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 Background: Thailand is an agricultural country and health of breastfeeding 

farmworkers and their infants is a matter of concerns. Objective: We investigated 

pesticide exposure level among 33 breastfeeding farmworkers for assessing health risk 
from pesticide exposure. The study site was in Fang district, 155 km north of Chiang 

Mai city. Participants were recruited in September 2013. Ten milliliters of venous blood 

and 20 mL of expressed breast milk samples were collected from each participants for 
analyzing organochlorine (OC) and organophosphate (OP) pesticides. Results: Out of 9 

OC compounds, all compounds were detected in 33 plasma and 30 milk samples. p,p’ 

DDE, the major DDT metabolite, was detected in all (100%) breast milk samples and 
28 (85%) plasma samples with geometric means of 3.2 and 1.1 ng/mL, respectively. 

Significantly correlation of p,p’ DDE concentration between plasma and breast milk 

was found (r = 0.86, p < 0.05). Out of 11 OP compounds, 7 compounds were detected 
in 19 (58%) plasma samples and 5 compounds in 26 (77%) breast milk samples. 

Chlorpyrifos was the most detected OP compound in both plasma and breast milk 

samples. The calculated daily intake (DI) of OC pesticides including dieldrin, 
heptachlor epoxide and DDTs were 20, 10 and 2.1 % of acceptable daily intake (ADI) 

set by WHO (0.1, 0.1 and 0.1 µg/kg/day, respectively) while DI of each OP pesticide 

did not exceed 1 % ADI. Conclusion: The presence of DDT which is no longer used 
indicated the contamination of these persistent compounds in the environment while OP 

pesticides such as chlorpyrifos are commonly used in present agriculture. Therefore, to 

prevent health risk from long-term and cumulative exposure, breastfeeding 
farmworkers should avoid exposure to these pesticides. 
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INTRODUCTION 

 

 Thailand is an agricultural country. Approximately 21 million hectares or 40.9% of the total area is used for 

agricultural production. Agriculture in Thailand is not only for domestic consumption but also for export 

earnings. Therefore, agriculture is an important sector and largest source of employment of rural population of 

the country. For improving productivity, pesticides have been an integral part of the process by protecting crops 

losses from any pests. Nowadays, Thailand imports pesticides more than 100,000 tons a year which worth 

nearly 18 billion baht. This data shows high amount of pesticides used in the country. Although pesticides have 

many benefits for agricultural purposes, many evidences show that their disadvantages are serious health 

implications and environmental contamination.  

 Many researchers studied pesticide contamination in northern Thailand, where pesticides are widely used 

for agricultural purpose. Steutz et al. [1] found the contamination of OC pesticides in human breast milk in Mae 

Rim district, Chiang Mai Province, Thailand. In addition, Prapamontol et al. [2] found contamination of OC 

pesticides in human breast milk in Fang district, Chiang Mai Province. Other researches in northern Thailand 

reported the contamination of OP pesticides in fruit and vegetable samples [3] and also OP metabolites in the 

urine of the population in this area as well [4, 5]. Moreover, pregnant farmers in this area seem to have 
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inadequate knowledge and unsafe pesticides practices [6]. Therefore, these people have a high risk of getting the 

adverse effects from exposure to OP insecticides. Among this birth cohort, not only mothers but also their 

children are exposed to OP insecticides via transporting through placenta or breastfeeding. 

 Besides farmworkers, breastfed infants can be exposed to these pesticides through environment and 

breastmilk from their mother. The complex process of persistent organic pollutants (POPs) transfer from mother 

to infant via breastfeeding is strongly influenced by a particular chemical characteristic of all POPs which are 

lipophilic by nature [7, 8]. Therefore, health risk from pesticides exposure in breastfed infants is an important 

issue. 

 This study aimed to investigate OC and OP pesticide levels in plasma and breastmilk from breastfeeding 

farmworkers. Daily intakes of these pesticides by infants were also calculated for assessing health risk. 

 

MATERIALS & METHODS 

 

 This cross-sectional study was conducted in Fang district, 155 km north of Chiang Mai city in September 

2013. Thirty three breastfeeding farmworkers who consented to participate in the study were enrolled.  

 

 
 

Fig. 1: Map of Fang District, Chiang Mai Province, Thailand. It is located near Myanmar border. 

 

 All questionnaires were face-to-face interviewed by trained personnel about their demographic and 

pesticide use information. Their infants’ weights were used to calculate daily intake (DI) of OC and OP 

pesticides.  

 Ten milliliters of venous blood were collected using heparinized BD vacutainer blood collection tubes (BD, 

Franklin Lakes, NJ, USA). The whole blood was centrifuged at 1,500 ×g for 20 minutes, 4 °C. Heparinized 

plasma was collected into screw-cap cryo-vial using a disposal pasture pipette without disturbing the cell layer. 

Twenty milliliters of milk were collected into glass tubes by self-manual expression from each participant. All 

samples were cooled in ice, then transferred to Toxicology lab, Environment and Health Research Unit of 

Research Institute for Health Sciences in Chiang Mai. All plasma samples were stored in 20 °C until pesticide 

analysis. 

 Nine OC compounds including p,p’ DDE, p,p’ DDT, p,p’ DDD, o,p’ DDE, o,p’ DDT, o,p’ DDD, β-HCH, 

dieldrin and heptachlor epoxide were analyzed in plasma and milk samples using GC-ECD (Hewlett-Packard 

6890, USA) using the methods described by Prapamontol and Stevenson with slight modification [9]. Eleven 

OP compounds including chlorpyrifos, diazinon, dicrotophos, dimethoate, ethion, malathion, pirimiphos-ethyl, 

profenofos, prothiophos and triazophos were analyzed in plasma and milk samples using GC-FPD (Hewlett-

Packard 6890, USA) and Naksen et al. [10].  

 The general characteristics of the study population and pesticide concentrations were described by the 

mean, standard deviation, minimum and maximum value. The distribution of data was tested by Kolmogorov-

Smirnov test. The differences between pesticide concentrations between plasma and breastmilk were tested by 

non-parametric test. The correlations between pesticide concentration in plasma and breastmilk were analyzed 
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by Spearman’s correlation analysis. All statistical tests for difference and correlation were considered significant 

at p-value less than 0.05.  

Results: 

 The characteristics of the participants are shown in Table 1. Thirty three breastfeeding farmworkers were 

enrolled and interviewed in this study.  

 
Table 1: Demographic characteristics and pesticide use information of participants. 

Characteristics  

Farmworkers 
No. of participants : n 

Age of participants (year): mean (min-max) 

Working hours per week: mean (±SD) 
Pesticide use at work: n (%) 

Applying pesticides by themselves: n (%) 

Preparing and mixing pesticides: n (%) 
Holding apparatus or containers while others is spraying pesticides: n (%) 

Touching pesticides directly or pesticide containers: n (%) 

 
33 

25 (15-38) 

37 (±25) 
21 (82%) 

11 (33%) 

8 (24%) 
13 (39%) 

13 (39%) 

Infants 
Age of infants (month) : mean (min-max) 

Body weight of infants (kg): mean (±SD) 

 
7 (1-27) 

7.5 (±2.9) 

 

 Plasma samples were collected from 33 participants and analyzed for OC and OP pesticides. Because of 

insufficient breastmilk sample volumes, only 30 milk samples from breastfeeding farmworkers were collected 

and analyzed for OP pesticides and only 27 milk samples were analyzed for OC pesticides. 

 Frequencies and concentrations of 9 OC and 11 OP pesticides in plasma samples are presented in Table 2. 

For OC compounds, DDT residues in the form of commercial p, p’-DDT and its metabolites were detected in all 

plasma samples. Heptachlor epoxide, β-HCH and dieldrin were subordinately found. For OP compounds, 

chlorpyrifos was the most detected compounds which present in 42% of all samples following by malathion, 

ethion, triazophos, profenophos, prothiophos and pirimiphos-ethyl, respectively. However, all detected OP 

pesticides in plasma samples were below LOQ. 

 
Table 2: Frequencies and concentrations of 9 OC and 11 eleven OP pesticides in plasma samples from breastfeeding farmworkers. 

Pesticides Concentration (ng/ml) 

%detectable % >LOQ Mean (±SD) min-max 

OC compounds (n=33)     

p,p’ DDE 85 48 1.08(±1.69) ND-8.71 

p,p’ DDT 100 36 0.53(±0.32) 0.02-1.28 

p,p’ DDD 27 0 0.04(±0.09) ND-0.42 

o,p’ DDE 30 12 0.11(±0.22) ND-0.76 

o,p’ DDT 9 3 0.14(±0.78) ND-4.49 

o,p’ DDD 6 0 0.01(±0.03) ND-0.16 

Sum DDT* 100 NA 1.78(±2.32) 0.03-10.14 

β-HCH 42 6 0.13(±0.18) ND-0.61 

Dieldrin 30 6 0.11(±0.20) ND-0.75 

Heptachlor epoxide 88 6 0.13(±0.17) ND-0.62 

 

OP compounds (n=33) 

    

Chlorpyrifos 42 0 0.05(±0.07) ND-0.25 

Diazinon 0 0 ND ND 

Dicrotophos 0 0 ND ND 

Dimethoate 0 0 ND ND 

Ethion 3 0 ND(±0.01) ND-0.08 

Malathion 15 0 0.04(±0.11) ND-0.50 

Parathion-methyl 0 0 ND ND 

Pirimiphos-ethyl 3 0 ND(±0.01) ND-0.08 

Profenofos 3 0 ND(±0.03) ND-0.16 

Prothiophos 3 0 ND(±0.01) ND-0.07 

Triazophos 24 0 0.03(±0.07) ND-0.31 

* Sum DDT was from p,p’ DDE, p,p’ DDT, p,p’ DDD and o,p’ DDT. 

ND = Not detectable 
NA = Not applicable 

 

 Frequency and concentrations of 9 OC and 11 OP pesticides in breastmilk samples are presented in Table 3. 

For OC compounds, DDT residues and its metabolites were detected in all breastmilk samples. Dieldrin, β-HCH 

and heptachlor epoxide were respectively found. For OP compounds, chlorpyrifos was the most detected 

compounds which present in 73% of all samples following by ethion, malathion, dicrotophos and dimethoate, 

respectively. As well as plasma samples, all detected OP pesticides in breastmilk samples were below LOQ. 
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Table 3: Frequencies and concentrations of 9 OC and 11 OP pesticides in breastmilk samples from breastfeeding farmworkers. 

Pesticides Concentration (ng/ml) 

Percent detectable Percent >LOQ Mean (±SD) min-max 

OC compounds (n=27)     

p,p’ DDE 100 89 3.19(±4.56) 0.28-24.53 

p,p’ DDT 100 33 0.74(±1.20) 0.25-6.52 

p,p’ DDD 22 4 0.07(±0.24) ND-1.23 

o,p’ DDE 15 0 0.04(±0.18) ND-0.38 

o,p’ DDT 52 4 0.09(±0.18) ND-0.96 

o,p’ DDD 18 0 0.01(±0.03) ND-0.09 

Sum DDT* 100 NA 4.08(±6.11) 0.75-33.24 

β-HCH 33 0 0.08(±0.13) ND-0.38 

Dieldrin 59 11 0.17(±0.26) ND-0.58 

Heptachlor epoxide 18 14 0.03(±0.11) ND-0.58 

OP compounds (n=30)     

Chlorpyrifos 73 0 0.10(±0.10) ND-0.46 

Diazinon 0 0 ND ND 

Dicrotophos 3 0 ND(±0.02) ND-0.14 

Dimethoate 3 0 ND(±0.02) ND-0.12 

Ethion 20 0 0.02(±0.04) ND-0.14 

Malathion 23 0 0.06(±0.12) ND-0.35 

Parathion-methyl 0 0 ND ND 

Pirimiphos-ethyl 0 0 ND ND 

Profenofos 0 0 ND ND 

Prothiophos 0 0 ND ND 

Triazophos 0 0 ND ND 

* Sum DDT was from p,p’ DDE, p,p’ DDT, p,p’ DDD and o,p’ DDT. 

ND=Not detectable 
 

 Significantly correlation of p,p’ DDE and sum of DDT metabolites concentration between plasma and 

breast milk were found with the similar correlation coefficients (r = 0.86, p < 0.05 ) while no correlation of OP 

compounds between plasma and breast milk was observed. Although the frequencies and concentrations of 

pesticides-detected breastmilk samples were visibly higher than plasma samples, the significance was only 

found for p,p’ DDE and sum of DDT metabolites (p<0.05). 

 Daily intakes (DI) of OC and OP pesticides by the breast-fed infants consuming 750 ml of milk per day 

(volume recommended by WHO) day are given in Table 4. The calculated DI of OC pesticides including 

dieldrin, heptachlor epoxide and DDTs were 20, 10 and 2.1 % of acceptable daily intake (ADI) set by WHO, 

respectively while DI of each OP pesticide including chlorpyrifos, dimethoate, ethion, and malathion were 0.1, 

0.1, 0.5 and 0.1 % ADI, respectively. 

 
Table 4: Calculated daily intake (DI) of OC and OP pesticides by the breastfed infants consuming 750 ml of milk per day comparing to  

acceptable daily intake (ADI) 

Pesticides DI (µg/kg/day) ADI 
(µg/kg/day) 

% ADI (min-max) 

 N mean(±SD) min max   

OC compounds       

Sum DDT* 27 0.42(±0.52) 0.06 2.71 20.0 (11) 2.1 (0.3-13) 

β-HCH 9 0.02(±0.01) 0.00 0.04 NA  

Dieldrin 16 0.02(±0.02) 0.00 0.08 0.10(12) 20 (0-80) 

Heptachlor epoxide 5 0.01(±0.02) 0.00 0.04 0.10(13)† 10 (0-40) 

OP compounds       

Chlorpyrifos 22 0.01(±0.01) 0.00 0.05 10.0(14) 0.1 (0-0.5) 

Dicrotophos 1 0.01 0.01 0.01 NA  

Dimethoate 1 0.01 0.01 0.01 10.0(14) 0.1 

Ethion 8 0.01(±0.01) 0.00 0.01 2.00(14) 0.5 (0-0.5) 

Malathion 7 0.02(±0.01) 0.01 0.04 20.0(14) 0.1 (0-0.2) 

* Sum DDT was from p,p’ DDE, p,p’ DDT, p,p’ DDD and o,p’ DDT. 
† ADI of sum heptachlor and heptachlor epoxide 
NA = ADI of this compound is not applicable.  
 

Discussion: 

 In this study, OC compounds such as DDT residues, β-HCH, dieldrin and heptachlor epoxide were detected 

in both plasma and breastmilk samples. Although DDT was banned in Thailand since 1983, DDT residues is 

rapidly degraded to its major metabolite, p,p’ DDE, which is stable in the environment for many years
 
[15]. The 

high concentration of p,p’ DDE in this study comparing to p,p’ DDT suggested that exposure to p,p’ DDE in 
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this study was from environment contamination as well as β-HCH, dieldrin and heptachlor epoxide which were 

also banned for more than twenty years.  

 The concentrations of OC compounds detected in plasma and breastmilk in this study were much lower 

than previous studies. Mean p,p’ DDE concentration in plasma samples of this study was 20-fold lower than the 

study in 2006 which studied in the similar participants groups (among people working in citrus orchard in Fang 

district)
 
[16] while the mean concentration in breastmilk was 50-fold lower than the study in other area in 

Chiang Mai province
 
[1]. This finding supports that OC pesticides are not currently used but still contaminate in 

the environment because of their persistent structure.  

 Unlike OC compounds, OP pesticides are less toxic and less persistent in the environment, they are still 

widely used in many areas in Thailand according to the evidence in environmental and crop samples [3]. 

However some OP compounds such as parathion-methyl were also banned and dicrotophos is in the waiting list 

for ban in nearly future.  

 From the interview, Seventy nine percent of participants in this study told that pesticides were used in their 

workplaces and 78% did not know the name of used pesticides. Since a half of participants worked in tangerine 

orchard, additional in-depth interview were performed in some of those orchards and pesticide store. There was 

found that some OP pesticides such as chlorpyrifos, ethion and profenophos were currently used in this area. 

Farmworkers especially who are employee in the large orchard may unaware exposed to these pesticides. 

Therefore, pesticide monitoring in environment and farmworker is required for health risk assessment and 

pesticide control act.  

 Steutz et al. [1] reported the higher calculated DI of DDT and heptachlor epoxide than ADI by the children 

from the study in 2006. In contrast, calculated DI of each pesticide in this study was lower than ADI. However, 

this may be the minimum calculation of risk because all participants were exposed to more than one compound 

which presented in their plasma and breastmilk samples. The Cumulative risk of a common toxic effect 

associated with pesticides that share a common mechanism of toxicity should be considered. 

 Both OC and OP compounds were reported to be associated with neurodevelopment disorder in children 

[17-20]. The presence of toxic compounds in breastmilk shows the possible health risk of breastfed infants in 

this study. It is necessary to evaluate health-related outcomes among the infants.  

 The limitation of this study was a small number of participants which restricted the power to test for 

differences and correlations between pesticide levels and other variables.  

 

Conclusions: 

 The decrease of OC pesticide concentrations such as DDT, β-HCH, dieldrin, heptachlor epoxide among 

farmworkers in Fang district, Chiang Mai province revealed that these pesticides was not currently used in this 

area but indicated the contamination of these persistent compounds in the environment. While OP pesticides 

detected in very low concentration, are commonly used in present agriculture. Although calculated DIs of these 

pesticides by infants were lower than ADI, breastfeeding farmworkers should avoid exposure to these pesticides 

because long-term exposure and cumulative risk may harm their and their infants’ health. 
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