

2 (11.1%) 

 

3 (16.7) 

2 (11.1%) 

1 (5.6%) 

4 (22.2) 

2 (11.1%) 

- 

2 (11.1%) 

4 (22.2%) 

 

4 (11.1%) 

3 (8.3%) 

5 (13.9%) 

6 (16.7%) 

5 (13.9%) 

1 (2.8%) 

6 (16.7%) 

6 (16.7%) 

Farm area nearest residence (rai(s)*) 

Mean+ SD 

Range 

 

3.3 (+1.3) 

2 to 5 

 

3.0 (+1.0) 

2 to 5 

 

3.2 (+1.2) 

2 to 5 

House characteristics 

House area (m
2
) 

Mean+ SD 

Range 

 

 

96.7 (+22.8) 

50 to 150 

 

 

103.9 (+20.6) 

80 to 150 

 

 

100.3 (+21.7) 

50 to 150 
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Characteristics 

Household type 

Total 

(n=36) 

Non-Occupational 

Family 

(n=18) 

Occupational 

family  

(n=18) 

House floor(s) 

1 

2 

 

6 (33.3%) 

12(66.6%) 

 

8 (44.5%) 

10 (55.5%) 

 

14 (38.9%) 

22 (61.1%) 

*1rai = 1,600 square meters 

Table 4.10 showed the information of exposure in children including 

their activities that may get expose from pesticides in community. Because 

children in this study were preschool children, they were not going to school 

and may stay at home most of the day. The average time that children stay at 

home were about 22 hours and most of them and their family were stay 

outside common area during day (97.2%). Most of non-occupational children 

reported usually wear shoes when going outside their houses (83.3%) and 

approximately 72.2% of occupational children not always wear shoes when 

going out. The majority of studied children wash their foot (80.6%) and hands 

(55.5%) 1 to 2 times per day and more than half of them sometimes suck 

fingers into mouth. Most of occupational and non-occupation family reported 

cleaning houses 3 to 4 times per week (58.3%), 55.6% of them used sweep 

follow by wet mop (33.3%).In past six months, approximately 86.1% of 

respondents were sometimes had an illness. More than half of them reported 

source of drinking water in family was underground water (66.7%) and 47.2% 

of children had 11 to 15 glasses of water per day and 38.9% of them had 5 to 

10 glasses of water per day (1 glass~200 ml). 
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Table 4.10 Exposure Information of studied children 

Characteristics 

Household type 

Total 

(n=36) 

Non-Occupational 

Family 

(n=18) 

Occupational 

family  

(n=18) 

Stay at home (Hour(s)/day) 

Mean+ SD 

Range  

 

22.3 (+2.2) 

18 to 24 

 

21.9 (+2.9) 

15 to 24 

 

22.1 (+2.5) 

15 to 24 

Most house’s area usage (per day) 

In house common area 

Outside common area 

 

- 

18 (100%) 

 

1 (5.6%) 

17 (94.4%) 

 

1 (2.8%) 

35 (97.2%) 

Wear shoes when going outside home 

Never 

Sometimes 

Usually 

 

- 

3 (16.7%) 

15 (83.3%) 

 

5 (27.8%) 

13 (72.2%) 

- 

 

5 (13.9%) 

16 (44.4%) 

15 (41.7%) 

Frequency of foot wash (time(s)/day) 

1-2 

3-4 

 

 

 

 

14 (77.8%) 

4 (22.2%) 

 

15 (83.3%) 

3 (16.7%) 

 

29 (80.6%) 

7 (19.4%) 
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Characteristics 

Household type 

Total 

(n=36) 

Non-Occupational 

Family 

(n=18) 

Occupational 

family  

(n=18) 

Children’s fingers suck into mouth  

Never 

Sometimes 

Often 

 

2 (11.1%) 

11 (61.1%) 

5 (27.8%) 

 

3 (16.7%) 

11 (61.1%) 

4 (22.2%) 

 

5 (13.9%) 

22 (61.1%) 

9 (25.0%) 

Frequency of hands wash (time(s)/day) 

1-2 

3-4 

 

10 (55.5%) 

8 (44.5%) 

 

10 (55.5%) 

8 (44.5%) 

 

20 (55.5%) 

16 (44.5%) 

Frequency of cleaning house (time(s)/week) 

1-2 

3-4 

>5 

 

- 

13 (72.2%) 

5 (27.8%) 

 

10 (55.5%) 

8 (44.5%) 

- 

 

10 (27.8%) 

21 (58.3%) 

5 (13.9%) 

House cleaning method 

Sweep 

Dry mop 

Wet mop 

Wet mop with detergent 

 

 

11 (61.1%) 

2 (11.1%) 

4 (22.2%) 

1 (5.6%) 

 

9 (50.0%) 

- 

8 (44.5%) 

1 (5.6%) 

 

20 (55.6%) 

2 (5.6%) 

12 (33.3%) 

2 (5.6%) 
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Characteristics 

Household type 

Total 

(n=36) 

Non-Occupational 

Family 

(n=18) 

Occupational 

family  

(n=18) 

Frequently of illness in the past six 

months 

Never 

Sometimes 

 

 

3 (16.7%) 

15 (83.3%) 

 

 

2 (11.1%) 

16 (88.8%) 

 

 

5 (13.9%) 

31 (86.1%) 

Source of drinking water  

Tab water 

Underground water 

Other 

 

6 (33.3%) 

11 (61.1%) 

1 (5.6%) 

 

2 (11.1%) 

13 (72.2%) 

3 (16.7%) 

 

8 (22.2%) 

24 (66.7%) 

4 (11.1%) 

Number of glasses per day 

<5 

5-10 

11-15 

>15 

 

1 (5.6%) 

6 (33.3%) 

9 (50.0%) 

2 (11.1%) 

 

- 

8 (44.5%) 

8 (44.5%) 

2 (11.1%) 

 

1 (2.8%) 

14 (38.9%) 

17 (47.2%) 

4 (11.1%) 
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4.2.2.1.2 Working age Characteristics 

Table 4.11 showed the information of working age group from 18 non-

occupational households and 18 occupational households, the majority of the 

participants were female (63.9%) and 36.1% were male the participant age 

ranged from 19 to 57 years. The average age (±SD) was 45.8 (±8.6) years. In 

non-occupational family; the majority of respondents were employees 

(66.6%), of 16.7% were local business owner and in occupational family, 

more than half of respondents were employees (55.5%), follow with chili 

farmers (27.8%) and local business (16.7%). 

Most of respondents in occupational family had income less than 5,000 

baht per month (66.6%), 27.8% of them had income 5,001-10,000 baht per 

month, 44.5% of respondents in non-occupational family had family income 

less than 5,000 baht per month and 5,001-10,000 baht per month. Most of 

participants graduated from primary school (69.4%) and 30.6% of them 

graduated from secondary school.  
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Table 4.11 Characteristics of studied working age group 

Characteristics 

Household type 

Total 

(n=36) 

Non-Occupational 

Family 

(n=18) 

Occupational 

family  

(n=18) 

Gender 

Male 

Female  

 

6 (33.3%) 

12 (66.6%) 

 

7 (38.9%) 

11 (61.1%) 

 

13 (36.1%) 

23 (63.9%) 

Age (Years) 

15-30 

31-40 

41-50 

51-59 

Mean+ SD  

Range  

 

1 (5.6%) 

5 (27.8%) 

7 (38.9%) 

5 (27.8%) 

44.3 (+10.3) 

19 to 57 

 

- 

3 (16.7%) 

9 (50.0%) 

6 (33.3%) 

47.2 (+6.3) 

35 to 55 

 

1 (2.8%) 

8 (22.2%) 

16 (44.4%) 

11 (30.6%) 

45.8 (+8.6) 

19 to 57 

Weight (kg) 

Mean+ SD 

Range 

 

55.3 (+12.3) 

34 to 85 

 

56.6 (+8.7) 

43 to 75 

 

56.0 (+10.5) 

34 to 85 

Height (cm) 

Mean+ SD 

Range 

 

153.2 (+5.2) 

145 to 165 

 

156.8 (+7.1) 

145 to 167 

 

155.0 (+6.4) 

145 to 167 
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Characteristics 

Household type 

Total 

(n=36) 

Non-Occupational 

Family 

(n=18) 

Occupational 

family  

(n=18) 

Family Occupation 

Unemployed 

Local business 

Employee 

Chili farmer 

Others 

 

1(5.6%) 

3 (16.7%) 

12 (66.6%) 

- 

2 (11.1%) 

 

- 

3 (16.7%) 

10 (55.5%) 

5 (27.8%) 

- 

 

1 (2.8%) 

6 (16.7%) 

22 (61.1%) 

5 (13.9%) 

2 (5.6%) 

Education 

Primary school 

Secondary school 

 

12 (66.6%) 

6 (33.3%) 

 

13 (72.2%) 

5 (27.8%) 

 

25 (69.4%) 

11 (30.6%) 

 

Table 4.12 showed the information of house characteristics of studied 

working age group, all of participants were almost having equally chili farm’s 

area that nearest their houses (3.1rais of occupational family and 3.2rais of 

non-occupational family). The average house’s area was 96.5 square meters 

and most of their houses had 2 floors (63.9%). 
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Table 4.12 House Characteristics of studied working age group 

Characteristics 

Household type 

Total 

(n=36) 

Non-Occupational 

Family 

(n=18) 

Occupational 

family  

(n=18) 

Residence located (From farm area: m) 

<10 

10-30 

31-50 

51-70 

71-90 

91-100 

101-130 

131-150 

 

4 (22.2%) 

1 (5.6%) 

1 (5.6%) 

4 (22.2%) 

2 (11.1%) 

- 

2 (11.2%) 

4 (22.2%) 

 

4 (22.2%) 

1 (5.6%) 

1 (5.6%) 

1 (5.6%) 

1 (5.6%) 

4 (5.6%) 

2 (11.1%) 

4 (22.2%) 

 

8 (22.2%) 

2 (5.6%) 

2 (5.6%) 

5 (13.9%) 

3 (8.3%) 

4 (11.1%) 

4 (11.1%) 

8 (22.2%) 

Farm area nearest residence (rai(s)*) 

Mean+ SD 

Range 

 

3.2 (+1.3) 

2 to 5 

 

3.1 (+1.3) 

2 to 5 

 

3.1 (+1.3) 

2 to 5 

House characteristics 

House area (m
2
) 

Mean+ SD 

Range 

 

 

101.3 (+30.0) 

80 to 200 

 

 

91.7 (+13.4) 

80 to 120 

 

 

96.5 (+23.4) 

80 to 200 
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Characteristics 

Household type 

Total 

(n=36) 

Non-Occupational 

Family 

(n=18) 

Occupational 

family  

(n=18) 

House floor(s) 

1 

2 

 

5 (27.8%) 

13 (72.2%) 

 

8 (44.5%) 

10 (55.5%) 

 

13 (36.1%) 

23 (63.9%) 

*1 rai=1,600 square meters 

Table 4.13 showed the information of exposure in working age group, 

the average time that they stay at home were about 14 hours because they are 

going to work all day and after work the house’s area that they spend their 

time were in bed room (52.8%) and outside common area (36.1%). Most of 

respondents reported usually wear shoes when going outside their houses 

(77.8%). The majority of participants washes their foot (75.0%) 1 to 2 times 

per day and washes their hands (94.4%) 3 to 4 times per day. Most of 

respondents reported cleaning houses 3 to 4 times per week (47.2%), 47.2% of 

them used sweep follow by wet mop (44.4%). In past six months, 

approximately 61.1% of respondents were sometimes had an illness. The main 

sources of drinking water in their family were tab water (44.4%) and 

underground water (30.6%). Most of respondents had more than 15 glasses of 

water per day (52.8%) and 30.6% of them had 11 to 15 glasses of water per 

day. 
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Table 4.13 Exposure Information of studied working age group 

Characteristics 

Household type 

Total 

(n=36) 

Non-Occupational 

Family 

(n=18) 

Occupational 

family  

(n=18) 

Stay at home (Hour(s)) 

Mean+ SD 

Range  

 

14.8(+3.9) 

10 to 24 

 

14.1 (+3.9) 

10 to 24 

 

14.4 (+3.9) 

10 to 24 

Most house’s area usage (per day) 

Bed room 

In house common area 

Outside common area 

 

9 (50.0%) 

2 (11.1%) 

7 (38.9%) 

 

10 (55.5%) 

2 (11.1%) 

6 (33.3%) 

 

19 (52.8%) 

4 (11.1%) 

13 (36.1%) 

Wear shoes when going outside home 

Sometimes 

Usually 

 

4 (22.2%) 

14 (77.8%) 

 

4 (22.2%) 

14 (77.8%) 

 

8 (22.2%) 

28 (77.8%) 

Frequency of foot wash (time(s)/day) 

1-2 

3-4 

 

13 (72.2%) 

5 (27.8%) 

 

14 (77.8%) 

4 (22.2%) 

 

27 (75.0%) 

9 (25.0%) 

Frequency of hand wash (time(s)/day) 

3-4 

>5 

 

17 (94.4%) 

1 (5.6%) 

 

17 (94.4%) 

1 (5.6%) 

 

34 (94.4%) 

2 (5.6%) 
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Characteristics 

Household type 

Total 

(n=36) 

Non-Occupational 

Family 

(n=18) 

Occupational 

family  

(n=18) 

Frequency of cleaning house 

(time(s)/week) 

1-2 

3-4 

>5 

 

 

7 (38.9%) 

9 (50.0%) 

2 (11.1%) 

 

 

8 (44.5%) 

8 (44.5%) 

2 (11.1%) 

 

 

15 (41.7%) 

17 (47.2%) 

4 (11.1%) 

House cleaning method. 

Sweep 

Wet mop 

Wet mop with detergent 

 

9 (50.0%) 

7 (38.9%) 

2 (11.1%) 

 

8 (44.5%) 

9 (50.0%) 

1 (5.6%) 

 

17 (47.2%) 

16 (44.4%) 

3 (8.3%) 

Frequently of illness in the past six 

months 

Never 

Sometimes 

 

 

6 (33.3%) 

12 (66.6%) 

 

 

8 (44.5%) 

10 (55.5%) 

 

 

14 (38.9%) 

22 (61.1%) 

Source of drinking water  

Tab water 

Underground water 

Other 

 

8 (44.5%) 

5 (27.8%) 

5 (27.8%) 

 

8 (44.5%) 

6 (33.3%) 

4 (22.2%) 

 

16 (44.4%) 

11 (30.6%) 

9 (25.0%) 
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Characteristics 

Household type 

Total 

(n=36) 

Non-Occupational 

Family 

(n=18) 

Occupational 

family  

(n=18) 

Number of glasses per day 

5-10 

11-15 

>15 

 

3 (16.7%) 

4 (22.2%) 

11 (61.1%) 

 

3 (16.7%) 

7 (38.9%) 

8 (44.5%) 

 

6 (16.7%) 

11 (30.6%) 

19 (52.8%) 
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4.2.2.1.3 Elderly Characteristics 

Table 4.14 showed the information of elderly group from 18 non-

occupational households and 18 occupational households, all participants were 

having equally gender (18 male and 18 female) the participant age ranged 

from 60 to 84 years. The average age (±SD) was 66.3 (±5.9) years. In non-

occupational family; the majority of respondents were unemployed (50.0%), 

of 38.9% were employees and in occupational family, most of respondents 

were employees (72.2%), follow with chili farmers (16.7%). 

Most of participants had income less than 5,000 baht per month 

(72.2%), 27.8% of them had income 5,001-10,000 baht per month and 91.7% 

of respondents graduated from primary school. 
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Table 4.14 Characteristics of studied elderly group 

Characteristics 

Household type 

Total 

(n=36) 

Non-Occupational 

Family 

(n=18) 

Occupational 

family  

(n=18) 

Gender 

Male 

Female  

 

9 (50.0%) 

9 (50.0%) 

 

9 (50.0%) 

9 (50.0%) 

 

18 (50.0%) 

18 (50.0%) 

Age (Years) 

61-70 

71-80 

>80 

Mean+ SD 

Range  

 

14 (77.7%) 

3 (16.7%) 

1 (5.6%) 

67.3 (+6.2) 

60 to 83 

 

16 (88.8%) 

1 (5.6%) 

1 (5.6%) 

65.3 (+5.6) 

61 to 84 

 

30 (83.3%) 

4 (11.1%) 

2 (5.6%) 

66.3 (+5.9) 

60 to 84 

Weight (kg) 

Mean+ SD 

Range 

 

55.7 (+11.5) 

44 to 90 

 

57.9 (+8.7) 

40 to 72 

 

56.8 (+10.1) 

44 to 90 

Height (cm) 

Mean+ SD 

Range 

 

 

154.8 (+6.0) 

145 to 165 

 

157.2(+6.4) 

150 to 170 

 

156.0 (+6.3) 

145 to 170 
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Characteristics 

Household type 

Total 

(n=36) 

Non-Occupational 

Family 

(n=18) 

Occupational 

family  

(n=18) 

Occupation 

Unemployed 

Local business 

Employee 

Chili farmer 

 

9 (50.0%) 

2 (11.1%) 

7 (38.9%) 

- 

 

2 (11.1%) 

- 

13 (72.2%) 

3 (16.7%) 

 

11 (30.6%) 

2 (5.6%) 

20 (55.6%) 

3 (8.3%) 

Education 

Never 

Primary school 

Secondary school 

 

1 (5.6%) 

16 (88.8%) 

1 (5.6%) 

 

- 

17 (94.4%) 

1 (5.6%) 

 

1 (2.8%) 

33 (91.7%) 

2 (5.6%) 

 

Table 4.15 showed the information of house characteristics of studied 

elderly group, all of participants were almost having equally chili farm’s area 

that nearest their houses (3.5 rais of occupational family and 3.7 rais of non-

occupational family). The average house’s area was 92.8 square meters and 

50.0% of their houses had 2 floors. 
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Table 4.15 House Characteristics of studied elderly group 

Characteristics 

Household type 

Total 

(n=36) 

Non-Occupational 

Family 

(n=18) 

Occupational 

family  

(n=18) 

Residence located (From farm area: m) 

<10 

10-30 

31-50 

51-70 

71-90 

91-100 

101-130 

131-150 

 

1 (5.6%) 

3 (16.7%) 

2 (11.1%) 

4 (22.2%) 

1 (5.6%) 

1 (5.6%) 

4 (22.2%) 

2 (11.1%) 

 

4 (22.2%) 

1 (5.6%) 

1 (5.6%) 

4 (22.2%) 

1 (5.6%) 

1 (5.6%) 

1 (5.6%) 

5 (27.8%) 

 

5 (13.9%) 

4 (11.1%) 

3 (8.3%) 

8 (22.2%) 

2 (5.6%) 

2 (5.6%) 

5 (13.9%) 

7 (19.4%) 

Farm area nearest residence (rai(s)*) 

Mean+ SD 

Range 

 

3.5 (+1.3) 

2 to 5 

 

3.7 (+1.3) 

2 to 5 

 

3.6 (+1.3) 

2 to 5 

House characteristics 

House area (m
2
) 

Mean+ SD 

Range 

 

 

96.1 (+11.4) 

80 to 120 

 

 

89.4 (+12.1) 

70 to 120 

 

 

92.8 (+12.1) 

70 to 120 
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Characteristics 

Household type 

Total 

(n=36) 

Non-Occupational 

Family 

(n=18) 

Occupational 

family  

(n=18) 

House floor(s) 

1 

2 

 

8 (44.5%) 

10 (55.5%) 

 

10 (55.5%) 

8 (44.5%) 

 

18 (50.0%) 

18 (50.0%) 

*1 rai=1,600 square meters 

Table 4.16 showed the information of exposure in elderly group, the 

average time that they stay at home in non-occupational family were about 20 

hours per day because most of respondents were unemployed. Thus, the average 

time of elder in non-occupational family was more than in occupational family 

(about 15 hours per day). Most of elder in non-occupational family reported that 

house’s area that they used in during day was outside common area (83.3%). 

Elder in occupational family, the house’s areas that they spend their time were in 

bed room (50.0%) and outside common area (50.0%). Most of respondents 

reported that they not always wear shoes when going outside their houses (52.8%) 

and 44.4% of respondents usually were shoes. The majority of participants in 

non-occupational family were washes their foot 3 to 4 times per day (77.8%) and 

50.0% of them washes their hands 1 to 2 times per day. In occupational family, 

more than half of participants were washes their foot (83.3%) and hands (61.1%) 

1 to 2 times per day. Most of respondents reported cleaning houses 3 to 4 times 

per week (50.0%), 58.3% of them used sweep follow by wet mop (30.6%). In 

past six months, approximately 61.1% of respondents were sometimes had an 

illness. The main sources of drinking water in their family were underground 

water (47.2%) and tab water (33.3%). Most of respondents had more than 15 

glasses of water per day (41.7%) and 33.3% of them had 11 to 15 glasses of 

water per day. 
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Table 4.16 Exposure Information of studied elderly group 

Characteristics 

Household type 

Total 

(n=36) 

Non-Occupational 

Family 

(n=18) 

Occupational 

family  

(n=18) 

Stay at home (Hour(s)) 

Mean+ SD 

Range  

 

20.4 (+3.9) 

10 to 24 

 

14.7 (+4.0) 

10 to 20 

 

17.6 (+4.9) 

10 to 24 

Most house’s area usage (per day) 

Bed room 

Outside common area 

 

3 (16.7%) 

15 (83.3%) 

 

9 (50.0%) 

9 (50.0%) 

 

12 (33.3%) 

24 (66.7%) 

Wear shoes when going outside home 

Never 

Sometimes 

Usually 

 

- 

11 (61.1%) 

7 (38.9%) 

 

1 (5.6%) 

8 (44.5%) 

9 (50.0%) 

 

1 (2.8%) 

19 (52.8%) 

16 (44.4%) 

Frequency of foot wash (time(s)/day) 

1-2 

3-4 

 

4 (22.2%) 

14 (77.8%) 

 

15 (83.3%) 

3 (16.7%) 

 

19 (52.8%) 

17 (47.2%) 

Frequency of hand wash (time(s)/day) 

3-4 

>5 

 

9 (50.0%) 

9 (50.0%) 

 

11 (61.1%) 

7 (38.9%) 

 

20 (55.6%) 

16 (44.4%) 
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Characteristics 

Household type 

Total 

(n=36) 

Non-Occupational 

Family 

(n=18) 

Occupational 

family  

(n=18) 

Frequency of cleaning house 

(time(s)/week) 

1-2 

3-4 

>5 

 

 

6 (33.3%) 

9 (50.0%) 

3 (16.7%) 

 

 

5 (27.8%) 

9 (50.0%) 

4 (22.2%) 

 

 

11 (30.6%) 

18 (50.0%) 

7 (19.4%) 

House cleaning method 

Sweep 

Dry mop 

Wet mop 

Wet mop with detergent 

 

11 (61.1%) 

- 

5 (27.8%) 

2 (11.1%) 

 

10 (55.5%) 

2 (11.1%) 

6 (33.3%) 

- 

 

21 (58.3%) 

2 (5.6%) 

11 (30.6%) 

2 (5.6%) 

Frequently of illness in the past six months 

Never 

Sometimes 

 

9 (50.0%) 

9 (50.0%) 

 

5 (27.8%) 

13 (72.2%) 

 

14 (38.9%) 

22 (61.1%) 

Source of drinking water  

Tab water 

Underground water 

Other 

 

5 (27.8%) 

10 (55.5%) 

3 (16.7%) 

 

7 (38.9%) 

7 (38.9%) 

4 (22.2%) 

 

12 (33.3%) 

17 (47.2%) 

7 (19.4%) 
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Characteristics 

Household type 

Total 

(n=36) 

Non-Occupational 

Family 

(n=18) 

Occupational 

family  

(n=18) 

Number of glasses per day 

5-10 

11-15 

>15 

 

5 (27.8%) 

6 (33.3%) 

7 (38.9%) 

 

4 (22.2%) 

6 (33.3%) 

8 (44.5%) 

 

9 (25.0%) 

12 (33.3%) 

15 (41.7%) 
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4.2.2.2 Hand-wipe samples 

A total of 108 hand wipe samples were collected from each of 54 

occupational households and 54 non-occupational households. All hand wipe 

samples were not detected organophosphate pesticides. The majority of these 

samples were below the LOD, 11.1% of hand wipe samples in 6 non-

occupational and 6 occupational households were detected permethrin with an 

average concentration 2.33x10
-2 

mg/kg in non-occupational households and 

occupational households. The average concentrations of cypermethrin were 

2.33x10
-2 

mg/kg in non-occupational household and 2.07x10
-2 

mg/kg in 

occupational households. 

In term of detected frequency, no significant differences of detection 

frequencies of hand wipe samples were found among non-occupational and 

occupational group (Chi-square test; p>0.05). The result showed that there 

were no significant differences between non-occupational and occupational 

households in all 3 groups (children, working age and elderly) for average 

concentration of permethrin and cypermethrin in hand wipe samples (Mann-

Whitney test, p>0.05).Table 4.17: showed detected frequency and average 

concentration of PY in hand wipe samples separated by house’s type and 

participant’s group. 
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4.2.2.3 Foot-wipe samples 

Of 108 participants were enrolled from 54 occupational households 

and 54 non-occupational households. Foot wipe samples were collected from 

each participant. All foot wipe samples were not detected organophosphate 

pesticides and only permethrin was detected in 7 non- occupational and 8 

occupational households. The majority of these samples were below the LOD, 

13.9% of foot wipe samples were detected permethrin with an average 

concentration 2.39x10
-2 

mg/kg in non-occupational households and 2.44x10
-2 

mg/kg in occupational households.  

For detected frequency, no significant differences of detection 

frequencies of foot wipe samples were found among non-occupational and 

occupational group (Chi-square test; p>0.05). The result showed that there 

were no significant differences between non-occupational and occupational 

households in all 3 groups (children, working age and elderly) for average 

concentration of permethrin in foot wipe samples (Mann-Whitney test, 

p>0.05).Table 4.17 showed detected frequency and average concentration of 

PY (permethrin) in foot wipe samples separated by house’s type and 

participant’s group. 

The results of hand and foot wipe samples were showed in table 4.17. 
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Table 4.17 Detected frequency and average concentrations of PY in hand and foot wipe 

samples   

Pesticides          House type Number 

Range 

(mg/kg) 

Average concentration* 

(mg/kg) 

Hand 

Permethrin 

  

 

Non-occupational family: 

Children (n=18) 

Working age (n=18) 

Elderly (n=18) 

 

4 (22.2%) 

1 (5.56%) 

1 (5.56%) 

 

<LOD – 0.05 

<LOD – 0.05 

<LOD – 0.05 

 

2.67x10
-2 

2.17x10
-2

 

2.17x10
-2

 

Occupational family: 

Children (n=18) 

Working age (n=18) 

Elderly (n=18) 

 

3 (16.7%) 

2 (11.1%) 

1 (5.56%) 

 

<LOD – 0.05 

<LOD – 0.05 

<LOD – 0.05 

 

2.50x10
-2

 

2.33x10
-2 

2.17x10
-2

 

Cypermethrin    

Non-occupational family: 

Children (n=18) 

Working age (n=18) 

Elderly (n=18) 

 

 

 

5 (27.8%) 

3 (16.7%) 

1 (5.56%) 

 

<LOD – 0.04 

<LOD – 0.04 

<LOD – 0.04 

 

2.56x10
-2 

2.33x10
-2 

2.11x10
-2 
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Pesticides          House type Number 

Range 

(mg/kg) 

Average concentration* 

(mg/kg) 

Occupational family: 

Children (n=18) 

Working age (n=18) 

Elderly (n=18) 

 

1 (5.56%) 

1 (5.56%) 

- 

 

<LOD – 0.04 

<LOD – 0.04 

- 

 

2.11x10
-2 

2.11x10
-2

 

- 

Foot  

Permethrin   

 

Non-occupational family: 

Children (n=18) 

Working age (n=18) 

Elderly (n=18) 

 

6 (33.3%) 

1 (5.56%) 

- 

 

<LOD – 0.05 

<LOD – 0.05 

- 

 

3.00x10
-2

 

2.17x10
-2

 

- 

Occupational family: 

Children (n=18) 

Working age (n=18) 

Elderly (n=18) 

 

4 (22.2%) 

1 (5.56%) 

3 (16.7%) 

 

<LOD – 0.05 

<LOD – 0.05 

<LOD – 0.05 

 

2.67x10
-2 

2.17x10
-2

 

2.50x10
-2

 

Abbreviation: LOD= limit of detection 

*Samples reported as below LOD were assigned LOD prior to statistical analysis. 
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4.2.3 Biological samples (Urinary Metabolite levels) 

“Biomonitoring is an important tool that can be used to evaluate 

human exposure to pesticides by measuring the levels of pesticides or 

pesticide metabolites in biological specimens or tissues” (Sobus et al., 2010).  

4.2.3.1 Children Urinary Metabolite levels 

A total of 36 urine samples were analyzed to assess exposure to OP 

insecticides. The detection frequency of diethylphosphate metabolites in non-

occupational family were as followed; DEP (22.2%), DETP (50.0%) and 

DEDTP (16.7%) and in occupational families were DEP (61.1%), DETP 

(61.1%) and DEDTP (50.0%). Figure 4.2 showed the detection frequencies of 

all detected metabolites.  

Children of occupational family had significantly higher detection 

frequencies of DEP (Chi-square test, p=0.041) than children of non-

occupational family. Meanwhile no significant differences of detection 

frequencies of DETP and DEDTP were found among these two groups (Chi-

square test; p=0.738 and p=0.075 respectively).   

Urinary metabolites concentration, both creatinine and non-creatinine 

adjusted results. The following were the range of diethylphosphate 

metabolites; DEP range from <LOD to 9.85 ng/mL (<LOD- 15.0 µg/g.cre), 

DETP range from <LOD to 19.0 ng/mL (<LOD- 27.7 µg/g.cre), DEDTP 

range from <LOD to 23.7 ng/mL (<LOD- 29.6 µg/g.cre) and molar summed 

DEPs range from <LOD to 0.30 ng/mL (<LOD- 0.39 µg/g.cre). 

Figure 4.2 showed the geometric mean concentration of urinary 

metabolites among children. Cross comparisons of metabolite concentrations 

found among children of occupational and non-occupational family were 

done. Children of occupational family had significant higher levels than 

children of non-occupational family for DEP (both non-creatinine and 

creatinine adjusted results; Mann-Whitney test, p=0.005 and p=0.001 
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respectively), DETP (creatinine adjusted results; Mann-Whitney test, 

p=0.042), DEDTP (both non-creatinine and creatinine adjusted results; Mann-

Whitney test, p=0.012 and p=0.003 respectively) and molar sum DEPs (both 

non-creatinine and creatinine adjusted results; Mann-Whitney test, p=0.023 

and p=0.008 respectively). The results of all metabolites of children showed in 

figure 4.3-4.4. 

According to household’s types, urinary metabolites concentration 

found in children urine samples were further compared using different 

variables that included gender, house location and presence of activities during 

day.  

There were no significant differences between male and female 

children for average concentration of all diethylphosphate metabolites (both 

non-creatinine and creatinine adjusted results; Mann-Whitney test, p>0.05). 

All children were cross compared between house located levels. It was found 

that children of level1 had significantly higher levels than children of level2 

and level3 for DETP (both non-creatinine and creatinine adjusted results; 

Kruskal Wallis test, p=0.037 and p=0.037 respectively) and DEDTP (both 

non-creatinine and creatinine adjusted results; Kruskal Wallis test, p=0.006 

and p=0.012 respectively).  
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Figure 4.2 Detected frequencies of Urinary Diethylphosphate Metabolites among Children 
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Figure 4.3 GeoMean Concentrations of Urinary Diethylphosphate Metabolites (Non-creatinine Adjusted Results) among Children 
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Figure 4.4 GeoMean Concentrations of Urinary Diethylphosphate Metabolites (Creatinine Adjusted Results) among Children 
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4.2.3.2 Working age Urinary Metabolite levels 

Of the 36 participants, 36 urine samples of working age group 

completed analyze to assess exposure to OP insecticides. The detection 

frequency of diethylphosphate metabolites in non-occupational family were as 

followed; DEP (33.3%), DETP (72.2%) and DEDTP (27.8%) and in 

occupational families were DEP (44.4%), DETP (72.2%) and DEDTP 

(22.2%). Figure 4.5 showed the detection frequencies of all detected 

metabolites.  

Cross comparisons of urinary metabolite concentration were completed 

among working age of occupational family and non-occupational family. 

There were no significant differences of detection frequencies of all 

diethylphosphate metabolites (Chi-square test, p>0.05).   

Urinary metabolites concentration, both creatinine and non-creatinine 

adjusted results. The following were the range of diethylphosphate 

metabolites; DEP range from <LOD to 29.8 ng/mL (<LOD-28.7 µg/g.cre), 

DETP range from <LOD to 124 ng/mL (<LOD- 107 µg/g.cre), DEDTP range 

from <LOD to 16.2 ng/mL (<LOD- 13.9 µg/g.cre) and molar summed DEPs 

range from <LOD to 1.00 ng/mL (<LOD-0.85 µg/g.cre). 

Figure 4.5 showed the geometric mean concentration of urinary 

metabolites among working age group. Cross comparisons of metabolite 

concentrations found among working age of occupational and non-

occupational family were done. Working age of occupational family had 

significant higher levels than working age of non-occupational family for DEP 

(creatinine adjusted results; Mann-Whitney test, p=0.038), DETP (both non-

creatinine and creatinine adjusted results; Mann-Whitney test, p=0.020 

andp=0.011 respectively) and molar sum DEPs (both non-creatinine and 

creatinine adjusted results; Mann-Whitney test, p=0.026 and p=0.018 

respectively). The results of all metabolites of working age group showed in 

figure 4.6-4.7. 
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According to household’s types, urinary metabolites concentration 

found in working age urine samples were further compared using different 

variables that included gender, house location and presence of activities during 

day.  

There were no significant differences between male and female 

working age for average concentration of all diethylphosphate metabolites 

(both non-creatinine and creatinine adjusted results; Mann-Whitney test, 

p>0.05). All participants of working age were cross compared between house 

located levels. It was found that participants of level1 had significantly higher 

levelsthan level2 and level3 for DETP (both non-creatinine and creatinine 

adjusted results; Kruskal Wallis test, p=0.005 and p=0.007 respectively) 

andmolar sum DEPs (both non-creatinine and creatinine adjusted results; 

Kruskal Wallis test, p=0.005 and p=0.006 respectively). 
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Figure 4.5 Detected frequencies of Urinary Diethylphosphate Metabolites among working age group 
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Figure 4.6 GeoMean Concentrations of Urinary Diethylphosphate Metabolites (Non-creatinine Adjusted Results) among working age group 
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Figure 4.7 GeoMean Concentrations of Urinary Diethylphosphate Metabolites (Creatinine Adjusted Results) among working age group 
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4.2.3.3 Elderly Urinary Metabolite levels 

A total of 36 urine samples were analyzed to assess exposure to OP 

insecticides. The detection frequency of diethylphosphate metabolites in non-

occupational family were as followed; DEP (5.56%), DETP (27.8%) and in 

occupational families were DEP (44.4%), DETP (38.9%). Meanwhile both of 

elderly of occupational and non-occupational family were not detected 

DEDTP. Figure 4.8 showed the detection frequencies of all detected 

metabolites.  

Elderly of occupational family had significantly higher detection 

frequencies of DEP (Chi-square test, p=0.018) than elderly of non-

occupational family. Meanwhile no significant differences of detection 

frequencies of DETP (Chi-square test; p=0.725).   

Urinary metabolites concentration, both creatinine and non-creatinine 

adjusted results. The following were the range of diethylphosphate 

metabolites; DEP range from <LOD to 7.78 ng/mL (<LOD- 7.16 µg/g.cre), 

DETP range from <LOD to 12.5 ng/mL (<LOD- 12.6 µg/g.cre) and molar 

summed DEPs range from <LOD to 0.12 ng/mL (<LOD- 0.12 µg/g.cre). 

Figure 4.8 showed the geometric mean concentration of urinary 

metabolites among elderly. Cross comparisons of metabolite concentrations 

found among elderly of occupational and non-occupational family were done. 

Elderly of occupational family had significant higher levels than elderly of 

non-occupational family for DEP (both non-creatinine and creatinine adjusted 

results; Mann-Whitney test, p=0.002 and p=0.002 respectively).There were no 

significant differences of detection frequencies of DETP and molar sum DEPs 

(both non-creatinine and creatinine adjusted results; Mann-Whitney test, 

p>0.05). The results of all metabolites of elderly showed in figure 4.9-4.10. 

According to household’s types, urinary metabolites concentration 

found in elderly urine samples were further compared using different variables 

that included gender, house location and presence of activities during day.  
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There were no significant differences between male and female elderly for 

average concentration of all diethylphosphate metabolites (both non-creatinine 

and creatinine adjusted results; Mann-Whitney test, p>0.05). All elderly were 

cross compared between house located levels. It was found that elderly of 

level1 had significantly higher levels than children of level2 and level3 for 

DETP (both non-creatinine and creatinine adjusted results; Kruskal Wallis 

test, p=0.014 and p=0.048 respectively) and molar sum DEPs (non-creatinine 

adjusted results; Kruskal Wallis test, p=0.034). 
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Figure 4.8 Detected frequencies of Urinary Diethylphosphate Metabolites among elderly group 
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Figure 4.9 GeoMean Concentrations of Urinary Diethylphosphate Metabolites (Non-creatinine Adjusted Results) among elderly group 
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Figure 4.10 GeoMean Concentrations of Urinary Diethylphosphate Metabolites (Creatinine Adjusted Results) among elderly group 
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Figure 4.11 Detected frequencies of Molar Summed Urinary Diethylphosphate Metabolites 
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Figure 4.12 GeoMean Concentrations of Molar Summed Urinary Diethylphosphate Metabolites (Non-creatinine Adjusted and creatinine 

Adjusted Results) among Children 
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Figure 4.13 GeoMean Concentrations of Molar Summed Urinary Diethylphosphate Metabolites (Non-creatinine Adjusted and creatinine 

Adjusted Results) among working age group 
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Figure 4.14 GeoMean Concentrations of Molar Summed Urinary Diethylphosphate Metabolites (Non-creatinine Adjusted and creatinine 

Adjusted Results) among elderly group 
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4.3 Association between environmental factors and residential pesticide 

contamination 

4.3.1 Environmental samples and environmental factors    

For air samples were detected only OPs pesticide and the association between 

environmental samples and environmental factors were treated as Spearman’s rank 

correlation coefficients (Table 4.18). In non-occupational family, the association 

between air samples and house located were low negative correlation (Spearman’s 

rank correlation coefficient -0.367 at p=0.01), the association between air samples and 

house cleaning frequencies were low positive correlation (Spearman’s rank correlation 

coefficient 0.091 at p=0.05). Meanwhile the association in occupational family was in 

same level of correlation in all of environment factors. The association between air 

samples and house located were negative correlation (Spearman’s rank correlation 

coefficient -0.465 at p=0.01), the association between air samples and house cleaning 

frequencies were low positive correlation (Spearman’s rank correlation coefficient 

0.092 at p=0.05).      

For surface wipe samples were detected both of OPs and pyrethroid 

insecticide, the association between OPs pesticide residue concentrations and house 

located were negative correlation (Spearman’s rank correlation coefficient -0.453 at 

p=0.01) in non-occupational family households. Meanwhile in occupational family 

households, the association between OPs pesticide residue concentrations and house 

located were high negative correlation (Spearman’s rank correlation coefficient -0.739 

at p=0.01).  

For pyrethroid insecticide residues in surface wipe samples and house cleaning 

frequency were found negative correlation in occupational households (Spearman’s 

rank correlation coefficient -0.312 at p=0.05). Interestingly, the association between 

pyrethroid insecticide concentrations in surface wipes sample and frequency of 

household insecticide use were positive correlation in both of non-occupational and 

occupational households (Spearman’s rank correlation coefficient 0.630 and 0.593 at 

p=0.01 respectively). The association between pyrethroid concentrations in surface 
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wipes and frequency of hand wash were negative correlation in non-occupational and 

occupational household (Spearman’s rank correlation coefficient -0329 and -0.278 at 

p=0.05 respectively). For occupational household, the association between pyrethroid 

concentrations in surface wipes and the latest household insecticide use were low 

positive correlation (Spearman’s rank correlation coefficient 0.399 at p=0.01). 

Moreover, personal samples; hand and foot wipe samples were detected only 

pyrethroid insecticides. In non-occupational households, the association between 

hands wipes samples and frequency of household insecticide use were positive 

correlation (Spearman’s rank correlation coefficient 0.423 at p=0.01), also with 

frequency of hand wash were negative correlation (Spearman’s rank correlation 

coefficient -0.433 at p=0.01). For occupational households, the association between 

hands wipes samples and frequency of household insecticide use were positive 

correlation (Spearman’s rank correlation coefficient 0.322 at p=0.05), and with 

frequency of hand wash were negative correlation (Spearman’s rank correlation 

coefficient -0.336 at p=0.05). 

For foot wipe samples; in non-occupational household, the association 

between pyrethroid insecticide concentration and house cleaning frequency were 

negative correlation (Spearman’s rank correlation coefficient -0.289 at p=0.05). Also, 

the association between pyrethroid insecticide concentration and frequency of foot 

wash were negative correlation (Spearman’s rank correlation coefficient -0.273 at 

p=0.05), and frequencies of shoe’s wear were positive correlation (Spearman’s rank 

correlation coefficient 0.387 at p=0.01). 
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Table 4.18 Association between environmental samples and environmental factors 

Environmental Samples Pesticide House type Variables Spearman’s rho 

Air samples  Organophosphate Non-occupational family House located -0.367** 

  Occupational family House located -0.465** 

Surface wipe  Organophosphate 

 

Non-occupational family House located 

House cleaning frequencies 

-0.453** 

-0.255
 

  Occupational family House located 

House cleaning frequencies 

-0.739** 

-0.025 

 Pyrethroid Non-occupational family 

 

 

 

 

House cleaning frequencies 

Frequency of household insecticide use 

Frequency of hand wash 

Frequency of foot wash 

Latest household insecticide use 

-0.312*
 

0.630**
 
 

-0.329* 

-0.238 

0.237 

1
1
8
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Environmental Samples Pesticide House type Variables Spearman’s rho 

  Occupational family House cleaning frequencies 

Frequency of household insecticide use 

Frequency of hand wash 

Frequency of foot wash 

Latest household insecticide use 

0.017 

0.593** 

-0.278* 

0.079 

0.399** 

Hand wipe  Pyrethroid Non-occupational family 

 

 

House cleaning frequencies 

Frequency of household insecticide use 

Frequency of hand wash 

Latest household insecticide use 

-0.144 

0.423** 

-0.433** 

0.131 

  Occupational family House cleaning frequencies 

Frequency of household insecticide use 

Frequency of hand wash 

Latest household insecticide use 

0.039 

0.322* 

-0.336*
 

0.139 

   

 

 

  

 

1
1
9
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Environmental Samples Pesticide House type Variables Spearman’s rho 

Foot wipe Pyrethroid Non-occupational family House cleaning frequencies 

Frequency of household insecticide use 

Frequency of foot wash 

Frequency of shoe’s wear 

Latest household insecticide use 

-0.289* 

0.213 

-0.273* 

0.387** 

-0.022 

  Occupational family House cleaning frequencies 

Frequency of household insecticide use 

Frequency of foot wash 

Frequency of shoe’s wear 

Latest household insecticide use 

-0.103 

0.244 

-0.065 

0.436** 

0.135 

**. Correlation is significant at the 0.01 level., *. Correlation is significant at the 0.05 level 

1
2
0
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4.3.2 Environmental samples and personal samples 

For surface, hand and foot wipe samples were detected pyrethroid insecticide. 

In non-occupational household, the association between surface wipe and hand wipe 

sample were positive correlation (Spearman’s rank correlation coefficient 0.511 at 

p=0.01) and in occupational households were positive correlation (Spearman’s rank 

correlation coefficient 0.473 at p=0.01). However, in occupational households; the 

association between surface wipe and foot wipe sample were positive correlation 

(Spearman’s rank correlation coefficient 0.485 at p=0.01) as show in table 4.19. 

Table 4.19 Association between environmental samples and personal samples 

Pesticides House type Variables 
Spearman’s 

rho 

Pyrethroid 

 

Non-occupational family 

 

Occupational family 

Surface wipe & Hand wipe 

Surface wipe & Foot wipe 

Surface wipe & Hand wipe 

Surface wipe & Foot wipe 

0.511
**

 

0.264 

0.473
**

 

0.485
**

 

**. Correlation is significant at the 0.01 level. 

*. Correlation is significant at the 0.05 level. 
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4.3.3 Environmental samples and biological samples 

For urine metabolite levels, DAPs concentrations of OPs insecticides were 

measured in participant urine samples. Also, in air samples and surface wipe samples 

were detected OPs insecticides. Thus, the association between urine metabolite levels 

and air samples and surface wipe samples were conducted. The association between 

urinary metabolite levels and air samples and surface wipe samples were positive 

correlation (Spearman’s rank correlation coefficient 0.379 and 0.424 at p=0.01).  

Meanwhile, in non-occupational households, the association between urinary 

metabolite levels and air samples and surface wipe samples were positive correlation 

(Spearman’s rank correlation coefficient 0.320and 0.423 at p=0.05 and p=0.001 

respectively). For occupational households, the association between urinary 

metabolite levels and air samples and surface wipe samples were positive correlation 

(Spearman’s rank correlation coefficient 0.402and 0.385 at p=0.01) as show in table 

4.20. 

Table 4.20 Association between environmental samples and biological samples 

Pesticides House type Variables 
Spearman’s 

rho 

Organophosphate Non-occupational family 

 

 

 

Occupational family 

Urinary metabolite levels &  

Air samples 

Urinary metabolite levels &  

Surface wipe 

Urinary metabolite levels &  

Air samples 

Urinary metabolite levels &  

Surface wipe 

0.320
*
 

 

0.423
**

 

 

0.402
** 

 

0.385
**

 

**. Correlation is significant at the 0.01 level. 

*. Correlation is significant at the 0.05 level. 
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CHAPTER V 

DISCUSSION 

 

5.1 Household insecticide used 

In this study, the results showed the age ranged from 19 to 84 years. For local 

traditional in Thailand, elderly people will be living with their family when retired. 

Then, the majority of this study was in range of 41-70 years. These findings are 

similar to other research that demonstrated that 26.0% of the participants were 

between the ages of 41 to 50 years (Recena et al., 2006). The majority of the 

participants were female (52.8%), 80.6% of respondents graduated from primary 

school, which was in accordance with a study conducted in Brazil where 83.2% of 

workers had less than 8 years of education (Recena et al., 2006). Also, in another 

research study undertaken in Nepal, data revealed that most of participants had less 

than 8 years of education (Atreya, 2007). 

This study found that 73.1% of the participants reported using household 

insecticide which is similar to another study in northern California that showed total 

of 80% of the participants reported using insecticides in their houses (Wu et al., 2011) 

and in Uganda found that most of the participants used pesticides as household pests 

control (Nalwangka and Ssempebwa, 2011).  

In addition, house’s hygiene cause health problems and home environment is 

widely considered to be the most common pesticide-treated indoor environment 

(WHO, 1997). Inappropriate manage of household wastewater cause a number of 

environmental and health hazards such as pools of wastewater may provide breeding 

sites for mosquitoes (Nalwangka and Ssempebwa, 2011). Including poor garbage 

disposal and unwashed plates and dishes are sources of food for pests for example 

ants and cockroaches. Spray application in kitchen may contaminate on cookware or 

surface that may come in contact with food (Vonderheide et al., 2009).In addition, use 
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of insecticides in bedroom or common room where family’s member spend amount of 

time may result in increased inhalation and dermal exposure (Wu et al., 2011)   

Household insecticides were used to treat problem insects such as mosquitoes, 

ants, and cockroaches. These pests have been implicated with causing disease in 

households, for example malaria and asthmatics (Nalwangka and Ssempebwa, 2011).  

On the other hand, a study in Minnesota reported that 88% of household with children 

used pesticides in their house (Adgate et al., 2000). For pesticide applications 70.9% 

used sprays, 26.6% used mosquito coil and 2.5% of them used insecticides chalk for 

pest control in their house. Insecticides chalk was known used to be effective at 

killing the specific insect; such as ants. In other hand, the research undertaken in 

Uganda and northern California were found that the majority of household pests 

control method are insecticides spray followed by using coils and insecticide chalks 

(Wu et al., 2011;  Nalwangka and Ssempebwa, 2011). 

All household insecticides used in this area contained pyrethroids, for example 

in sprays; the active ingredients were esbiothrin, d-tetramethrin, cypermethrin, 

prallethrin, imiprothrin and permethrin. Mosquito coil were also common used and 

the active ingredients were esbiothrin and d-allethrin. Pyrethroids exhibit neurotoxin 

effects by modulating sodium channel voltages. In the past several years, the use of 

synthetic pyrethroids has escalated as the use of the more toxic OP and carbamate 

insecticides has been curtailed. Many products that are routinely found in retail stores 

for home use contain pyrethroids (Barr, 2008). In 2011, Nalwangka and Ssempebwa 

reported that all pesticide sprays used contained pyrethroid such as cypermethrin, 

permethrin, and pyrethrin formulations (Nalwangka and Ssempebwa, 2011). 

From the result, household insecticides use contained only pyrethroid and 

could be conclude that if found other insecticides or pesticides residue in household 

that may contaminate from agriculture activities in the community. 

 

 

 



125 

 

  

5.2 Residential Pesticide Contamination 

In this study agricultural pesticides and household insecticides exposure are 

primarily concerned in the home environment. Moreover, the results were examined 

the most factors that contaminate in household among agricultural community.  

5.2.1 Environmental samples 

In this study, the greatest number of detections was in surface wipe samples. 

The results showed that chlorpyrifos was detected in air samples with an average 

concentration 1.28x10
-3

 mg/m
3
 in occupational houses and 1.15x10

-3
 mg/m

3
 in non-

occupational houses. Organophosphate insecticides (e.g., chlorpyrifos and profenofos) 

are used the most in chili crop. Thus, indirect exposure of people in community to 

insecticides may occur through air and surface. Surface wipe samples were detected 

chlorpyrifos with an average concentration 2.89x10
-2 

mg/kg in non-occupational 

households and 4.67x10
-2 

in occupational households. Ten point two percent of 

surface wipe samples were detected pirimiphos-methyl with average concentration 

2.44x10
-2

 mg/kg in non-occupational households and 3.18x10
-2 

in occupational 

households. Additional, both of air and surface wipe samples had average 

concentrations in occupational houses were higher than non-occupational houses.  

These findings are similar to other research that found chlopyrifos had the 

high mean concentration in each season for indoor air (366.6, 205.4 and 120.3 ng/m
3 

in summer, spring, and winter season, respectively) (Whitmore et al., 1994). In 2005, 

Curwin et al collected 99 indoor air samples and reported that chlopyrifos was 

detected in indoor air samples with range 0.04-0.23 µg/m
3
 from farm households and 

range 0.01-0.05 µg/m
3
 from non-farm households. This research also found 

chlopyrifos in house wipe samples in both of farm and non-farm households with 

range 0.32-25 ng/cm
2
 from farm houses and with range 0.22-3.8 ng/cm

2 
from non-

farm houses (Curwin et al., 2005).  

On the other hand, previous researches were collected houses dust from floors 

and carpets.  A study in Arizona found that chlopyrifos in houses dust with a 

geometric mean 113 ng/g (CDC, 2002). In 2002, Curl et al found chlorpyrifos in 

houses dust from farm worker houses with a geometric mean 50 ng/g. This study 
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reported that in farm households are more contaminated than non-farm household 

(Curl et al., 2002). In 2000, Fenske et al reported that soil and house dust 

concentrations of organophosphorus pesticides were elevated in homes of agricultural 

families when compared to non-agricultural homes in the same community (Fenske et 

al., 2000). 

Also, in 2009, Stout II et al reported that about 78% of floor wipes were 

detected chlorpyrifos with an average concentration 0.50 ng/cm
2
 (Stout II et al., 

2009). In other research study undertaken in California, data revealed that pesticide 

level in houses dust from farm houses are higher that non-farm houses (Bradman et 

al., 1997). These is notice that chlorpyrifos was most frequently detected in many 

research. After organochlorine pesticides were banned, non-persistent pesticides were 

developed and widely used in agricultural applications (Barr, 2008). Non-persistent 

pesticides are called current-use pesticides including organophosphate, carbamates 

and pyrethroid insecticides. 

In term of house location, the result showed that there were no significant 

differences between non-occupational and occupational households in the same level 

of house’s distance for average concentration of all OPs in air and surface wipe 

samples (Mann-Whitney test, p>0.05). All households were cross compared of OPs 

concentration between house located levels. It was found that all households of level1 

had significantly higher levels than level2 and level3 (Kruskal Wallis test, p<0.001). 

Also, in 1995, Simcox et al, found that pesticide levels in dust increased with 

increasing distance. Lu et al, also reported the concentration of OP pesticides in house 

dust for agricultural population living more than ¼ mile from farmland were higher 

than those of the reference population (Lu et al., 2000).In 2001, Lewis et al, 

demonstrated that the pesticides applied outside dwellings are re-deposited inside the 

dwelling within hours (Lewis et al., 2001). 

This is consistent with the ideas that agricultural pesticides are re-suspended 

into the air and re-deposited as they fall on surfaces (Lewis et al., 2001). The result of 

air and surface wipe samples explain that house’s distance is importance factors of 
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agricultural pesticide exposure than family’s occupation because in level 1 had higher 

OPs concentration than house’s distance in level 2 and 3 in both of farmer and non-

farmer’s family. Residence adjoining to chili farm can be contaminated by air drift 

during application and by subsequent wind circulation of dust from chili farms. 

The majority of these samples were detected permethrin. More than half of 

surface wipe samples (56.5%) were detected pyrethroid insecticides (permethrin) in 

25 non-occupational households and 25 occupational households with average 

concentration 12.4x10
-2

 mg/cm
2
, 10.8x10

-2 
mg/cm

2
 respectively. Of 8.33% of surface 

wipe samples were detected cypermethrin in non-occupation households with average 

concentration 3.33x10
-2 

mg/cm
2
 and 1.85% in occupational households with average 

concentration 2.29x10
-2

mg/cm
2
. 

Currently, pyrethroid insecticides are marketed to consumers and applied by 

pest control to control general insect pests. A study on residential pesticides in the 

U.S. (Stout II et al., 2009) found that the most commonly detected of floor wipes were 

permethrin (89%)and cypermethrin (46%) with an average concentration 2.9 ng/cm
2
 

for cypermethrin. In addition, they reported the highest measured GM (GeoMean) 

were cis- and tran- permethrin (0.11 and 0.14ng/cm
2
, respectively), follow by 

chlopyrifos (0.01ng/cm
2
) and cypermethrin (0.03ng/cm

2
).The high surface loading for 

pyrethrion insecticides are consistent with its current popularity for residential use. 

All households were cross compared of OPs and pyrithroid concentration of 

surface wipe samples between house located levels. It was found as same as in air 

samples that all households of level1 had significantly higher levels of OPs 

concentration than level2 and level3 (Kruskal Wallis test, p<0.001). 

These result showed that house’s location and household insecticides use are 

factors that could cause the high household organophosphate and pyrethroid 

insecticides exposure. A study of indoor surface loading from famer’s house in North 

Carolina and Virginia (Quandt et al., 2004) found that in this area higher indoor 

surface loadings were expected due to proximity of house to agricultural fields and 

spray drift. In 2008, the study in Boston, Massachusetts found that the concentration 
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of permethrin and cypermethin from the kitchen floor were 0.68 and 0.37 

ng/cm
2
respectively and the median concentration (Julien et al., 2008).The finding 

from this study showed that floor may be a store of pesticides residue in the house. 

For drinking water samples, most of participants consume groundwater 

(48.1%) follow by tab water (33.3%) and others (18.5%), such as bottled water and 

rain water. A total of 54 drinking water samples from occupational houses and 54 

drinking water samples from non-occupational houses were not detected 

organophosphate pesticides and pyrethroid insecticides. This may be due to the clay 

and silt soil in the Hua-Rua sub-district and in addition, organophosphate pesticides 

and pyrethroid insecticides have short half-lives (non- persistence pesticides). The 

data of ground water from Department of Groundwater Resources showed pH levels 

of groundwater in Hua-Rua sub-district range from 6.0-8.5 (DGR., 2012). 

These findings are similar to other research in Hua-Rua sub-district that found 

heavy metal contamination in ground water and the highest concentration of arsenic in 

shallow groundwater was 8.98 µg/L. Only one out of twelve wells was acceptable 

level for non-carcinogen which had the Hazard Quotient value of arsenic were lower 

than one (HQ<1). Moreover, local people who generally drinking groundwater in this 

area can be get carcinogenic effect or cancer from arsenic contamination 

(Wongsasuluk et al., 2011). 

From results, groundwater in this area contaminated with arsenic (As) and 

local people in community may be exposed from heavy metal contaminated. Thus, the 

education and information regarding quality of groundwater should be providing to 

the community.   
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5.2.2 Personal samples 

5.2.2.1 Hand and Foot wipe samples 

All hand wipe samples were not detected organophosphate pesticides. 

The majority of these samples were below the LOD, 11.1% of hand wipe 

samples were detected permethrin with an average concentration 2.33x10
-2 

mg/kg in non-occupational households and occupational households. The 

average concentrations of cypermethrin were 2.33x10
-2 

mg/kg in non-

occupational household and 2.07x10
-2 

mg/kg in occupational households. 

Unlike previous studied that have focus on OP pesticides (Fenske et al., 2002). 

The result showed that hand wipe samples were detected permethrin and 

permethrin which presences of common residential insecticides use in study 

area. This result similar to the study in the U.S. reported that organophosphate 

and pyrethroid insecticides were present in most homes (Quandt et al., 2004). 

In term of detected frequency, no significant differences of detection 

frequencies of hand wipe samples were found among non-occupational and 

occupational group (Chi-square test; p>0.05). The result showed that there 

were no significant differences between non-occupational and occupational 

households in all 3 groups (children, working age and elderly) for average 

concentration of permethrin and cypermethrin in hand wipe samples (Mann-

Whitney test, p>0.05). 

Previous study in North Carolina and Virginia reported that children of 

farmer’s family were detected chlorpyrifos, cis- and tran-permethrin in hand 

wipe samples with mean concentration 6.1, 8.0 and 13.5 µg/m
2
, respectively 

(Quandt et al., 2004). On the other hand, Fenske et al reported that a study in 

1998 of children’s hand wipe and found cholpyrifos residue on their hands 

(Fenske et al., 2002).      

For foot wipe samples, 13.9% of foot wipe samples were detected 

permethrin with an average concentration 2.39x10
-2 

mg/kg in non-

occupational households and 2.44x10
-2 

mg/kg in occupational households.  



130 

 

  

The result showed that there were no significant differences between 

non-occupational and occupational households in all 3 groups (children, 

working age and elderly) for average concentration of permethrin in foot wipe 

samples (Mann-Whitney test, p>0.05).It is difficult to interpret the health 

significance of amounts of pesticides measured in the wipe samples (Quandt et 

al., 2004).  

There is no standard for presenting these data or compare with another 

study. Thus, the result showed that permethrin can be contaminated by dermal 

route via foot. Permethrin and cypermethrin are commonly of the active 

ingredients in household insecticides used in this community and the findings 

from this study confirm that household insecticide users may be contaminate 

via dermal routes.   
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5.2.3 Biological samples 

Because of organophosphate pesticides are mostly used in this community and 

people in community may expose from farmer’s activities. Thus, this study was 

specific analyzed organophosphate pesticides. Urine samples were analyzed to assess 

exposure to OP pesticides and the six common dialkylphosphate (DAP) metabolites 

of OP insecticides were measured. 

5.2.3.1 Children Urinary Metabolite levels 

The results presented in this study provide the urinary metabolites of 

Children of occupational family had significantly higher detection frequencies 

of DEP (Chi-square test, p=0.041) than children of non-occupational family.  

GeoMean concentrations of urinary diethylphosphate metabolites, both 

creatinine and non-creatinine adjusted results. The following were the range of 

diethylphosphate metabolites; DEP 0.74ng/mL (1.15µg/g.cre), DETP 

1.20ng/mL (1.87µg/g.cre), DEDTP 0.40ng/mL (0.61µg/g.cre) and molar 

summed DEPs range from 0.02ng/mL (0.03 µg/g.cre). 

These results were relative with another study of children from 

northern; Thailand (Panuwet, 2008) found that GeoMean concentrations of 

urinary diethylphosphate metabolites of DEP 1.72ng/mL (1.37 µg/g.cre), 

DETP 1.57ng/mL (1.25 µg/g.cre), DEDTP 0.30ng/mL (0.24 µg/g.cre). 

Previous study in pre-school children in agricultural community, they 

reported that in dry season (April-May), farm children excreted significantly 

higher levels of all DAP metabolites than the reference children. In addition, 

the results showed that GeoMean concentrations of urinary diethylphosphate 

metabolites in dry season (creatinine adjusted) of DEP 4.74 µg/g.cre, DETP 

2.53 µg/g.cre. and DEDTP 3.06 µg/g.cre (Petchuay et al., 2006). This study 

found higher of all DEPs metabolites concentration than our study.  

A study of children in agricultural worker’s homes reported that 

GeoMean concentration of urinary molar summed diethylphosphate (DEPs) 
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metabolite among children 0.09 µmol/g. (creatinine-adjusted) (Curl et al., 

2002).    

Cross comparisons of metabolite concentrations found among children 

of occupational and non-occupational family were done. Children of 

occupational family had significant higher levels than children of non-

occupational family for DEP (both non-creatinine and creatinine adjusted 

results; Mann-Whitney test, p=0.005 and p=0.001 respectively), DETP 

(creatinine adjusted results; Mann-Whitney test, p=0.042), DEDTP (both non-

creatinine and creatinine adjusted results; Mann-Whitney test, p=0.012 and 

p=0.003 respectively) and molar sum DEPs (both non-creatinine and 

creatinine adjusted results; Mann-Whitney test, p=0.023 and p=0.008 

respectively). 

In contrast, previous study reported that the comparisons of urinary 

metabolite concentration between children of agricultural family and non-

agricultural family were no significant differences of levels of 

dialkylphosphate (both non-creatinine and creatinine adjusted results; Mann-

Whitney test, p>0.05) (Panuwet P., 2008).  

There were no significant differences between male and female 

children for average concentration of all diethylphosphate metabolites (both 

non-creatinine and creatinine adjusted results; Mann-Whitney test, p>0.05). 

Result of some studies were similar, a study of children in 2008 found 

negative correlation between age and molar sum-DAPs (creatinine adjusted 

results) (Panuwet P., 2008). 
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5.2.3.2 Working age Urinary Metabolite levels 

Cross comparisons of urinary metabolite concentration were completed 

among working age of occupational family and non-occupational family. 

There were no significant differences of detection frequencies of all 

diethylphosphate metabolites (Chi-square test, p>0.05). As same as the results 

in Iowa, reported that detected frequencies of chlopyrifos in urine levels 

between adult of farm and non-farm family were no significantly differences 

(Curwin et al., 2007). 

Urinary metabolites concentration, both creatinine and non-creatinine 

adjusted results. The following were GeoMean concentration of molar 

summed DEPs range from 0.05ng/mL (0.05 µg/g.cre). In contrast, the results 

from Curwin et al, showed that the GeoMean concentration of chlorpyrifos in 

adult males and females in non-farm family were 12 µg/L and 13 µg/L, 

respectively. However, adult males and females in farm family had higher 

GeoMean concentration of chlorpyrifos than non-farm family (17 µg/L and 14 

µg/L, respectively (Curwin et al., 2007). 

In addition, Curwin et al, reported that chlorpyrifos still to be use in 

households. Thus, people who used chlorpyrifos as household insecticides 

could be exposing more than this study. 
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5.2.3.3 Elderly Urinary Metabolite levels 

The detection frequency of diethylphosphate metabolites in non-

occupational family were as followed; DEP (5.56%), DETP (27.8%) and in 

occupational families were DEP (44.4%), DETP (38.9%). Meanwhile both of 

elderly of occupational and non-occupational family were not detected 

DEDTP. From the results showed that elderly were expose lass than children 

and working age group and can assumed that their activities during day may 

not contaminated to pesticides.    

Elderly of occupational family had significantly higher detection 

frequencies of DEP (Chi-square test, p=0.018) than elderly of non-

occupational family. Meanwhile no significant differences of detection 

frequencies of DETP (Chi-square test; p=0.725). This result could be concern 

about take-home pesticides exposure may have association with elderly 

activities. From observation, elderly in this study area not have activities 

during day too much; they only used the common area outside their home 

during day.   

There is no presenting these data or compare with another study. Thus, 

the result showed that elderly can be contaminated by agricultural pesticides 

as same as children and working age while stay at home.  

Overall, Cross comparisons of diethylphosphate metabolites 

concentrations found among family’s member of occupational and non-

occupational family were done. Family’s member of occupational family had 

significant higher levels than non-occupational family. Curwin et al. (2007) 

found that “farm family members generally had higher urinary pesticide levels 

for chlorpyrifos than non-farm family members”. “The metabolite 

concentration decreased with increasing distance from farmland” (Lu et al., 

2000). The National Health and Nutrition Examination Survey (NHANES) 

reported the estimates of GeoMean levels for chlorpyrifos in adult males, adult 

female and children were 2.0, 1.5 and 2.8 µg/L, respectively (CDC, 2005). 
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5.3 Association between environmental factors and residential pesticide 

contamination 

5.3.1 Environmental samples and environmental factors 

For air samples were detected only OPs pesticide (chlorpyrifos) which usually 

applying to chili farm (Norkaew et al., 2010). The association between air samples 

and house located were negative correlation (Spearman’s rank correlation coefficient -

0.367 at p<0.01) in both of non-occupational and occupational households. 

In addition, surface wipe samples; the association between OPs pesticide 

residue concentrations and house located were negative correlation (Spearman’s rank 

correlation coefficient -0.453 at p<0.01) in non-occupational family households. 

Meanwhile in occupational family households, the association between OPs pesticide 

residue concentrations and house located were high negative correlation (Spearman’s 

rank correlation coefficient -0.739 at p<0.01).  

A study of organophosphorus pesticides in 2001 reported that the pesticides 

applied outside households are re-drop inside the household within hours (Lewis et 

al., 2001). This is consistent with the ideas that agricultural pesticides are re-

suspended into the air and re-deposited as they fall on surfaces (Lewis et al., 2001).Lu 

et al, also reported the concentration of OP pesticides in house dust for agricultural 

population living more than ¼ mile from farmland were higher than those of the 

reference population (Lu et al., 2000). Previous studies were supported the result that 

house’s location are the importance factors of pesticides exposure among people in 

agricultural community.  

For pyrethroid insecticide residues in surface wipe samples, the association 

between pyrethroid insecticide concentrations in surface wipes sample and frequency 

of household insecticide use were positive correlation in both of non-occupational and 

occupational households (Spearman’s rank correlation coefficient 0.630 and 0.593 at 

p<0.01 respectively). The frequency of household insecticides use could be reduced 

regarding the results showed the positive correlation between pyrethroid insecticides 

residue on surface and frequency of insecticides used.    
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Moreover, personal samples; hand and foot wipe samples were detected only 

pyrethroid insecticides. In non-occupational households, the association between 

hands wipes samples and frequency of household insecticide use and type of 

household insecticide use were positive correlation (Spearman’s rank correlation 

coefficient 0.423 and 0.364 at p<0.01 respectively) that showed household insecticides 

can be contaminated via dermal and ingestion route. However, the association 

between pyrethroid concentration of hands wipes samples and frequency of hand 

wash were negative correlation (Spearman’s rank correlation coefficient -0.433 at 

p<0.01) that showed the solution to reduce the residue of pyrithroid insecticides 

exposure. For occupational households, the association between hands wipes samples 

and frequency of household insecticide use were positive correlation (Spearman’s rank 

correlation coefficient 0.322 at p<0.05), and with frequency of hand wash were 

negative correlation (Spearman’s rank correlation coefficient -0.336 at p<0.05). 

For foot wipe samples; in non-occupational household, the association 

between pyrethroid insecticide concentration and house cleaning frequency were 

negative correlation (Spearman’s rank correlation coefficient -0.289 at p<0.05). This 

result showed that household insecticides users can be reduce insecticides exposure 

via dermal route by increasing frequency of cleaning their floor. 

Interestingly, the association between pyrethroid insecticide concentration and 

frequencies of shoe’s wear were positive correlation (Spearman’s rank correlation 

coefficient 0.387 at p<0.01). This result can be assumed that participant’s shoe may be 

contaminated with household insecticides and from observation they were not 

cleaning their shoe both of before and after used. Thus, if they usually wearing shoe 

without cleaning, not reduces the contaminated from insecticides. 

These results suggest that housing quality predicts household insecticide 

levels. Houses that are harder to clean may provide better habitats for pests as well as 

prevent the removal of pesticide containing dust (Quandt et al., 2004). 
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5.3.2 Environmental samples and personal samples 

In non-occupational household, the association between surface wipe and hand 

wipe sample were positive correlation (Spearman’s rank correlation coefficient 0.511 at 

p<0.01) and in occupational households were positive correlation (Spearman’s rank 

correlation coefficient 0.473 at p<0.01). In addition, in occupational households; the 

association between surface wipe and foot wipe sample were positive correlation 

(Spearman’s rank correlation coefficient 0.485 at p<0.01). 

 From the result, the concentration of pesticides residue on the surface 

predicted pesticides on hand and foot. This was relative with another study of 

agricultural and residential pesticides in wipe samples from farm-worker family 

residences in North Carolina and Virginia reported that in both of farm’s pesticides 

and residential pesticides, presence of pesticides on the floor predicted on hand 

(Quandt et al., 2004). 

5.3.3 Environmental samples and  biological samples 

For urine metabolite levels, DAPs concentrations of OPs insecticides were 

measured in participant urine samples. Also, in air samples and surface wipe samples 

were detected OPs insecticides. Thus, the association between urine metabolite levels 

and air samples and surface wipe samples were conducted. The highly detectable 

percentage of air and surface wipe samples were found from this study, the correlation 

between inhalation and dermal routes and urinary metabolite was found. 

The association between urinary metabolite levels and air samples and surface 

wipe samples were negative correlation in both of non-occupational and occupational 

households. Likely previous study in 2000, reported that the metabolite concentration 

decreased with increasing distance from farmland (Fenske et al., 2000). This result 

showed that agricultural pesticides can be contaminated via air drift and residue in air 

and floor. 
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5.4 Risk communication 

The goal of risk communication is “to rectify the knowledge gap” between the 

researcher of scientific information and those receiving the information (Frewer, 

2004). Risk communication focused on communicating general risk messages to 

communities, not on communicating specific exposure or risk data to individuals. The 

collection of all samples presents a responsibility to return information to the affected 

participants.  

From the results demonstrated that people in this community may expose via 

inhalation and dermal pathways including indirect ingestion can occur as well. Also, 

these study confirm the theory that relatively non-persistent chemical for example, OP 

pesticides can be stable in residences. However, to illuminate a relationship between 

environmental factors and biological levels in this population, this finding showed 

that urine metabolite levels had association between air and surface wipe samples. 

Therefore, people in this community could be able to acknowledge the information of 

pesticides and insecticides expose’s pathways and prevention from their activities that 

can be contaminated of agricultural and household insecticides.    

The previous study in Hua-Rua sub-district reported that the sources of 

information which the respondents obtain pesticide knowledge information were from 

agricultural officer 17.89%, television 15.75% respectively. Other sources were 

pesticide salesman 14.56%, documents 12.72% and radio 12.42% (Norkaew et al., 

2010). According this reported, most of people in this community obtain pesticide 

knowledge information from agricultural officer. Thus, it is should be developed 

education and promoted by the public health and/or agricultural officer, which can 

assess people health risk.  

The intervention measurements should be developed for enhancing the 

suitable practice for pesticides and insecticides using and improve the quality assured 

information still need to give better advice to users. Including, develop a community-

based intervention to reduce the take-home exposure pathway and considered for 
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improving knowledge of people of harmful effects of agricultural pesticides and 

household insecticides.  

In addition, Bureau of Epidemiology reported that in 2007, Thailand had 1,452 

patients from pesticides toxic. In 2008, Ubonratchathani province had 42 patients 

from pesticides toxic and increased to 75 patients in 2009 (Unpublished Data, Hua-

rua Tambon Health Promoting Hospital, 2012). Agricultural pesticides and household 

insecticides are wildly available in Thailand, with a high number of products which is 

easy to purchase. The individual behavior when using pesticide and insecticide 

products has leaning to affect pesticide exposure.     

A research from Department of Agriculture 2011, suggested the practice for 

pesticide and insecticide user. For example, read instruction carefully, stored 

pesticides/insecticides away from food/kid and wash hands, face and shower 

immediately after using pesticides/ insecticides (Department of agricultural, 2011). 

Base on the recommendation from Department of agricultural, public education is 

necessary to address the knowledge gap revealed in the study. Therefore educational 

programs should be organized for improving knowledge about harmful effects of 

agricultural pesticide and household insecticide and it should focus mainly on 

increasing the awareness of the people of the importance of prevent themselves from 

pesticide exposure. 
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CHAPTER VI 

CONCLUSIONS 

  

6.1 Conclusion 

To evaluate the pesticide exposures in people living in agricultural community 

to multi-exposure pathways, the specific measurement tools were used with each 

pathway’s samples. The study population was focused on people who living in 

agricultural community including 108 households. 54 occupational households: 

children 18 houses, working age 18 houses, elder 18 houses and 54 non-occupational 

households: children 18 houses, working age 18 houses, elder 18 houses were 

recruited to participate. 

For household insecticide uses, found that the majority of the participants were 

female (52.8%) and 47.2% were male, 80.6% of respondents graduated from primary 

school. About half of respondents (52.7%) had an income less than 5,000 baht per 

month, of 33.4% had an income 5,001-10,000 baht per month. Approximately, 49.1% 

of the respondents were employees, of 24.1% were farmers, of 13.0% were local 

business owners such as local food shop or grocery shop, and 11.1% of them were 

unemployed. 

This study found that 73.1% of the participants reported using household 

insecticide as household insect control. Household insecticides were used to treat 

problem insects such as mosquitoes, ants, and cockroaches. For pesticide applications 

70.9% used sprays, 26.6% used mosquito coil and 2.5% of them used insecticides 

chalk. All household insecticides used in this area contained pyrethroids. This finding 

could be concluding most of people in agricultural community commonly used 

insecticides in their households. From the result, household insecticides use contained 

only pyrethroid and that may contaminated to family’s members. 

The high detection frequencies observed for cholrpyrifos, permethrin and 

cypermethrin suggest these compounds are essentially pervasive in their common 
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areas and that popular use in this community has a major influence on their 

occurrence in homes. 

In this study, the greatest number of detections was in surface wipe samples 

follow by air samples. The results showed that chlorpyrifos was detected in Surface 

wipe samples were detected chlorpyrifos with an average concentration 2.89x10
-2 

mg/kg in non-occupational households and 4.67x10
-2 

in occupational households and 

in air samples with an average concentration 1.28x10
-3

 mg/m
3
 in occupational houses 

and 1.15x10
-3

 mg/m
3
 in non-occupational houses. Organophosphate insecticides (e.g., 

chlorpyrifos and profenofos) are used the most in chili crop. Thus, indirect exposure 

of people in community to insecticides may occur through air and surface. Ten point 

two percent of surface wipe samples were detected pirimiphos-methyl with average 

concentration 2.44x10
-2

 mg/kg in non-occupational households and 3.18x10
-2 

in 

occupational households. Additional, both of air and surface wipe samples had 

average concentrations in occupational houses were higher than non-occupational 

houses. This finding could be concluding that occupational family may more exposed 

from take-home of agricultural pesticides. 

In term of house location, the result showed that there were no significant 

differences between non-occupational and occupational households in the same level 

of house’s distance for average concentration of all OPs in air and surface wipe 

samples. All households were cross compared of Ops concentration between house 

located levels. It was found that all households of level 1 had significantly higher 

levels than level 2 and level 3. The association between air samples and house located 

were negative correlation as well as in surface wipe samples; the association between 

OPs pesticide residue concentrations and house located were negative correlation  

This result could be concluding that pesticide levels residue in household 

increased with increasing distance and explain that house’s distance is importance 

factors of agricultural pesticide exposure than family’s occupation because in level 1 

had higher OPs concentration than house’s distance in level 2 and 3 in both of farmer 

and non-farmer’s family. Residence adjoining to chili farm can be contaminated by 

air drift during application and by subsequent wind circulation of dust from chili 

farms. 
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The majority of surface samples were detected permethrin. More than half of 

surface wipe samples (56.5%) were detected pyrethroid insecticides (permethrin) and 

8.33% were detected cypermethrin. From the result of household insecticides used, 

reported that household insecticides use contained only pyrethroid. The finding from 

this study showed that floor may be a store of pesticides residue in the house and 

confirmed that household insecticides used were residue on the surface and can 

contaminate to family’s members.    

The majority of hand and foot wipe samples were detected permethrin and 

cypermethrin. As same as the reason from surface wipe samples, dermal route may 

contaminate via hand and foot of the household insecticide user and their family.  

The association between pyrethroid insecticide concentrations in surface, hand 

and foot wipe and frequency of household insecticide use were positive correlation in 

both of non-occupational and occupational households. In addition, the association 

between surface wipe and hand wipe were positive correlations which mean 

pesticides on the floor predicted on hand. The frequency of household insecticides use 

could be reduced regarding the results showed the positive correlation between 

pyrethroid insecticides residue on surface and frequency of insecticides used.   

Urine samples were analyzed to assess exposure to OP insecticides. Six DAP 

metabolites are the most commonly measured metabolites for assessing human 

exposure to OP pesticides. Because of organophosphate pesticides are mostly used in 

this community and people in community may expose from farmer’s activities. Thus, 

this study was specific analyzed organophosphate pesticides. These results showed 

that GeoMean concentrations of molar summed DEPs urinary metabolites in working 

age higher than children and elderly group, respectively. This finding concludes that 

the activities among each group may effect to the concentration of urinary metabolite 

levels and family’s member of occupational family had significant higher levels than 

non-occupational family. 

For urine metabolite levels, DAPs concentrations of OPs insecticides were 

measured in participant urine samples. Thus, the association between urine metabolite 

levels and air samples and surface wipe samples were conducted. The highly 

detectable percentage of air and surface wipe samples were found from this study. 
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The association between urinary metabolite levels and air samples and surface wipe 

samples were positive correlation. This finding could be concluding the correlation 

between inhalation and dermal routes and urinary metabolite was found. 

 

6.2 Limitation of the study 

1. This study was focused only the common pesticides that use in this 

community and other groups of pesticides were not investigated.  

2. For biological samples, the urinary metabolites only analyzed DAPs. In this 

study found pyrethroid insecticides residue in surface, hand and foot wipe. 

Thus, specific metabolites of pyrethroid insecticides should be analyzed in 

further study. 

3. Other sources of exposure may be involved, for example dietary exposure 

which may be important pathways of exposure. 

4. Symptoms related to OP pesticides and PY insecticides in this study were not 

specifically examine.  

6.3 Recommendations 

1. Further research need to assess other pesticides related toxicological of 

pesticides in more detail and investigating the relationship between pesticides 

exposure and health effects. 

2. For risk communication step, the education program involved agricultural 

pesticide and household insecticide exposure protection should be provided for 

this community.  

3.  The government should ensure that the pesticides and insecticides instruments 

are easy to understand including direction and health hazard of pesticides use 

and this data can provide baseline information for evaluating the impact of 

policies associated with pesticide use reduction. 

4. The regulation of chemical using should be provided, because pesticides and 

insecticides are widely used and pesticide use should be avoided in areas 

where children are likely to play. If a household insecticide application is 

necessary, it is important to follow the label instructions. 
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     CODE______ 

 

Pesticide Exposure of Family in Chili Farm Community, Hua-Rua sub-district, 

Muang district, Ubonratchathani province, Thailand 

 

Description 

 

1. Questionnaire for interview only people who living in an agricultural 

community.  

 

2. Questionnaires are total 5 pages. Consisted with 2 parts as following: 

Part1:  Socio-demographics  

Part2:  Information regarding pesticide exposure 

 

3. Place an (/) in the  

 

 

 

 

 

 

 

 

 

Name_________________________________________Date__________Interviewer 
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Part 1: General Information 

 

1. Gender   Male    Female 

2. Age ______________________ Years 

Child’s age______________________ Years 

Relationship to child ______________________ 

3. Weight ______________________ Kilograms. 

4. Height ______________________C.M. 

5. Occupational ______________________ 

6. Family income ______________________ Baht/Month 

7. Educations         

 1 Never     2 Primary school 

3 Secondary school    4 High school 

5 Diploma     6 Bachelor’s degree 

7 Higher Bachelor’s degree  8 Other ___________ 

8. How long has your family lived in this area ?

 ________________Years 

9. How far that your residence located from agricultural farm? 

_______________m. 

10. How many area of the agricultural farm that located near your residence? 

__rai(s) 

11. House characteristics 

Area   ______________________m
2
 

How many floors? ______________________floor(s) 

12. How frequently do you clean your house floor?

 ________________time(s)/week 

13. How is the floor clean?  

 Sweep   Dry mop 

 Wet mop  Wet mop with detergent 

 Other ______________________ 
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14. Do you use household insecticides in your home? 

 Yes    No  

What kind of pesticides has been used in your home? (e.g. insecticide) 

1. ______________________ 

2. ______________________ 

3. ______________________ 

 

How frequently do you use pesticides in your home? ____time(s)/week 

What type of pesticides has been used in your home? 

 Spray   Coil 

 Bait   Candle 

 Other______________________ 

15. Last time that you used the pesticides in your home __________________ 
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Part 2: Exposure Information 

 

1. How long do you stay in your home? ____________________ hr/day  

2. Where do you spend time for stay in the day? 

 Bed room     In house common area 

 Outside common area   Other____________________ 

3. Do you always wear shoes when going outside your home? 

 Usually    Sometimes   Never 

4. How many times do you wash your hands in the day?

 _______________time(s) 

5. How many times do you wash your feet in the day?

 _______________time(s) 

6. How frequently do you have an illness in the past six months? 

 Often    Sometimes   Never 

7. Source of drinking water  

 Tab water   Underground water Other 

___________________ 

8. Number of glasses _______________________glasses/day 
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For Parent: Children information 

 

1. How long does your child stay in the home? ____________________ 

hr/day 

2. Where does your child spend time for stay in the day? 

 Bed room     In house common area 

 Outside common area   Other____________________ 

3. Does your child always wear shoes when going outside the home? 

 Usually    Sometime   Never 

4. How many times does your child wash his/her hands in the day? 

______time(s) 

5. How frequently does your child suck fingers into mouth in the day? 

 Often    Sometimes   Never 

6. How many times does your child wash his/her feet in the day?

 _________time(s) 

7. How frequently does your child have an illness in the past six months? 

 Often    Sometimes   Never 

8. Source of drinking water  

 Tab water   Underground water Other 

___________________ 

9. Number of glasses _______________________glasses/day 
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For farm family: farmer information 

 

1. Duration of application/ time ________________Hour(s)   

2. Frequency of spraying pesticide  ________________times / day 

________________days / week 

3. Source of drinking water  

 Tab water   Underground water Other 

___________________ 

4. Number of glasses   ________________glasses/day 

5. Personal protective equipment (PPE)use 

Gloves 

 Usually   Sometimes   Never 

Mask 

 Usually   Sometimes   Never 

Boots 

 Usually   Sometimes   Never 
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APPENDIX B 

QUESTIONNAIRE (Thai version) 
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     CODE______ 

 

การรับสัมผัสสารก าจัดศัตรูพืชของผู้อยู่อาศัยในชุมชนเกษตรกรรมผู้ปลูกพริก 

ต าบลหัวเรือ อ าเภอเมือง จังหวัดอุบลราชธานีประเทศไทย 

 

ค าชี้แจง 

1. แบบสัมภาษณ์ที่ใช้สัมภาษณ์ผู้อาศัยในพื้นที่เกษตรกรรม 

2. แบบสัมภาษณ์นี้มีจ านวนทั้งส้ิน จ านวน 5 หน้า แบ่งออกเป็น 2 ส่วนดังนี ้

ส่วนที่ 1 ข้อมูลทั่วไป 

ส่วนที่ 2 ข้อมูลการรับสัมผัสสารก าจัดศัตรูพืช 

3. ให้ใส่เครื่องหมาย (/) ลงใน หน้าข้อความ และเติมข้อความในช่องว่าง (_____) 

 

 

 

 

 

 

 

ช่ือ_________________________สกุล______________________วัน/เดือน/ปี_______ผู้สัมภาษณ์ 
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ส่วนที่ 1: ข้อมูลทั่วไป 

1. เพศ  O  ชาย  O  หญิง 

2. อาย ุ ______________________ ป ี

3. น้ าหนัก ______________________ กิโลกรัม 

4. ส่วนสูง ______________________เซ็นติเมตร 

5. อาชีพ ______________________ 

6. รายได้ ______________________บาท/เดือน 

7. ระดับการศึกษา              

1 ไม่ได้เรียน    2 จบประถมศึกษา (ป 1 – ป 6) 

3 จบมัธยมต้น/เทียบเท่า  4 จบมัธยมปลาย/ปวช/เทียบเท่า 

5.จบอนุปริญญา/ปวส  6 จบปริญญาตรี/เทียบเท่า 

7 สูงกว่าปริญญาตรี  8 อื่นๆ (ระบุ)................. 

8. ท่านอยู่ในชุมชนนี้มากี่ป ี______________________ปี 

9. ที่อยู่อาศัยของท่านตัง้อยู่ห่างจากพื้นที่เกษตรกรรมเป็นระยะทาง_________________เมตร 

10. พื้นที่เกษตรกรรมทีใ่กล้เคียงที่อยูอ่าศัยของท่านมีพื้นทีเ่พาะปลูก_________________ไร ่

11. ลักษณะที่อยู่อาศัยของท่าน 

ขนาด ______________________ตารางเมตร 

จ านวน ______________________ช้ัน 

12. ท่านท าความสะอาดภายในทีอ่ยู่อาศัย ______________________ครั้ง/สัปดาห ์
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13. ท่านท าความสะอาดที่อยู่อาศัยโดยวิธีใด 

กวาด   ถูด้วยผ้าแห้ง 

 ถูด้วยผ้าชุบน้ า  ถูด้วยผ้าผสมน้ ายาท าความสะอาด 

 อื่นๆ______________________ 

14. ท่านใช้สารเคมีก าจดัแมลงในครัวเรือนหรือไม ่

 ใช ่   ไม่ 

ท่านใช้สารเคมีก าจดัแมลงชนิดใด   

1. ______________________ 

2. ______________________ 

3. ______________________ 

ท่านใช้สารเคมีก าจดัแมลงจ านวน ______________________ครั้ง/สัปดาห ์

ท่านใช้สารเคมีชนดิใดในการก าจดัแมลง 

 สเปรย์   แบบขด   แบบเหยื่อล่อ   

 เทียน   อื่นๆ______________________ 

15. ท่านใช้สารเคมีก าจดัแมลงครัง้สุดท้ายเมื่อใด______________________ 
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ส่วนที่ 2: ข้อมูลการรับสัมผัสสารก าจัดศัตรูพืช  

1. ท่านใช้เวลาอยู่ในที่อยู่อาศัย ____________________ ช่ัวโมง/วัน 

2. ท่าน ใช้พ้ืนทีบ่ริเวณใดในที่อยู่อาศัยมากที่สุด 

ห้องนอน    ห้องนั่งเลน่ 

 พื้นที่ด้านนอก   อื่นๆ____________________ 

3. ท่านสวมรองเท้าขณะเดนิภายนอกที่อยู่อาศัยทุกครั้งหรือไม ่

ท าเป็นประจ า  ท าบางครัง้  ไม่ท าเลย 

4. ท่าน ล้างมือ  ____________________ครั้ง/วัน 

5. ท่าน ล้างเท้า ____________________ครั้ง/วัน 

6. ในระยะเวลา 6 เดือน ทีผ่่านมา ทา่นมีอาการเจ็บป่วยหรือไม ่

 เป็นประจ า   เป็นบางครั้ง   ไม่เป็นเลย 

7. แหล่งน้ าดื่มของครอบครัวท่าน 

น้ าประปา   น้ าใต้ดิน   อื่นๆ________________ 

8. ปริมาณน้ าที่ท่านดื่ม________________แก้ว/วัน 
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 ส าหรับผู้ปกครองของเด็ก: ข้อมูลเด็ก 

1. บุตรหลานของท่าน ใช้เวลาอยู่ในที่อยู่อาศัย ____________________ ช่ัวโมง/วัน 

2. บุตรหลานของท่าน ใช้พ้ืนทีบ่ริเวณใดในทีอ่ยู่อาศัยมากที่สุด 

ห้องนอน    ห้องนั่งเลน่ 

 พื้นที่ด้านนอก   อื่นๆ____________________ 

3. บุตรหลานของท่าน สวมรองเท้าขณะเดนิภายนอกที่อยู่อาศัยทุกครั้งหรือไม ่

ท าเป็นประจ า  ท าบางครัง้  ไม่ท าเลย 

4. บุตรหลานของท่าน ล้างมือ ____________________ครั้ง/วัน 

บุตรหลานของท่านมีพฤติกรรมอมมือ/เอามือเข้าปากหรือไม ่

 ท าเป็นประจ า   ท าบางครั้ง   ไม่ท าเลย 

5. บุตรหลานของท่าน ล้างเท้า ____________________ครั้ง/วัน 

6. ในระยะเวลา 6 เดือน ทีผ่่านมา บตุรหลานของท่านมีอาการเจ็บป่วยหรือไม่ 

 เป็นประจ า   เป็นบางครั้ง   ไม่เป็นเลย  

7. แหล่งน้ าดื่มของครอบครัวท่าน 

น้ าประปา   น้ าใต้ดิน   อื่นๆ________________ 

8. ปริมาณน้ าที่บุตรหลานของท่านดืม่________________แก้ว/วัน 
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ส าหรับครอบครัวเกษตรกร: ขอ้มลูเกษตรกร 

1. ท่านใช้เวลาในการฉีดสารเคมีก าจัดศตัรูพืช ________________ช่ัวโมง/ครั้ง 

2. ท่านฉีดพ่นสารเคม ี    ________________ครั้ง/วัน 

________________วัน/สัปดาห์ 

3. แหล่งน้ าดื่มของครอบครัวท่าน 

น้ าประปา   น้ าใต้ดิน   อื่นๆ________________ 

4. ปริมาณน้ าที่ท่านดื่ม    ________________แก้ว/วัน 

5. การใช้อุปกรณ์ป้องกันสารเคมีส่วนบุคคล 

ถุงมือ 

ท าเป็นประจ า  ท าบางครัง้  ไม่ท าเลย 

หน้ากาก 

ท าเป็นประจ า  ท าบางครัง้  ไม่ท าเลย 

รองเท้าบูท 

ท าเป็นประจ า  ท าบางครัง้  ไม่ท าเลย 
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APPENDIX C 

NIOSH 5600 METHOD 
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APPENDIX D 

Urine collection protocol (English) 
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COLLECTION PROCEDURE 

1. Materials needed for urine collection. 

- Urine collection bottle. 

- Zip-lock plastic bag. 

2. Instructions for urine collection. 

The following instructions should be explained to the participant prior to 

urine collection: 

1. Wash your hands with soap and water. 

2. The collection cup should not be opened until just before urination. 

3. Leave the cap turned up while urinating, then recap the filled 

container immediately. 

4. It is most important that the inside of the container and the cap not 

be touch or come into contact with clothing or external surface. 

3. Instructions for urine storage. 

Immediately place container in the freezer in refrigerator until the sample 

is collected during the time of schedule visit. 
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APPENDIX E 

Urine collection protocol (Thai) 
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ขั้นตอนการเกบ็ตัวอย่างปัสสาวะ 

1. อุปกรณ์ในการเก็บตัวอย่างปัสสาวะ 

- ภาชนะ (ขวด/ถ้วยและฝา พลาสติก) ส าหรับเก็บตัวอย่างปัสสาวะ 

- ถุงซิปล็อค 

2. วิธีการเก็บตัวอย่างปัสสาวะ 

ผู้เข้าร่วมงานวิจัยจะได้รับค าอธิบายถึงวิธีการเก็บก่อนการเก็บตัวอย่างปัสสาวะ 

1. ล้างมือด้วยสบู่ให้สะอาด 

2. ไม่ควรเปิดฝา ภาชนะก่อนท าการปัสสาวะ 

3. หงายฝาขึน้ขณะปัสสาวะลงในภาชนะเก็บตัวอย่างปัสสาวะ และปดิฝาภาชนะทันทีที่เกบ็

ตัวอย่างปัสสาวะเรียบร้อยแล้ว 

4. ข้อควรระวงั ไม่ควรให้ภายในและฝาของภาชนะเกบ็ตัวอย่าง สัมผัสกับเส้ือผ้า หรือส่ิง

ปนเปื้อนอื่นๆก่อนท าการเก็บตัวอย่างปัสสาวะ 

3. วิธีการเก็บรักษาตัวอย่างปัสสาวะ 

น าภาชนะที่ท าการเก็บตัวอย่างปสัสาวะเรียบร้อยแล้วเข้าตู้เย็นในช่องแช่แข็งทันที จนกว่า

ผู้ท าการวิจัยจะท าการเก็บเพื่อน ามาวิเคราะห์ในวันเก็บตัวอย่างสิ่งแวดล้อมภายในที่อยู่อาศัย   
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APPENDIX F 

Results of air samples 
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Table F-1: Detected frequency and average concentration of OPs (chlorpyrifos) in air 

samples.  

Pesticides          House type 
Number 

(n=108) 

Range Average concentration* 

(mg/m
3
) 

Chlorpyrifos 

  
 

Non-occupational family: 9 (8.33%) <LOD - 0.002 1.15x10
-3

 

 Level 1 6 (5.56%) <LOD - 0.002 1.33x10
-3

 

 Level 2 3 (2.78%) <LOD - 0.002 1.11x10
-3

 

 Level 3 <LOD 

 

1.00x10
-3

 

Occupational family: 15 (13.9%) <LOD - 0.002 1.28x10
-3

 

 Level 1 11 (10.2%) <LOD - 0.002 1.61x10
-3

 

 Level 2 3 (2.78%) <LOD - 0.002 1.17x10
-3

 

 Level 3 1 (0.93%) <LOD - 0.001 1.06x10
-3
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APPENDIX G 

Results of surface wipe samples 
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Table G-1: Detected frequency and average concentration of OPs and PY in surface 

wipe samples 

Pesticides          House type 
Number 

(%) 
Range 

Average concentration* 

(mg/cm
2
) 

Chlorpyrifos 

  
 

Non-occupational family: 3 (2.78%) <LOD – 0.18 2.89x10
-2

 

 Level 1 3 (2.78%) <LOD – 0.18 4.67x10
-2

 

 Level 2 <LOD <LOD 2.00x10
-2

 

 Level 3 <LOD <LOD 2.00x10
-2

 

Occupational family: 9 (8.33%) <LOD – 0.18 4.67x10
-2

 

 Level 1 9 (8.33%) <LOD – 0.18 10.0x10
-2

 

 Level 2 <LOD <LOD 2.00x10
-2

 

 Level 3 <LOD <LOD 2.00x10
-2

 

Pirimiphos-methyl    

Non-occupational family: 3 (2.78%) <LOD – 0.1 2.44x10
-2

 

 Level 1 3 (2.78%) <LOD - 0.1 3.33x10
-2

 

 Level 2 <LOD <LOD 2.00x10
-2

 

 Level 3 <LOD <LOD 2.00x10
-2

 

Occupational family: 8 (7.41%) <LOD – 0.1 3.18x10
-2

 

 Level 1 8 (7.41%) <LOD – 0.1 5.56x10
-2

 

 Level 2 <LOD <LOD 2.00x10
-2

 

 Level 3 <LOD <LOD 2.00x10
-2
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Pesticides          House type 
Number 

(%) 
Range 

Average concentration* 

(mg/cm
2
) 

Permethrin 

  
 

Non-occupational family: 25 (23.2%) <LOD – 0.36 12.4x10
-2

 

 Level 1 10 (9.26%) <LOD – 0.36 16.6x10
-2

 

 Level 2 8 (7.41%) <LOD – 0.36 9.50x10
-2

 

 Level 3 7 (6.48%) <LOD – 0.36 11.0x10
-2

 

Occupational family: 25 (23.2%) <LOD – 0.36 10.8x10
-2

 

 Level 1 11 (10.2%) <LOD – 0.36 18.4x10
-2

 

 Level 2 7 (6.48%) <LOD – 0.36 9.83x10
-2

 

 Level 3 7 (6.48%) <LOD – 0.22 4.11x10
-2

 

Cypermethrin     

Non-occupational family: 9 (8.33%) <LOD – 0.1 3.33x10
-2

 

 Level 1 6 (5.56%) <LOD – 0.1 4.67x10
-2

 

 Level 2 3 (2.78%) <LOD – 0.1 3.33x10
-2

 

 Level 3 <LOD <LOD 2.00x10
-2

 

Occupational family: 2 (1.85%) <LOD – 0.1 2.29x10
-2

 

 Level 1 <LOD <LOD 2.00x10
-2

 

 Level 2 2 (1.85%) <LOD – 0.1 2.89x10
-2

 

 Level 3 <LOD <LOD 2.00x10
-2

 

Abbreviation: LOD = limit of detection 

*Samples reported as below LOD were assigned LOD prior to statistical analysis. 
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APPENDIX H 

Children Urinary Metabolite Results 
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Table H-1: Urinary Result of Diethylphosphate (DEP) Metabolite 

Participant / house type Number 

(% Detection) 

Statistic 

Categories 

Concentration 

Unadjusted 

ng/mL 

Adjusted 

µg/g.cre. 

Children (n=36) 

 

 

 

 

 

 

Non-occupational Family (n=18) 

 

 

 

 

 

 

Occupational Family (n=18) 

 

 

15 (41.7%) 

 

 

 

 

 

 

4 (22.2%) 

 

 

 

 

 

 

11 (61.1%) 

 

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

0.74 

<LOD – 9.85 

 

<LOD 

<LOD 

3.59 

9.59 

0.35 

<LOD – 3.67 

 

0.20 

0.20 

0.44 

3.67 

1.57 

<LOD – 9.85 

 

0.20 

3.11 

8.70 

9.85 

1.15 

0.25 – 15.0 

 

0.32 

0.36 

5.53 

14.9 

0.53 

0.25 – 4.60 

 

0.31 

0.34 

0.63 

4.60 

2.49 

0.32 – 15.0 

 

0.35 

5.29 

12.6 

15.0 

Abbreviation: LOD= limit of detection, LOD<0.20 

*Samples reported as below LOD were assigned LOD prior to statistical analysis. 
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Table H-2: Urinary Result of Diethylthiophosphate (DETP) Metabolite 

Participant / house type Number 

(% Detection) 

Statistic 

Categories 

Concentration 

Unadjusted 

ng/mL 

Adjusted 

µg/g.cre. 

Children (n=36) 

 

 

 

 

 

 

Non-occupational Family 

(n=18) 

 

 

 

 

 

Occupational Family 

(n=18) 

 

 

 

20 (55.6%) 

 

 

 

 

 

 

9 (50.0%) 

 

 

 

 

 

 

11 (61.1%) 

 

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

1.20 

<LOD – 19.0 

 

<LOD 

1.11 

8.85 

18.8 

0.70 

<LOD – 11.31 

 

0.20 

0.62 

2.40 

11.3 

2.06 

<LOD – 19.0 

 

0.20 

5.22 

12.3 

19.0 

1.87 

0.29 – 27.7 

 

0.34 

1.69 

11.5 

26.3 

1.07 

0.29 – 14.1 

 

0.34 

0.88 

3.09 

14.1 

3.26 

0.31 – 27.7 

 

0.35 

8.52 

20.7 

27.7 

Abbreviation: LOD= limit of detection, LOD<0.20 

*Samples reported as below LOD were assigned LOD prior to statistical analysis. 
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Table H-3: Urinary Result of Diethyldithiophosphate (DEDTP) Metabolite 

Participant / house type Number 

(% Detection) 

Statistic 

Categories 

Concentration 

Unadjusted 

ng/mL 

Adjusted 

µg/g.cre. 

Children (n=36) 

 

 

 

 

 

 

Non-occupational Family 

(n=18) 

 

 

 

 

 

Occupational Family 

(n=18) 

 

 

 

12 (33.3%) 

 

 

 

 

 

 

3 (16.7%) 

 

 

 

 

 

 

9 (50.0%) 

 

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

0.40 

<LOD – 23.7 

 

<LOD 

<LOD 

2.30 

20.2 

0.16 

<LOD – 2.40 

 

<LOD 

<LOD 

0.10 

2.40 

0.94 

<LOD – 23.7 

 

0.10 

1.05 

10.8 

23.7 

0.61 

0.13 – 29.6 

 

0.16 

0.18 

3.07 

27.6 

0.25 

0.12 – 3.00 

 

0.14 

0.17 

0.18 

3.00 

1.49 

0.15 – 29.6 

 

0.17 

1.63 

17.5 

29.6 

Abbreviation: LOD= limit of detection, LOD<0.10 

*Samples reported as below LOD were assigned LOD prior to statistical analysis. 
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Table H-4: Urinary Result of Molar Summed Diethylphosphate (DEPs) Metabolite 

Participant / house type Number 

(% Detection) 

Statistic 

Categories 

Concentration 

Unadjusted 

ng/mL 

Adjusted 

µg/g.cre. 

Children (n=36) 

 

 

 

 

 

 

Non-occupational Family 

(n=18) 

 

 

 

 

 

Occupational Family 

(n=18) 

 

 

 

21 (58.3%) 

 

 

 

 

 

 

9 (50.0%) 

 

 

 

 

 

 

12 (66.7%) 

 

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

0.02 

<LOD – 0.30  

 

<LOD 

<LOD  

0.09 

0.28 

0.01 

<LOD - 0.10 

 

<LOD 

0.01 

0.02 

0.10 

0.03 

<LOD – 0.30 

 

<LOD 

0.05 

0.19 

0.30 

0.03 

<LOD – 0.39 

 

<LOD 

0.02 

0.12 

0.38 

0.01 

<LOD – 0.13 

 

0.01 

0.01 

0.03 

0.13 

0.05 

<LOD – 0.39 

 

<LOD 

0.09 

0.31 

0.39 

Abbreviation: LOD= limit of detection 

*Samples reported as below LOD were assigned LOD prior to statistical analysis. 
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APPENDIX I 

Working age Urinary Metabolite Results 
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Table I-1: Urinary Result of Diethylphosphate (DEP) Metabolite 

Participant / house type Number 

(% Detection) 

Statistic 

Categories 

Concentration 

Unadjusted 

ng/mL 

Adjusted 

µg/g.cre. 

Working age (n=36) 

 

 

 

 

 

 

Non-occupational Family 

(n=18) 

 

 

 

 

 

Occupational Family: 

(n=18) 

 

 

 

14 (38.9%) 

 

 

 

 

 

 

6 (33.3%) 

 

 

 

 

 

 

8 (44.4%) 

 

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

0.84 

<LOD – 29.8 

 

<LOD 

<LOD 

6.29 

27.7 

0.60 

<LOD – 9.79 

 

0.20 

0.20 

6.15 

9.79 

1.19 

<LOD – 29.8 

 

0.20 

0.20 

25.4 

29.8 

0.84 

<LOD – 28.7 

 

<LOD 

0.23 

6.50 

24.8 

0.58 

0.16 – 8.30 

 

0.20 

0.21 

5.53 

8.30 

1.22 

0.16 – 28.7 

 

0.22 

0.26 

22.6 

28.7 

Abbreviation: LOD= limit of detection, LOD<0.20 

*Samples reported as below LOD were assigned LOD prior to statistical analysis.
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Table I-2: Urinary Result of Diethylthiophosphate (DETP) Metabolite 

Participant / house type Number 

(% Detection) 

Statistic 

Categories 

Concentration 

Unadjusted 

ng/mL 

Adjusted 

µg/g.cre. 

Working age (n=36) 

 

 

 

 

 

 

Non-occupational Family: 

(n=18) 

 

 

 

 

 

Occupational Family: 

(n=18) 

 

 

 

 

26 (72.2%) 

 

 

 

 

 

 

13 (72.2%) 

 

 

 

 

 

 

13 (72.2%) 

 

 

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

5.60 

<LOD – 124 

 

<LOD 

10.3 

38.2 

103 

3.02 

<LOD – 15.6 

 

0.20 

7.47 

11.1 

15.6 

10.4 

<LOD – 124 

 

0.20 

36.8 

79.8 

124 

5.57 

<LOD – 107 

 

0.25 

9.87 

42.5 

91.2 

2.91 

<LOD – 13.9 

 

0.24 

7.32 

11.2 

13.9 

10.7 

0.16 – 107 

 

0.28 

41.2 

83.7 

107 

Abbreviation: LOD= limit of detection, LOD<0.20 

*Samples reported as below LOD were assigned LOD prior to statistical analysis. 
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Table I-3: Urinary Result of Diethyldithiophosphate (DEDTP) Metabolite 

Participant / house type Number 

(% Detection) 

Statistic 

Categories 

Concentration 

Unadjusted 

ng/mL 

Adjusted 

µg/g.cre. 

Working age (n=36) 

 

 

 

 

 

 

Non-occupational Family 

(n=18) 

 

 

 

 

 

Occupational Family 

(n=18) 

 

 

 

9 (25%) 

 

 

 

 

 

 

5 (27.8%) 

 

 

 

 

 

 

4 (22.2%) 

 

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

0.26 

<LOD – 16.2 

 

<LOD 

<LOD 

1.14 

14.2 

0.28 

<LOD – 13.8 

 

<LOD 

<LOD 

1.51 

13.8 

0.25 

<LOD – 16.2 

 

<LOD 

<LOD 

0.60 

16.2 

0.26 

<LOD – 13.9 

 

<LOD 

0.11 

0.99 

12.0 

0.27 

<LOD – 11.7 

 

<LOD 

<LOD 

1.35 

11.7 

0.26 

<LOD – 13.9 

 

<LOD 

<LOD 

0.60 

13.9 

Abbreviation: LOD= limit of detection, LOD<0.10 

*Samples reported as below LOD were assigned LOD prior to statistical analysis. 
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Table I-4: Urinary Result of Molar Summed Diethylphosphate (DEPs) Metabolite 

Participant / house type Number 

(% Detection) 

Statistic 

Categories 

Concentration 

Unadjusted 

ng/mL 

Adjusted 

µg/g.cre. 

Working age (n=36) 

 

 

 

 

 

 

Non-occupational Family 

(n=18) 

 

 

 

 

 

Occupational Family 

(n=18) 

 

 

 

26 (72.2%) 

 

 

 

 

 

 

13 (72.2%) 

 

 

 

 

 

 

13 (72.2%) 

 

 

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

0.05 

<LOD – 1.00 

 

<LOD 

0.07 

0.23 

0.84 

0.03 

<LOD – 0.23 

 

<LOD 

0.05 

0.09 

0.23 

0.09 

<LOD – 1.00 

 

<LOD 

0.22 

0.63 

1.00 

0.05 

<LOD – 0.85 

 

<LOD 

0.07 

0.25 

0.71 

0.03 

<LOD– 0.19 

 

<LOD 

0.05 

0.09 

0.19 

0.09 

<LOD – 0.85 

 

<LOD 

0.24 

0.58 

0.85 

Abbreviation: LOD= limit of detection 

*Samples reported as below LOD were assigned LOD prior to statistical analysis.
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APPENDIX J 

Elderly Urinary Metabolite Results 
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Table J-1: Urinary Result of Diethylphosphate (DEP) Metabolite 

Participant / house type Number 

(% Detection) 

Statistic 

Categories 

Concentration 

Unadjusted 

ng/mL 

Adjusted 

µg/g.cre. 

Elderly (n=36) 

 

 

 

 

 

 

Non-occupational Family 

(n=18) 

 

 

 

 

 

Occupational Family 

(n=18) 

 

 

9 (25.0%) 

 

 

 

 

 

 

1 (5.56%) 

 

 

 

 

 

 

8 (44.4%) 

 

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

0.34 

<LOD – 7.78 

 

<LOD 

<LOD 

<LOD 

7.19 

0.20 

<LOD  

 

<LOD 

<LOD 

<LOD 

<LOD 

0.57 

<LOD – 7.78 

 

<LOD 

<LOD 

1.82 

7.78 

0.40 

<LOD – 7.16 

 

0.24 

0.25 

0.31 

6.87 

0.25 

<LOD – 0.31 

 

0.22 

0.25 

0.27 

0.31 

0.66 

0.24 – 7.16 

 

0.25 

0.27 

1.89 

7.16 

Abbreviation: LOD= limit of detection, LOD<0.20 

*Samples reported as below LOD were assigned LOD prior to statistical analysis. 
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Table J-2: Urinary Result of Diethylthiophosphate (DETP) Metabolite 

Participant / house type Number 

(% Detection) 

Statistic 

Categories 

Concentration 

Unadjusted 

ng/mL 

Adjusted 

µg/g.cre. 

Elderly (n=36) 

 

 

 

 

 

 

Non-occupational Family 

(n=18) 

 

 

 

 

 

Occupational Family 

(n=18) 

 

 

 

12 (33.3%) 

 

 

 

 

 

 

5 (27.8 %) 

 

 

 

 

 

 

7 (38.9%) 

 

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

0.51 

<LOD – 12.5 

 

<LOD 

<LOD 

1.41 

12.4 

0.31 

<LOD – 2.06 

 

<LOD 

<LOD 

0.45 

2.06 

0.82 

<LOD – 12.5 

 

<LOD 

<LOD 

6.09 

12.5 

0.61 

<LOD – 12.6 

 

0.25 

0.26 

1.54 

11.2 

0.29 

<LOD – 2.27 

 

0.24 

0.28 

0.53 

2.27 

0.94 

<LOD – 12.6 

 

0.25 

0.26 

6.22 

12.6 

Abbreviation: LOD= limit of detection, LOD<0.20 

*Samples reported as below LOD were assigned LOD prior to statistical analysis. 
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Table J-3: Urinary Result of Molar Summed Diethylphosphate (DEPs) Metabolite 

Participant / house type Number 

(% Detection) 

Statistic 

Categories 

Concentration 

Unadjusted 

ng/mL 

Adjusted 

µg/g.cre. 

Elderly (n=36) 

 

 

 

 

 

 

Non-occupational Family 

(n=18) 

 

 

 

 

 

Occupational Family 

(n=18) 

 

 

 

13 (36.1%) 

 

 

 

 

 

 

5 (27.8%) 

 

 

 

 

 

 

8 (44.4%) 

 

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

GeoMean 

Range 

Percentile 

25
th

 

50
th

 

75
th

 

95
th

 

0.006 

<LOD – 0.12 

 

<LOD 

<LOD 

<LOD 

0.12 

0.004 

<LOD  

 

<LOD 

<LOD 

<LOD 

0.01 

0.01 

<LOD – 0.12 

 

<LOD 

<LOD 

0.05 

0.12 

0.008 

<LOD – 0.12 

 

<LOD 

<LOD 

<LOD 

0.11 

0.005 

<LOD – 0.02 

 

<LOD 

<LOD 

<LOD 

0.02 

0.01 

<LOD – 0.12 

 

<LOD 

<LOD 

0.05 

0.12 

Abbreviation: LOD= limit of detection, LOD<0.10 

*Samples reported as below LOD were assigned LOD prior to statistical analysis. 
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Appendix K 

Calibration Curve and Laboratory Analysis 
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Pirimiphos-methyl and Chlopyrifos calibration curve 
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Permethrin and Cypermethrin calibration curve 
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Urinary metabolite calibration curve 
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Appendix L 

Risk communication material 
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