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This researcher has developed a questionnaire in order to be an assessment 
tool to evaluate the quantitative exposure to the pesticide and to gauge the 
concentration of organophosphate pesticides such as chlorpyrifos and methyl 
parathion while the farmers of Tambon Bang Rieng were spraying the pesticide. The 
results gained will be applied the exposure assessment and to compare the quantity of 
farmer’s pesticide exposure between Traditional and IPM farmers of Bang Rieng.

By using interviewed questionnaires of 73 samples, it found that there was a 
significant difference between the Traditional farmers, who had the average pesticide 
exposure scores of 58.30 points and the IPM farmers, whose average scores were 
53.50 points at the level of .05. Moreover, when the air samples of 33 samples had 
been collected during the pesticide was spraying, it found that there was a significant 
difference between the Traditional farmers had expose a higher level of pesticide 
concentration with the average of 0.1865 mg/m3. Comparing to the IPM farmers who 
had the average pesticide concentration of 0.037 mg/m3, at the level of .05.

After the samples had been collected during the farmers were spraying the 
pesticide and the results had been analyzed to calculate the exposure concentration. It 
can be concluded that farmers would be exposed to organophosphate pesticide from 
breathing into their inhalation system in the amount of 81.0 -  12,261.4 mg throughout 
their life time (65 years). Furthermore, the pesticide concentration was also calculated 
to assess the intake concentration. When compared with the ADI Standard, farmers 
would inhale the pesticide at the level of 0.0002 -  0.0279 mg/kg.day or representing 
0.9 -  279.5% as recommended by ADI into their inhalation system. Moreover, 
Traditional farmers would be exposed to pesticide more than IPM farmers.

Inter-department.Environmental Management Student’s signaturedไบไโ* .̂.................
Field of รณdy Environmental Management Advisor’s s i g n a t u r e . โ'c ๙''
Academic year.................. 2002...................  Co-advisor’s signature’



Vi

Acknowledgements

Especially, I would like to express my sincere gratitude to my advisor, 
Dr. Parichat Visuthismajam, who helped me in various ways in preparing this 
research paper. Without her generous guidance, valuable suggestions and constructive 
comments, I would not have been able to complete this work. I am also grateful to my 
Co-Advisor Associated Professor Dr. Mark G. Robson, and Assistant Professor 
Dr. Chatchai Ratanachai, Assistant Professor Jerdchan Siriwong and all staffs in the 
Environmental Management, Prince of Songkla University (PSU) for all their helpful 
and suggestion. My thanks should also go to teachers and staff of Environmental 
Research Institute of Chulalongkom University (ERIC), National Research Center for 
Environmental and Hazardous Waste Management.

Special thanks are also made to Krajamsirisilp Family who gave the 
most valuable supports and helps when I lived in Hat Yai. Heartfelt thanks go to all 
my Debsirin School, Mahidol, Thammasat, NRC-EMHWM and PSU friends who 
always understand, support and service me whenever I need their encouragement.

Lastly, I would like to express my deepest appreciation to my family
who gave me strength and support whenever I needed it, especially my best sister who
helped me complete this research paper.



CONTENTS

PAGE

ABSTRACT (IN THAI).............................................................................................. iv
ABSTRACT (IN ENGLISH)..................................................................................... V

ACKNOWLEDGEMENT..........................................................................................vi
CONTENTS.................................................................................................................vii
LIST OF TABLES....................................................................................................... ix
LIST OF FIGURES....................................................................................................xii
ABBREVIATION......................................................................................................xiii
CHAPTER 1 INTRODUCTION

1.1 Problems......................................................................................  1
1.2 Objectives.................................................................................... 4
1.3 Conceptual Framework .............................................................  4
1.4 Hypothesis ..................................................................................  7
1.5 Definition....................................................................................  7

CHAPTER 2 BACKGROUNDS AND LITERATURE REVIEW
2.1 Pesticide......................................................................................  9
2.2 Risk Assessment.......................................................................... 17
2.3 Exposure Assessment...............................................................  21
2.4 Integrated Pest Management Farmers......................................  29
2.5 Literature Review ....................................................................  32



PAGE
CHAPTER 3 MATERIAL METHODOLOGY

3.1 Population and Samples in Tambon Bang Rieng....................  37
3.2 Procedure................................................................................... 39
3.3 Sampling Procedure.................................................................  42
3.4 Statistical Analysis......................................................................46

CHAPTER 4 RESULTS AND DISCUSSION
4.1 Pesticide Exposure Questionnaire Information.......................  49
4.2 Pesticide Concentration in Working Air Condition................  61
4.3 Statistical Analysis......................................................................68
4.4 Exposure Assessment..................................................................84

CHAPTER 5 CONCLUSION AND RECOMMENDATIONS
5.1 Pesticide Exposure Questionnaire.............................................. 93
5.2 Pesticide Concentration in Working Air Condition................  93
5.3 Statistical Analysis.......................................................................94
5.4 Pesticide Exposure Assessment................................................ 96
5.5 Recommendation for Management Policy............................... 97
5.6 Recommendation for Future Studies..........................................98

REFERENCES.......................................................................................................  100
APPENDIX A ........................................................................................................... 105
APPENDIX B .......................................................................................................... 113

V lll

CONTENTS (con’t)

BIOGRAPHY 124



IX

T a b le s  p age
C h a p te r  1
1.1 Acetylcholinesterase Level in Blood Sampling from the Organophosphate

Pesticide Exposure in Tambon Bang Rieng................................................  3
C h a p te r  2
2.1 Physical, Chemical Properties and Exposure Permission of

Organophosphate Pesticide............................................................................  15
C h a p te r  4
4.1.1 General Information.......................................................................................  50
4.1.2 Health Information......................................................................................... 54
4.1.3 Results and Description of Question in the Pesticide Exposure Assessment

Questionnaire.............................................................................. 54
4.1.4 Wearing PPD Scores...................................................................................... 57
4.1.5 Pesticide Exposure Level of Bang Leang Farmers........................................  59
4.1.6 IPM Farmer Information................................................................................ 60
4.2.1 General Information of the Pesticide Concentration in Working Air 62

Condition Study..............................................................................................
4.2.2 Number of Traditional and IPM Farmers Categorized by Gender..............  63
4.2.3 Approximate Pesticide Concentration Solution which Mixing by

Farmers............................................................................................................ 63
4.2.4 Pesticide Concentration in the Working Air Condition................................. 65
4.2.5 Organophosphate Pesticide Concentration in Working Condition...............  67
4.2.6 Exposure Concentration Compared to ACGIH Recommendation...............  67
4.3.1 Pesticide Exposure Scores Compared to Traditional and IPM Farmers.....  68
4.3.2 Mean and S.D. of Pesticide Exposure Scores in Differences in House

Locations........................................................................................................ 69
4.3.3 Pesticide Exposure Scores Compared to the Differences in House

Locations......................................................................................................... 69
4.3.4 Multiple comparison (LSD) of Pesticide Exposure Scores Compared to

the Differences in House Locations............................................................... 69

LIST of TABLES



LIST of TABLES (con’t)

Tables page
C h a p te r  4 (c o n ’t)
4.3.5 Comparison of Pesticide Exposure Scores between Male and Female

Farmers...........................................................................................................  70
4.3.6 Mean and S.D. of Pesticide Exposure Scores Compared to the Differences

in Educational Backgrounds..........................................................................  71
4.3.7 Pesticide Exposure Scores Compared to the Differences in Educational

Backgrounds...................................................................................................  71
4.3.8 Comparison of Pesticide Exposure Scores Compared to Smoking

Behavior..........................................................................................................  72
4.3.9 Mean and S.D. of Pesticide Exposure Scores Comparing in the differences

in Spraying Equipment................................................................................... 73
4.3.10 Pesticide Exposure Scores Compared to the Differences in Spraying

Equipment......................................................................................................  73
4.3.11 Multiple Comparison (LSD) of Pesticide Exposure Scores Compared to

the Differences in Spraying Equipment........................................................  73
4.3.12 Relationship between Spraying Equipment and Pesticide Exposure

Scores............................................................................................................... 74
4.3.13 Comparison of Pesticide Concentration between Traditional and IPM

Farmers...........................................................................................................  74
4.3.14 Mean and S.D. of Pesticide Exposure Concentration in Differences House

Locations.......................................................................................................  75
4.3.15 Pesticide Exposure Concentration Compared to the Differences in House

Locations.......................................................................................................  75
4.3.16 Comparison of Pesticide Concentration between Male and Female

Farmers............................................................................................................ 76
4.3.17 Mean and S.D. of Pesticide Exposure Concentration Compared to the

Differences in Educational Backgrounds......................................................  76
4.3.18 Pesticide Exposure Scores Compared to the Differences in Educational

Backgrounds...................................................................................................  76
4.3.19 Pesticide Exposure Scores Compared to Smoking Behavior.......................  77



XI

T a b le s  p age
C h a p te r  4 (c o n ’t)
4.3.20 Comparison of Usage of the Pesticide Concentration in Solution between

Traditional and IPM Farmers.......................................................................  77
4.3.21 Correlation between Pesticide Concentration in Solution and in Working

Air Condition..................................................................................................  78
4.3.22 Mean and S.D. of Pesticide Exposure Concentration Compared to the 78

Differences in Pesticide Types.....................................................................
4.3.23 Pesticide Exposure Concentration Compared to the Differences in

Pesticide Types...............................................................................................  79
4.3.24 Mean and S.D. of Pesticide Exposure Concentration Comparing with the

Difference in Spraying Equipment...............................................................  79
4.3.25 Pesticide Exposure Concentration Compared to the Differences in

Spraying Equipment....................................................................................... 80
4.3.26 Multiple Comparison (LSD) of Pesticide Exposure Concentration

Compared to the Differences in Spraying Equipment................................... 80
4.3.27 Relationship between Spraying Equipment and Pesticide Concentration

(mg/m3)............................................................................................................ 81
4.3.28 Results from the Statistical Analysis in Pesticide Exposure Scores............  81
4.3.29 Results from the Statistical Analysis in Pesticide Concentration.................  82
4.3.30 Results from Statistical Analysis of Interesting Variables............................  83
4.4.1 Intake Concentration from being Exposed to Organophosphate Pesticide

to Inhalation System......................................................................................  87
4.4.2: Intake Concentration from being Exposed to Organophosphate Pesticide

to Inhalation System of each Farmer Group.................................................  92
C h a p te r  5
5.1 Summary of the Results from the Test Statistic............................................  96
5.2 Summary of the Results from Test Statistic of Interesting Variables......... 97

LIST of TABLES (con’t)



F ig u re  p age
1.1 Conceptual Framework..................................................................................  6
2.1 Common Structure of Organophosphate Pesticide....................................... 10
3.1 Map of Tambon Bang Rieng........................................................................  38
3.2 Population, Samples and Sampling Method in each Study.........................  39
3.3 Personal Pump Sampling and OVS-tube......................................................  43
3.4 The Sampling Preparation Method...............................................................  45
3.5 Pesticide Spraying Equipment (a) Motor Pump, (b) Hand Pump including

their Mist and Plume....................................................................................  47
4.1 Percentage of Pesticide Used by Farmers in Tambon Bang Rieng between

Nov. 2002 -  Feb. 2003 ..................................................... .โ..........โ ..............  53
4.2 Pesticide Exposure Scores of Bang Rieng Farmers......................................  58

xii

LIST of FIGURES



A BBR EVIATIO N

ACGIH = American Conference of Governmental Industrial Hygienist
ADI = Acceptable Daily Intake
CAS No. = Chemical Abstract Service Numbers
FAO = Food and Agriculture Organization
HQ = Hazard Quotient; Intake/ ADI
LD50 = Median Lethal Dose
NIOSH = National Institute for Occupational Health
NMAM = NIOSH Manual of Analytical Method
NOEL = No Observable Effect Level
OSHA = Occupational Safety and Health Administration
PEL = Permission Exposure Limit
STEL = Short -  Time Exposure Limit
TLV = Threshold Limit Value
TWA = Time-Weighted Average
U.S.EPA = United States Protection Agency.
WHO = World Health Organization

mg/kg.day
mg/m3

= Milligram per Kilogram of Body Weight -Day 
= Milligram per Cubic Meters

ppm = part per million
ppt
pg/kg

= part per trillion
= Microgram ( 10‘6 gram) per Kilogram
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