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ABSTRACT 
 

 Vietnamese farmers are at high risk of pesticide exposure due to usage of pack-

back sprays for application of pesticides with their rice crops. Chlorpyirifos has been 

the most common organophosphate registered for agricultural use in Vietnam, however 

the health risk due to the use of this compound by rice farmers has not been evaluated. 

The primary objective of this study was to evaluate the health risk of chlorpyrifos 

exposure to rice farmers, using a probabilistic approach, with a secondary objective of 

developing safety strategies for pesticide risk reduction, using qualitative needs 

assessment methods used for evaluating health promotion programs. 

 Farmer exposure to chlorpyrifos from pesticide application was measured by 

biological monitoring. Urine samples were collected from  farmers (18) over pesticide 

spraying application time and analysed for 3,5,6-trichloropyridinol (TCP), the major 

urinary metabolite of chlorpyrifos, using an enzymatic pre-treatment before extraction 

followed by high-performance liquid chromatography tandem mass spectrometry 

(HPLC-MS/MS). Absorbed Daily Doses (ADD) of chlorpyrifos for farmers was then 

estimated from urinary TCP levels, expressed as µg/g creatinine. The exposure doses, 

comprising baseline exposure dose (ADDB), post-application exposure dose (ADDA), 

and lifetime average daily exposure dose (LADDE) were calculated. The baseline 

exposure dose (ADDB) ranged from 0.03 to 1.98 µg/kg/d with a mean of 0.24 µg/kg/d. 

The post-application exposure dose (ADDA) ranged from 0.35 to 94 µg/kg/d with a 

mean of 19.4 µg/kg/d which is approximately 80 times higher than the mean values of 

ADDB (0.24 µg/kg/d). The lifetime average daily dose (LADDE) ranged from 0.01 to 

1.7 µg/kg/d with a mean of 0.3 µg/kg/d. Multivariate regression analysis indicated that 

personal protective equipment reflected by percentage of body coverage, amount of 

chlorpyrifos used and length of application made major contributions to ADDA. 

However, the best regression model for the relationship between ADDA and exposure 

factors was observed with two independent variables comprising body coverage and 

amount of chlorpyrifos used. 

 Dose-response relationships for chlorpyrifos was evaluated from the scientific 

literature, comprising acute and chronic exposures associated with specific adverse 

health effects observed from human epidemiological studies, as well as studies on 

surrogate animals. The doses obtained from epidemiological studies on human 

populations, which showed adverse health effects, were converted to the Absorbed 

Daily Dose (ADDD), acute neurological effect Absorbed Daily Dose (ADDDN) and 
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Lifetime Average Daily Dose (LADDD). The animal doses were converted to the 

Human Equivalent Dose (HED) for both acute (HEDA) and chronic dose (HEDC). The 

level of Absorbed Daily Dose corresponding to neurological effects (ADDDN) observed 

from epidemiological studies with human populations ranged from 5 to 181 µg/kg/d, 

and a low level of ADDD was seen to be associated with developmental and 

reproductive effects (0.5-1.6 µg/kg/d). The Lifetime Average Daily Doses 

corresponding to adverse health effects (LADDD) ranged from 0.3 to 6.2 µg. The acute 

Human Equivalent Dose (HEDA) observed with rats for neurological effects varied 

widely from 4,900 to 162,000 µg/kg while HEDA observed with mutagencity were from 

730 to 3,400 µg/kg.   

 Health risk of chlorpyrifos for participant farmers was characterized using 

probabilistic techniques by several methods: (i) the Hazard Quotients (HQ95/guideline) 

estimated using guidelines of chlorpyrifos exposure recommended by national and 

international agencies; (ii) the Hazard Quotients (HQ95/5) estimated using the high 

exposure dose (the 95
th

 percentile) and low dose (the 5
th

 percentile) corresponding to the 

sensitive group exhibiting adverse health effects; (iii) the Risk Quotient distribution that 

is the ratio between exposure doses and doses corresponding to biological adverse 

effects using Monte Carlo Simulation (MCS); and (iv) the Overall Risk Probability 

(ORP) method. The limitations and differences in interpreting the risk derived from 

each method are discussed in this study.  

 The evaluation of chronic exposure was carried out with the Hazard Quotients 

(HQ95/guideline and HQ95/5), quantified as the ratios between baseline exposure (ADDB), 

lifetime exposure (LADDE) and chronic guidelines, which were exceeded unity when 

using the chronic guideline recommended by US EPA but were below unity when using 

chronic guidelines recommended from other national and international agencies. 

Whereas, the evaluation of acute exposure with HQ95/guideline and HQ95/5, quantified as 

the ratio between the ADDA and acute guidelines, were all over unity. Similar results 

were found with the HQ95/5 method. The risk estimated using MCS for ADDA was at the 

33%, but the risk estimated using MCS for ADDB and LADDE were effectively zero. 

The ORP method evaluated the level of risk at 0.6% for ADDB, 1.5% for LADDE, and 

29% for ADDA.  

 Several qualitative methods were involved in the needs assessment for risk 

reduction. A comparative analysis of pesticide regulation in USA and Vietnam was 

conducted to identify comparative needs for improving pesticide regulations in 

Vietnam. In-depth interviews with authorities and experts in authorized agencies were 
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used to identify normative needs for improving pesticide regulations and safety 

practices. Observations on pesticide practices of farmers were used to identify expressed 

needs for pesticide occupational safety, and focus group discussions with three groups 

of farmers were conducted to identify felt needs for pesticide safety measures from 

farmers. All identified needs were finally evaluated by the hierarchy of control 

measures applied for occupational safety and health.  

 The needs for improving pesticide safety management legislation obtained from 

the comparative and normative needs assessment include: enhancement of pesticide 

legislation; multi-sectoral involvement in, and improvement of capacity for, pesticide 

regulations; risk-benefit guidance for pesticide registration; reforms of pesticide 

regulations on restriction, cancellation, suspension, transport, storage and disposal of 

pesticides; development of occupational hygiene and safety policy and programs for 

agricultural activities. The expressed needs based on actual observations of the pesticide 

practices of farmers comprise: improvement of knowledge and behaviour of farmers on 

pesticide safety, focusing on some specific safety activities such as mixing and loading, 

and spraying  pesticides, etc.; and support for better safety facilities and supply of 

personal protective equipment. The farmers also expressed felt needs on technical 

training for occupational safety and hygiene of pesticide application, and supporting 

safety facilities and protective equipment. 

 This study shows that dose-response data derived from epidemiological studies 

are more appropriate for conducting risk assessment and establishing occupational 

exposure guidelines, since the data is derived from actual human populations. 

Vietnamese farmers have a relatively small risk of adverse health effects resulting from 

baseline or lifetime daily dose of chlorpyrifos, However they are at high risk of acute 

adverse health effects after a single event of chlorpyrifos application by spraying. The 

probability of having acute neurological effects among farmers is from 29% to 33%. 

Health risk assessment of chlorpyrifos using the Monte Carlo Simulation (MCS) and the 

ORP method have significant advantages over other methods in dealing with variability 

and uncertainty of risk characterization, since MCS and ORP methods used whole sets 

of data from both exposure and dose-response in quantifying risk. The ORP method, 

using epidemiological dose-response data, is likely to be more sensitive than the MCS 

method for risk estimation with low doses of pesticide exposure.  

Overall, the health risk assessment in this study strongly indicates that many 

Vietnamese rice farmers are likely to be exposed and have adverse health effects, 

predominatly neurological effects, from chlorpyrifos application events. For risk 
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management, the results of comprehensive needs assessment found a wide range of 

needs to improve occupational health and safety in pesticide use. These were dominated 

by legislative improvement, health risk assessment practices, workplace protection and 

personal hygiene, safety information and training, and first aid training for pesticide risk 

reduction among Vietnamese farmers. Recommendations to significantly or greatly 

reducce pesticide risks are presented. 
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CHAPTER 1 INTRODUCTION 

 Pesticides are chemicals used to control pests that damage the human food 

supply and are mainly categorized according to their usage against pests such as 

insecticides, herbicides, fungicides, and rodenticides. Pesticides belong to chemical 

classes such as organophosphate (OP), chlorinated hydrocarbon, bipiridyl, aminoacids, 

etc. Pesticides have made significant contributions to human-being in terms of 

agriculture, health and environment. For instance, pesticides were used to effectively 

kill mosquitoes that can transmit serious diseases like West Nile Virus, yellow fever, 

and malaria and to control algae and plants in ponds and lakes that interfere with 

activities such as swimming and fishing. Pesticides make a major contribution to food 

production to feed the current global population of 6 billion (Phipps and Park, 2002). It 

has been estimated that an over 30% of agricultural crop losses have been prevented by 

using synthetic pesticides (Paoletti and Pimentel, 2001).  

 In contrast to the significant benefits to human and the environment, pesticides 

have also been considered as potential hazardous agents having adverse effects on 

human health. Exposure to pesticides can occur via ingestion, inhalation, dermal 

contact, or across the placenta, and can cause adverse effects from minor symptoms to 

lethality. The World Health Organization has estimated that there are 3 million 

poisoning cases including 220,000 deaths which can be attributed to pesticides 

worldwide every year. Almost all the pesticide poisoning and 99% of deaths occurred in 

developing countries even though these countries contribute only 25% of total 

worldwide pesticide consumption (WHO, 1990a). Agricultural activities account for the 

biggest proportion of pesticide exposure and poisoning in all pesticide exposure and 

poisoning. 

 Farmers constitute nearly three quarters of the labor force in developing 

countries (Jeyaratnam et al., 1987), and are at high risk of pesticide exposure and 

resultant adverse health effects. It has been estimated that 25 million farm workers in 

developing countries are using primitive methods of pesticide application, mostly pack-

back hand-sprays which lead to high exposure. The farmers suffer from a range of 

problems including lack of education, lack of safety knowledge on pesticides, lack of 

appropriate training, and inadequate personal protective equipment (Phipps and Park, 

2002). In addition, weak legislation and regulations, including implementation relating 

to pesticide use and safety, may exacerbate the problem of pesticide poisoning due to 

use of highly hazardous and unregistered pesticides. Farah (1993) indicated that about 
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25% of developing countries lacked legislation to regulate pesticide distribution and 

use, and 80% had insufficient resources to implement pesticide-related legislation 

(Farah, 1993). Consequently, the rates of pesticide poisoning among farmers in 

developing countries are much higher than those among farmers in developed countries. 

Developed countries have better pesticide regulatory and safety programs. For instance, 

recent surveys have shown that the rates of pesticide poisoning among farmers in China, 

India and Vietnam were 135, 128 and 210 cases per 1000 respectively (Xiang et al., 

2000, Srivastava et al., 2005, Dasgupta et al., 2007a). In comparison, farmers in United 

States of America have only about 50 cases per 1000 (Calvert et al., 2008). 

 Surveys have indicated that organophosphate insecticides are the most widely 

used insecticide class currently available. These are believed to have caused the biggest 

proportion of pesticide poisoning among agricultural farmers. Jeyaratnam at el (1987) 

found that organophosphate compounds caused up to 54% and 70% of poisoning by 

pesticides with farmers in Malaysia and Sri-Lanka. Another investigation by Wesseling 

et al (1997) indicated that with occupational accidents, 71% were associated with 

organophosphate compounds (Wesseling et al., 1997). A nation-wide survey by 

Srivastara (2005) showed that organophosphate compounds were one of the top three 

classes of pesticides involved in poisoning incidents. Dasgupta et al (2007) revealed that 

the highest prevalence of pesticide poisoning among Vietnamese farmers could be 

attributed to organophosphate insecticides.     

 Vietnam is a developing country which is strongly dependent upon agriculture. 

The amount of pesticide consumption increased from 14,000 tons with 837 trade names 

in 1990 to 50,000 tons with over 3000 trade names in 2008 (Bao Viet Securities, 2010). 

Pesticide use with rice has increased 4 times since 1980, and among all the different 

kinds of pesticides the organophosphate compounds are the most common and widely 

used insecticides for rice (Vietnam Country Report, 2001). However, pesticide 

legislation and regulations have not been developed and implemented in concert with 

these increases. This is due to a lack of administration and enforcement resources, 

insufficient knowledge of and incentives for regulators, shortage of environmental 

standards, and weakness in cooperation, coordination and consistency in implementing 

regulations among relevant authorities (Huan and Thiet, 2002). 

 It is estimated that 80 per cent of employment of men and women was in 

agriculture (Hung, 2003), mainly rice farming. Farmers are at high risk of pesticide 

exposure due particularly to the use of back-pack reservoirs for pesticide application, 

low safety knowledge, and limited use of personal protection equipment (Dung, 2006).. 
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A study by Murphy et al (2002) found 31% of surveyed farmers in Northern Vietnam 

had at least one symptom of pesticide poisoning. Another study by Dasgupta et al 

(2007) found 35% of blood cholinesterase tested farmers in Southern Vietnam 

experienced acute pesticide poisoning and 21% of the farmers suffered from chronic 

poisoning symptoms. 

 Chlorpyrifos accounts for 81% of all organophosphate products registered for 

use in agriculture in Vietnam (VN MARD, 2009). Although the previous studies 

conducted in Vietnam suggested a strong association between the application of 

organophosphate and adverse health effects among farmers (Dasgupta et al., 2007a, 

Murphy et al., 2002), these studies were mostly epidemiological studies, and had 

limitations in quantitative exposure assessment due to a lack of exposure measurement. 

As consequence, health risk assessment and management of this product in particular 

and pesticides in general have been poorly implemented and managed. 

 There is a need to apply appropriate risk assessment methods to evaluate health 

risk of pesticides with farmers, and there is also a need for evaluation that should also 

be conducted to identify needs for pesticide risk reduction for farmers in Vietnam.  
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CHAPTER 2  LITERATURE REVIEWS ON USE AND   
    HEALTH EFFECTS OF PESTICIDES 
 

2.1 Background 

 The term “Pesticide” refers to chemicals used to eliminate pests such as insects, 

animals and plants which cause damage to the human food supply. The application of 

pesticides in crops has been implemented since ancient times. It was recorded that the 

first use of insecticides was about 4500 year ago when the Sumerians used sulfur 

compounds to control insects and mites. About 3200 years ago ancient Chinese used 

mercury and arsenical compounds to control body lice (IUPAC, 2008). In the sixteenth-

century, the Japanese applied a mixture of poor quality rendered whale oil and vinegar 

for insect control to prevent the development of insect larva in paddies, and the Chinese 

used moderate amounts of arsenic-containing compounds as insecticides. As early as 

1690, people sprayed water extracts of tobacco leaves on plants as insecticides, and 

strychnine was recommended as a rodenticide. Arsenic trioxide was used to remove 

weeds in the late 1800s, and sulfuric acid at a low concentration, was also introduced as 

a weed killer to protect cereal grains in early 1900s (Klassen, 1996).  

 A major development in insecticide chemistry occurred in 1939 when Paul 

Muller, a German chemist working for the Geigy Company prepared DDT and 

developed its usage as an insecticide. He was awarded the Nobel Prize in 1948 for this 

development. In fact, DDT was not a new chemical, but its insecticide activity was 

unknown before. DDT was extensively applied during World War II because it has long 

persistence, cheap cost, and wide range potency to insect species (Connell, 2005a). 

However, the use of DDT and other chlorohydrocarbon pesticides result in a variety of 

ecological issues, including direct lethal and sub-lethal effects. These chemicals have 

consequently been restricted for usage due to their adverse environmental effects 

(Connell and Miller, 1984). 

 Since the restriction of organochlorine insecticides in 1970s, organophosphate 

compounds have become widely used in agriculture, home, garden, and veterinary 

practice. These substances have been remarkably more selective toward certain species 

while reducing toxicity to other organisms (NPIC, 2011). The major organophosphate 

compounds, which are available and used today, include parathion, malathion, methyl 

parathion, chlorpyrifos, diazinon, dichlorvos, phosmet, and fenitrothion (EXTOXNET, 

1996).  

http://en.wikipedia.org/wiki/Parathion
http://en.wikipedia.org/wiki/Malathion
http://en.wikipedia.org/wiki/Methyl_parathion
http://en.wikipedia.org/wiki/Methyl_parathion
http://en.wikipedia.org/wiki/Chlorpyrifos
http://en.wikipedia.org/wiki/Diazinon
http://en.wikipedia.org/wiki/Dichlorvos
http://en.wikipedia.org/wiki/Phosmet
http://en.wikipedia.org/wiki/Fenitrothion


5 

 

 Our society has derived substantial benefits from pesticide application over 

many years in such important areas as controlling weeds, insects, fungi, parasite and 

rodent pests. In terms of health, pesticides not only make possible an increasing amount 

of food for humans but also prevent disease outbreaks by controlling rodent and insect-

vector diseases. For example, some epidemics of diseases born by mosquitoes, such as 

malaria, have resulted in an estimated 5000 fatalities per day (Ross, 2005). Diseases 

caused by West Nile Virus have been at least partially controlled by using pesticides to 

reduce the mosquito population. Using insecticides to control disease vectors is the most 

effective way of reducing the incidence of these diseases. Moreover, pesticides are also 

used to sanitize recreational water and disinfect areas such as kitchens, operating rooms, 

and nursing homes (Gratz, 1994).  

 Pesticides make a major contribution to increasing agricultural productivity in 

most countries. For instance, pesticides have contributed to wheat yields in the United 

Kingdom which have risen over five times from 1948 to 1997 (Austin, 1998). Likewise 

corn yields in USA rose over 3 times from 1920 to 1980 (US CPSC, 2006). Pesticides 

have major efficacy in protection of crops, resulting in providing us with abundant fruit 

and vegetables as well as cereal grains. Kirby et al (1980) has demonstrated that farmers 

had to spend 58 man-hours to take care of and harvest an acre of grain in 1830, whereas 

in 1980, they spend only 2 man-hours to complete the same work (Kirby, 1980). 

Schmitz (2003) has claimed that with the EU legislation to reduce pesticide usage that 

agricultural productivity would decrease greatly  (Schmitz, 2003).  

 Although these substances provide many advantages in agriculture and their 

usage is subject to severe restriction and careful registration, many pesticides are known 

to have possible adverse effects on ecosystems and public health, especially in tropical 

and developing countries. Currently, there are some 900 active chemical pesticide 

compounds which are used to produce over 40,000 commercial preparations, with over 

1.8 billion kilograms a year used worldwide (US EPA, 2004). Pesticides are released in 

the environment from many possible sources, leading to many different fates. Spraying 

applications can make pesticides available in the air and in other parts of the 

environment, including soil or water. Substances that are directly used in soil may be 

transported into nearby bodies of surface water, sub-surface soil layers or ground 

waters, whereas pesticides used directly on bodies of water may contribute to air levels 

through evaporation. The extent and distribution of pesticides in the environment 

depends on the properties of each substance and follows a complex series of 

environmental events. 
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 The World Health Organization in 1990 reported that one of the largest 

problems of intoxication could be attributed to pesticides. These substances cause up to 

3 million cases of acute or severe poisoning annually, with an equal or greater number 

of under-reported cases, and about 220,000 deaths (US CPSC, 2006). The majority of 

these poisoning cases originated from developing countries, and almost all the 

intoxication was attributed to organophosphates and carbamate esters insecticides, with 

the exception of herbicides such as paraquat (Echobion, 2001).  

 Recent reviews reveal that the main factors involved in pesticide occupational 

exposure and acute poisoning include: (i) careless handling during preparation and 

application; (ii) lack of both personal protective equipment (PPE) and usage knowledge; 

(iii) unsafe storage of chemicals; (iv) careless treatment and disposal of containers; (v) 

eating and drinking while working; (vi) lack of personal hygiene; (vii) lack of 

workplace safety training; (viii) poor occupational health legislation and regulation 

(Gomes et al, 1999). Poisoning among farmers in developing countries is a major area 

of occupational intoxication, since the farmers have to work directly in mixing, loading 

and spraying pesticides on the fields. In terms of long-term adverse effects, a wide range 

of pesticides has effects on neurological, reproductive and developmental systems, and 

cancers have been demonstrated by experimental studies. There has been comparatively 

little research on the chronic effects of pesticides on the local human workforce and 

consumers in developing countries (Echobion, 2001).  

 Much of the occupational exposure to pesticides is associated with rice 

production. Rice is grown around the world as a staple food for the human population, 

especially in tropical Latin America, and East, South and Southeast Asia. The major 

rice producers are in the Asian regions. From 1990 to 2000, the land area devoted to rice 

crops increased by 4.6%, and as a result the global rice production increased from 3.55 

to 3.85 million metric tons (7.9% increase) (VN MONRE, 2007). Another factor 

contributing to rising global rice production is the wide use of pesticides, fertilizers, and 

biotechnology in agricultural rice production. In developing countries, which have high 

production of rice, but lack advanced agricultural technology, there is intensive use of 

labor in the growing and harvesting rice (IRRI, 2010). 

 In Vietnam, a developing country, has a large proportion of the economy, about 

70%, is involved in agriculture. In rural areas, agriculture remains the major creator of 

jobs with over 80% of jobs held by men and women in agriculture. A recent survey 

showed that 97% of agricultural households in three regions in Vietnam used pesticides, 
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and the average amount of pesticides used per hectare has increased nearly 3-fold, from 

1991 to 2003 (Dung, 2006).  

 Pesticide application in Vietnam was introduced in the early 1960. DDT and 

hexachlorocyclohexane (HCH) were used to prevent epidemics of mosquito-vectored 

malaria. At the same time organophosphate insecticides (OP) were introduced to control 

insects in rice and vegetable crops and have been applied until the present time. Since 

1978, carbamate insecticides have been successfully used to control brown plant-hopper 

in Vietnam. From 1983 to present, rice insects have became more resistant to the older 

insecticide classes, and some other types of pesticides have been applied to partially 

replace these. The pyrethroids are prominent, specifically cypermethrin, and fenvarelate
 
 

(Nhan, 2003) Recent reports of Ministry of Agriculture and Rural Development 

(MARD) show that organophosphate insecticides remain preferable for use on crops, 

especially on the rice crop in Vietnam. Overuse is commonly seen among farmers (VN 

MONRE, 2007). Chlorpyrifos is the most common organophosphate registered for 

agricultural use in Vietnam (VN MARD, 2009). 

 The number of pesticide poisoning cases in Vietnam was estimated at 10,355 in 

2004, and organophosphate and carbamate insecticides were responsible for a large 

proportion of these (Loan et al., 2005, Lan et al., 2005). Almost all of the studies 

implemented in Vietnam on the effects of pesticides on human health are 

epidemiological surveys. These studies are generally limited in that there is a lack of 

exposure assessment and no consideration of dose-response relationships. Thus, there 

are no current pesticide health risk assessments with appropriate integration of exposure 

and adverse health effects conducted in Vietnam.  

   

2.2 Rice Cultivation 

2.2.1 Rice cultivation in the world 

 Archaeological studies suggest that rice has been cultivated throughout the globe 

for around 5000 years. It is now grown in more than 110 countries in the world where 

the climate is suitable for rice cultivation. Asian countries contribute about 92 percent of 

the world’s production of rice, and the top rice producers in the world are: China 

(112,460,000 metric tons), India (88,280,000 tons), Indonesia (35,020,000 tons), 

Bangladesh (26,150,000 tons), and Vietnam (22,080,000 tons)(NationMaster, 2004). 

China and India use the largest land area to produce rice. However, United States and 

China have the highest yield per hectare of land (Food Market Exchange, 2003).  
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 The world agricultural labour forces increased by 55 percent from 1961 (850 

million persons) to 2000 (1,320 million persons), and it comprised nearly 50% of the 

total labour force. In Asia, the labour forces in agriculture increased 66% from 1961 

(613 millions persons) to 2000 (1,014 millions persons) and comprised 55% of the total 

labour force (Food Market Exchange, 2003). In developing countries there is heavy 

dependence on agriculture, and the labour force working on rice crops comprise a high 

percentage of the total labour force (e.g., Myanmar and Philippines: 40%; Laos: 70%; 

Bangladesh: 63%). In these countries, women often comprise about half the human 

resource in the agricultural sector involving rice, which includes almost all of the stages 

of crop cultivation. In a few countries such as India, women working on rice crops 

comprise up to 80% of labour input (Sumathi and Budhar, 2003, Moya et al., 2004). 

 The development of the rice crop, especially after the Green Revolution period, 

has brought sufficient foods for most human beings in the world. However, it also 

results in environmental degradation, particularly of soil, vegetation and water resources 

due to high application of fertilisers and pesticides (Singh, 2000). The intensive 

exploitation of water for rice cultivation has caused a significant decline in ground 

water. It is estimated that agriculture uses 70% of available fresh water worldwide. 

Moreover, contamination of water, soil, and atmosphere with pesticides causes serious 

environmental impacts and adverse human health effects (Pimentel et al., 2004).  

2.2.2 Rice cultivation in Vietnam 

 Vietnam is approximately 331,700 km
2
 in area. It is bordered by the South 

China Sea to the east, Laos and Cambodia to the west, and China to the North. The 

shape of the country is like an elongated S that is divided into three basic regions: the 

North characterized by mountainous areas and the Red River Delta; Central with 

highlands, beaches, and lagoons; and South dominated by Mekong River flat areas. 

Vietnam has 64 provinces (see Figure 2.1) (Vietnam Country Report, 2001). 
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Figure 2. 1 The map of Vietnam 
 Source: Development Economics Research Group (DERG) World 

 

             In Vietnam due to a variety of topographical features and levels of latitude, the 

climate is remarkably different in different places. In the winter or dry season, from 

November to August, the direction of monsoon winds is from the China coast across the 

Gulf of Tonkin. In the winter season most parts of the country are dry as compared with 

the rainy or summer season. Temperatures are not the same in the whole country. In the 

southern plains, the average temperature varies from 21 and 28 degrees Celsius over the 

year. However, on the northern mountains and plateaus the temperature dramatically 

changes through the year, from 5
o
C in December and January to 37

o
C (98.6

o
F) in July 

and August (National Geographic, 2011). 

            In 2008 the population of Vietnam was about 84 million people who mostly live 

along the alluvial deltas and coastal plains. There are 8 ecological regions, consisting of 

Red River land (22% of total population); North-east (11.2%); North-west (3%); North 

Central (12%); Coastal South Central areas (8.5%); High land (5.8%); South-east 

(16.4%); and Delta lands (21.1%). The rural population accounts for nearly 80% of the 
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total population of Vietnam, and the majority of rural inhabitants live by agricultural 

activities (VN GSO, 2008).  

             The features of rice production in Vietnam are multiple cropping, small 

irrigated farms, labour intensive practice, and widespread use of fertilisers and 

pesticides. The two biggest agricultural rice areas in Vietnam are the Red River Delta in 

the north and the Mekong River Delta in the south of Vietnam. These grow two thirds 

of the total rice production (Minot and Goletti, 2000). About 15% of the land in the 

north is arable, of which 14% is in intensive cultivation. The Mekong Delta has a larger 

arable land area and is one of the most productive areas in the world. Annual food-grain 

production in Vietnam has risen from 20 million tonnes in the early 1990s to 33.2 

million tonnes in 1999. The Mekong River Delta provides 52% of Vietnam’s rice 

production, the Red River Delta provides another 18%, and Northeast and North central 

coast provides most of the remaining rice product (VN GSO, 2008).  

               According to the Vietnam General Statistic Office (2008), the number of crops 

varies by area. In some areas, 8.8% out of total rice cultivation area is triple crop, 55.2% 

is double crop, and 36% is single crop. Single-crop rice is grown in both upland areas, 

comprising Central highlands and Northern upland and lowland rain-fed areas 

comprising a significant proportion of the Mekong River Delta. The largest amount of 

total rice production occurs in March (22%), and the four-month season (December to 

March) contributes the largest amount of rice production (46% out of total) (Minot and 

Goletti, 2000).  

 

Table 2. 1 Average farm size and cultivated rice area by region 

 Sources: GSO, 1995b. 

 

 

Region 

Agriculture Census 

(1994) 

Cultivated Rice Areas 

Farm size 

(hectare/farm) 

Hectare/farms Percent of 

agricultural land 

 

Northern Upland 

 

0.43 

 

0.29 

 

58.0 

Red River Delta 0.23 0.23 92.9 

North Central Coast 0.30 0.27 77.7 

South Central Coast 0.41 0.27 69.2 

Central Highland 0.74 0.32 45.2 

Southeast 0.92 0.23 85.7 

Mekong River Delta 1.1 0.91 92.4 

Vietnam 0.49 0.41 79.8 
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             Vietnamese farms are small, and the average farm size is estimated at about 

0.49 hectare of agricultural lands. The farm size in the north is smaller than that in the 

south (see Table 2.1). There are 12 percent of rural households with more than 1.0 

hectare of rice cultivation, and all of these households are located in the Mekong River 

Delta. Rice growing comprises the majority of the farm areas except in the Central 

highland where coffee trees are predominantly grown. The area used for rice cultivation 

is about 90% in the two Deltas. The average labour intensity involved in rice cultivation 

in Vietnam ranges from 116 to 134 person-days per hectare per person.               

               Pesticide usage is one of the main contributors to increased agricultural 

production in Vietnam, especially with rice crops. As mentioned in the previous section, 

97% of agricultural households in the major rice growing regions in Viet Nam use 

pesticides. However, there are side effects of pesticide applications on the environment 

and human health. The reasons for this include: (i) pesticide risk assessment and 

management programs of authorized agencies in Vietnam have not been implemented 

and; (ii) farmers’ knowledge of pesticide effects and its safe use is very low in the 

majority of agricultural areas (VN MONRE, 2007). The Vietnam Environmental 

Protection Agency claims the development of agricultural activities is one of the most 

significant environmental issues in the country. In their analysis, key environmental 

issues consist of 5 components, comprising forest biodiversity, land, water, and air 

pollution. Hazardous and toxic waste released from agricultural sources and industries 

are specific problems for both the environment and public health (VN MONRE, 2001).  

2.3 Application of pesticide in rice crops 

2.3.1 Application of pesticide in rice crops in developing countries 

              The agricultural production in the developing countries of Asia increased 

remarkably after the Green Revolution. This produced a major transformation in 

agricultural technology through introduction of irrigated rice systems, development of 

biotechnology, increase in fertilizers and pesticide application. Pesticides were 

considered as a complement that played roles in both preventing crop failure and 

utilizing the existing yield of the crops (IRRI, 1985). Among agricultural products, rice 

is the most important food world-wide, especially in Asian developing countries such as 

China, India, and Vietnam as well as some other South-East Asia countries. The control 
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of insects is a major issue with rice crops. Therefore, the productivity of rice crops 

depends heavily on chemical insecticide application. The Asia Development Bank 

(ADB) in 1987 estimated that the Asia-Pacific countries spent US$ 2.53 billion on 

pesticides, of which insecticides accounted for 75.8 % worldwide. Insecticides used 

with the rice crop constitute nearly 15% of the global crop insecticide market.  

              The industrialization and urbanization processes in developing countries result 

in a decrease in available labour for agriculture. This means that the amount of fertilizer 

and pesticides used have to be increased in order to compensate for the lack of labour 

(Echobion, 2001). For instance, agricultural pesticide use in Thailand has increased 

almost 5 fold from early 1980 to 1996. Also the amount of pesticide exported into the 

Latin American region increased by 30% between 2003 and 2004. Global rice 

production consumed about US$ 3.2 billion worth (12%) of the 1993 pesticide sales, of 

which US$ 2.6 billion (81%) was consumed in Asia (Pingali and Gerpacio, 1997). 

Mackenzie (1993) reported that some countries, including Japan, China, and India, had 

the highest percentage use of insecticides. Throughout Asia, insecticide use has 

increased substantially in the decade (from 1980 US$347 million to 1990 US$1.079 

billion). This is an average annual increase of US$66.5 million, or almost 20%. 

Southeast Asia nations consume about 10% of the global insecticide market used on rice 

(Mackenzie, 1993).  

               Insects cause the greatest damage to rice crops in developing countries, so 

these countries apply greater quantities of insecticides than other kinds of pesticides. 

Asian rice farmers commonly use two or three applications of insecticides in each year, 

but up to six or seven applications can sometimes be used (Singh, 2000). Common 

insecticides used are endosulfan, organophosphates, carbamates and pyrethoids. 

Warburton et al (1995) has shown that the majority of insecticides used in developing 

countries are highly hazardous Category I and II substances following the classification 

of World Health Organization (WHO)(Warburton et al., 1995). Nevertheless, due to 

their cheap cost, these highly hazardous chemicals are still widely used in tropical Asia, 

resulting in considerable concerns for public health.  

               The most common method of insecticide application in the rice fields is the 

use of mechanical sprayers which are considered to be standard equipment for most of 

the professional pesticide applicators. Sprayers vary in size and complexity from 

simple, hand-held models to complex machines weighing several tons. While machine 

sprayers are commonly used for insecticide application in developed countries, 

individual back-pack sprayers are widely used for field crops by farmers in developing 
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countries. The back-pack application of pesticides on field crops results in extensive 

exposure of applicators during the mixing, loading and the spraying process. A recent 

literature review (Echobion, 2001) has shown that a major proportion of human acute 

toxicity related to pesticide intoxication occurs in developing countries. Occupational 

exposure was predominant among the toxicity cases due to lack of safety training and 

use of personal protective equipment.  

2.3.2 Application of pesticide in rice crops in Vietnam 

               Vietnam is a heavily dependent on agricultural pesticide use. It started the 

Green revolution in rice farming in the early 1960s, and has played a crucial role in 

increasing the cultivation of rice and other short-season crops. Vietnam has been 

transformed from an importer of rice to the second highest exporter of rice in the world 

in 1990s (Anounymous, 1997). However, intensive farming has resulted in increasing 

pesticide use. In spite of the efforts of governmental agencies in pest management, 

farmers believe that pesticides are indispensable for their crops. 

               The Vietnam General Statistical Office (2004) shows that both the amount and 

concentration of pesticides in use in Vietnam have increased 4-fold from 1985 to 2001 

(9,000 tons, with 0.3 kg a.i/ha in 1985 to 36,000 tons with 1.24 a.i/ha in 2001). Also the 

Vietnam Plant Protection Agency has demonstrated that the amount of pesticides 

imported into Vietnam increased two fold from 1991 to 1998. Amount of insecticides 

have not increased markedly, but highly hazardous substances are still widely used 

among rice farmers. The Vietnam Institute for Plant Protection (2002) has shown that 

there are about 23 active ingredients in the pesticides commonly used on rice and 

vegetable crops. However, 5 ingredients are classified as hazard category I, 19 

ingredients in hazard category II, and another 3 ingredients in hazard category IV (VN 

MONRE, 2006). 
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Figure 2. 2 Pesticide use in Vietnam, 1990-1999 
       Source: (Dasgupta et al, 2007) 

 

 

             The recent investigation of pesticide use in rice crops in Vietnam shows that 

farmers spray insecticides from 3 to 8 times during the first 40 days of each crop , but 

another investigation conducted by the Plant Protection Agency in Vietnam reports that 

farmers often spray about 10 times to 15 times per crop (VN MONRE, 2006). The 

schedule of insecticide spraying depends on the rice seasons, and in some case, farmers’ 

field observations. The surveys on insecticide use (Huan and Thiet, 2002) illustrate that 

incorrect insecticide application, including too frequent spraying and excessive amounts 

of insecticides are common among rice farmers in Vietnam.              

             Lack of safety knowledge and behaviour in using pesticides is also a substantial 

issue of public health. Dung (2006) found that in 10 communes located in Mekong 

Delta regions there was significant lack of knowledge and appropriate behaviour in 

insecticide use among rice farmers. Only 10% of the interviewed farmers knew that 

pesticide exposure might cause toxic health effects.               

              Pesticide regulations and management which were introduced in Vietnam in 

1990 cover import, production, formulation, distribution, marketing, training, safe 

handling and obsolete stocks of pesticides. Nevertheless, the nationwide inspection 

conducted by the Plant Protection Agency found substantial limitations of these 
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programs. For example, the survey showed that 2,388 pesticide retailers have no 

business licence for operation and had no store for pesticides. Also it reported that 

96.6% of farmers were applying excessive amount of pesticides and most did not know 

how to correctly dispose of left-over pesticides (Huan, 2005).  

             Consequently, farmers in Vietnam have a high risk of adverse effects from 

pesticide exposure. For instance, a study by Murphy et al (2002) found 31% of surveyed 

farmers in Northern Vietnam had at least one symptom of pesticide poisoning. Another 

study by Dasgupta et al (2007) found 35% of farmers tested for blood cholinesterase in 

Southern Vietnam experienced acute pesticide poisoning and 21% of the farmers 

suffered from chronic poisoning signs.  

2.4 Organophosphate Insecticides 

2.4.1 Background  

            Organophosphate (OP) compounds were first synthesized in 1937 by a group of 

German chemists. Some early OP products such as tabun and sarin have been described 

as “nerve gas” and were used in warfare during World War II (Minton and Murray, 

1988). The OPs were initially considered inappropriate for agricultural use because of 

their high toxicity to mammals. However, these chemicals were given increased 

attention when the chlorohydrocarbon pesticides were recognized as having serious 

environmental problems (Connell, 2005a). Therefore, in recent times commercial OPs 

have been widely manufactured and applied for agricultural crops, and household pests. 

             Today, there are over 200 different organophosphate insecticides in the 

marketplace, and these chemicals have been manufactured and marketed world-wide by 

major agrochemical companies. Triaziphos, chlorpyrifos, fenitrothion are the most 

common products (Klassen, 1996). It has been reported that global OP sales were US$ 

2,880 million in 1992 which was nearly 40% of the market. Currently OPs have become 

the most widely used group of insecticides. OPs are dominant in developing countries 

due their cheap cost and effectiveness in controlling pests (Pan UK, 1996). 

2.4.2 Physical, chemical and environmental properties of  
organophosphate insecticides 

             The diversity of OP compounds is due to the variety of chemical groupings 

attached to the basic structure for organophosphates (Figure 2.3): 



16 

 

 

Figure 2. 3 The basic chemical formula of Organophosphate compounds 

 

 The R1 and R2 group are usually methyl or ethyl groups which can be directly 

bonded to the phosphorous atom, or sometime they are link to the phosphorous atom via 

an O or an S or an –NH- group. With the organophosphate compounds the esters may 

be of phosphoric acid or of phosphorothioic acids.  

              Commercial organophosphate insecticides have three main groups, including: 

phosphates (without a sulfur atom), phosphorothioates (with one sulphur atom), and 

phosphorodithioate (with 2 sulfur atoms). Many insecticides are manufactured in the 

form “P=S” because this form is more stable. Almost all of the OPs have moderate 

solubility in water and relatively high octanol-water partition coefficients and low 

vapour pressures, and the majority of OPs are quickly hydrolized under alkali 

conditions, with more rapid rates of reaction with higher values of pH. Types of solutes 

influence the hydrolysis of OPs. For instance, some amino acids, hydroxylammonium 

ion and metals act as catalysts. Solvents play an important role in formulating OPs to 

modify properties and make OPs more likely to contact target organisms. The oxidation 

process oxidizes phosphorothioates to phosphates and can occur at elevated 

temperature. This process makes OPs more potentially hazardous because phosphates 

are more volatile and directly toxic agents. Some studies have found that under 

ultraviolet radiation organophosphate insecticides can be oxidized to products which 

have more acute toxicity than the parent compounds (WHO, 1986). 

              Hydrolysis plays a crucial role in degradation of OPs in the environment. The 

light intensity and pH can influence survival time and possibility of distribution of OPs 

in soil and water. The role of microbiological factors in degradation of OPs is debatable. 

The half-lives of OPs in soil may be up to 40 days. Within the pH range 3 to 6, the 

majority of OPs are more stable. OPs have low persistence in biota, and this together 

with moderate water solubility in water, leads to a lack of bioaccumulation capacity 

(WHO, 1986). 
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2.4.3 Toxicity of organophosphate insecticide 

Toxicity mechanism 

               The organophosphate insecticide exposure results in a wide range of strong 

toxic effects with both mammals and insects. Although having a diversity of structures, 

all OPs act as an inhibitor of the enzyme acetylcholinesterase (AChE) by 

phosphorylation. This enzyme is responsible for the destruction and termination of the 

biological activity of the neurotransmitter acetylcholine (ACh). This process leads to 

excessive ACh free at the nerve endings of all cholinergic nerves, resulting in continual 

stimulation of electrical activity of the effector organ. The function of ACh is to control 

nerve impulse transmission from nerve fibers to smooth and skeletal muscle cells, 

glandular cells, and autonomic ganglia, as well as within the central nervous system 

(CNS)(WHO, 1986, Fukuto, 1990, US EPA, 1999). 

Signs and symptoms of organophosphate poisoning 

              The poisoning signs and symptoms of OPs can be classified into three 

categories, comprising acute poisoning, intermediate syndrome, and delayed neuropathy 

syndrome. Acute poisoning symptoms of OPs can occur during or within minutes of 

exposure and up to hours after exposure. The exposure route plays an important role in 

manifestation of symptoms. Inhalation exposure leads to the fastest appearance of toxic 

symptoms, while gastrointestinal exposure leads to delayed symptoms and dermal 

exposure to even later symptoms (Taylor, 1985). Respiratory failure, which occurs with 

sufficient muscular fasciculations and weakness, is one of the most dangerous 

symptoms and is the primary cause of death. Bronchospasm and bronchorrhea may 

occur resulting in tightness in the chest, wheezing, productive cough, and pulmonary 

edema. The cardiovascular symptom caused by exposure to OPs is bradycardia which 

can progress to sinus arrest, but this may be replaced by tachycardia and hypertension. 

Organophosphate poisoning can cause toxic myocardiopathy. The common symptoms 

at the early stage of poisoning include headache, nausea, dizziness, hypersecretion, and 

at later stages include sweating, salivation, lacrimation, and rhinorrhea. Worsening 

signs of OP poisoning are muscle twitching, weakness, tremor, incoordination, 

vomiting, abdominal cramps, and diarrhea. Miosis is a helpful sign for diagnosis. 

Psychiatric symptoms such as depression, memory loss, and confusion may occur after 

exposure to OPs (Bardin et al., 1994).  
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 The second manifestation of exposure to OPs is called intermediate syndrome 

which results in a sequence of neurological signs that occur within 24 to 96 hours after 

the acute cholinergic crisis but before the onset of delayed neuropathy. This syndrome 

follows the acute respiratory paresis and muscular weakness, primary in the facial, neck, 

and proximal limb muscles. Moreover, it is associated with cranial nerve palsies and 

depressed tendon reflexes. Symptoms of this syndrome do not respond well with 

atropins and oximes in treatment (Debleeker et al., 1992). 

             The third syndrome of OPs exposure is organophosphate-induced delayed 

neuropathy (OPIDN), which is caused by some phosphates, phosphonate, and 

phosphoramidate esters. This syndrome exhibits damage to the afferent fibers and 

peripheral and central nerves. It is related to inhibition of “neuropathy target esterase” 

(NTE), and its manifests as weakness or paralysis and parethesia of the extremities. The 

common parts of body affected by OPIDN are the legs and the effects may persist for 

weeks to years. Other delayed symptoms reported include persistent headaches, blurred 

vision, muscle weakness, depression, memory and concentration problems, irritability, 

and/or development of intolerance (Jamal, 1997). 

2.4.4 Animal studies in health effects of organophosphate 
insecticides 

             Insecticides are intentionally designed to be less toxic to vertebrate animals than 

for insects. Nevertheless, all organophosphate insecticides present to some extent a 

toxic hazard to vertebrate animals. The toxicological evaluation reviews of FAO/WHO 

Joint Meeting (1986) found that the oral and dermal LD50 varied for different 

compounds and different species as well as routes of exposures. The LD50 with rats 

ranges from less than 10 to more than 3,000 mg/kg body weight. With one typical 

compound, experimental studies also gave a variety of results for LD50 in different 

species and different route of exposures. For instance, fenitrothion exposure through 

oral and dermal routes can result in LD50 in rats, mouse, guinea-pig, duck and dog at the 

doses ranging from 33 to 2,250 mg/kg body weight. Based on animal experimental 

studies, WHO has recommended the toxic classification of pesticides, and the indicator 

used is the LD50 in rats. Organophosphate insecticides comprised 30 % of 120 chemicals 

classified from slight to extremely hazardous. These have LD50 values in rats at doses 

from 1.3 to 150 mg/kg body weight (WHO, 2006).   

            Animal studies demonstrate that exposure to OPs may cause a series of effects 

on animals such as cholinergic, delayed neuropathy, mutagenic and carcinogenic 
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effects, immune and hormonal disorders, porphyric effects, lipid metabolism. However, 

the levels of toxicity vary by types of OPs, the species involved, age, sex, and 

nutritional status (WHO, 1986).  

2.4.4.1 Effects on the nervous system 

Acute cholinergic effect 

             The mechanism of OPs induced early death has been demonstrated by Steven et 

al (2003). These authors tried to determine whether early death by dichlorovos, is 

mediated through the peripheral or central nervous system (CNS) actions. The results 

indicated that centrally mediated processes appear to play a crucial role in early 

mortality caused by acute, severe organophosphate poisoning (Steven et al., 2003).  

Chronic cholinergic effect 

             Sara et al (2006) compared the effects of single and repeated (hourly and daily) 

exposure to dimethoate on ChE activity in laboratory mice. Dimethoate was shown to 

cause maximal inhibition of ChE in brain and serum at two hours after administration. 

Single or hourly repeated doses of dimethoate had the same affects on ChE activity, and 

the acute dose-response toxicity could be used to extrapolate models for predicting the 

toxic effects of short-term exposure to OPs in animals (Sara et al., 2006). 

 The dose-effects of OP in rats indicated that the dose levels of some OP 

(demeton-S, disulfoton, azinophosmethyl, trochlorfon, and OMPA) which could cause 

maximal amount of inhibition of ChE activity in brain, serum and glands was equivalent 

to 5/8th of the LD50. These levels ranged from 1 to 140 mg/kg body weight. The time to 

maximal inhibition of ChE ranged from 15 minutes to 3 hours. The differences in 

response of rat brain- and serum-ChE has been illustrated. For instance 40 mg/g of EPN 

caused brain-ChE redution to 50%. However, 125 mg/kg was needed to have the same 

effect on serum ChE (WHO, 1986).  
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Table 2.2 Onset and duration of the anticholinesterase action of some organophosphate 

compounds in rats 

 

Compound Maximum inhibition of cholinesterase (%) 
Dose (mg/kg 

body 

weight) 

Brain Serum Time to 

maximum 

inhibition (h) 

Time to 

complete 

reversal (h) 

 

Iso-Systox (demeton-S) 

 

1.0 

 

85 

 

80 

 

3.0 

 

120 

Disyston (Disulfoton) 1.25 75 85 3.0 120 

Guthion 

(Azinophosmethyl) 

 

3.5 

 

60 

 

 

 

0.5 

 

24 

Dipterex (trichlorfon) 140.0 85 82 0.25 6 

Octamethyl 

(pyrophosphorteramide) 

 

 

5.0 

 

 

 

85 

 

2.0 

 

144 

      Source: WHO, 1986. Environmental Health Criteria 63. 

 

             The experimental studies in rats have demonstrated that repeated dosing 

exposure to organophosphates can generate the correlation of inhibition of ChE with 

symptoms of poisoning. However, the results showed great variety of detailed effects. 

Rats who were fed by some OPs at dose of 20 mg/kg diet did not present poisoning 

symptoms, but brain and whole-blood ChE activities decreased to 26 and 28%. At an 

oral dose of 50 mg/kg, the ChE activities were decreased to 7 and 8%, and 3 out of 12 

died, while surviving rats presented clinical signs of intoxication. The majority of rats 

suffered mortality within 3 to 4 weeks after exposure to doses at 100 or 75 mg/kg within 

3 to 4 weeks (WHO, 1986). These studies also provided evidence that OPs could cause 

chronic effects in the nervous system at doses that did not induce acute poisoning 

symptoms. Raheja and Gill (2007) found that chronic dichlorvos exposure (6mg/ kg 

body weight/ day) for a period of 8 weeks caused significant decrease of ChE activity in 

three brain regions. However, no experimental rats presented poisoning symptoms. As 

in previous studies, all routes of exposure in the experiments were oral (Raheja and Gill, 

2007). 

             Subramanya et al (2006) observed that the effects of acute chlorpyrifos 

exposure in rats resulted in few with signs of cholinergic effects after administration of 

single doses at 84, 156, and 279 mg/kg. However, body weight gain decreased  

significantly with a dose of 179 mg/kg. Motor activity decreased significantly decreased 

with a dose of 84mg/kg after 1 day of exposure or 1-4 days of 156 and 279 mg/kg after 

administering. The highest increase of stritatal acetylcholine levels occurred at 4-7 days 

after exposure at 84 mg/kg, (7-9 fold); 156 mg/kg, (10-13 fold); 279 mg/kg, (35-57 
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folds)(Subramanya et al., 2006). Maria et al (2007) showed that cholinesterase 

inhibition in mice was more sensitive than in rats after administration of chlorpyrifos. 

The results demonstrated that functional signs of toxicity such as SLUD signs and 

involuntary movements occurred 2h after exposure to over 25 mg/kg of chlopyrifos and 

neurobehavioral signs appeared after dosing at 75 mg/kg-dose and 72h (Maria et al., 

2007). 

            Al-Badrany et al (2007) demonstrated that an oral LD50 of chlopyrifos was 18.14 

mg/kg in chickens. Oral exposure to 5, 10, 20 mg/kg of chlopyrifos could generate 

cholinergic signs within 2 hours and significantly inhibit plasma (40-70%), whole brain 

(43-69%) and liver (31-46%) cholinesterase activity. They also found that doses of 2 

and 4 mg/kg in chicks did not cause detectable cholinergic signs but there was a 

decrease in general locomotor activity (Al-Badrany and Mohamad, 2007).  

 

Delayed neuropathy effect 

            A variety of organophosphate esters can cause neuropathy in both humans and 

animals. The mechanism of OPs inducing neuropathy involves two steps. First, OP 

phosphorylate combines with a target protein in the nervous system which is referred to 

as Neuropathy Target Esterase (NTE). The second step is transformation of 

phosphorylated NTE to a modified form. The reaction is referred to as “aging”. Both the 

inhibition and aging process of NTE are required to cause neuropathy (WHO, 1986). 

            Chicken was considered an appropriate animal for studies in organophosphate-

induced delayed neuropathy (Metcalf and Holmes, 1982). The range of doses over 

which OPs caused neuropathy in hens was from 50 to 500 mg/kg with cyanofenphos 

and isofenphos (Ohkawa et al., 1980, Wilson et al., 1984), amiprophos, coumaphos 

(Abou-Donia et al., 1982), chlopyriphos, salithion (El-sebae et al., 1981, Lotti et al., 

1986), dichlorvos (Caroldi and Lotti, 1981). Lotti (1991) found that diisopropyl 

fluorophosphate (DFP) caused delayed neuropathy in hens at a dose of 1mg/kg, 

inhibiting 70-80% of NTE in the peripheral nerve, and chlopyriphos also caused OPIDP 

at a dose of 90 m/kg (Lotti, 1992). 

Developmental neurotoxicity 

             Roy et al (2004) explored the morphologic changes among rats which were 

administrated with 5 mg/kg s.c of Chlorpyrifos (CPF) daily on postnatal days 11-14. 

The results showed a significant decrease in the number of glial cells in three regions, 
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including septal nucleus, striatum, and somatosensory cortex, and region-specific 

alterations in the number and type of neurons, and neuronal perikaryal dimensions. 

Neonatal CPF exposure caused subtle morphologic changes in the juvenile rat brain, 

and CPF involved in gliogenesis. This relates to a late event in brain development and 

the vulnerable period of CPF effects spanning childhood to adolescence (Roy et al., 

2004).  

              Investigation of the dose-response link between OP exposure and 

neurodevelopment failure found results varied with the different types of OPs and the 

genders of animals. Slotkin et al (2001) administered chlopyrifos to neonatal rats on 

postnatal days 1-4 (1mg/kg) or days 11-14 (5m/kg), and showed that CPF at doses that 

did not cause acute poisoning signs could generate long-term decreases in ChAT 

activity and HC-e binding throughout brain regions. Consequently, the suggestion was 

that neonatal exposure to CPF resulted in lasting or perhaps permanent changes in the 

pattern of cholinergic innervation and synaptic activity, which is associated with 

cholinergically-mediated behaviours (Slotkin et al., 2001). Timofeeva et al (2008) 

reported on exposure of neonatal rats to daily doses of diazinon on postnatal days 1-4, 

applying doses (0.5 or 2 mg/kg). The study found that neonatal DZN at doses below the 

threshold for cholinesterase inhibition could cause persistant neurocognitive deficits in 

adulthood. The deficit in 5HT1A was seen clearly in males, while it caused a small but 

significant increase in 5HT transporters in females. The results of the study suggest that 

DZN effects on transmitter systems related to memory function other than the 

mechanism of cholinesterase inhibition (Timofeeva et al., 2008).  

              Slotkin et al (2006) compared the developmental neurotoxicity among 

organophosphate insecticides which included parathion, diazinon, and chlopyrifos. The 

results demonstrated that parathion could cause developmental neurotoxicity at doses 

exceeding the threshold for overt toxicity (maximum tolerated dose, 0.1 mg/kg), while 

chlopyrifos and diazinon could cause this effect at doses below the maximum tolerated 

dose (1-5 mg/kg). The author also suggested further research on fetal and neonatal 

neurotoxicity of multiple organophosphates and replacement of the “gold standard”, 

cholinesterase inhibition by biomakers of neural development as the end points of 

organophosphate’s neurotoxicity.  

Behavioral effects 

              The dose-response relationship between direct exposure to organophosphate 

insecticides and behavioural changes have been evaluated in some experimental studies 
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in rats. McDonald et al (1988) found an association between repeated exposure to DFP 

at a dose of 1 mg/kg/day or disulfoton at a dose of 2 mg/kg/day by injection and the 

prolonged inhibition of acetylcholinesterase. This resulted in alterations of spatial 

memory functions in rats, as well as a reduction of muscarinic receptors. The author 

suggested that these findings could be extrapolated to the memory impairment reported 

by workers chronically exposed to organophosphate compounds (McDonald et al., 

1988).  

               Pope et al (1992) demonstrated that acute exposure to chlorpyrifos at relatively 

high dose (279 mg/kg) could cause long-term neurobehavioral changes which might 

exist following the recovery of neurochemical parameters related to exposure and 

tolerance to cholinesterase inhibitors. However, the study was not able to demonstrate 

the role of noncholinergic process in long-term alterations in the nervous system (Pope 

et al., 1992). Another study by Bushnell et al (2001) found that exposure to chlorpyrifos 

at a dose of 50mg/kg oral caused impaired visual signal detection for 8 days, and the 

same effects were seen at a dose of 250 mg/kg for 4 weeks. The same study also 

illustrated that CPF (30 and 50 mg/kg po and 250 mg/kg) lead to lower activity in the 

test battery for up 18 days, leading to impairment and altered behaviour in the test 

battery as well (Bushnell et al., 2001). Olga and Christopher (2002) found significant 

alterations of EEG manifestations which are characteristics of cortical arousal among 

rats after being exposed to chlorpyrifos at doses as low as 10mg/kg. This finding is 

parallel with a substantial decrease in sleep and a concomitant increase in walking 

activity (Olga and Christopher, 2002).  

               The relationship between prenatal exposure to organophosphate insecticides 

and behavioural changes in the offspring were discussed by Kornelia (1989) and Laura 

(2004) (Laura et al., 2004). In the study of Kornelia et al (1989), pregnant rats were 

administered with 0, 5, 10 and 15 mg/kg daily of sumithion, and then their offspring 

were checked for behavioural test battery.  No significant behavioural effects were 

found at a dose of 5 mg/kg, but some behavioural changes occurred at doses of 10 and 

15 mg/kg (Kornelia et al., 1989). Icenogle et al (2004) administered 1 or 5 mog/kg/day 

of CPF to pregnant rats, and the results showed that despite the offspring manifesting no 

effects on growth or viability, they presented behavioural abnormalities when tested in 

adolescence and adulthood. The offspring rats had learning and memory adversely 

impacted. The implication of these findings is that late gestational or neonatal CPF 

exposure presents a prolonged window of vulnerability for brain development (Icenogle 

et al., 2004).  
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2.4.4.2 Effects on target organs other than the nervous systems 

Mutagenic and carcinogenic effects 

 Mutagenic and carcinogenic effects are uncertain. The evaluation of IARC 

(1979) and FAO/WHO (1988) concluded that life-time studies on mammals of doses of 

dichlorvos on mammals depressed blood-ChE level. However this was not enough to 

establish dose-response relationship evidence to evaluate carcinogenic effects. 

Nevertheless, this chemical is frequently suggested to have carcinogenic effects in vitro 

test systems (IARC, 1979). The evaluation of five widely used organophosphate 

insecticides (malathion, methyl parathion, parathion, tetrachlorvinphos, and trichlorfon) 

reported in the IARC Monograph (1983) found inconsistent results. With some 

chemicals there was no evidence, but with others there was limited evidence of 

carcinogenic and mutagenic effects on mammals (IARC, 1983). Moreover, the 

controversy on this issue is illustrated by the contrasting conclusions from the study of 

Huff et al (1985) and Reuber (1985). No evidence of carcinogenic effects of malathion 

and malaoxone where found by Huff et al, while the opposite findings were found in the 

Reuber study (Huff et al., 1985, Reuber, 1985). 

 An evaluation was implemented by IARC (1979) with the study of Po et al 

(1991) which demonstrated that dichlorvos was carcinogenic with Fishcher rats and 

B6C3F1 mice. The study found a significant association between oral exposure to 4, 8 

and 40 mg/kg body weight and neoplasms, including adenomas of the exocrine pancreas 

(male rats), mononuclear cell leukaemia (male rats), and squamous cell papilloma of the 

forestomach (male and female mice). However, there was a lacking of evidence at the 

doses of 10 and 20 mg/kg (Po et al., 1991). A scientific review by Falicia et al (2005) 

found that methyl parathion was not carcinogenic to animals or human (Falicia et al., 

2005). However, there was a  relationship between these levels of chemical exposure 

and reproductive failures (Edwards and Tchounwou, 2005).  

Teratogenic effects 

                The teratogenic effects of various OPs on the development of chicken’s eggs 

have been carried out by Seifert et al (1980); Paul et al (1981); Dennis et al (1983); and 

Aluigi et al (2005) (Seifert and Casida, 1980, Dennis and Weisenburger, 1993, Auluigi 

and al, 2005). The study by Aluigi et al (2005) found that injection of OPs in the 

thionophosphate chemical class (diazinon, chlopyrifos, malathion, and phentoate) could 

cause some failures on the developing embryos at different stages of fertilized chicken’s 
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eggs. The effects were associated with ion channel activation, through the activation/ 

inactivation of acetylcholine receptors (AChRs). Nevertheless, these experimental 

studies are not relevant to mammals, and no equivalent effects are known.  

                No developmental effects were observed in rats, mice, or hamsters after being 

administered with a daily dose at 200mg/kg (Staples and Goulding, 1979). Bresslin 

(1996) confirmed that no teratogenic effects found among Fischer rats after being given 

0.1, 3.0, and 15 mg chlorpyrifos/kg/day although effects on neonatal growth and 

survival were demonstrated at a marginally toxic dose level in one generation (Breslin 

et al., 1996). In contrast, the study of Knox et al (1978) showed evidence of hypoplasia 

of the cerebellum in offspring of pigs in both field cases and experimental tests. 

Pregnant pigs were dosed with 50-60 mg/kg body weight of trichlorfon between days 

55-70 of pregnancy. The defect was associated with severe ataxia and tremors. 

Nevertheless, this study failed to control confounding factor of congenital tremor which 

has occurred at the same place of the study (Knox et al, 1978).  

Immunological effects 

                 The review implemented by Jacob (1983) on the immunological effects of 

organophosphate insecticides indicated no evidence of a dose-response relationship 

between OP exposure and immunological effects. Some previous animal experiments 

found OP could cause immunological disorders among rats (Jacob et al., 1983). 

Stenberg et al (1974) found that oral doses of methylnitrofos (fenitrothion) or chlorfos 

(trichlorfon) at 5 or 7 mg/kg body weight per day in an unspecified period caused 

suppression of haemaglutinin levels in rats (Stenberg and al, 1974). Wiltrout et al 

(1978) showed that exposure to parathion at dose equal to 0.1 x LD50 resulted in a 

significant decrease in the number of antibody plaque forming cells derived from the 

spleen.  

               Sadia  et al (2003) demonstrated that malathion caused a direct depression of 

nitrite production and LPS-induced TNF-α generation. Administration of malathion at 

doses of 5, 10 and 20 µg/ml for 24 hours caused significant suppression of nitrite 

production in rats by 27.73%, 26.57% and 44.46% respectively, and malathion at doses 

5 and 20 µg/ml caused 3.05 and 2.4 % of TNF-α generation. These two disorders were 

the key factors in microbiocidal effects on macrophages (Sadia et al., 2003). Similarly, 

Zabihi et al (2004) illustrated the immunological effects of diazinon in C57b1/6 female 

mice. The results showed that exposure to 25 mg/kg caused increase of 

histopathological changes in thymus, spleen and suppression of both humoral and 
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cellular activity of the immune system. At the medium dose (2 mg/kg per day) there 

was suppression of RBC-cholinesterase and a mild decrease in thymus/body-weight 

ratio and delayed-type-hypersensitivity (DTH) response; However, it was not 

statistically significant (Zabihi et al., 2004).  

Effects on hormones 

                 Morton et al (1980) has shown that exposure to dichlorvos in drinking water 

at a dose of 2 mg/litre caused disorders of plasma ACTH and adrenal levels of some 

related enzymes in rats, while blood-ChE levels were not influenced. However, it was 

not significant enough to demonstrate the alteration of adrenal and plasma 

corticosterone levels (Morton et al, 1980). 

 The effects of dimethoate in male animals have been investigated. Amina et al 

(2007) assessed the reproductive toxicity of orally administered technical dimethoate in 

male mice, at three dosage levels (7, 15, and 28 mg/kg/day) by orally exposure on the 

male reproduction system (Amina et al., 2007). The doses of 15 and 28 mg/kg/day 

caused a significant decrease in sperm production and percentage of motile sperm as 

well as histological changes in testes, leading to failure outcomes with offspring. These 

results are consistent with the previous studies of Budrea et al (1976) and Afifi et al 

(1991) which demonstrated the significant effects of dimethoate (at doses 60 mg/kg/day 

for 30 days and 6.25 as well as 12.5 mg/kg/day for 65 consecutive days) in decreasing 

testicular weight, sperm motility and increase in abnormal sperm (Budrea and Singh, 

1976, Afifi et al., 1991). Nevertheless, the study of Amina et al (2007) used very high 

doses of dimethoate which were about 1500 times and 2800 times higher than the 

human ADI (0.01 mg/kg/day). However, the author suggested that such exposure might 

happen occupationally, especially for applicators and farmers (Farag et al., 2007). In a 

similar study, Joshi et al (2003) also found the role of methyl parathion at a dose of 30 

mg/kg/day for 30 days resulted in decrease of testis weight, epididymis, seminal vesicle 

and ventral prostrate among treated rats (Joshi et al., 2003). 

 Fenitrothion and chlorpyrifos are widely used organophosphate insecticides 

possibly implicated in reproductive failures among rats but thi sis uncertain. Breslin et 

al (1996) administrated 0.1, 3.0, or 15 mg chlorpyrifos/kg/day to pregnant Fischer 344 

rats on gestation days 6 to 15. Although the results showed that effects on neonatal 

growth and survival at maternally toxic dose level, the findings fail to demonstrate the 

effects on the reproductive and fertility indices as well as histopathology of reproductive 

tissues among F1 and F2 litters at all levels. A critical issue with this study is the role of 
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male rats in reproductive failures which was not examined (Breslin et al., 1996). Noriko 

et al (2005) examined the effects of fenitrothion at dose levels of 10, 20, and 60 ppm in 

the diet for 10 weeks prior to mating and offspring (F1) from weaning until maturation 

at the age of 10 weeks. This study also concluded that fenotrothion had negative effects 

on the reproductive or endocrine systems of the parental and F1 generations at dose 

levels which could cause substantial brain cholinesterase activity in P animals (Noriko 

et al., 2005). Nevertheless, although the study used high doses of fenitrothion, these 

dose were not as high as those used in previous studies for examining the effects of OPs 

on reproductive effects. 

 

Effects on retina 

 Imai (1977) demonstrated that exposure to 50 mg/kg body weight (one-quarter 

of the L50) of fenthion every 4 days for one year resulted in a disorder of the 

electroretinogram among wistar and black long-evan rats within 3 months with recovery 

after one year (Imai, 1977). The demonstration of this effect has been reinforced by the 

later study of William et al (2006) which found that a single subcutaneous injection of 

100 mg/kg fenthion led to a decrease in carbachol-stimulated release of inositol 

phosphate which is an indicator of cholinergically-mediated intracellular second 

messenger systems. This effect remained 56 days after exposure to fenthion (William et 

al., 2006). Atkinson et al (1994) found that there was no functional impairment of the 

eye among beagle dogs over six months of exposure to 2.4, 7.9, and 794 micrograms 

kg/ day of ethyl parathion. Retinal cholinesterase was depressed by  37 – 55% as 

compared to controls at the exposure dose of 794 micrograms kg/ day at the first week 

(Atkison et al., 1994).  

Porphyric effects 

 An effect caused by the organophosphate insecticides which has been rarely 

studied but published in the scientific journals is the porphyric effect. Bleakley et al 

(1979) found that the chemicals with 85% of diazinon at dose levels of 20 or 40 mg/kg 

body weight) by skin exposure caused 4 fold increase in faecal porphyrins among Ark 

Agouti rats after 8 – 12 weeks. There was no increase in urinary porphyrins observed. It 

is noteworthy that diazinon at doses of 8 mg/ day by food did not cause the porphyric 

effect (Bleakley et al., 1979). Nichol et al (1982) using diazinon (97%) to expose rats 

found that diazinon exposure caused porphyrin accumulation among the rats (Nichol et 

al., 1982).  
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Effects causing delayed death 

 Organophosphate insecticide exposure can cause delayed deaths. This is 

established distinct from cholinergic and delayed neuropathy effects and does have a 

well-known mechanism. However the theoretical suggestion by Aldridge et al (1985) 

was that the proximal toxin was generated in the lung by oxidative attack on the 

alkylthio moiety of the OP’s compounds (Alridge and Nemery, 1984). Deaths might 

occur due to respiratory insufficiency associated with progressive cell proliferation 

(Diesdale et al., 1982). These studies reported that two phosphothiolate impurities found 

in malathion production (O,O,S-, and O,S,S-) could have caused delayed deaths among 

rats within 3 – 6 days after being dosed below the cholinergic LD50 (Verchoyle et al., 

1980).  

2.4.5 Epidemiological studies in health effects of organophosphate 
insecticides 

Acute cholinergic syndrome 

 Acute poisoning by OPs could occur as self-poisoning, occupational and 

accidental poisoning in the workplace, manufacturing sites, and on farms. OPs are 

responsible for a major percentage of all poisonings, and high incidences of OP 

poisoning were reported in developing countries such as Sri Lanka, China, and 

Indonesia, etc. (Hettiarachi and Kodithuwakku, 1989, Xue, 1992). The main reasons for 

the high prevalence of OP poisoning in developing countries include the excessive scale 

of use, poor working practices, and poor regulation resulting in the high availability of 

poison for suicide (Timothy, 1993).  

 The poisoning symptoms are usually summarized in three groups: muscarinic, 

nicotinic, and central effects (Timothy, 1993). Fatal poisoning normally occurs due to 

respiratory paralysis, which may be as a result of central or peripheral effects, and 

integral parts of each contribution depend on the specific type of OP (Hirshberg and 

Lerman, 1984). The poisoning symptoms vary in terms of onset, sequence, and duration 

and are dependent on the chemical, dose, and route of exposure. The reactivation rates 

for the inhibited AChE are not the same among OPs and are related to the structure of 

the side chain as well as involvement of enzyme. For instance, the OPs with presence of 

sulphur makes reactivation more rapid than the OPs with presence of oxygen (Moretto, 

1998). The reactivation process is extremely slow for enzymes inhibited by OPs with 

larger substituents such as diisopropyl phosphorofluoridete (Jamal et al., 2002). 
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 Although the severity of poisoning caused by OPs is associated with the levels 

of reduction of AChE of brain and neuromuscular junction enzyme, the measurement 

for grades of OP poisoning is based on the reduction of AChE in blood (plasma and 

erythrocyte). Mild symptoms occur when the reduction of ChEA is approximately 60%. 

Moderate symptoms happen when the reduction of ChEA is from 60 to 90%, and severe 

symptoms are caused by a 90-100% reduction of ChEA. The following table shows the 

clinical symptoms and signs associated with level of poisonings (Kaloyanova et al., 

1991).  

 

Table 2.3 Clinical symptoms of different grades of OP poisoning and corresponding ChEA 

value 

 

Level of 

poisoning 

Clinical symptoms 

Mild 
60% reduction of 

ChEA 

Weakness, headache, dizziness, diminished vision, salivation, 

lacrimation, nausea, vomiting, lack of appetite, stomach-ache, 

restlessness, miosis, moderate bronchial spasm: convalescence in 1 day 

Moderate 
60-90% reduction 

of ChEA 

Abruptly expressed general weakness, headache, visual disturbance, 

excess salivation, sweating, vomiting, diarrhea, bradycardia, 

hypertonia, stomach-ache, twitching of facial muscles, tremor of hand, 

head, and other body parts, increasing excitement, disturbed gait, and 

feeling of fear, myosis nystagmus, chest pain, difficult respiration, 

cyanosis of the mucous membrane, chest crepitation: convalescence in 

1-2 weeks 

Severe 
90-100% reduction 

of ChEA 

Abrupt tremor, generalized convulsions, psychic disturbances, 

intensive cyanosis of the mucous membrane, edema of the lung, coma; 

death from respiratory cardiac failure 
Source: Kaloyanova, 1999. 

 

 The figure 2.4 is a theoretical dose-response relationship for acute toxicity, 

which shows the ranges of concentration associated with the different levels of 

biological effects, including: (i) accidental and/or suicidal poisonings, (ii) occupational 

(manufacturing, mixing/loading, application, harvesting, and handling of crops) 

exposures (Hettiarachi and Kodithuwakku, 1989), (iii) bystander exposure to off-target 

drift from spraying operations (Curwina et al., 2010), (iv) the general public who 

consume food items with pesticide residues.  
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Figure 2.4 A theoretical dose-effect relationship for acute toxicity comparing the potential for 

exposure in terms of occupation, level of exposure, and possible biological effects  

Source: Klassen, 1996. 

 

 

 The dose-response relationship between exposure to OPs and human acute 

poisoning has been predominantly researched with volunteers, clinical treatment of 

parasitic diseases, and occupational studies. The acute poisoning effects associated with 

doses are represented by the percent of AChE inhibition or the specific signs and 

symptoms. It has been demonstrated that acute poisoning symptoms and signs occur 

when AChE is inhibited above 50%, and death happens at 90% AChE inhibition 

(Taylor, 1985). Previous studies have shown that the human dose-response relationship 

varies with specific types of OPs, and routes of exposure (oral, inhalation, and dermal). 

Table 2.3 presents the oral dose-response relationship for some OPs evaluated using 

human case studies. However, the majority of the results cited from these studies did 

not demonstrate clearly the relationship between doses and percent of AChE inhibition 

and the outcomes of poisoning symptoms. Moreover, over half of the studies 

demonstrated that the outcome was either ChE inhibition or symptoms only.  
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Intermediate syndrome (IMS) 

 The type II paralysis was first described by Wadia et al in 1974, and then it was 

revised to the term “Intermediate Syndrome” (IMS) and more clearly described by 

Senanayake and Karalliedde in 1987 (Senanayake and Karalliedde, 1987). Serial case 

reports of this syndrome have been published (Peter and Cherian, 2000, Moretto, 1998). 

This syndrome usually occurs from 1 to 4 days following a high-dose acute poisoning 

which causes a major reduction of AChE, or it may be caused by slow transport kinetics 

of the toxicant, which causes high and persistent AChE inhibition (Debleeker et al., 

1992). Although this syndrome is characterized by the pre-synaptic and post-synaptic 

defects at the neuromuscular junction which has been demonstrated by numerous 

electromyographic studies, its mechanisms have not been clearly defined. The 

arguments in a variety of studies were discussed in the review of Yang  and Deng 

(2007), and the limitations in determining clear mechanisms of IMS were due to small-

case series reported in existing studies (Yang and Deng, 2007).  

 The IMS has been considered as a major cause of morbidity and mortality in 

patients exposed to high acute OPs because of its clinical features. The earliest sign in 

IMS patients is remarkable weakness of neck flexion which causes an inability to lift 

the neck from the pillow. This sign occurs within 24 to 96 hours after poisoning and 

possibly without fasciculation or other cholinergic signs. The later phase of this 

syndrome is varying degree of proximal limb muscle weakness up to paralysis, and 

respiratory insufficiency. This results in a high risk of fatality and is the focus of 

medical attention at the onset of the syndrome. IMS recovery occurs 5-18 days 

following the onset of weakness if the patients are provided with appropriate therapy 

(Peter and Cherian, 2000, Timothy, 1993, Moretto, 1998, Yang and Deng, 2007).  

 The human case studies have reported that the incidence of this syndrome ranges 

from 8 to 84%, and the mortality rate could be up to 50% (Yang and Deng, 2007). As 

the consequence of severe acute poisoning, IMS was most frequently described from 

suicide and accidental cases admitted into the intensive care units of hospitals. The 

dose-response relationship which considered as the severe acute poisoning was more 

than 50% of AChE inhibition. The recent study by Jayawardane et al (2008) to 

investigate predictors of IMS among 78 symptomatic patients with OP poisoning found 

30 of them developed frome fruste IMS. Ten out of 78 patients developed IMS and 5 of 

them developed respiratory failure. Nevertheless, in spite of stating that the study 

measured OP levels and AChE inhibition in blood, the authors did not report the dose-
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response evaluation with patients (Jayawardane et al., 2008). No study in IMS among 

low-dose or long-term occupational exposures, including farmers has been published. 

Delayed polyneuropathy (OPIDP) 

 The third type of neurotoxicity caused by OPs is OP-induced delayed 

polyneuropathy which is known by the abbreviated name “OPIDP’. Different from 

acute cholinergic effects and intermediate syndrome, OPIDP results from the inhibitions 

of neuropathy target esterase (NTE) but not AChE, leading to axonal degeneration of 

distal parts of long and large-diameter axons in peripheral nerves and the spinal cord in 

case of severe posoining. Experimental research on the hen demonstrated that OPIDP 

occurred when over 75% of NTE was inhibited (Lotti et al., 1986). Specific OPs which 

can cause OPIDP include AChE inhibitors such as chlopyrifos, dichlorvos, isofenphos, 

methamidophos, trochlorfon and trichlornat, and non-AChE inhibitors such as tri-ortho-

cresylphosphate (Moretto, 1998). 

 Signs and symptoms of OPIDP usually occur 2-3 weeks after a single high-dose 

of OPs following acute cholinergic effects. The intermediate syndrome consists of 

tingling of the hands and feet, followed by sensory loss, progressive muscle weakness 

and flaccidity of the distal skeletal muscles of the lower and upper extremities (Costa, 

2006). The EMG studies suggested that recovery might not occur for 12 months. The 

prevalence of OPIDP on average occurred in 22% of patients highly exposed to OPs 

(Aygun et al., 2002).  

 The dose-response relationship between OP exposures and OPIDP, is illustrated 

by the observation that OPIDP developed only at a dose resulting in severe acute 

cholinergic toxicity. However, surprisingly OPIDP caused by repeated and chronic low-

level exposures was reported (Moretto, 1998). Lotti et al (1986) have described an 

OPIDP case who intentionally attempted suicide with a dose of 300 mg/kg chlopyrifos. 

Following the severe cholinergic syndrome, the lymphocyte NTE was reduced to 60%, 

and on the day 43, the patient exhibited OPIPD symptoms, including parenthesia and 

leg weakness. EMG revealed signs of an axonal peripheral polyneuropathy. Moretto 

(1998) reported a 32-year-old who attempted suicide by ingesting an estimated 40 

grams of commercial formulation of methamidophos. Day 25 after the severe 

cholinergic syndrome, the patient started suffering from OPIPD symptoms. The data of 

EMG showed indications of purely motor neuropathy; however, this case was not 

followed up due to deaths of the patient from unrelated causes. In addition, a 26 year-

old man who voluntarily ingested 35 and 9 grams of isophenos and phoxim respectively 
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was diagnosed with OPIDP from 20 to 26 days following the severe cholinergic effects. 

His limb’s condition improved after 22 months. 

            Two other typical cases of OPIDP were also reported by McConnell et al (1999) 

and Qureshi (2007). A 16-year-old man who suicided with 100 ml of an unidentified 

insecticide experienced OPIDP symptoms in the a week following severe cholinergic 

effects, and a 14-year-old female who accidentally ingested three sips of an 

organophosphate insecticide also developed OPIPD signs for 7 weeks after discharge 

from the hospital after acute cholinergic treatment. Her limb condition improved after 6 

months (McConnell et al., 1999, Qureshi et al., 2007).  These examples reinforce the 

evidence that OPIPD could occur following a large dose of OP at almost lethal level. 

Miranda et al (2008) demonstrated that OPIPD symptoms could persist for up to two 

years after OP poisoning (Miranda et al., 2008).  

 The OPIPD associated with chronic low-level exposures and without severe 

cholinergic affects is uncertain. Evidence provided by related studies was not 

convincing and had no exposure assessment. Pilkington et al (2001) examined the 

association between chronic low level exposure to OPs and OPIDP among sheep 

farmers and dippers. Retrospective exposure information on 612 farmers and their 

neurological assessment collected by a standard neuropathy symptoms questionnaire 

were analyzed. Findings showed a strong association between OP concentration and 

neurological symptoms, but weak evidence of the relationship between low dose 

cumulative exposure to OPs and sensory thresholds. It was reported that urinary 

metabolites of some OPs were measured with farmers, but the exposure presented was 

evaluated by “exposure intensity” only justified by the number of contacts and 

“exposure duration” but not direct OP concentrations (Pilkington et al., 2001). 

 Workers exposed to occupational chlopyrifos in manufacturing activities did not 

have significant sensory neuropathy (William et al., 2006). However, Cole (1998) found 

a strong association between peripheral nerve symptoms, poor coordination, abnormal 

deep tendon reflexes, and reduced muscle power with Ecuadorian farmers and 

OPs/carbamate uses. But the symptoms were not diagnosed as OPIPD, and the chemical 

exposure was not directly measured (Cole, 1998). Kishi et al (1995) found a statistically 

significant increase in muscle weakness with Indonesian rice farmers as compared to 

controls, but it was small (RR=1.7). Moreover, the onset of symptoms appeared 

unsuitable for OPIPD diagnosis during the spray season. The dose of OP exposure was 

not directly measured (Kishi et al, 1995). An association between sensory conduction 
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velocities and exposure was occasionally reported among Sri Lankan farmers exposed 

to OPs (Lidwien et al, 2003).  

Chronic Organophosphate Induced Neuropsychiatric Disorder (COPIND) 

 Chronic Organophosphate Induced Neuropsychiatric Disorder (COPIND) could 

be caused by exposure to large acute or long-term low doses of organophosphate 

compounds. The clinical signs of COPIND may occur from weeks to years after 

exposure. The diagnostic criteria for COPIND consist of: (i) large acute, or repeated 

exposure to organophosphates; (ii) at least four of the following: personality change and 

destabilisation of mood, impairment of concentration and memory, impaired exercise 

tolerance, reduced tolerance to alcohol, heightened sensitivity to organo-phosphates; 

and (iii) at least three of the following: exacerbation of “dippers’ flu”, impulsive 

suicidal thinking, language disorder, heightened sense of smell, deterioration of 

handwriting (Davies et al., 2000).  

 With COPIND after acute poisoning, Jamal et al (2002) found that in all of the 

11 studies conducted from 1955 to 2001 there were similar conclusions that there was a 

positive association between acute exposure to OPs and chronic neurotoxicity. 

Individuals with a history of acute organophosphate exposure presented with elevated 

levels of depression, irritability, confusion, social isolation as well as a decrease in 

verbal attention, visual memory, motoricity, and affectivity. Neither the incidence or 

severity of COPIND was found to be related to the severity of the previous acute 

cholinergic effects (Jamal et al., 2002).  

 The results of studies of the relationship between long-term subclinical 

exposures and COPIND without previous acute poisoning have been inconsistent. 

However, these studies were deficient in quantifying exposures and there was generally 

inappropriate controls (Abou-dounia, 2003). A review by Jamal (2002) found all of the 

seven studies conducted between 1961 and 1999 reported a positive relationship 

between COPIND and low level chronic exposures to OPs. However, these studies were 

limited by not having controls. Another nineteen studies in occupational exposure were 

conducted between 1965 and 2001, with 80% of them having positive results for a 

relationship between low exposures and COPIND. 

 Workers exposed to non-clinical doses of OPs have provided insufficient 

evidence of neurobehavioral disorders. The studies assumed that the doses might not be 

enough to cause neurobehavioral deficiency (Padungton et al., 1999). In contrast, 

several studies have demonstrated an association between low-dose exposure to OPs 
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and neurobehavioral disorders. These were consistent with the conclusion that 

individuals exposed to subclinical doses of OPs showed significant impairment in 

neurobehavioral performance.  Kaplan et al (1993) found persistent long-term cognitive 

dysfunction and defects in concentration, word finding, and short-term memory with 

people exposed to non-clinical levels of chlopyrifos (Kaplan et al., 1993). Srivastava et 

al (2000) found that workers exposed to the organophosphate insecticide, quinalphos, 

when manufacturing this substance showed an increase of CNS dysfunction, including 

memory, learning, vigilance, and motor deficit in spite of normal range of AChE 

(Srivastava et al., 2000). The rescue workers and some victims in the sarin terrorism 

event in Tokyo presented with a chronic decrease of memory for 3 years and 9 months 

after the attack although these people did not exhibit acute cholinergic symptoms 

(Nishiwaki et al., 2001).  

Reproductive effects 

 Padungton et al (1999) conducted a study of organophosphate effects on male 

reproductive outcomes in 60 Chinese pesticide-factory workers and 89 textile workers 

were used as controls. The objective of the study was to examine effects of parathion on 

reproductive outcomes. Parathion exposure was found to cause significant reduction in 

sperm count and sperm concentration. Workers in the pesticide plant were exposed to 

ethyl parathion or methamidophos with a median level of 0.02 mg/m3, giving a 

moderate increase in the prevalence of sperm aneuploidy. (Padungton et al., 1999). 

 In order to activate the association between carbaryl (1N) and chlopyrifos 

(TCPY) and DNA damage in human sperm, Meeker et al (2004) conducted a study in 

the general population. Subjects (260) were selected from a Massachusetts infertility 

clinic and urinary metabolite concentrations of TCPY and 1N were measured. The 

percentage of DNA in the comet tail (Tail%) as well as tail distribution moment (TMD) 

were also measured and calculated for correlation with exposures. The study concluded 

that environmental exposures to carbaryl and chlopyrifos could possibly cause DNA 

damage in human sperm (Meeker et al., 2004b).  

 Sanchez-Pena et al (2004) evaluated the change in sperm chromatin structure 

among workers exposed to organophosphate pesticides (OP) which included 

dimethyldithiophosphate (DMDTP), dimethylthiophosphate (DMTP), 

diethyldithiophosphate (DEDTP), diethylthiophsphate (DETP), dimethylphosphate 

(DMP), and diethylphosphate (DEP). The exposure to OPs was measured by the 

analysis of six dialkylphosphates (DAP) in urine. The study found a significant 

association between DETP and urinary concentrations and an increase in susceptibility 
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to DNA denaturation of spermatozoa. However, it had limitations in demonstrating 

effects on individuals of OP. The small sample size caused the large variations which 

decreased the power of the data analysis (Sanchez-Pena et al., 2004).  

 Several reproductive and developmental failures have been associated with 

pesticide applications, including infertility, time to pregnancy, early menopause, early 

pregnancy loss, spontaneous abortion, fetal death, congenital malformations, 

intrauterine growth retardation, and childhood diseases. However, studies in women 

have been rarely undertaken, especially with organophosphate insecticides. Whyatt et al 

(2004) demonstrated a significant association between chlorpyrifos exposure among 

minority women in New York City during pregnancy and fetal development, and low 

birth weight outcomes. The chlorpyrifos level was found to be 2.5 pg/g in cord blood 

considered as direct measure of fetal exposure (Whyatt et al., 2004). In contrast, 

Berkowitz et al (2004) was unable to illustrate an association between maternal urinary 

chlorpyrifos metabolites (TCP) ranging from 1.6 to 32.5 µg/L and low birth weight, 

birth length, and head circumference impacts. But they found a relationship between 

head circumference and PON1 in mothers, which is known as a detoxification enzyme 

for chlorpyrifos (Berkowitz et al., 2004). Eskenazi et al (2004) also did not find an 

association between TCPy concentrations ranging from 0.2 to 56.1 µg/L (median 3.3 

µg/L) and fetal growth failures. But they found relationship between TCPy 

concentrations and decrease of gestational duration without any clinical impacts 

(Eskenazi et al., 2004).  

Carcinogenic effects in human 

 Epidemiological studies in the human population have given inconsistent results 

and were not of sufficient quality to establish a causal relationship between 

organophosphate exposure and cancers. Some studies had weight of evidence sufficient 

to illustrate to IARC that occupational exposure to organophosphate insecticides is 

probably associated with some cancers in humans, such as prostate cancer, non-

hodgkin’s lymphoma, leukaemia, childhood cancers, and others (Alavanja et al., 

2003b).  

 Lee et al (2004b) conducted a prospective cohort study to determine any 

association between chlorpyrifos exposure and cancers among licensed pesticide 

applicators. Exposure assessment to characterize the dose consisted of the lifetime 

exposure and individual intensity exposure. The study found a significant association 

between lung, colorectal cancers and lifetime exposure-days and intensity-weighted 
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exposure-days. However, the exposure was indirectly measured based on self-reports of 

applicators but not direct exposure measurement (Lee et al., 2004a). Waddell et al 

(2001) conducted a case-control study, which evaluated the relationship between 

exposure to organophosphate pesticides and the risk of non-Hodgkin’s lymphoma 

(NHL). They found a statistically significant increased risk of NHL among male 

farmers in some states of the USA. The risk of NHL with farmers using chlorpyrifos 

was 3.2 fold as compared to controls (OR=3.2). Nevertheless, the exposure 

measurement was also inferred from the number of years farmers used pesticide 

(Waddell et al., 2001). 

 Beside chlorpyrifos, the carcinogenic properties of some other kinds of 

organophosphate compounds have been investigated. However, the findings of these 

studies were inconsistent. Moreover, the exposure measurement was usually based on 

the lifetime exposure-days, intensity exposure-days, and number of years of use of 

pesticides. A large-sample prospective cohort study conducted by Freeman et al (2005) 

found a significant association between exposure to diazinon, another widely used 

pesticide, and lung cancers and leukaemia but no other cancer associations were found 

(Freeman et al., 2005). Barry et al (2001) demonstrated that exposure to diazinon caused 

a 1.7 fold increased risk of non-Hodgkin’s lymphoma in their case-control study. 

However, both of these studies did not have any direct measurement of chemical 

exposure (Barry et al., 2001). 

 Freeman et al (2005) and Koutros et al (2008) concluded that applications of 

dichlorvos caused a slightly increased risk of prostate cancer among farmers, (Freeman 

et al., 2005, Koutros et al., 2008). They also concluded that exposure to dichlorvos was 

associated with any excess risk of lymphohematopoietic cancers. However, Flower et al 

(2004) demonstrated that parental exposure to dichlorvos might cause an elevation of 

childhood lymphoma cancer risk among children (OR=2.06) (Flower, 2004).  

 Exposure to malathion, the most common organophosphate insecticide used in 

United States, was found to be associated with non-Hodgkin lymphoma and leukaemia 

(Waddell et al., 2001, Bonner et al., 2007). In these studies the excess risks of NHL and 

leukaemia were slightly increased by using the lifetime exposure-days and intensity 

exposure-days. However, no statistical significance was observed. In the same large-

scale prospective cohort study implemented in some states of USA, the investigators 

found a significantly elevated risk of leukaemia with licensed pesticide applicators 

using fonofos. The doses were evaluated using both lifetime exposure-days and 

intensity-weight exposures among applicators, and no association between fonofos and 
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other cancers was observed in the study (Mahajan et al., 2006). Similarly, a trend of 

increased risk of prostate cancers among applicators using phorate was observed 

although it was not of statistical significance.  

 In summary, human carcinogenic effects of organophosphate compounds have 

not been unequivocally demonstrated although some of these compounds were found to 

be carcinogenic with animals. The results are inconsistent and the dose measurements 

were based on the lifetime exposure-days and intensity exposure-days but not direct 

exposure measurement.  

 

Respiratory effects 

 Death from respiratory paralysis caused by severe poisoning with 

organophosphate insecticides is well known. However, some studies have demonstrated 

that low-dose exposure to OPs can also result in respiratory dysfunction. Peiris et al 

(2005) examined lung functions with the indicators of forced vital capacity (FVC) and 

forced expiratory volume (FEV1) among 25 farmers and fishermen who were exposed 

to OPs (Peiris-John et al., 2005). The study found that FVC and FEV1 significantly 

decreased among exposed farmers as compared to controls even though AChE levels 

had only slightly declined (12.75%). However, the study did not evaluate any specific 

organophosphate compounds, and the exposure measurement was only inferred by the 

levels of AChE in blood.  

 Zhang et al (2002) investigated the self-reports on respiratory symptoms among 

adults (558) in rural Beijing. They demonstrated that individuals occupationally 

exposed to insecticides, mostly organophosphate compounds, had significantly 

increased risk of asthma-like symptoms and chronic respiratory symptoms such as 

chronic coughs, chronic phlegm, etc (Zang et al., 2002). Nevertheless, the exposure 

assessment and exposure dose were not evaluated. 

 Hoppin et al (2006) conducted a 5-year prospective cohort study among nearly 

89,000 licensed pesticide applicators in USA to examine the association between 

respiratory illness and pesticide exposure (Hoppin et al., 2006). The results showed 

strong evidence of association between exposure to organophosphate compounds 

(chlopyrifos, malathion, parathion) and wheeze among farmers. Chlorpyrifos has the 

strongest evidence of a dose-dependent relationship with wheeze. However, the 

exposure assessment in this study was also based on the lifetime use of pesticides not 

direct exposure measurement. 
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Immunological effects 

 Organophosphate-induced immunotoxicity with reference to parathion, 

chlopyrifos, malathion, and diazinon has been well demonstrated by animal studies. 

However, few convincing human studies of OP-induced immunotoxicity have been 

published. The reasons suggested by Galloway and Handy (2003) in their review were 

that it is difficult to determine specific substances and the levels of exposure. Moreover, 

variability in individual immune-response in a population is quite broad (Galloway and 

Handy, 2003). Stiller-Winkler et al (1999) conducted sera immunological tests for 

pesticide applicators exposed to a mixture of OPs, carbamates, and herbicides. The 

results indicated that exposure to pesticides caused enhanced macrophage activation and 

impaired humoral defence with increased odds ratios for neopterin and soluble tumor 

necrosis factors, and decreased odds ratio for IgM. Nevertheless, the exposure was not 

quantified by any direct or indirect measurement. Moreover, the exposure was a mixture 

of compound and not OPs only (Stiller-Winkler et al., 1999). Gotoh et al (2001) found 

abnormalities of the white blood cell count in some workers after 5-day chlopyrifos 

spray missions. These correlated with a decrease in peripheral cholinesterase activity 

and in sensory nerve conductance velocity. The results for these workers were 

demonstrated (Gotoh et al., 2001).  

Mortality  

 A prospective cohort of pesticide applicators in Iowa and North Carolina 

conducted by Lee et al (2004b) demonstrated a possible association between chlopyrifos 

use and external causes of death. The dose was evaluated as lifetime exposure-days, 

intensity-weight exposure with chlopyrifos. No relationship with mortality was found. 

However, mortality from suicides increased two-fold among pesticide applicators. Lee 

et al suggested that this might relate to depression or neurobehavioural disorders among 

applicators (Lee et al., 2004a). 
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Table 2.4 Oral dose-effect relationship with some OPs 

 

Organophosphate 

compounds 
Dose in mg/kg 

with no observed 

effects 

Dose (term of 

application) 
Kind of effects 

Azynophosmethy 0.2/30 d 0.3-0.33 
(time 

undetermined) 

ChE inhibition 

Abate 256 mg/man/d 5d 
62 mg/kg/d 4 

weeks 

  

Bromophos 0.4/4 weeks   

 

 
Dichlorophos 

0.033/28 d 1/d 3 weeks Inhibition of ChE plasma 
 8/d 3 weeks Inhibition of ChE plasma 

 By 70%, gastrointestinal 

disorders 
 16/d 5d Inhibition of ChE plasma by 

90%, inhibition of erythrocyte 

ChE 
 5/d 10-20 d Inhibition of ChE plasma by 

25%, no inhibition of Er ChEA 
Demethon S-

methyl 
0.5/single 0.4/30 d ChE inhibition by 20% 

Diazinon 0.02/34 d 0.25/43 d Plasma ChE inhibition by 20% 
  0.05/5 d, repeated 

after 23 d 
Plasma ChE inhibition by 35% 

Dimethoate 0.2/57 d 0.5/single ChE inhibition 
Dioxathin 0.075/28 d   
Disulfotan 0.075/30 d   
Chlopyriphos 0.1/1 month   
Fenchlorophos 10.7/4 d 19.4/7d ChE inhibition 
Formothion 0.2/59 d 0.5/59 d ChE inhibition 
Malathion 0.2/88 d 0.4/88 d ChE inhibition 
  0.8/2 weeks ChE inhibition 

Methidathion 0.11/6 weeks   
Mevinphos 0.014/30 d 0.025/single Inhibition of erythrocyte ChE 

only 
Trichlorfon  7.5/one dose at 2 

weeks intervals 
ChE inhibition 
 Nausea 

  7/four time at 

fortnight interval 
Diarhea, abdominal pain, 

restlessness 
  24/single Tachycardy=ia, abdominal pain, 

vomiting, tremor, sweating 
Parathion 0.05/3weeks 0.12/6 weeks Plasma and erythrocyte ChE 

inhibition by 35% 
 0.06/43 d 0.1/28 d Plasma ChE inhibition by 15% 

  0.12/27 d  
Phenitrithion 0.04-0.08 x 24 h 

intervals 
0.3/single dose ChE inhibition 

Source: Kaloyanova in: Human Toxicology of Pesticides. CRC Press, 1999. 
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2.4.6 Chlorpyrifos 

Usage, chemical and physical properties 

 Chlorpyrifos (O,O-diethyl-O-(3,5,6-trichloro-2-pyridinyl phosphororthioate) 

(Figure 2.5) (CAS Register No. 2921-88-2), is the most common organophosphate 

insecticide, and has been used widely for agricultural and household applications since 

1965. It is used to control insect pests in the home, but the major use of chlorpyrifos is 

for crop protection of fruit, vegetables and grains. US EPA has estimated that there were 

over 400 different commercial products that contained chlorpyrifos active ingredients 

(U.S EPA, 2001). Chlorpyrifos was restricted for use in USA homes in 2001, since it 

involves a high risk of child health (ATSDR, 1997). In Vietnam, chlorpyrifos accounts 

for over 80% of the organophosphate products used for agricultural cultivation (VN 

MARD, 2009). 

 The chemical structure of chlorpyrifos was shown in Figure 2.6. Like other OPs, 

the primary action of chlorpyrifos is occurs via its bio-activated metabolite, 

chlorpyrifos-oxon, by inhibiting neural acetylcholinesterase (AChE) in the brain and 

peripheral nervous system.  

  

 

Figure 2.5 Chemical structure of chlorpyrifos 

 

 

 Chlorpyrifos has a molecular weight of 350.6, and has a colorless to white 

crystalline solid. It has low solubility in water but is soluble in most organic solvents. 

Chlorpyrifos is an active ingredient in various formulations including emulsifiable 

concentrates, gralunar and wettable powders, water-dispersible granulaes, micro-

encapsulated suspensions, and gel-based products (Eaton et al., 2008).  

Metabolic and environmental distribution and fate  

 Chlorpyrifos is oxidized to its oxon form, chlorpryfios-oxon, which is the 

principal toxic metabolite, and then this is enzymatically or spontaneously hydrolyzed 
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to 3,5,6-trichlorpo-2-pyridinol (TCP) (Figure 2.6). TCP in urine has been used as an 

effective measurement of chlorpryifos exposure (Curwina et al., 2010). The excretions 

of chlorpryifos via urine are TCP or in form of glucuronide and sulfate conjungates.  

 Even though chlorpyrifos can rapidly degrade in the environment, residual levels 

may last for relatively long periods of time. Due to susceptibility to photodegradation, 

the half-life of chlorpyrifos is approximately 3 days in the outdoors. However this could 

be several months for indoor environment.  

 

 

Figure 2.6 Degradation pathways for chlorpyrifos 

 

Exposure and adverse health effects of chlorpyrifos  

 Chlorpyrifos can be absorbed into the human body by different pathways, 

including oral ingestion, inhalation and dermal absorption. It has been demonstrated that 

chlorpyrifos is relatively well absorbed from intestine. Nolan et al (1984) estimated that 

70% of the amount of chlorpyrifos taken up by exposure is recovered in the urine 

following a single oral dose. Recovery in urine from dermal absorption is estimated at 
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1% (Griffin et al., 1999). Although there is no direct measurement of inhalation 

absorption of chlorpyrifos, this compound has been generally assumed to be well 

absorbed into the body through the lung (Geer et al., 2004). 

 The primary target organ for chlorpyrifos toxicity is the central and peripheral 

nervous systems, since its metabolite, chlorpyrifos-oxon is an acetylcholinesterese 

inhibitor. This may cause death and have adverse sub-lethal effects in humans. Low-

level exposure to chlorpyrifos has caused interference with the development of the 

mammalian nervous system during pregnancy (Slotkin et al., 2006a). Developmental 

effects such as low birth weight and reduced head circumference were found in human 

epidemiological studies on pregnant women exposed to chlorpyrifos (Whyatt and Barr, 

2004). Chlorpyrifos is also considered to be an endocrine disrupting compound 

(Rawling et al., 1998). Although there is insufficient evidence of carcinogenicity, some 

recent studies have shown an association between chlorpyrifos exposure and both lung 

and prostate cancer (Alavanja et al., 2003a, Lee et al., 2004b). Agricultural activities are 

considered a primary source of exposure to chlorpyrifos (Alexander et al., 2006b, 

Curwin et al., 2007b). In developing countries, small-scale farmers were found to have a 

high risk of adverse health effects from chlorpyrifos when mixing, loading and spraying 

chlorpyrifos using back-pack sprayers (Rodriguez et al., 2006a, Panuwet et al., 2008a, 

Aponso, 2002).     
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2.5 Studies in health effects of pesticides with farmers in 
Vietnam 

 A series of reports presented at the fourth national conference for occupational 

health, demonstrated an association between pesticide use and adverse health effects 

among farmers. The National Institute for Occupational Health and Environmental 

Hygiene (VNIOHE) (1998) reported that rice farmers with poor personal protective 

equipment during spraying missions were exposed to pesticides (0.001-0.008 mg/cm
2
) 

uptake through the skin, causing high risk of poisoning. However, the specific 

pesticides and adverse health effects were not reported (Bui, 2003). Nguyen et al (1999) 

found over 70% of tea farmers had neurobehavioral disorders such as headache, 

sleeplessness, difficult breathing and chest pain, and the mean of the active AChE had 

decreased by 25%. The health outcomes appeared to be OPs-induced, but the specific 

type of pesticide and its measurement were not reported (Nguyen, 1994b).  

 Nguyen et al (1999) demonstrated that individuals with a history of OPs 

poisoning were at high risk of respiratory infection and immunological effects (decrease 

of cell lympho B and T). All the same, exposure dose was not evaluated by the 

investigators (Nguyen, 1994a). Nguyen (1994) also found that 73% of farmers in a 

suburban district often had symptoms such as headache, fatigue, nausea, sleeplessness, 

and dermal irritation. Milk samples from 47 breast-feeding mothers directly involved in 

spraying pesticides were detected with OPs at 0.2-0.5 µg/L. But a dose-effects 

relationship was not characterized (Nguyen, 1994c). Bui et al (2003) found a 

relationship between dermal exposure to OPs and a decrease of AChE (10-40%) in red 

blood cells among farmers spraying pesticides. However, exposure measurement 

through inhalation or urine metabolites was not assessed (Bui, 2003). Tran et al (1995) 

found a significantly increased risk of reproductive failure among 510 female farmers in 

an agricultural area in Northern Vietnam associated with pesticide use. However, the 

pesticides were not specified and their exposures were not evaluated (Tran et al, 1995).  

 Several more studies on the health effects of pesticides have recently been 

published. These studies were an improvement on previous studies since they included 

specific hazard identification, exposure assessment, and definition of health outcomes. 

Nguyen and Tran (2003) investigated the impacts of pesticide exposures among rice 

farmers’ health in Mekong Delta, Sounthern Vietnam, using a health risk logit 

regression model. Organophosphate compounds were the predominant pesticide in use 

among rice farmers. A dose-response relationship between frequencies of pesticide use 

and farmers’ health effects was demonstrated at a significant level. Moreover, there was 
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positive association between the number of pesticides used and health cost due to 

exposures. However, exposure was not analytically measured, and the health outcomes 

considered were the acute poisoning symptoms only with no long-term evaluation of 

effects (Nguyen and Tran, 2003).  

 Dasgupta et al (2007) conducted a survey on health effects of pesticides among 

rice farmers in the Mekong Delta, Vietnam. The exposure indicators used were the 

number of applications, and the amount and intensity of each pesticide use. The most 

common symptoms reported were skin irritation, neurological effects (headache, 

dizziness), eye irritation, and respiratory effects (shortness of breath). These outcomes 

are relevant to the predominant use of organophosphate and carbamate compounds. 

Moreover, 35% of investigated farmers had experience of acute poisoning, with a 

reduction of more than 25% of AChE. In addition 21% of the farmers were chronically 

poisoned with a reduction of more than 66% of AChE. Nevertheless, the study did not 

characterize the dose-response relationship for each compound because no analytical 

measurement of exposure was carried out, and the long-term effects of pesticides among 

farmers were not assessed (Dasgupta et al., 2007a). 

 Vu et al (2007) carried out a case-control study to assess the effects of pesticide 

use on semen characteristics among rice farmers who directly sprayed pesticides. The 

semen characteristics (volume, sperm concentrations, total sperm count, motility, 

vitality and morphology) were significantly poorer than these of controls. Factors 

associated with the effect outcomes were distance (<300 ms) from households to rice 

fields and duration of work (over 10 years) as a farmer. Rice farmers, who spray 

pesticides without appropriate protective equipment, are at high risk of abnormal semen 

compared to controls. However, this study did not measure exposure among farmers, 

and the specific pesticide in use was not identified or described (Vu et al., 2007).  

 In summary, most of the studies of human health effects related to pesticide use 

conducted in Vietnam were cross-sectional epidemiological studies, in which 

investigators determined the association between pesticide use and adverse health 

effects which were mostly acute poisoning symptoms. However, these studies have 

several weaknesses and limitations. First, the pesticides were mixtures and not a 

specific pesticide although the majority of reports and the list of registered pesticides 

used in agriculture in Vietnam show that organophosphate insecticides were 

predominant. Second, pesticide exposures were rarely measured using chemical analysis 

techniques, thus the risk was not characterized quantitatively among exposed persons. 

Third, no longitudinal study has been conducted to examine the long-term effects of 
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pesticides in the population, including farmers. Finally, health risk assessment 

techniques which overcome limitations have not been introduced into Vietnam. As a 

result, no comprehensive assessment has been conducted to evaluate the health risk of 

specific pesticides among the population, especially farmers.  

2.6 Health risk assessment  

2.6.1 Definition of risk and risk assessment 

Definition of risk 

 There are numerous definitions of the word risk. However, the term “risk” used 

in the health context has been defined by the USEPA as “the chance of harmful effects 

to human health or to ecological systems resulting from exposure to an environmental 

stressor”. The stressor in this definition means physical, chemical, or biological entities 

which can cause an adverse outcome (US EPA, 2001). Another definition with regard to 

the association between hazardous chemicals and adverse health effects is given by 

Connell (2005a): “Risk can be defined as the probability of realization of a hazard 

resulting from exposure to a chemical or other agent”.  

 Both of the above definitions imply that the risk is the possibility of an adverse 

outcome resulting from the interaction between a human or ecological system and an 

agent. The Department of Health and Ageing and enHealth Council of Australia  (2002) 

defined risk in more detail “Risk is probability that, in a certain timeframe, an adverse 

outcome will occur in a person, group of people, plants, animals and/ or the ecology of a 

specified area that is exposed to a particular dose or concentration of a hazardous agent, 

i.e. it depends on both the level of toxicity of the agent and the level of exposure” 

(enHealth, 2002).  

Definition of health risk assessment 

 Health Risk Assessment (HRA) can be defined as a process for evaluating the 

possible impact of a chemical, physical, microbiological or psychosocial hazard which 

causes a significant risk to human health under the specified circumstances and for a 

certain timeframe. The general objective of HRA is to answer some main questions: (i) 

could exposure to a specific chemical cause significant health problems? (ii) how much 

of the chemical could people be exposed to before it would be dangerous?, (iii) how 

serious could the health risk be?, (iv) what activities make people more at risk? 
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(enHealth, 2002). The HRA could be a qualitative (high, medium, and low risk) or 

quantitative evaluation (numerical estimation).  

2.6.2 Framework of Health Risk Assessment  

 The framework of HRA may be presented in various ways by agencies; 

however, the basic procedure of HRA is described in Figure 2.7 which comprises 4 

stages: hazard identification, dose-response assessment, exposure assessment, and risk 

characterization. 

 

 
Figure 2.7 The model of health risk assessment by Australian enHealth (2002) 

 

Issue Identification 

 This initial work aims to identify issues for which risk assessment needs to be 

conducted. Several phases are involved in issue identification, comprising: (i) 

identifying an environmental hazard and determining that it is necessary to implement 

risk assessment with the hazard; (ii) putting the hazards into their environmental health 

context, in which some important questions need to be addressed, e.g. whether the 

hazard has a single or multiple sources; whether the contaminant affects multiple 

environmental media; what are the perceptions of risk from stakeholders are? (iii) 
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identifying the potential interaction between agents, such as additive, synergistic, 

potentiation, or antagonistic; (iv) evaluating if a risk assessment is really needed to be 

conducted, and if the data and resources are sufficient for conducting a risk assessment. 

Hazard Identification 

 The first step of HRA is Hazard Identification in which the possible adverse 

health effects of a chemical or agent are identified from the results of studies on human 

and animals. The effects may be short-term (headache, nausea, etc) or long-term 

outcomes (chronic diseases, cancers, etc), and related effects. The sensitive populations 

such as pregnant women, children, and elderly persons should be determined. The 

selection of principal studies which could provide accurate, timely information on 

hazards plays a crucial role in this step. The factors involved in this selection could be 

peer reviews by scientists, consistency with findings from other studies, and the species 

tested.  

 The sources of information for Hazard Identification come from several types of 

studies, including human, animal, and other studies. Human epidemiologic studies are 

helpful in evaluating human health risk related to chemical exposure. The advantages of 

epidemiologic studies are to provide evidence of effects of the hazard on human health 

based on a large number of people in the general population, including workers at their 

workplaces, the general community, etc. However, these studies have limitations in 

exposure assessment and it is hard to control complicated confounding factors which 

can influence effect outcomes. Two other types of human studies are human volunteers 

and case reports. With these studies, exposures are better examined, but the number of 

subjects is usually relatively small. The responses are usually short-term rather than 

long-term effects. Moreover, there are ethical and legal requirements which are complex 

issues.  

 Few chemicals have been subjects of human studies; therefore animal studies 

provide the majority of information regarding chemical-induced effects. Animal 

experiments are usually well-controlled with exposure to chemicals under laboratory 

conditions so the results can overcome the uncertainty seen with human studies. But 

animals are not likely to react as humans to chemicals, in terms of metabolism and 

mechanism of induced outcomes.  

 Other studies can provide supportive rather than definitive information. For 

instance, metabolic and pharmacokinetic studies provide information on the mechanism 

of action of a particular compound, and this could provide data on potential toxicity to 
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humans. Likewise, in vitro studies can demonstrate biological activity of a chemical 

under specific circumstances. These could minimize the need for live animal testing and 

improving knowledge on toxic process in human and non-humans. 

 

Exposure Assessment 

 In exposure assessment, the questions to be answered include: (i) how long 

people were exposed to a chemical; (ii) how much of the chemical they were exposed 

were; (iii) whether the exposure was continuous or intermittent; (iv) and whether the 

patterns of exposure through eating, drinking, breathing, or skin contact. Estimation of 

breathing rates, water and food consumption, and daily activities are considered in order 

to evaluate exposure levels of the body. Equation 2.1 is the general equation for 

exposure calculation.  

 

LTBW

ELEFIRC
CDI   Equation 2.1 

 

where CDI is the chronic daily intake (mg/kg/day), C is the concentration of the 

chemical (mg/L), IR is the ingestion rate (L/day), EF is the exposure frequency 

(days/year), EL is the exposure length (years), BW is the body weight (kg) and LT is the 

average lifetime (days). 

 To evaluate exposure levels to a chemical the monitoring of chemical 

contamination in air, water, soil, foods, and exposure levels in tissue and urine samples 

may be necessary. Another option for exposure assessment is modeling on a chemical in 

the environment allowing estimation of levels to be made. The approach uses 

mathematical expressions to evaluate exposure levels by modeling the release, speed, 

direction, and pathway of a chemical in the environment.  

 For human health risk assessment, there is a need to assume, or estimate, 

numerical factors involved in the exposure calculation such as the average time people 

spend outdoors, level of food consumption, breathing rates, etc. This may lead to over- 

or underestimation in evaluation of exposure levels. In order to overcome these 

limitations, there is a need to look at a range of possible exposures rather than specific 

points of exposure only.  

 Several methodologies are involved in measuring occupational exposure to 

pesticides (William et al., 1962). Estimation of respiratory exposure from air 
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concentration is the most common method to measure inhalation exposures among 

workers. The air sampling equipment is used to collect air samples for analysis of the 

chemical concentration in working sites. Then individual exposure is calculated by 

assuming a total volume and respiratory rate. Direct measurement of respiratory 

exposure is a method which determines the amount of exposure by measuring the 

amount of a chemical deposited on absorbent or filter pads worn by individuals, during 

the investigated time period of exposure. However, the amount of toxicant deposited on 

the filters does not equate to actual doses entering the lungs. Estimation of dermal 

exposure from air concentration is the method in which exposure is calculated by 

converting air concentration values to surface contamination rates at a variety of wind 

velocities. Direct measurement of dermal exposure using spray-absorbent or dust-

retaining materials is a method which uses absorbent pads placed at exposed parts of the 

worker’s body and monitoring an individual’s spray operations for a measured period of 

time. The toxicant is extracted from the pads and chemically analyzed to indicate the 

exposure of the various parts of applicator’s body. Direct measurement of dermal 

exposure using swabs and liquid rinses is another method to measure dermal exposure 

by swabbing or rinsing the skin with solvent that will remove the toxicant, and then 

analyzing the rinse. This method has been found to be more accurate than the method 

mentioned above in terms of dermal exposure measurement. Oral exposure in 

occupational activities may occur if contaminated hands come in contact with the 

mouth. In some cases, oral exposure is considered as additional sources by swallowing 

contaminated mucous membranes in the upper respiratory tract. Some other indirect 

measurement of exposures is also applied to characterize the exposure among workers 

by measuring concentration of a compound, or its bio-transformation products, in the 

blood, tissues, or excreta. Then the concentrations are converted into exposure doses.  

Dose-response Assessment 

 In the dose-response assessment step, the amount of a chemical which is likely 

to cause a particular health effect in humans is estimated. For the acute and severe 

effects, the levels which cause deaths of 50% of the animal population (LD50 and LC50) 

are applied to evaluate effects at very high, high, and intermediate ranges of exposure 

levels. But these levels are not useful to assess the effects caused by low doses over a 

relatively long period of time, which are likely conditions of environmental exposures 

with human beings. Therefore, the most valuable toxicity data include: Lowest 
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Observable Adverse Affects Level (LOAEL) and the No Observable Adverse Effect 

Level (NOAEL).  

 The data on dose-response can be drawn from two main sources, 

epidemiological studies and animal experiments. The epidemiological studies have been 

considered to be the most useful since the data is collected from human beings which is 

more relevant to human health evaluations. Nevertheless, the limitations of 

epidemiological studies in dose-response evaluations are numerous. Some of these 

include agents not of specific interest, changes in patterns of human exposure through 

time, variety of subgroups (children, adults, etc), and limited data being available. 

Animal experiments can overcome some of the limitations seen in human 

epidemiological studies, but this data also has a range of defects including different 

exposure pathways to humans, use of very high doses, long-term effects which are 

difficult to evaluate. 

 However human epidemiological data should be used whenever appropriate data 

is available. Nevertheless, in many circumstances epidemiological data are not 

available. Therefore, animal data need to be used for dose-response evaluations in spite 

of their limitations. To extrapolate data from animals to human beings, the Safety Factor 

(SF), or Uncertainty or Application Factor is applied to account for the different 

sensitivities of individuals among populations, greater sensitivity of humans than 

animals, long-term effects, use of LOAEL rather than the NOAEL. Some measurements 

are used in HRA for risk estimates such as Acceptable or Tolerable Daily Intake (ADI, 

TDI) and Reference Dose (RfD) as well as Cancer Slop Factor (CSF). 

 

 
MFUF

NOAEL
RfDorRfC   Equation 2.2 

 

where NOAEL is the No Observed Adverse Effect Level; RfC, Reference 

Concentration; RfD, Reference Dose; UF, Uncertainty factor or the safety factor 

(between 10 to 100 fold) and MF, the modifying factor. MF is a factor between 1 and 10 

that is used if the scientific data for the chemical is insufficient.   

Risk Characterization 

 The last step in the risk assessment process is the risk characterization in which 

the  information collected from the previous steps are used and data on exposure and 
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dose-response relationship is used to describe the resulting health risk which would 

possibly occur among the exposed population in numerical terms.  

 Non-cancer risk is often characterized by comparing the actual exposure levels 

and the level of exposure which is considered not to cause any adverse effects (NOEAL, 

TDI, ADI, RfD). If the daily exposure is less than the TDI or RfD, no significant 

adverse health effect should occur. In some cases, the hazard quotient is 

(HQ=dose/TDI)) is considered as the outcome of risk assessment process. 

RfD

CDI
HQ                                    Equation 2.3 

where, CDI is chronic daily intake of the chemical (mg/kg-day); RfD, Reference Dose. 

 

 Cancer risk is usually presented as the maximum numbers of new cases of 

cancer which would possibly occur in a population of one million people associated 

with exposure to the cancer-induced substance over a 70-year lifetime. The cancer risks 

can be compared to the overall risk of cancer in the general population. 

  CSFCDIRiskCancer               Equation 2.4 

 

where, CDI is chronic daily intake of the chemical (mg/kg-day); CSF, cancer slope 

factor (linear low-dose cancer potency factor) for the chemical (mg/kg-day)
-1

. 
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2.6.3 Health Risk Assessment using probabilistic techniques  

Definition of Probabilistic Health Risk Assessment (PHRA) 

 The US EPA defines Probabilistic Risk Assessment (PRA) as a risk assessment 

in which probability distributions are used to characterize variability or uncertainty or 

both in risk estimates, so that the outcome of a PRA is a range or probability 

distribution of risk rather than point-risk estimates (US EPA, 2001). 

PHRA methodology by US EPA 

 The process of a risk assessment using probabilistic techniques is no different in 

principal from that applied in the point-estimate risk assessment. The main 

improvement of PHRA compared to point-estimate risk assessment is to incorporate 

variability and uncertainty into the risk estimate. A Monte Carlo Simulation (MCS) is to 

randomly select values from each of these distributions in order to compute 

corresponding exposure and risk. As a result, inter-individual variability comprising 

heterogeneity and diversity in a population are characterized.  

 In the US EPA procedure guidance for probabilistic risk assessment, 

characterizing or quantifying risk is the process of evaluation of exposure or 

concentration estimates against a benchmark of toxicity, such as the cancer slope factor 

or a non-cancer hazard quotient. In this way, risk is calculated by multiplying dose by 

cancer slope factors or the hazard quotient, using MCS techniques, giving probability of 

risk as a Probability Density Function (PDF) or Cumulative Distribution Function 

(Figure 2.8). Each risk output is expressed as a percentile (e.g. 50
th

, 90
th

, 95 and 99.9
th

). 

It would be more informative to present the risk corresponding to Central Tendency 

Exposure (CTE) and Reasonable Maximum Exposure (RME) which are used in point 

risk estimates. 
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Figure 2.8 Hypothetical results of PHRA estimated using MCS 
Source: US EPA 2000. 

 

 However, the PHRA approach as recommended by US EPA does not encourage 

the use of probabilistic techniques for dose-response assessment. This may result in 

limitations in the risk characterization.  Uncertainty still exists when using Safety 

Factor, Uncertainty and Modifying Factor in quantifying guideline values (ADI, RfD, 

TDI, etc.), since different agencies use different biological endpoints and different 

safety factors. As a result, the guidelines values of a chemical may vary widely. For 

instance, the policy decisions regarding risk management of chlorpyrifos are in question 

mainly due to the wide variation of the levels of chlorpyrifos in the guidelines 

recommended by international and national authorities, which varied from 3 to 

100µg/kg/d (FAO/WHO, 1998, NPIC, 2009, NRA, 2000, ATSDR, 1997). 

PHRA methodology from studies 

 Another approach for using probabilistic techniques in risk assessment has been 

reported in several studies, in which the exposure and dose-response values are both 

expressed as cumulative probability distributions (CPD) and plotted in the same 

diagram to evaluate risk (Cao et al., 2011). By this approach, the variability and 

uncertainty is presented for both exposure and dose-response data, and safety factors are 

not necessary in dose-response assessment and risk characterization. Moreover, the use 

of the actual data of epidemiological studies with human populations makes the risk 

estimation more relevant to human populations than animal derived data.  
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Figure 2.9 The relationship of exposure and dose-response values expressed by log-normal 

distribution (A) and cumulative log-normal distribution (B). 
Source: Solomon et al, 2000. 

 

 

 Probabilistic risk assessment with this approach has been used in ecological risk 

assessment by Solomon et al (2002) (Solomon and Sibley, 2002)(Figure 2.9). This 

approach has been used to evaluate water gravity as well as toxic effects. For example, 

Solomon and Takaes (2002) made Species Sensitivity Distribution (SSD) plots of the 

NOAEL for many different species of aquatic organism using the Lethal 

Concentration/Effective Concentration in water of permetrin. Solomon et al (2000) have 

applied the probabilistic technique in ecological dose-response in general and 

specifically to evaluate the risk of chlorpyrifos in North American aquatic environments 

(Solomon et al., 2000). Connell et al (2002) used the linear probabilistic relationship 

between distributions of organochlorine compound concentration including DDE 

concentration in eggs, and reduction in the survival of young ardeids in order to 

evaluate risk to breeding success of fish-eating Ardeids (see Figure 2.10). 
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Figure 2.10 Cummulative probability distribution of the concentration of DDE in eggs 

combined with data on percentage reduction in the survival of young bird 
Source: Connell et al, 2002. 

 

 

 With human health risk assessment, human epidemiological data processed by 

the probabilistic technique has been presented in some recent studies (Hamidin et al., 

2008, Connell et al., 2002, Cao et al., 2011). The cumulative frequencies of doses 

corresponding to adverse human biological effects were plotted. Hamidin et al (2008) 

evaluated health risk of chlorinated disinfection by-products in drinking water using this 

probabilistic approach. The risk was quantified by the overlap between exposure to the 

study chemicals and the doses (human equivalent dose, HED; and lifetime average daily 

dose, LADD) corresponding to the adverse effect reported from animal and 

epidemiological studies (see Figure 2.11). 
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Figure 2. 11 Risk characterization of TCM and TCHM describing the relationship between 

Exposure Dose (EXPD) , Human Equivalent Dose (HED), and Lifetime Average Daily Dose 

(LADDH) 

Source: Hamidin et al (2008). 

 

 Cao et al (2011) developed a new method of health risk characterization for 

environmental pollutants with the concept of overall risk probability. A case study with 

risk characterization using the overall risk probability (ORP) method, with two steroidal 

EDCs, 17β-estradiol (E2) and 17α-ethinylestradioal (EE2) and fish in surface water. 

The ORP was shown to be applicable to both carcinogenic and non-carcinogenic 

effects. This method is based on the use of an exposure exceedence curve (EEC) which 

is the plot of exposure exceedence values against cumulative probabilistic distributions 

of doses corresponding to adverse effects (see Figure 2.12). 
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Figure 2.12 Exposure exceedence curve estimated from the cumulative probability distribution of 

exposure and dose-response values 

Source: Cao et al, 2011. 

 

 

Advantages and disadvantages of PHRA 

Probabilistic Risk Assessment Approach has several advantages. First, it uses 

the complete set of information on available data in characterizing risks. It utilizes all 

the data available in terms of variability and uncertainty in the risk assessment. Current 

risk assessment techniques neglect information about variability and uncertainty 

because it is based on point risk estimates. Second, the results of PRA are more helpful 

to regulatory agencies than the point estimate approach, since the full range of 

variability and uncertainty are use, while the point estimate risk assessment is based on 

the point values only. Third, the PRA can use sensitivity analysis to determine which 

exposure variables, probability models, and parameters influence risks. With these 

advantages, the PRA can delineate areas for further study or needs. The risk managers 

can have a clear strategy and allocation of resources for risk management. 

 This approach has some limitations. Firstly, PRA is more complex and requires 

involvement of more mathematical and computational techniques. Second, it may 

require good communication of the results and give decisions with a range of 

alternatives. Third, in human health risk assessment, data for the development of the 

dose-response relationship for humans is very limited. 
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2.7 Pesticide regulation and safety 

2.7.1 Pesticide regulation and safety worldwide 

International Activities in Pesticide Regulation 

The Food and Agricultural Organization (FAO) of the United Nations adopted 

the International Code of Conduct on the Distribution and Use of Pesticides in 1985 

and revised it in 2002 (FAO, 2002). The objective of the Code is to rationalize the use 

of pesticides and control human health and environmental risks related to pesticides. 

The new version of the Code focuses on requesting manufacturers to supply pesticides 

of adequate quality, appropriate packaging and labeling. These should include clear 

directions for use, formulation and product availability for specific markets. Moreover, 

the Code also stipulates the prohibition of highly toxic and hazardous pesticides (WHO 

Classes Ia and Ib) (WHO, 2004). 

Pesticide regulations and policy are the subject of several agreements on 

different aspects of pesticides management in order to enhance world-wide protection. 

Prior Informed Consent (PIC) by FAO in 1990 aimed to reduce the import of toxic 

pesticides into developing countries by requesting exporting countries to obtain prior 

approval from the recipient countries. Persistent Organic Pollutants (POP) by UNEP in 

2001was to eliminate 12 Persistent Organic Pollutants, including 9 pesticides (FAO, 

1990, UNEP, 2001). This policy also encouraged the exchange of information between 

national regulatory agencies, focusing on the restrictions of pesticide use to protect 

human health. The Rotterdam Convention on the Prior Informed Consent (PIC) 

Procedure for Certain Hazardous Chemicals and Pesticides in International Trade was 

adopted in 1998 by a conference in the Netherlands. This promotes collaboration among 

parties in regard to international trade of hazardous chemicals in order to protect human 

health and environment. It encourages countries to share experiences on national 

decision-making processes related to their import and export (FAO, 1998).  

 

In-Country Pesticide Regulations 

Laws and regulations promulgated for pesticide management are to regulate the 

manufacture, marketing, storage, labelling, packaging and use of pesticides relevant to 

environmental aspects. Management of pesticides includes regulatory controls, proper 

handling, supply, transport, storage, application, and disposal of pesticides to reduce 

adverse environmental and health effects (WHO, 2003). 
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 The United States Environmental Protection Agency (USEPA) is the primary 

agency responsible for pesticide regulation in the United States. This agency works in 

close collaboration with other federal and state agencies in regulating pesticides (NPIC, 

2011). The Office of Pesticide Programs, part of the USEPA, is responsible for 

evaluation of a pesticide for use in the USA by conducting environmental health risk 

assessment and working with companies to develop appropriate safety labels of the 

product. In addition, EPA also collaborates with other agencies (Food and Drug, US 

Department of Agriculture) to examine and control pesticide residues in food. The 

Federal Insecticide, Fungicide, and Rodenticide Act (or FIFRA) is the federal law that 

systematises the US regulation system so as to protect applicators, consumers and the 

environment. All pesticides are required to be registered through FIFRA with the data 

on effectiveness of use, appropriate dosage, and hazards. The Pesticides Public 

Regulatory Docket was established in 2002 to provide access to pesticide related 

regulatory activities, including: registration, re-registration, emergency exemptions, 

experiment use permits, pesticides petitions, special review, special docket, and meeting 

notices. The Food Quality Protection Act of 1996 (FQPA) made EPA responsible for 

setting limits or tolerances of pesticide residues in food. Coordinating with FIFRA, the 

Federal Food, Drug, and Cosmetic Act (FFDCA) is one of the two major laws related to 

pesticide regulation in USA and it regulates pesticide residues in food in interstate 

commerce and import. The Code of Federal Regulations (CFR) Title 40 - Pesticide 

Programs was promulgated and is annually updated by EPA to provide the regulated 

codes for pesticide registration and classification.  

 The largest proportion of pesticide intoxications has come from developing 

countries in relation to human acute toxicity. The legislation and regulation of pesticide 

safety in these nations have not been promoted appropriately (YANEZ et al., 2002b, 

Echobion, 2001). However, there are a few governments in developing nations which 

have relevant regulations for the import of whatever pesticides are needed to support 

both home food production and export crop yields. Pesticide legislation and regulation 

are fundamental to the safe shortage and use of pesticides. Some countries only used 

information on labeling, application rates, usage pattern, material safety data sheets, in-

house summaries of toxicity studies, etc provided by manufacturers. Other countries 

have inconsistently adopted a policy based on the International Program on Chemical 

Safety (IPCS) hazard classifications and the WHO guidelines. Others have developed 

policy based on United Nations/ Food and Agriculture Organization (UN/FAO) 

information (US CPSC, 2006, US EPA, 2004). The lack of expertise and experience to 

http://www.access.gpo.gov/nara/cfr/waisidx_06/40cfrv23_06.html
http://www.access.gpo.gov/nara/cfr/waisidx_06/40cfrv23_06.html
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develop national legislation has been frequently cited among developing nations. 

Moreover, the majority of developing countries have a lack of a regulatory framework 

and a shortage of trained scientists who could ensure the application of laws/ 

regulations, monitor use and quantify pesticide residues in food, soil and water 

(Ecobichon, 2001a). 

 

Integrated Pesticide Management (IPM) 

IPM is defined as an ecological approach to pest control, which integrates a variety of 

methods, including mechanical devices, physical devices, genetic, biological, legal, 

cultural management, and chemical management. IPM consists of three stages: 

prevention, observation, and intervention. An IPM system is designed and applied 

around six basic components: (i) establishing acceptable pest levels, and applying 

controls if those levels are exceeded; (ii) developing varieties best suited for local 

growing conditions which can maintain healthy crops, together with plant quarantine 

and cultural cultivation techniques such as crop sanitation; (iii) monitoring fields by 

visual inspection, insect traps, and other appropriate methods in order to recognize the 

time for specific insect outbreaks; (iv) conducting mechanical controls by simply hand-

picking, erecting insect barriers, using traps, vacuuming, and tillage to disrupt breeding; 

(v) providing control through natural biological processes and materials; (vi) regulating 

and educating farmers in appropriate use of synthetic pesticides in terms of pest life 

cycle. 

 The effectiveness of IPM training needs to be further evaluated; however, 

evidence of some examples in implementing IPM provides good reason to believe it has 

positive effects in minimizing most hazardous pesticides. Smit el al (2003) 

demonstrated that IPM caused Sri Lanka farmers to use less pesticide and have fewer 

signs of poisoning than farmers not trained in IPM (Smit et al., 2003). Hruska et al 

(2002) also showed that IPM training in Nicaragua resulted in application of fewer 

pesticides, saved money on pest control, and had less exposure to cholinesterase-

inhibiting pesticides than farmers who had not receive IPM training (Hruska and 

M.CORRIOL, 2002). 

 

Safety Educational Programs 

 Safety education has been considered as a long-term solution to pesticide 

problems. Effective information transfer is considered to play a crucial role in 



62 

 

minimizing pesticide-related adverse effects (Ecobichon, 2001a). In developed 

countries, there are a sufficient number of qualified trainers to provide adequate 

pesticide safety education for farmers. In addition, the development of informative 

technology such as nation-wide or state-wide educational websites can transfer 

information to populations easily and quickly. 

 In USA, the Cooperative State, Research, Education, and Extension Services 

(CSREES) in collaboration with USEPA conduct Pesticide Safety Education Programs 

(PSEP), in which they provide administrative support, coordinate plans of work, and 

report annual activities. Each state of USA has also developed its own pesticide safety 

education programs. The goal of PSEP is to support pesticide applicators in the 

promotion of pesticide safety and risk management. This combinines researchers and 

governmental regulatory agencies in a national network of state who generate and 

implement educational certification programs for pesticide applicators (Echobion, 

2001). Each state has developed their PSEP to provide certificated or license training for 

people who apply restricted use pesticides and commercial applicators who may apply 

any pesticide. These may be professional and public operators, dealers selling restricted 

use pesticides, or pest control consultants. The secondary objective of PSEP is to 

provide consumers and the public with information regarding pesticide toxicity and 

safety. The program also promotes communication between pesticide safety educators, 

pesticide regulators, pesticide applicators and the public. The PSEP in general consists 

of safe equipment usage, methods of applications, and legal issues regarding pesticides. 

Private applicators are required to renew their certification every three years, and 

commercial applicators are required to renew their license annually. 

 In contrast to developed countries, the majority of developing countries have no 

certified pesticide education programs for farmers. Government departments in these 

countries responsible for pesticides have a shortage of trained agronomists, chemists, 

biologists, engineers and public health experts. Also required are consulting farmers, 

who train and work with those using pesticides, on implementing and promoting new 

agricultural and integrated pest management practices, in addition to personal and 

family protection programs (Ecobichon, 2001a). Ecobichon (2001) has suggested that 

the governments of developing nations should have policies to attract more scientists 

into pesticide-related extension services through better salaries, housing, transportation, 

etc. For remote and isolated rural areas, there is a need to conduct more frequent short 

courses, seminars, and informative newsletters or bulletins for farmers with new 

approaches to agricultural and pest management practices (Ecobichon, 2001a). 
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2.7.1 Pesticide regulation and safety in Vietnam 

 Legislation regulating pesticide use in Vietnam has been developed since early 

1990, following the formation of the Pesticide Technical Advisory Committee (PTAC). 

This consisted of 13 members from the Ministry of Agricultural and Rural Development 

(MARD); Ministry of Trade; Ministry of Science, Technology and Environment; 

Ministry of Forestry, Ministry of Health, Ministry of Interior, and others. Upon advice 

from PTAC, MARD promulgated a list of pesticides allowable for use in 1991 and the 

list of pesticides with restricted use in 1992. The Law on Plant Protection and 

Quarantine was passed by the Vietnamese Assembly in 1993, and then the Central 

Government promulgated the Regulations on Pesticide Management by the Decree 

92/CP. This was considered as the fundamental legislation for pesticide management in 

Vietnam. The Decree assigned MARD to be in charge of management of pesticides 

through registration and certification processes of pesticide products. MARD has been 

required to report annually on the list of pesticides which are approved for manufacture 

and application in Vietnam. The Decree N
o
58/2002/ND-CP revised the Decree 92/CP, 

issued by Government in 2002, promulgating regulations on plant protection, pesticide 

control and management. 

 Under the Law mentioned above, a series of legislative acts were promulgated 

by the Central Government and ministries. Government Decision number 349/TTg in 

1996 stipulated functions and duties of the Plant Protection Agency which belongs to 

MARD and is the main agency responsible for pesticide management. The Instruction 

number 29/1998/CT-TTg in 1998 was promulgated by the Prime Minister to strengthen 

the capacity of whom pesticide and POP management. The Decision number 

155/1999/QD-TTg on Hazardous Waste Management Act and the Decision number 

178/1999/QD-TTg on Labelling Product Act were promulgated by the Prime Minister 

in 1999. The Decision no. 193/1998/QD/BNN-BVTV on pesticide quality regulations, 

pesticide registration, pesticide residues monitoring and the Decision no. 165/1999/QD-

BVTV on pesticide appraisal, manufacture, registration, import, export, trade, storage, 

disposal, label, marketing, application were issued by MARD in 1998 and 1999, 

respectively and these decisions were revised by the Decision number 145/2002/QD-

BNN and the Decision number 63/2003/QD-BNN promulgated by MARD in 2002 and 

2003. The Decision number 91/2002/QD-BNN on certifications for pesticide 

manufacture, packing, and commercial trade of pesticides was promulgated by MARD 
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in 2002. In terms of environmental protection, the Ministry of Science, Technology and 

Environmental (now the Ministry of Natural Resources and Environment) promulgated 

Decision number 1970/1999/QD-BKHCNMT on disposal processes of restricted 

pesticides. 

 The legislative establishment supporting pesticide management in Vietnam has 

some significant limitations in terms of environment and health protection. First, the 

regulations on pesticide management were not sustainable as they were promulgated by 

the authorized ministry. For example, the act related to pesticide registration was 

revised four times within 5 years (1999-2005) by Decision number 165/1999/QD-BNN-

BVTV dated 1999, Decision number 145/2002/QD-BNN in 2002, Decision number 

63/2003/QD-BNN dated 2003, and Decision number 78/2005/QD-BNN in 2005. 

Moreover, different institutions have promulgated conflicting regulations. Second, there 

were few acts for pesticide safety management issued by Ministry of Environment and 

Ministry of Health. The majority of standard regulations have been derived from other 

countries and may not be suitable for Vietnam’s conditions. Third, environmental and 

health risk assessment related to pesticide manufacturers and applications are not 

mentioned in regulations. Although, requirements on pesticide certifications for the 

product manufacturer and trade were considered in the regulations of MARD, no 

certification of pesticides for private and commercial applicators has been required to 

protect environment and human health. 

 Although the amount of pesticide consumption increased from 14,000 tones with 

837 trade names in 1990 to 50,000 tones with over 3000 trade names in 2008, Hoi 

(2010) reported that legislation and regulations on pesticide use in vegetable production 

in Vietnam have not been developed or been implemented in concert with these 

increases. This is occurred due to a lack of administration and enforcement resources, 

insufficient knowledge of and incentives for regulators, shortage of environmental 

standards, and weakness in cooperation, coordination and consistency in implementing 

regulations among relevant authorities (Hoi, 2010). 

   

Integrated Pesticide Management (IPM) 

 IPM was initially implemented with the financial support of FAO under a 

National Committee of the IPM program established by MARD in 1994. At the initial 

stage, IPM was applied mostly to rice crops and then extended to other crops such as 

tea, cotton, soybean, groundnut, potato and fruit trees with the support of government 
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organizations and NGOs. However, the implementation of the IPM program has 

focused on Training of Trainers (TOT) and pilot Farmer Field Schools (FFS), so the 

number of farmers trained for IPM was relatively small. For example, the national 

report on plant protection activities showed that only 6% of farmers were trained for 

changes in agricultural communities, but these trained farmers involved in IPM training, 

demonstrated significant knowledge and skills in crop management and reduction of 

pesticide use 

 Berg (2001) conducted a survey on pesticide use among rice-fish farmers in the 

Mekong Delta, Vietnam. The results showed that non-IPM farmers applied pesticides at 

levels from 2 to up to 8 times as high as IPM trained farmers did. IPM farmers 

estimated that their amount of pesticide use had decreased by approximately 65%, 

whereas, non-IPM trained farmers increased the amount of pesticide use by 40%. The 

author concluded that IPM brought significant benefits to farmers and this program 

needed to be extended more widely in Vietnam (Berg, 2001). 

 

Safety Education Programs 

 Vietnam has no formal Pesticide Safety Education Programs which provide 

certification and license training for private and commercial pesticide applicators. 

Almost all of the pesticide safety education provided for farmers is an optional part of 

the agricultural practice, environmental and health educational programs. The survey 

conducted by World Bank (2002) showed that only 29% of the low income and 34% of 

higher income farmers received formal training on pesticide safety. The investigators 

concluded that lower and higher farmers had the same access to information of pesticide 

safety. The major sources are from public media (approximately 40%), and only a small 

percent received safety training from agricultural officials and experts (around 15%) 

(Meisner, 2003). The pesticide safety information provided to farmers was not 

comprehensive and was not focused on personal protective issues. As a result, 

knowledge of farmers about pesticide toxicity and appropriate techniques of pesticide 

applications was poor. The survey conducted by Nguyen (2002) suggested that 96.6% 

of farmers who used pesticides did so excessively and did not refer to instructions on 

labels, and only 4.8% of investigated farmers knew how to dispose of left-over 

pesticides safely (Nguyen, 2005).  
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CHAPTER 3 RATIONALE, RESEARCH AIM AND  
          OBJECTIVES 

 Rice farmers are an important and large labour force in Vietnam, which have 

had high exposure to pesticides. The method of pesticide application combined with low 

knowledge of pesticide safety, and pesticide regulation has lead to this situation. 

Previous studies, mostly epidemiological investigations indicated a strong association 

between pesticide application and several kinds of adverse effects among farmers in 

Vietnam. However, these studies lacked information on the risk involved. This is 

insufficient to inform management programs on occupational pesticide safety. Health 

risk assessment is a relatively new process for scientific research and management. 

Moreover, the various approaches used for risk assessment may increase complexity for 

management agencies in public health. 

 The main aim of this research is to evaluate the risk due to chlorpyrifos usage 

since it is the most common organophosphate insecticide registered for agricultural use 

with rice farmers. Rice farmers are the main pesticide applicators in Vietnam.  

The specific objectives selected to achieve the overall aims of the study are set out 

below: 

1. To evaluate the exposure of rice farmers in Vietnam to chlorpyrifos by 

conducting a biological monitoring program and evaluating this data using 

probabilistic techniques. 

2. To evaluate the dose-response relationship of chlorpyrifos and adverse health 

effects by reviewing epidemiological studies with human populations and 

animal studies, also using probabilistic techniques. 

3. To characterize the health risk of chlorpyrifos with rice farmers who are 

pesticide applicators in Vietnam, using probabilistic techniques; 

4. To evaluate the needs for pesticide risk reduction with an emphasis on farmer 

health safety, using a qualitative needs assessment framework. This may provide 

useful information for initial steps in pesticide risk management in Vietnam. 
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CHAPTER 4 METHODOLOGY  

 

4.1 Background 

 Health Risk Assessment (HRA) is the comprehensive process which is applied 

to evaluate the possible impact of a chemical causing significant risk to human health 

under specific circumstances and in a certain timeframe. The benefits of HRA 

application are not only to help risk managers and policy makers establish regulatory 

policies but also to provide scientists with scientific information related to health risk. 

Nevertheless, the current use of HRA has some critical limitations in characterizing risk 

due principally to the use of surrogate animal data, use of safety factors to calculate 

guidelines, lack of ability to characterize adverse effects, and lack of characterization of 

variability and uncertainty in the risk estimate. HRA using a probabilistic approach, as 

demonstrated by recent scientific papers is considered as an appropriate method to 

address some of the limitations of current HRA. Briefly, the use of probabilistic 

techniques overcomes some of the limitations by use of human data from 

epidemiological investigations, avoiding the use of safety factors, and characterizing 

variability and uncertainty in risk characterization. In this study, HRA using a 

probabilistic approach was applied to evaluate the risk from the use of chlorpyrifos, 

among rice farmers who are pesticide applicators in Vietnam. In addition, this study 

also applied a Needs Assessment approach recommended by WHO for evaluating health 

promotion programs, to identify needs for pesticide risk reduction with an emphasis on  

health and safety among farmers in Vietnam. 

4.2 Conceptual research framework 

 The research framework used in this research is summarized by Figure 4.1. 

HRA process used comprises four steps: hazard identification, dose-response 

assessment, exposure assessment, and risk characterization using probabilistic 

approaches, as well as a Needs Assessment process to identify needs for pesticide 

reduction with an emphasis on the farmer’s health and safety. These steps are 

summarized below: 

Hazard Identification: This was the initial step in which organophosphate usage, 

including chlorpyrifos, in Vietnam was reviewed. The main sources of data for reviews 

included: the list of pesticide registration approved by Vietnam Ministry of Agricultural 

and Rural Development (MARD) in 2009; and reports and research publications on 
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organophosphate compounds and their use and effects. This information was derived 

from authorized agencies such as MONRE and MOH as well as studies in Vietnam, and 

the literature on chlorpyrifos, its metabolite, TCP and related environmental properties 

and toxicity. 

  

 Exposure Assessment: The main purpose was to evaluate the exposure dose of 

chlorpyrifos among rice farmers who were pesticide applicators in Vietnam. This was 

implemented as a biological monitoring program for urinary TCP analysis. Rice 

farmers, who were pesticide applicators in a typical agricultural location in Vietnam, 

were monitored for exposure to chlorpyrifos by collecting 24-hour urine samples. This 

was carried out before and post-application and the level of urinary TCP, that is the 

major metabolite of chlorpyrifos, measured by chemical analysis. The sampling 

program was conducted following guidance documents from the US EPA, OECD, and 

WHO.  Urine samples were transported from Vietnam to Queensland, Australia and 

analysed for TCP at the Scientific Services Laboratory of the Queensland Health 

Department. TCP in urine was analysed by using Liquid Chromatography/Mass 

Spectrometry (LCMS). Finally, the level of TCP found in urine samples of rice farmers 

was converted to Absorbed Daily Dose (ADD) by using an approach described in 

previous studies. The exposures of chlorpyrifos which were evaluated, include the 

baseline exposure (ADDB) post-application exposure (ADDA), total exposure (ADDT), 

and Lifetime Average Daily Exposure Dose (LADDE). 

 Dose-Response Assessment: The main purpose of this process was to evaluate 

the relationship between the chlorpyrifos exposure dose and the adverse effects 

observed in the literature. Two sets of dose-response data were available in the 

literature: one on epidemiological studies of human populations and the other on animal 

toxicological studies. The human exposure dose was obtained from epidemiological 

studies associated with adverse health effects and was converted to Absorbed Daily 

Dose in humans (ADDD) and Lifetime Average Daily Dose (LADDD) corresponding to 

specific adverse health effects. The exposure doses in mg/kg/day from animal studies 

corresponding to specific adverse effects, were converted to the Human Equivalent 

Dose for acute and chronic adverse effects (HEDA, HEDC). These were used for both 

acute and chronic evaluation of the dose-response relationship. 

 Risk Characterization: This was to evaluate the health risk of chlorpyrifos 

exposure to rice farmers in Vietnam, and was conducted by using the probabilistic 

approach. The risk was characterized by several methods. First, the risk was evaluated 
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by the Hazard Quotient (HQ) at low (the 5
th

 percentile), medium (the 50
th

 percentile), 

and high exposure (the 95
th

 percentile) using guidelines for chlorpyrifos exposure 

established by national and international authorities. Second, the risk was characterized 

by HQ95/5 which is the ratio of the high exposure level (the 95
th

 percentile of exposure 

levels) and the low dose response (the 5
th

 percentile of doses) corresponding to adverse 

health effects. Third, the risk was characterized by using Monte Carlo Simulation 

(MCS), in which MCS was used to calculate the probability distribution of the Hazard 

Quotient. This was calculated by using the plots of probabilistic distributions of 

exposure dose (ADDB, ADDA, LADDE) and dose-response data (HEDA, HEDC, 

LADDD). Fourth, risk was evaluated by using the Overall Risk Probability method 

(ORP) which estimated exposure exceedence values (EEC) using the plots of 

probabilistic distributions of exposure dose (ADDB, ADDA, LADDE) and dose-response 

data (HEDA, HEDC, LADDD). The acute and chronic risks were characterized in 

accordance with the exposure, comprising baseline exposure level (ADDB), Lifetime 

Average Daily Exposure Dose (LADDE), post-application exposure level (ADDA.  

 Needs Assessment: Pesticide risk reduction is considered to be an initial 

contribution to pesticide risk management. The main purpose of this work in this study 

was to evaluate needs for pesticide risk reduction with an emphasis on agricultural 

occupational safety in Vietnam. The assessment was based on guidelines used in the 

needs assessment method for evaluating health promotion programs, as recommended 

by WHO (Chu and Simpson, 1997). Several qualitative methods were involved in 

collecting data comprising in-depth interviews, observations, and focus group 

discussions in Vietnam. The results of qualitative data analyses were comparative 

needs, normative needs, expressed needs, and felt needs for enhancing pesticide 

regulations and occupational health safety.  
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Figure 4.1 Research framework used in this current research 
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4.3 Exposure assessment 

4.3.1 Procedure for sampling human urine  

Sampling principles  

 Biological monitoring of exposure to pesticides can be carried out by estimating 

the amount of a chemical or its metabolites in body fluids. The total internal dose based 

on the chemical residue estimated in the biological fluid can be calculated. Among 

biological monitoring approaches with humans, urine sampling is a preferred method 

because it is non-invasive and relatively convenient to collect. Collection of urine is 

considered a valid method to estimate the actual internal dose following pesticide 

application (Richard et al., 2000). 

 In this study rice farmers who were pesticide applicators, were monitored for 

exposure to chlorpyrifos by collecting urine samples over 24-hours and measuring the 

level of TCP. The internal dose or absorbed daily dose of chlorpyrifos, was then 

estimated from the TCP using Equation 4.3. This sampling method is described in 

several guidance documents such as US EPA Occupational and Residential Exposure 

Test Guidelines (US EPA, 1996), OECD Guidance Document on conducting studies of 

occupational exposure to pesticides during agricultural application (OECD, 1997), and 

WHO Technical Monograph on field surveys of exposure to pesticides (WHO, 1982).  

Chlorpyrifos used by rice farmers 

 The insecticide formulation used by the rice farmers in this study was Lorsban 

30EC. This contains chlorpyrifos ethyl (300 g/L) manufactured by Dow Agroscience, 

USA and supplied by Arysta LifeScience Vietnam Co. Ltd (see Figure 4.2). It is a 

common chlorpyrifos-based pesticide used among rice farmers in the research location. 

Chlorpyrifos and its property were described in Section 2.4.6.  
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Figure 4.2 A pack of Lorsban 30EC (Chlorpyrifos Ethyl 300g/l) which participant farmers used 

 

 

Sampling location 

 The Vu Le commune was the sampling location. It is a typical agricultural 

commune in Thai Binh province in Northern Vietnam. The Vu Le commune is located 

in the North-West of the province about 15 kms from the provincial centre. The 

commune area is 3 km
2
, and its population is 6,360 with 1,649 households. About 

ninety percent of the working population in the Vu Le commune are farmers (see Figure 

4.3) 
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Figure 4.3 Research location: Vu Le Commune, Kien Xuong District, Thai Binh Province 

North 

VIET NAM 

Hanoi 

Sampling Location 
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Study subjects 

The study subjects were rice farmers who are pesticide applicators aged from 18 

to 60 years living in Vu Le commune and who were invited to participate in the study. 

The farmers who had commited to do the next spraying application on their rice fields 

were selected. They were requested to collect urine specimens over 24 hours comprising 

prior-, during, and post-application of pesticide. 

Data and sample collection 

Recruitment of study participants 

 Rice farmers who were pesticide applicators, were recommended by the Head of 

commune agricultural co-operative. Each recommended farmer was visited and 

interviewed at his/her household, to provide basic personal information. Information on 

individual health status was provided by the commune health clinic. The investigator 

selected 18 farmers categorized by gender (male and female) and age (18-30, 31-40, 41-

50, and 51-60 year-olds) on the basis of the criteria listed below. If they agreed to 

participate in the study, they signed the consent forms (see Appendix 4.1).  

 Criteria for participation were based on the criteria listed below: 

 The farmer’s family owns the rice cropland to be treated on a private 

basis; 

 The farmer is the main pesticide applicator and personally applies the 

pesticides to the crop; 

 The farmer is healthy enough to carry out the pesticide spray operation 

(as certified by the medical centre the week before the spraying 

operation); 

 The farmer is able to read the instruction on the pesticide packs;  

 The farmer plans to apply a chlorpyrifos based pesticide as a part of the 

routine operation during the study period; 

Data collection 

 Each selected farmer was interviewed personally by the investigator at the 

commune health clinic. The enrolment questionnaire (see Appendix 4.2) was used for 

the interview to assess demographic information (name, gender, DOB, address, 

occupation, educational level, ethnic group, number of household members, and family 

income), lifestyle (smoking), health status (height, weight, illness), farm activities and 

insecticide application (area of rice farm, farm practices, pesticide application, amount 
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and type of insecticides as well as equipment used, chlorpyrifos usage), and 

occupational safety (work practices, personal hygiene, protective equipment). In 

addition to responses obtained by the enrolment questionnaire, the investigator also 

conducted some direct personal interviews with the head of the commune agricultural 

co-operative unit and visited local pesticide retail shops to better understand the type of 

insecticide used and its application schedule in the sampling locations. 

 The pesticide application schedule is usually decided by the experts of the 

commune agricultural co-operative unit and based on the occurrence of insect 

infestation in the rice fields. All participants were then given a general health-check at 

the district hospital a week prior to the application in order to confirm that these 

participants were healthy enough to do the spraying operations. Also each participant 

was asked some extra questions about farm and household activities which might relate 

to potential pesticide exposure. These activities were concerned with working on other 

farms or exposure to pesticides in other locations, hand picking crops, applying 

fertilizer, planting crops, harvesting crops, working contact with potentially 

contaminated soils, and past application of pesticides including chorpyrifos.  

Field observations 

 Two farmers were randomly selected from the participants (18 farmers) for field 

observations. This was done by the investigator and a field assistant who was a health 

officer from the district medical centre. The observations started in the early morning of 

the spraying operation day and ended when the operation was finished. The farmers 

were requested to carry out the operation as normal. The main observations were 

insecticide usage (type, formulation, batch or lot number, manufacturer, expiration date, 

amount of application, CAS number of the active ingredient, label instructions), 

preparation for operation (equipment, containers, storage), mixing and loading, spraying 

methods in the fields, disposal, unusual occurrences or spills, distance to residences, 

personal hygiene and protective equipment, possible areas of body in contact with 

pesticides, weather conditions during the spraying operation such as temperature and 

windy direction (see Appendix 4.3) All observations were filmed and photographed by 

the observers, and these were reviewed and completed at the end of the observational 

day by the investigator and the field assistant. The other farmers were met at the end of 

the application day and retrospectively interviewed to record activities related to 

pesticide application.  
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Urine sampling 

 The participants were trained on the self sampling procedure for taking a 24-

hour urine sample. The participants were given a schedule of sample collection dates 

and times as well as written instructions on collection procedures, storage, and 

submission of urine samples. A set of sampling equipment, comprising a Coleman type 

cooler (5L), plastic bags containing ice, plastic jar (2L), and plastic containers for 

collecting urine of women participants. This was distributed to each participant during 

the evening before the sampling day or replaced by a new set of equipment when the 

participant submitted his/her sample.  

 Each participant was requested to take 6 urine samples, which included one 

sample before the spraying application period, one during the application, and four 

samples after the spraying application. Urine samples were collected on a 24-hour 

schedule. This was morning-to-morning or afternoon-to-afternoon starting on the 

application day and depending on the time of day of the application. The pre-application 

sample was collected from each participant on one day within the week prior to 

application day. During application the sample was collected from the first void by the 

participant after the application had started until the same time of the next day. The 

application day was considered as time zero for the study. Post-application samples 

were collected from each participant in the four days within the week after the 

application day (see Table 4.1). 

 Urine specimens were collected in separate containers provided by the 

investigator. Each container was labelled with the test’s subject name, identification 

number, date and time of collection, and each cooler was labelled with the study project, 

participant’s name, and the time interval of collection. The participants were requested 

to capture all voids within the 24-hour period of collection. Urine samples collected by 

the farmers were put in the cooler box with ice bags for the whole day during the 

sampling day, and these samples were submitted by the farmers to the investigator at the 

commune health clinic.  

The urine sampling questionnaire (see Appendix 4.4) was completed by the 

investigator at the time the participant submitted each sample. The questionnaire 

included sample identification number, date of sample period (start and end time), 

amount of urine in millilitres, history of chemical contacts in the previous week, 

chlorpyrifos usage (type, amount, time of application), storage condition, date of 

transfer of the sample to the laboratory, and  analytical results for TCP and creatinine. 
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The identification number of each sample was verified by checking the labels on 

the sampling equipment, the number written on the enrolment questionnaire and 

sampling questionnaire, sample matrix, and master form for sample submission (see 

Appendix 4.5). The HDPE bottles and medical tubes were labelled with the sample ID 

before processing number. 

Processing of urine sample 

The urine samples were processed by the investigator at the commune health 

clinic immediately after being submitted by the participants. Each participant’s urine 

sample was separated into three sub-samples: one stored in high density polyethylene 

bottle (HDPE)(250 ml) for storage; another in a HDPE bottle for shipping to the 

analytical laboratory (150 ml); and one in a medical tube for creatinine analyses (5 ml). 

HDPE bottles were provided by Queensland Health Forensic and Scientific Services 

(QHFSS) in Brisbane, Australia where the samples were analysed for TCP. The medical 

tubes were provided by the Bio-Chemical Laboratory of Thai Binh Medical University 

(TBMU) where the samples were analysed for urine creatinine. All samples were kept at 

2-8
o
C using the Coleman coolers packed with ice bags. These samples were held for 

less than 4 hours prior to freezing or transfer to the laboratory for creatinine analyses. 

After processing, two subsamples of 250 ml and 150 ml in HDPE bottles were prepared 

for storage at -20
o
C in the laboratory of Vietnam Environmental Chemical Analysis 

Centre before transferring to QFHSS for TCP analyses, and 5 ml samples were 

immediately transferred to the bio-chemical lab of TBMU for creatinine analyses.  

Sample storage 

 After collection of the 24-hour urine samples, the sample containers were 

temporarily stored in the portable coolers with ice bags by the participants until transfer 

to the investigator at the commune health clinic. After processing, samples were kept at 

2 to 8
o
C using the ice bags for not less than 4 hours prior to transfer to the refrigerators 

at the local laboratory. Then all frozen urine samples for TCP analyses were frozen at 

minus 20
o
C at the Vietnam Environmental Chemistry Analytical Centre (VECAC) in 

Ha Noi prior to shipping to QHFSS, Brisbane, Queensland, Australia. During the 

shipping time, samples were kept at 2-8
o
C by the coolers and blue ice, and then they 

were stored at -20
o
C in the laboratory of QHFSS prior to analysis.  
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Sample shipment 

 All bottles (150 ml) of urine samples were frozen and held at 2 to 8
o
C when they 

were transferred to QHFSS from Hanoi, Vietnam using TNT - Vietrans Express 

Worldwide. The samples were wrapped in bubble-wrap and placed in a shipping box 

containing 5 bottles with at least of 5 kg of blue ice. The samples were enclosed with 

the custody form containing the sample identification number on arrival at Brisbane 

Airport, Queensland they were transferred to QHFSS.  

Field quality control 

 Several types of samples were collected and analysed for sampling and 

analitycal quality control. First, blank samples using purified water were collected by 

rinsing containers before taking the urine samples. Second, control urine samples were 

collected from a person living in Hanoi where there had been no activity related to 

agricultural pesticide application. These samples were processed in the same way as 

other urine samples. Third, a duplicate sample was prepared for every 20 urine samples. 

All of these samples were transferred to the laboratories for TCP and creatinine 

analyses. The samples were transferred by the investigator from the field to the 

laboratory of Thai Binh Preventive Medicine Centre and then stored at the laboratory of 

VECAC. The samples were finally shipped by TNT Vietnam to the QHFSS, Brisbane, 

Australia for storage and analysis. 
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Table 4.1 Urinary sampling matrix and identification number 

 

N 

 

Full name 

 

Date of 

Birth 

 

Sex 

Sampling Date 

 

9/8 

 

10/8 

 

11/8 

 

12/8 

 

13/8 

 

14/8 

 

15/8 

Spray-

Date 

 

17/8 

 

19/8 

 

20/8 

 

21/8 

 

22/8 

 

23/8 

 

24/8 

16/8 

1 F1 1956 M 001       002 003  004  005  006 

2 F2 1960 M  007      008 009 010  011  012  

3 F3 1984 M   013     014  015 016 017  018  

4 F4 1978 M    019    020 

021 

022  023  024  025 

5 F5 1960 M     026   027  028  029 030 031  

6 F5 1968 F      032  033 034  035  036  037 

7 F7 1970 F       038 039 040 041 

042 

 043  044  

8 F8 1960 F 045       046 047  048  049  050 

9 F9 1969 M  051      052  053  054 055 056  

10 F10 1954 M   057     058 059  060  061  062 

063 

11 F11 1957 F    064    065  066 067 068  069  

12 F12 1990 M     070   071  072  073 074 075  

13 F13 1985 M      076  077 078  079  080  081 

14 F14 1950 M       082 083 

084 

085  086  087  088 

15 F15 1957 M 089       090  091 092 093  094  

16 F16 1975 F  095      096  097 098  099  100 

17 F17 1963 M   101     102  103 104 

105 

106  107  

18 F18 1962 F    108    109 110 111 112 113    

19 Control  M      114  115       116 

20 Equipment Blank          117         

21 Equipment Blank          118         
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4.3.2 Analysis of TCP in Urine 

4.3.2.1 Principle of Method  

 TCP is the major metabolite of chlorpyrifos (O,O-diethyl O-[3,5,6-trichloro-2-

pyridyl] phosphorothionate) (see Figure 2.6) following human intake, absorption and 

metabolism of chlorpyrifos. The analysis of TCP excreted in urine is the preferred 

approach for biological monitoring of chlorpyrifos exposure in humans, even though 

low levels of chlorpyrifos have also been measured in human serum (Nolan et al., 

1984b). 

 Several analytical methods have been developed to analyse chlorpyrifos and 

TCP in biological fluids. Some of these have a liquid-liquid extraction step, followed by 

gas chromatography with mass spectrometric detection (GC/MS). However, the analysis 

by this procedure is less robust and is time consuming because it needs a derivatisation 

step to produce a semi-volatile derivative suitable for gas chromatography. The 

alternative is to use a combination of liquid chromatography and tandem mass 

spectrometry (LCMS), which allows direct analysis of TCP in prepared urine extracts 

without derivatisation (Sancho et al., 2000).  

In this study, samples of human urine were hydrolysed using an enzyme, β-

glucuronidase type H-1, followed by solvent extraction using methyl-tert-butyl-ether 

(MTBE)/hexane. The extracts were then concentrated and analysed by liquid 

chromatography/mass spectrometry (LC/MS). For each batch of urine sample analysed, 

a reagent blank, a control sample, spiked samples, and a set of standard samples with 

concentrations from 50-500 µg/L were also processed and analysed. The final results 

were corrected for the TCP level of the control urine and the percent recovery of the 

spiked sample. All analyses were carried out at Queensland Health Forensic and 

Scientific Service (QHFSS) at Coopers Plains, Brisbane, Queensland, Australia. 

Mode of Action of Enzyme 

Enzyme, β-glucuronidase type H-1 (500 units/mg) is a product of 

glucuronidation, conjugation with glucuronic acid, by the human UDP-

glucuronosyltransferase (UGT) family of enzymes which plays a key role in the 

metabolic fate of drugs and other xenobiotics. This biosynthetic reaction is also 

involved in the conjugation and excretion of endogenous substrates, including steroids, 

bilirubin, and bile acids. The conjugation between glucuronic acid and substrates which 

contain sulfhydryl, hydroxyl, aromatic amino, or carboxylic acids moieties forms 
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glucuronides which are more water soluble than the parent organic substrate and are 

generally excrete via the kidney. The enzyme β- glucuronidase catalyses the following 

general reaction: 

 

 β-D-glucuronoside + H2O ↔ an alcohol + D-glucuronate 

 

The β-glucuronidase type H-1 is used for a variety of purposes, such as: enzymatic 

hydrolysis of the metabolites from urine, plasma, serum, or bile prior to analyses and 

digestion of fungal mycelium. The β-glucuronidase type H-1 from Helix pomatia is a 

partially purified, essentially salt-free powder of enzymes descended from the Roman 

snail (SIGMA, 2004). 

Glassware and Chemicals 

All beakers and other glassware were washed with acetone and dried at room 

temperature or under vacuum. 

Deionized water was purified by a Hi-Pure Water System (Permutit Australia). 

All chemicals were analytical grade or higher purity: Acetonitrile (99.8%) 

(Mallinckrodt Chemicals, USA), sodium sulphate (10-60 mesh) (Mallinkrodt Barker, 

Mexico), sodium hydroxide used to prepare 0.25M NaOH (Biolab, Australia), acetone 

(99.8%) (Merck KGaA, Germany), hexane (95% n-hexane) (J.T.Barker, USA), sodium 

acetate (BDH Chemicals, Australia), methyl tert-butyl ether (MTBE) used to prepare 

30% MTBE/hexane (Merck, Germany), hydrochloric acid 32% used to prepare 0.5M 

HCl (Ajax Finechem, Australia), and TCP reference standard (99.4%±0.5%) 

(ChemService, USA) were used. 

Equipment 

 A vibrator mixer (John Morris Scientific, Australia) was used to mix samples, 

and the Heraeus Multifuge IS-R (Thermo Scientific, USA) was used to centrifuge 

samples. The Contherm Incubator (Contherm Scientific, Australia) was used to incubate 

samples. The samples were gently concentrated to 1 ml and just dryness using a solvent 

evaporator (SEM, Australia) with water temperature at 40
o
C and nitrogen (about 10 psi 

pressure). A high pressure liquid chromatography (HPLC) combined with a mass 

spectrometer (HPLC-MS/MS) was used to determine TCP in urine using an AB/Sciex 

API4000Q mass spectrometer equipped with an electrospray (TurboV) interface 

coupled to a Shimadzu Prominence HPLC integrated system (Shimadzu, Japan).  
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Samples of Human Urine  

 Urine samples were collected from the rice farmers in 2 litre plastic containers, 

and subsamples were transferred into HDPE plastic bottles (150ml) provided by 

QHFSS. The samples were frozen within 4 hours of collection and stored at -20
o
 before 

analysis. The urine sampling procedure is described in Section 4.3.1. 

Stability Trials of Urinary TCP 

 The influence of temperature and storage time was investigated. The control 

urine was spiked with TCP 56.5 µg/L, and then five ml were taken for urinary TCP 

stability trials against time (74 hours) and temperature at room and refrigerator 

conditions. The amount of urine taken for analysis was 2 ml, so the expected result from 

LCMS should be 113 µg/L. The trial design is presented in the Table 4.2. 

 

Table 4.2 Design of urinary TCP stability trial 

 

Sample Sample 

size 

Experimental 

Temperature 

Experimental 

Time (hours) 

Storage 

condition 

Blank urine 5 ml Room temperature  0 Freeze (-20
o
C) 

Spike urine 1 5 ml - 0 - 

Spike urine 2 5 ml - 9.15 - 

Spike urine 3 5 ml - 24.45 - 

Spike urine 4 5 ml - 33.15 - 

Spike urine 5 5 ml - 49.45 - 

Spike urine 6 5 ml - 58.30 - 

Spike urine 7 5 ml - 74.15 - 

Spike urine 8 5 ml Refrigerator (3
o
C) 9.15 - 

Spike urine 9 5 ml - 24.45 - 

Spike urine 10 5 ml - 33.15 - 

Spike urine 11 5 ml - 49.45 - 

Spike urine 12 5 ml - 58.30 - 

Spike urine 13 5 ml - 74.15 - 

Spike urine 14 5 ml Freeze (-20
o
C) Until analysis - 

Spike urine 15 5 ml - Until analysis - 

 

 

In general, the analytical results demonstrated that urinary TCP was recovered 

from samples at levels of 64% to 123% as compared to the expected result from LCMS 

(see Figure 4.4). At the room temperature condition, the percentages of TCP recovery in 

urine samples were from 64% to 112%, but the recovery rates did not decrease 

following the time sequence as expected. The lowest recovery percentages of urinary 

TCP at room temperature were seen at 9 and 24 hours but not at later times. This might 

be due to the unstable temperatures at room conditions, resulting in variations to the 
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degradation rates of TCP in urine samples. In contrast, the recovery rates of TCP in 

samples stored at refrigerator conditions (3
o
C) decreased through time, and the recovery 

percentages were from 71% to 110%. The lowest recovery percentage was seen at 58 

and 74 hours of the trial (see Figure 4.4). The recovery percentage of TCP in urine 

samples stored under freezer conditions (-20
o
C) were 72% to 112%. A comparison of 

the mean values for recovery revealed no significant differences among groups of 

samples categorized by the storage temperatures (room, refrigerator, and freezer) (see 

Table 4.3). In summary, the trial results found no significant degradation of TCP in 

urine stored in room, refrigerator, and freezer temperatures within 74 hours; however, 

urinary TCP stored in refrigerator condition was more stable than that in room due to 

varied temperatures at room condition. 

 

 

 
Figure 4.4 Urinary concentration of TCP plotted against experimental times at room (20.5

o
C) 

and refrigerator temperature (3
o
C) 

 

 
Table 4.3 Urinary TCP stability trial means comparison (T-test) 

 

Experimental 

Temperature 

Min 

(ppb) 

Max 

(ppb) 

Median 

(ppb) 

Mean 

(ppb) 

Sd. T-test 

Room 72.0 127.25 87.7 92.4 19.5  

P(T<=t) two-tail = 0.2 3
o
C 79.8 140.0 110.6 108.6 22.8 

Room 72.0 127.25 87.7 92.4 19.5 P(T<=t) two-tail = 0.5 
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Standard Preparation 

 TCP reference standard was mixed and diluted with acetonitrile to prepare stock 

solutions with concentrations of 0.10 mg/L for spiked samples and 1.0 mg/L for 

standard samples. Aliquots of the standard stock solution were diluted with acetonitrile 

to prepare a set of standard samples with concentrations of 50, 100, 200, and 500µg/L 

(see Table 4.4 and Figure 4.5) by using 50µL and 500 µL micro syringes. The standard 

samples were run to prepare calibration curves for each batch of urine samples for 

analysis. Control urine was used to prepare the standard samples, and these were 

processed in the same way as original urine samples until the evaporation phase. Detail 

of the preparation of standard samples is described in the next section. 

 

Table 4. 4 Preparation of urine TCP standard matrix 

 

TCP 

Standard 

Volume of TCP 

Standard (1.0 mg/L) 

Volume of 

Acetonitrile (µL) 

Final Volume of 

TCP Standard (µL) 

STD 50 20 380 400 

STD 100 40 360 400 

STD 200 80 320 400 

STD 500 200 200 400 

 

Sample Preparation and Extraction 

 Subsamples of urine (2 ml) were taken from each sample for analysis and 

processed in batches of 24 samples. Each batch of samples comprised: reagent blank (1 

sample), control urine (1 sample), spike sample (1 sample), standard samples (4 

samples), and urine samples from farmers (17 samples). The spiked sample was 

prepared by adding 200 uL of TCP standard (100 µg/L TCP) using the 500 µL syringe.  

In order to hydrolyse possible interfering glucuronide or sulphate conjugated 

metabolites, β-glucuronidase type H-1 was added to each sample. The amount of 

enzyme equivalent to 800 units of activity was dissolved in 0.2M acetate buffer (9.7g 

sodium acetate + 150 ml glacial acetic acid then made up to 100 ml with deionised 

water. The enzyme (5 mg) was added to the acetate buffer (18 ml). Dissolved enzyme 

(1.5 ml) was then added to each sample. The samples were incubated for 17 hours at 

37
o
C and then extracted by the following steps: (1) adding deionised water (6.5 ml) and 

shaking; (2) adding saturated Na2SO4 (1 ml) and shaking; (3) adjusting to pH 2 by 

adding 4 drops of concentrated HCL acid and shaking; (4) extracting samples with 30% 
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MTBE/hexane (2ml); (5) hand-shaking 2 minutes followed by centrifuging at 3200 rpm 

for 8 minutes (repeated 3 times); (6) bulking together all the organic phases from the 

extraction; (7) adding 0.25M NaOH (3 ml) and shaking; (8) adding saturated Na2SO4 (1 

ml) and hand shaking for 2 minutes, and then retaining the aqueous phase; (9) extracting 

three times as Step 4 without centrifuging, and bulking the extraction phases; (10) 

evaporating samples to ~1 ml and standard samples to just dryness; (11) for samples, 

adding acetonitrile (400 uL) to samples and then evaporating the hexane layer, and 

transferring the samples into screw cap vials and making up the sample to 400 µL with 

acetonitrile; (12) for standard samples, making the standard samples following the 

volumes in Table 4.4, and then transferring into screw cap vials. All samples were 

submited to LCMS as described in the next Section.  

Liquid Chromatography/Mass Spectrometry (LCMS) condition 

 TCP in urine was determined by LCMS using an AB/Sciex Model API4000Q 

mass spectrometer equipped with an electrospray (TurboV) interface coupled to a 

Shimadzu Prominence HPLC integrated system (Shimadzu, Japan).  

Separation was achieved using a 5 micron 150x4.6 mm Alltima C18 column 

(Alltech, Australia) run at 40
o
C, at a total flow rate of 0.8 ml per minute maintained at 

65% B for 15 minutes. (A = 1% MeOH/ 99% HPLC grade water/0.1%acetic acid, B = 

95% MeOH/ 5% HPLC grade water/0.1% acetic acid). Injection volume was 15 µL. 

Positive samples were confirmed by retention time and by comparing the transition 

intensity ratios between the sample and an appropriate concentration standard from the 

same run. Samples were reported as positive only if the two transitions were present, 

retention time was within 0.15 minutes of the standard and the relative intensity of the 

confirmation transition was within 20% of the expected value. The value reported is that 

for the quantification transition.  

Calculation of TCP Concentration 

 The TCP concentration (µg/L) from LCMS was calculated by the equation for 

the standard curve (see an example in Figure 4.5). These results were corrected for 

control urine by subtracting the TCP level of the control urine and then corrected with 

the recovery percentage of the spiked sample. The standard curve, control urine, and 

spiked sample were carried out for every batch of samples. 
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Figure 4.5 Urinary TCP calibration curves 

 

The limit of detection (LOD) was estimated as three times the standard deviation 

calculated from 11 values at the lowest calibration standard (STD50), and the limit of 

reporting (LOR) was estimated as nine times the standard deviation. LOD was 

determined at 0.9 µg/L, and LOR was determined at 2.7 µg/L. These data described the 

LOD and LOR obtained for the average analysis; however, each batch was 

accompanied by a set of standards for the calculation of the TCP concentrations. Thus 

LOR and LOD may vary between batches. 

Quality control (QC) of analytical runs 

 The QC was checked by duplicate samples (every 20 samples), spiked samples 

(1 per process batch), repeat samples (one per process batch), and reagent blank sample 

(1 deionised water per process batch). The results of duplicate samples showed that 

relative percentage difference (RPD) ranged from 7% to 27%, as reported in Table 4.5 
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Table 4.5 TCP relative percentage difference of duplicate samples (µg/l) 

 

Sample  Duplicate 1 Duplicate 2 Duplicate 3 Duplicate 4 Duplicate 5 

 20.6 82.1 1.6 140.1 30.4 

 16.4 62.4 1.5 166.8 35.2 

RPD 22% 27% 7% 17% 14% 

 RPD = Relative Percentage Difference = (highest – lowest)*100/average 

 

 

The spiked samples were analysed before and during the analysis of all batches 

of farmers’ samples. The recoveries were found to range from 80 to 114% (Table 4.6). 

 

Table 4.6 Recovery of TCP from spiked urine 

 

Spiked samples Percent 

recovery 

Spiked samples Precent 

recovery Spike amount  Recovery 

amount  

Amount 

spike 

Amount 

recovery 

50 µg/L 43.1 86 50 µg/L 43.1 86 

- 41.5 83 - 56.8 114 

- 40.5 81 - 39.8 80 

- 45.8 92 - 45.5 91 

- 31.6 63 5 - 51.4 103 

- 43.5 87 - 49.6 99 

Average  82 - 49.04 98 

    95.8 

 

 

 One sample was repeated for each process batch. The RPD of repeated samples, 

which ranged from 5 to 13%, demonstrated the high precision of analytical runs (see 

Table 4.7). 

 TCP results were found below the LOD in all reagent blank samples. 

 

Table 4.7 TCP relative percentage difference of repeated samples (µg/l) 

 

 Repeat 1 Repeat 2 Repeat 3 Repeat 4 Repeat 5 Repeat 6 Repeat 7 

 1.7 32.2 36.0 306.9 2.0 26.4 0.7 

 1.5 36.5 39.3 270.1 2.1 27.8 0.8 

RPD 12% 6% 8% 12% 6% 5% 13% 

 RPD = Relative Percentage Difference = (highest – lowest)*100/average 
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4.3.3 Urinary Creatinine Analysis  

Principle of Method 

Creatinine is a by-product of creatinin, which is an important part of muscle 

tissue, and its rate of production depends on an individual’s muscle mass or lean body 

weight, which varies by age and gender with each given individual. Creatinine is 

excreted from the body entirely by the kidney, and rate of excretion is equal to rate of 

production which is assumed to be constant on a daily basis. Urine creatinine (24-hour 

sample) values are usually from 500 to 2000 mg/day. 

 Human 24-hour urine samples were analysed by the Creatinine Jaffe Kinetic 

method. The rate of formation of a coloured complex between creatinine and alkaline 

picrate is measured. The effect of interfering substances is reduced using a kinetic 

procedure (ELITECH, 2005). 

Urine Samples 

 Urine samples were collected from farmers with 2 litre clean plastic containers, 

and subsamples were transferred into 5 ml clean medical tubes. The samples were 

stored at 2-4
o
C and transferred to the Biochemistry Laboratory of Thai Binh Medical 

University, Thai Binh Province, Vietnam for analysis within 4 hours. The urine 

sampling procedure has been described in Section 4.3.1. 

Procedure  

Creatinine human urine samples were analysed by the Bayer Express Plus 

Chemistry Analyser, an automated immunoassay analyser manufactured by Bayer 

Diagnostics. The reagent was mixed as recommended in Table 4.8, and all reagents 

were stored in the refrigerator when not in use. Urine samples were diluted with water 

before the assay. Change in the absorbance at 500 nm (A1) in 25 seconds was recorded 

after the sample or standard addition with samples and standards, and the second 

reading (A2) was taken exactly 2 minutes after the first reading. The instrument was set 

up for the kinetic mode of the assay.   

The concentration of urinary creatinine (µmol/L) was calculated by the following 

equation:  

Urinary creatinine (µmol/L) = [(A2-A1) Sample /(A2-A1) Standard] x n 

where, A1 is Absorbance at 0 minute; A2, Absorbance at 2 minutes;  

n, standard concentration (177 µmol/L);  

A2-A1, change in absorbance in standard (A standard) and samples (A sample) 
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It is necessary to take dilution factors into account for calculation of concentration in 

urine. 

 
Table 4.8 Reagent composition for creatinine analysis 

 
Reagent 1: R1 Picric acid 8.73 mmol/L 

Reagent 2: R2 Sodium hydroxide 

Disodium phosphate 

312.5 mmol/L 

12.5 mmol/L 

Standard:  Creatinine 2 mg/dL 

20 mg/dL 

177 µmol/L 

 

Quality Control  

 Five sets of duplicated samples were submitted for creatinine analysis at the 

laboratory. The results indicated the creatinine relative percentage difference (RPD) was 

relatively small (0.2-2.5%) (see Table 4.9). 

 

Table 4.9 Creatinine relative percentage difference of duplicate samples (µmol/l) 

 

Sample  Duplicate 1 Duplicate 2 Duplicate 3 Duplicate 4 Duplicate 5 

 17185 16145 6700 18810 24350 

 17630 16195 6550 18845 24100 

RPD 2.5% 0.3% 2.2% 0.2% 1.1% 

 RPD = Relative Percentage Difference = (highest – lowest)*100/average 

 

4.3.4 Estimation of Chlorpyrifos Absorbed Daily Dose (ADDB and 
ADDA) 

Assumptions 

 Biological monitoring of TCP directly relates to the internal dose of chlorpyrifos 

that induces adverse effects at receptor sites in the body. It reflects the amount of 

chlorpyrifos absorbed; 

 The oral dose of chlorpyrifos in excreted as TCP in urine in the proportion of 

70%, and <3% of any dermal dose is excreted as TCP in urine (Nolan et al., 

1984a); 

 TCP in urine is taken to be equivalent to 70% of the total intake of chlorpyrifos 

via multiple pathways (inhalation, ingestion and the skin) during application of 

chlorpyrifos; 
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 The intake dose of chlorpyrifos is equivalent to the dose used in animal 

bioassays and human toxicity studies. This is also calculated as the Equivalent 

Daily Dose of chlorpyrifos (EDD); 

 The fraction of intake dose of chlorpyrifos that is absorbed is assumed to be 

100%. It is then equal to the absorbed dose. This is expressed as the Absorbed 

Daily Dose (ADD). 

Calculation of ADD 

 The guidelines and standards for exposure to chlorpyrifos are usually based on 

oral exposure obtained from experiments on surrogate animals. Previous studies have 

calculated the intake daily dose which is the total exposure dose from intake sources 

such as food, dermal uptake and air, or they estimated Equivalent Chlorpyrifos Ingested 

Dose (ECID) from data on TCP in urine. Intakes of chlorpyrifos from food and urinary 

TCP were significantly correlated (Macintosh et al., 2001).  

Eaton et al (2008) have reported that that the urinary TCP is problematic in 

nonoccupational exposure assessment of chlorpyrifos because it may overestimate 

nonoccupational exposure to chlorpyrifos by 10- to 20-fold due to the wide spread 

presence of TCP and chlorpyrifos methyl in the food supply (Eaton et al., 2008). In this 

current study, the exposure dose was estimated as the Absorbed Daily Dose (ADD) 

which is the dose absorbed into the body from all sources of exposures in the post 

application (ADDA), from which the baseline level (ADDB) has been deducted. This 

contains TCP already in the environment as well as TCP derived from chlorpyrifos. 

Thus the use of urinary TCP in this situation allows for the possible problem raised by 

Eaton (2008).  

 The estimation of chlorpyrifos Absorbed Daily Dose (ADD) used the approach 

described by Mage et al (2004) and Curwin et al (2007) in which the ADD in 

microgram of pesticide per kilogram body weight per day (µg/kg/day) was calculated 

from a combination of individual urinary metabolite concentration and their individual 

daily creatinine excretion rate (g/d) calculated from the age, gender, height and weight 

of the exposed individual, on a body weight basis. The equation used to estimate ADD 

of the pesticide is described below: 

 

                                    Equation 4.1 
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Where, C is concentration of metabolite or pesticide in urine per gram creatinine (µg/g); 

Cn, calculated mass of creatinine excreted per day (g/day); CF, correction factor for 

chlorpyrifos = 1/0.7 = 1.4 (thus approximately 70% is excreted as TCP in urine); Rmw, 

the ratio of parent pesticide and pesticide metabolite molecular weights; BW, body 

weight (kg). 

 

Total daily (24h) excretion of creatinine (Cn) is calculated using the following equation 

(adapted from Cockcroft and Gault, 1976): 

 

Equation 4.2    

                                                                                                   

Where, CnER is creatinine urinary excretion rate in mg/min per 1.73 m
2
 body surface 

area; BSA, body surface area (m
2
); 1440 minutes,  24 hours/ a day; 1/1000, g/mg 

conversion. 

The creatinine urinary excretion rate is calculated as a function of age, using the 

equation from Shull et al (1978): 

 

                                                      Equation 4.3 

                  

Where, BSA is calculated as a function of height and weight using the following 

equation from Mosteller (1987): 

 

                                             Equation 4.4    
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Steps in the estimation of ADD 

 The procedure for estimating chlorpyrifos ADD is summarized below: 

 

       

                                                Step 1  

 

 

  

                                            Step 2  
 

 

 

 

                                              

                                            Step 3 

 
                                                                        
 

 

                                                  Step 4 
 

                         

 

 

 

 
 

Figure 4.6 The steps in the procedure for estimating chlorpyrifos ADD 

 

 

 

Step 1: Expressing urinary TCP on a creatinine basis Individual 24-hour urinary 

creatinine in µmol/L was converted to that in g/L by the equation:  

Creatinine (g/L) = Creatinine (µmol/L) x molecular weight of 

creatinine/1,000,000 and individual urinary TCP in µg/L was converted to that in µg/g 

creatinine by the conversion:  

 

            Urinary TCP (µg/g creatinine) = TCP (µg/L)/creatinine (g/L).  

 

 

 

 

Urine TCP levels 
(µg/L) 

 

Urine Creatinine 

(g/L) 

Urine TCP levels 
(µg/g Creatinine) 

 

Extrapolation and interpolation of TCP values (µg/g creatinine) 

using regression equations. 

Correct the TCP levels by baseline values and Sum 

Calculation of Chlorpyrifos Absorbed Daily Dose (µg/kg/bw) 

(ADDB, ADDA, ADDT) 
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Step 2: Estimating values of TCP concentration by extrapolating and interpolating  

 The TCP concentration of each subject was plotted and characterized by the 

best-fitting linear regression equation for each subject (y = mx+c), and then the values 

of TCP concentration in the period of post-application were estimated using the 

Microsoft Excel software with the syntax: [forecast(x,known_y's,known_x's)]. See 

Table 4.10. 

 

Table 4.10 Summary of regression equation data for extrapolating and interpolating of TCP 

values
** 

 

Farmer m c R
2
 

Farmer 1 -0.4926 85.602 0.9896 

Farmer 2 -0.0085 3.0102 0.3904
* 

Farmer 3 -0.2923 43.551 0.9617 

Farmer 4 -0.077 20.107 0.506 

Farmer 5 -0.3827 56.449 0.9793 

Farmer 6 -0.1723 35.776 0.6712 

Farmer 7 -1.417 197.83 0.9504 

Farmer 8 -0.4642 71.989 0.8663 

Farmer 9 -0.0438 6.9549 0.8404 

Farmer 10 -1.3094 214.54 0.9617 

Farmer 11 -0.0964 15.19 0.9163 

Farmer 12 -0.0022 4.4783 0.0015
* 

Farmer 13 -0.2398 38.83 0.9303 

Farmer 14 -0.7648 127.99 0.9934 

Farmer 15 -0.1738 27.4 0.966 

Farmer 16 -2.1569 158.19 0.6461 

Farmer 17 -0.1879 25.59 0.7839 

Farmer 18 -0.0002 1.49 0.0008
* 

         *These farmers showed little or no change in TCP levels from the baseline 
                    **

y = mx + c  
 

Step 3: Calculating urinary TCP concentration of each test subject  

The post-application TCP concentrations of each test subject were corrected by 

subtracting the values of the TCP baseline concentration. The levels of urinary TCP in 

this study were calculated as follows: (i) baseline was the level of TCP (TCPB) found in 

urine before pesticide application; (ii) post-application was the sum of TCP (TCPA) 

found in urine from the start-time of application to 120 hours post-application; (iii) the 

total TCP (TCPT) concentration was the sum of the baseline and post-application levels.  
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Step 4: Estimating ADD 

 The chlorpyrifos ADD (µg/kg/d) of each participant was estimated from the 

Equations 4.5-4.8. Factors used in the estimation were: individual age, weight and 

height; correction factor (CF=1.4); the ratio of molecular weights (Rmw, 1.77); and 

individual body weight obtained during the fieldwork in Vietnam. The ADD comprised 

three types of levels, specifically baseline, post-application, and total ADD which were 

converted from the corresponding urinary TCP described in the Step 2.  

An Example of chorpyrifos ADD estimation using the data of farmer 1 is shown in 

Appendix 4.6  

4.3.5 Estimation of Chlorpyrifos Lifetime Average Daily Dose 
(LADDE) 

The general equation (US EPA, 1997) for calculating Lifetime Average Daily Dose 

(LADD) is expressed as follow: 

 

    Equation 4.5 

 

where, CW is the total concentration of a chemical in exposure sources, such as air, 

dust, food, etc. (µg/m
3
, µg/L or µg/g); IR is the exposure rate (m

3
/d, L/d, or g/d); EF, 

the exposure frequency (day/year); AF, absorption factor; ED is the exposure duration 

(years); BW,  body weight (kg); and AT, average time (70 years x 365 days/year).  

 

 But,  

 

 So, the chlorpyrifos LADDA was calculated by an equation modified from 

Equation 4.5, which is expressed as: 

 

       Equation 4.6 

 

where, ADDA (µg/kg/d) is the absorbed daily dose of chlorpyrifos to participant farmers 

; EF, the exposure frequency (spray events/year); ED, the exposure duration (42 

working-years: from 18-60 year-olds; or 70 years for lifetime); and AT, the average 

time (70 years x 365 days/year). 
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 The total Lifetime Average Daily exposure Dose (LADDE) is the sum up of the 

lifetime average daily exposure dose by application (LADDA) and baseline exposure 

level (ADDB). 

4.4 Dose-response assessment  

4.4.1 Principle of assessment 

The acute and chronic doses of chlorpyrifos corresponding to adverse health 

effects were collected from the relevant literature, comprising publications of previous 

studies on human epidemiological studies and animal toxicological studies. The data 

from epidemiological studies were converted into Absorbed Daily Dose (ADDD) and 

then Lifetime Average Daily Dose (LADDD), and the doses from animal studies were 

converted to Human Equivalent Dose (HEDA and HEDC). The probabilistic technique 

plotting the cumulative frequency of HEDA, HEDC, ADDD, and LADDD evaluates the 

dose-response relationship of chlorpyrifos and adverse effects. 

4.4.2 Data collection 

Acute and chronic dose-response data for chlorpyrifos were obtained from the 

published literature on human epidemiological studies and animal toxicological studies 

using the key words “chlorpyrifos, toxicity, and dose-response assessment” to search 

databases such as Googlescholar.com, ProQuest, Elsevier, Odyssci, etc.  The selected 

publications were reviewed to obtain the exposure doses corresponding to adverse 

biological effects. The adverse effects were grouped as neurological and non-

neurological effects such as developmental, reproductive, and other target-organ effects. 

The supporting information covered test subjects, test formulation, route of exposure, 

dosage (single/repeated dose), and description of observed biological responses. 

4.4.3 Calculation of doses for Human Equivalent Dose, Absorbed 
Daily Dose, and Lifetime Average Daily Dose 

Human Equivalent Dose (HED) 

 The animal dose should not be simply converted to human equivalent dose 

(HED) using body weight, since this can be misinterpretated (Reagan-Shaw et al., 

2007). It has been suggested that animal doses be converted to the human doses by 

normalization to body surface area (BSA)(US FDA, 2002). In this current study, the 

animal doses of chlorpyrifos corresponding to specific adverse effects were converted to 

Human Equivalent Dose (HED) using the equation recommended by Reagan-Shaw 



96 

 

(2007). The body surface area (BSA) was considered the most appropriate conversion 

of drug doses from animal studies to human studies, since BSA was found to correlate 

well with some biological parameters such as oxygen utilization, caloric expenditure, 

basal metabolism, blood volume, circulating plasma proteins, and renal function across 

several mammalian species (Reagan-Shaw et al., 2007). The equation is shown below: 

 

        Equation 4.7 

 

where, HED is Human Equivalent Dose; Km factor = [Body weight (kg)/BSA (m
2
)]. 

 The doses (HED) reported from animal studies were categorized as acute 

(HEDA) and chronic dose (HEDC). The acute doses were considered to result from a 

single exposure dose, and the chronic doses were the results of repeated doses over 

period of time. A single acute dose is likely to produce immediate toxic effects, but it 

can also produce delayed toxic effects.  These effects may differ from toxic effects 

resulting from the chronic exposure. Conversely, a chronic dose may produce some 

immediate toxic effects after administeration, in addition to long-term, low-level or 

chronic effects (Klaassen et al., 1986).  

Absorbed Daily Dose (ADD) 

 The doses obtained from epidemiological studies on human populations were 

converted to Absorbed Daily Dose (ADD) using a variety of equations depending on the 

route and indicator of exposure. In case where a dose was reported as the intake dose, it 

was converted to ADD by Equation 4.8, in which absorption factors were based on the 

specific route of exposure.      

                 

     Equation 4.8 

 

where, ADDD is Absorbed Daily Dose (µg/kg/day); Exposure dose is taken to be intake 

dose; The Absorption Factor for chlorpyrifos is 0.7 for oral exposure (Nolan et al., 

1984a), 0.01 for dermal exposure (Griffin et al., 1999), and is assumed to be unity for 

inhalation exposure.  

 Where the exposure dose was reported as TCP, the estimation of chlorpyrifos 

Absorbed Daily Dose (ADD) used the approach described by Mage et al., 2004 and 

Curwin et al, 2007 (Mage et al., 2004, Curwin et al., 2007a). The ADD (µg/kg/day) was 



97 

 

calculated from a combination of the individual concentration and individual daily 

creatinine excretion rate (g/d) calculated from age, gender, height and weight of the 

exposed individual, on a body weight basis (see Equation 4.3) 

 

            Equation 4.9 

 

where, ADDD is Absorbed Daily Dose (µg/kg/d); C, concentration of TCP or pesticide 

in urine per gram creatinine (µg/g creatinine); Cn, calculated mass of creatinine 

excreted per day (g/day); CF, correction factor for chlorpyrifos, 1.4 (approximately 70% 

is excreted as TCP in urine); Rmw, the ratio of parent pesticide and pesticide metabolite 

molecular weights; BW, body weight (kg).  

Lifetime Average Daily Dose (LADD) 

 The Lifetime Average Daily Dose (LADDD) corresponding with adverse effects, 

was estimated from total Absorbed Daily Dose using the following equation which is 

described in more detail in Section 4.3 (Chapter 4). 

 

               Equation 4.10   

                                                                 

where, ADDT (µg/kg/d) is the total Absorbed Daily Dose of chlorpyrifos to pesticide 

applicator; EF, the exposure frequency (spray events or contact events/year); ED, the 

exposure duration (42 working-years: for 18-60 year-olds; or 70 years for lifetime); and 

AT, the average time (70 years x 365 days/year). 

4.4.4 Probabilistic dose-response assessment of chlorpyrifos 

 Cumulative frequency plots were obtained by plotting cumulative frequency 

against the HEDA, HEDC, ADDD, and LADDD using Microsoft Excel 2007. This allows 

the frequency of chlorpyrifos doses which corresponds to adverse biological effects, at 

different levels to be evaluated by fitting a linear plot (Connell, 2005b). The 5
th

, 50
th

 and 

95
th

 percentile values of HEDA, HEDC, ADDD, and LADDD were used because they are 

commonly used to evaluate the dose at the low, median and high exposure levels. 

Comparison can be made between the cumulative frequency of HEDA, HEDC, ADDD, 

and LADDD with the acute and chronic guidelines recommended by international and 

national authorities. 
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4.5 Risk characterization 

4.5.1 Principles of risk characterization  

 The methods of risk characterization are described in some recent publications 

on health risk assessment and US EPA Risk Assessment Guidance for Superfund 

“Processing for Conducting Probabilistic Risk Assessment” [hereafter: RAGS]. RAGS 

focuses on Monte Carlo analysis (MCA) to quantify variability and uncertainty in risk 

characterization. This method is more persuasive to stakeholders due to its 

consideration of variability and uncertainty interpretations (US EPA, 2001). Connell et 

al (Connell et al., 2002) have used probabilistic plots of exposure to DDE and the dose-

response data corresponding to reduction in survival of young ardeids to evaluate risk of 

breeding success of ardeids. (Hamidin et al., 2008) applied the probabilistic approach to 

conduct a human health risk assessment of chlorinated disinfection by-products (DBPs) 

in drinking water. In this approach the health risks were characterized by the overlap 

between probabilistic distribution of exposure doses and the doses that caused specific 

adverse health effects. Recently, (Cao et al., 2011) have presented a method of risk 

characterization by overall risk probability (ORP). This method uses an exposure 

exeedence curve (EEC) to characterize risk, in which EEC can be examined by plotting 

the cumulative probabilities of population affected against exposure exceedence values. 

 In this study, health risks of chlorpyrifos were characterized using probabilistic 

techniques by several approaches. First, the Hazard Quotients were estimated using 

guidelines for chlorpyrifos exposure recommended by national and international 

agencies. Second, the Hazard Quotients (HQ95/5) were estimated using the high 

exposure dose and low dose corresponding to adverse health effects. Third, the risk was 

characterized by quantifying the Risk Quotient that is the ratio between exposure doses 

and doses corresponding to biological adverse effects using Monte Carlo Simulation 

(MCS). Fourth, the risk was characterized by calculating Exposure Exceedence values 

(EEC) using the Overall Risk Probability (QRP) method. 

4.5.2 Risk characterization using guidelines 

 The Hazard Quotient (HQ) was quantified as the ratio of the 95
th

, 50
th

, and 5
th

 

percentile of exposure doses, comprising ADDB, ADDA, and LADDE and guidelines 

recommended by national agencies such as US EPA, ATSDR, Australian NRA, and 

WHO/FAO. The HQ for the baseline exposure dose (ADDB), which represents the 



99 

 

background exposure level to chlorpyrifos for farmers, was quantified as the ratio of 

ADDB at high (95
th

), medium (50
th

) and low (5
th

) levels of ADDB and chronic 

guidelines recommended by national and international agencies (see Equation 4.11)  

 

                                                  
delinesChronicGui

ADD
HQ

B 5/50/95
                    Equation 4.11 

 

The HQ for Lifetime Average Daily Dose, which represents the average exposure level 

of chlorpyrifos throughout their lifetime, was quantified as the ratio of LADDE at the 

three levels as mentioned above and chronic guidelines (see Equation 4.12) 

 

                    
delinesChronicGui

LADD
HQ

E 5/50/95
                      Equation 4.12 

 

The HQ for post-application exposure, which represents exposure level of farmers with 

chlorpyrifos with farmers after a single event of pesticide spraying, was quantified as 

the ratio of ADDA at the three levels and acute guidelines recommended by national and 

international agencies (see Equation 4.11) 

 

                                                   
linesAcuteGuide

ADD
HQ

A 5/50/95
                           Equation 4.13 

 

A value of the Hazard Quotient of less than unity indicates that farmers are unlikely to 

risk adverse health effects but HQ above unity indicates a potential health risk among 

farmers. 

4.5.3 Risk characterization using Hazard Quotient at the 95th 
exposure dose and the 5th dose-response (HQ95/5)  

 The HQ95/5 was quantified as the ratio between exposure dose of chlorpyrifos to 

farmers at the 95
th

 percentile values of cumulative frequency distributions of ADDB, 

LADDE, ADDA, representing the high exposure group, and the 5
th

 percentile of dose 

corresponding to adverse health effects, comprising LADDD and ADDDN. For the 

baseline exposure dose (ADDB) and lifetime average daily dose, the HQ95/5 was 

quantified as the ratio between ADDB95, LADDE95 and LADDD5 (see Equations 4.14-

4.15). 
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05.0

95.0
5/95

D

B

LADD

ADD
HQ                           Equation 4.14 

                                                         
05.0

95.0
5/95

D

E

LADD

LADD
HQ                           Equation 4.15 

 

For the post-application exposure dose, the HQ95/5 was quantified as the ratio between 

ADDA95 and ADDDN5, the dose corresponding to acute neurological effects which are 

surrogates for the acute effects of chlorpyrifos (see Equation 4.16) 

 

                                                       
05.0

95.0
5/95

DN

A

ADD

ADD
HQ                              Equation 4.16 

 

Similar to the interpretation of HQ above, a HQ95/5 value above than unity indicates that 

farmers at the high exposure group probably have adverse health effects caused by 

chlorpyrifos exposure. 

4.5.4 Risk characterization using Monte Carlo Simulations 

 In this method, HQMC was quantified as the ratio between exposure doses, 

comprising ADDB, LADDE, and ADDA and doses corresponding to adverse health 

effects, comprising LADDD and ADDDN using Monte Carlo Simulation (MCS) via 

Chrystal Ball®2000 Software. The MCS was used to simulate the inputs including 

exposure doses (ADDB, LADDE, and ADDA) and dose-response data (LADDD and 

ADDDN) to calculate each HQ (see Equation 4.17-19) by 10,000 trials.  

 

                                                      
D

B
MCBaseline

LADD

ADD
HQ                            Equation 4.17 

                                                    
D

E
MCLifetime

LADD

LADD
HQ                             Equation 4.18 

                                                    
DN

A

napplicatioMCPost

ADD

ADD
HQ                     Equation 4.19 

 

 The distributions of inputs, comprising ADDB, LADDE, ADDA, LADDD, and 

ADDDN were assumed to be a log normal distribution. The outputs from the simulation 

were frequency distributions of HQMCBaseline, HQMCLifetime, and HQMCPost-application. The 

risk was characterized by the probability of HQ higher than unity which was calculated 
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by the Crystal Ball as the areas under the curve ranging from the x-axis values of unity 

to infinity.    

4.5.5 Risk characterization using Overall Risk Probability (ORP) 

 In this method, the cumulative frequency distribution (CFD) of exposure and 

doses corresponding to adverse health effects were plotted in the same figures, 

including a figure for a pair of ADDB and LADDD, a figure for LADDE and LADDD, 

and a figure for ADDA and ADDDN. From these figures, an exposure exceedence value 

was calculated as any cumulative probability of doses corresponding to adverse effects 

(see Figure 4.7). 

 

 

Figure 4.7 Calculation of exposure exceedence values from dose-response curve 

Source:( Cao et al, 2011) 

 

 

 The Exposure Exceedence Curve (EEC) was obtained by plotting exposure 

exceedence values (1-y)% against the cumulative frequency of occurrence of sensitive 

individuals (x%), which is shown in Figure 4.8. The risk could be quantified by either 

the distance between EEC and origin of axes or the area under the EEC curve. The 

larger distance or the bigger area indicates higher risk of adverse effects caused by 

chlorpyrifos exposure among farmers. In this study, three EEC were used to quantify 

risk, comprising: EEC-ADDB, EEC-LADDE, and EEC-ADDA. 

 

Adverse health 

effects 
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Figure 4.8 Exposure exceedence curve derived from EEC values and affected doses 
Source:( Cao et al, 2011) 

 

4.6 Qualitative needs assessment 

4.6.1 Principle of method 

 The Needs Assessment framework was modified from the community needs 

assessment methodology presented in the “Evaluating health promotion, a health 

worker’s guide” published by Hawe et al (1990). Four types of needs were evaluated, 

comprising: (i) comparative needs identified by comparison of the issue with other 

populations; (ii) normative needs defined by authorities or expert’s opinions; (iii) 

expressed needs identified by specialists through observation; and (iv) felt needs 

determined by members of community. Several qualitative methods, including 

comparative analysis, in-depth interview, observation, and focus group discussion, are 

involved in collecting data and evaluating needs.   

 Literature reviews and comparative analysis were conducted to investigate 

comparative needs. In-depth interviews with authorities and experts were used to 

identify normative needs. Observation was involved in assessing the expressed needs, 

and focus group discussion was used to determine the felt needs.  

Affected Population 
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4.6.2 Research area and participants 

 The pesticide regulations in Vietnam were investigated by reviewing legislative 

documents and interviewing authorities at pesticide-related management agencies at all 

levels, including governmental, provincial and local agencies. At the provincial level, 

Thai Binh province, which is a typical agricultural province in North Vietnam, was 

selected for the study.  

 Thai Binh Province, in the Red River Delta of North Vietnam, has an area of 

1,546.5 sq. km. Due to high soil fertility, Thai Binh has been considered as an excellent 

area for growing grains, especially rice. The population of Thai Binh is 1,783,000, with 

90% of the people living in rural areas and dependent on cultivation of predominately 

rice crops (GSO, 2010).  

 The research participants for in-depth interviews were officials in pesticide-

related management agencies at the central level such as Ministry of Agriculture and 

Rural Development (MARD), Ministry of Natural Resource and Environment 

(MONRE), Ministry of Labour, Invalid and Social Affair (MOLISA), and those at the 

provincial and local levels in Thai Binh Province. The method for selecting 

interviewees is described in Section 4.4.1. The farmers (18), who were involved in the 

biological monitoring of chlorpyrifos exposure (see Section 4.3.1), were selected for 

observations and focus group discussion (see Section 7.2). 

4.6.3 Data collection 

Literature reviews 

 Information on pesticide regulations was obtained from the relevant websites, 

directly from management agencies, and published research papers. For comparison 

purpose, pesticide regulatory information in the United States was found on the US 

EPA website (http://www.epa.gov/lawsregs/topics/pesticides.html) and research papers. 

The pesticide regulatory documents in Vietnam were obtained from the relevant 

websites such as Vietnam document (http://tailieu.vn) and Ministry of Agricultural and 

Rural Development (http://www.agroviet.gov.vn) as well as research papers. The key 

words used to search data from the websites were “pesticide regulation” in English and 

“hoa chat bao ve thuc vat” in Vietnamese. The reasons for selecting USA pesticide 

regulations for comparison are: (i) the much lower rate of acute poisoning among 

agricultural workers in USA compared to Vietnam (53.6/100,000 versus 

http://www.epa.gov/lawsregs/topics/pesticides.html
http://tailieu.vn/
http://www.agroviet.gov.vn/
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35,000/100,000
1
 respectively)(Murphy et al., 2002, Dasgupta et al., 2007b, Dasgupta et 

al., 2007a, Calvert et al., 2008); and (ii) the well-established and easily accessible 

information provided by the US Environmental Protection Agency through its website. 

In-depth interviews 

 In-depth interviews with officials of authorized management agencies were 

applied for normative needs in improving pesticide regulations and occupational safety 

in Vietnam. The “snowball” approach was applied to determine key informants for 

interviews, in which the persons whom the snowball started are authorities of 

Occupational Health and Injury Management Section, Vietnam General Department of 

Preventive Medicine and Environment (VGDPME). Topics covered in the in-depth 

interview focused on barriers and difficulties which the agency was facing when 

implementing pesticide-related regulatory and safety programs, as well as needs for 

improvement in these activities. The interviews were conducted in Vietnamese and 

recorded by hand-writing or on audio tapes and then transcribed after the interview. 

Each individual interview lasted between 30 minutes and 2 hours depending on the 

interest level of the participant.  

Observations 

 For observations, two farmers were selected from the participant farmers (18) in 

the chlorpyrifos biological monitoring program for exposure assessment as a part of the 

same study (see Section 4.3.1, Chapter 4). Observations were commenced by the 

investigator and the fieldwork assistant and went from early morning (4 am), when the 

applicator prepared for application, until late afternoon (about 4 pm) when they ended 

their pesticide application. The locations for observation included the farmer’s house 

and rice field at the location where pesticides were applied.  

 The main activities and behaviour which the observers focused on were: (i) 

storage of pesticide at home; (ii) preparing equipment for application; (iii) types of 

pesticides applied; (iv) mixing and loading pesticide; (v) spray application; (vi) personal 

protective equipment; (vii) pesticide disposal; (viii) personal hygiene; and (ix) some 

external questions on pesticide safety knowledge. The safety checklists modified from 

the standard guidelines for the safe and effective use of pesticide developed by 

International Group of National Associations of Manufacturers of Agrichemical 

                                                 
1
 Estimate derived from 35% of surveyed farmers suffering from acute pesticide poisoning from the study 

of Dasgupta (2007).  
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Products (GIFAP, 1989) was used to check if the farmer was using correct pesticide 

safety practices. The whole observation was filmed by the field assistant using a 

handheld camera.  

Focus group discussion (FGD) 

 Participant farmers (18) involved in the chlorpyrifos biological monitoring 

program evaluating exposure (see Section 4.3.1, Chapter 4) were organized into 3 

groups categorized by age, comprising: 49 to 59, 40 to 48, and less than 40 years, which 

represented the senior, middle-aged, and young group of farmers. Each group was 

formed of 6 farmers, and included both males and females. 

 The FGDs were held in the Commune Health Clinic. The commune health staff 

were invited and trained to be the moderators of FGDs. Each FGD was conducted by a 

moderator and a note-taker, and all FGDs were recorded and filmed by audio recorder 

and video camera. The moderators used a guide paper to encourage participants to 

discuss the four main themes, comprising: (1) trade, transport, and storage of pesticides; 

(2) application of pesticides; (3) health effects of pesticides; and (4) safety tools of 

pesticide usage. There were 24 questions categorized into the 4 main themes which 

were discussed by the groups for up to 2 hours. All three groups discussed the same 

topic and addressed the same questions but at different times. The investigator was the 

observer in all three groups. The results of the FDGs were transcribed by the note-taker 

and the moderator immediately after the discussion, and then transferred to the 

investigator for translation into English. The shared knowledge, beliefs and experiences 

of participants were analysed to spell out the farmer’s felt needs for occupational 

pesticide safety in agriculture. 

4.6.4 Data analysis 

 Comparative analysis: Pesticide regulations are focused on pesticide 

registration, suspension and cancelation, labelling, transport, storage and disposal, 

import and export policy. These were analysed by comparison between the United 

States and Vietnam. Any regulation applied in the United States which might not be 

applicable to the management systems in Vietnam was not considered. The needs for 

improvement of pesticide regulations in Vietnam were identified from the results of 

these comparative analyses in Chapter 10.   

 Normative needs: The normative needs were evaluated from an analysis of data 

collected from in-depth interviews with authorities and professional experts. The 
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interviews were transcribed by Vietnamese officials, and then translated into English by 

professional translators. The accuracy of the translations was checked by a comparison 

with the original transcript and hand-notes prior to analysis by the investigator. The 

perceptions of interviewees regarding barriers, difficulties, and needs for the agency to 

implement activities related to pesticide regulations and safety programs, were ranked 

by the frequency of appearance and evaluated. Some illustrative quotations from the 

participants are presented.  

 Expressed needs: The notes and films obtained from observations were 

transcribed and organized by themes, including: choice of pesticides, transport, storage, 

application (arrangement of equipment, mixing, loading, and spraying), personal 

protective equipment and hygiene, and pesticide disposal. The actual knowledge, 

behaviour and actions of the farmer observed were compared to the standard checklist 

for the safe use of  pesticides from the Guidelines for the Safe and Effective Use of 

Pesticide recommended by the International Group of National Associations of 

Manufacturers of Agrochemical Products on pesticide use (GIFAP, 1989). This was 

carried out to identify needs for improving safety knowledge, behaviour and activities 

of farmers.  

 Felt needs: The discussion of the farmers in each group were transcribed by 

Vietnamese transcribers, and then translated into English by professional translators. 

The knowledge, barriers, difficulties and needs were evaluated for each of the four 

specific themes mentioned above.  
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Table 4.11 In-depth interviewees categorized by agencies 

 

Agency Number of 

interviewees 

Position 

Leader Expert 

Central level    

Department of Preventive Medicine and 

Environmental Health, MOH. 

 

2 

 

1 

 

1 

Department of Plant Protection, MARD. 1 1  

Department of Labour Safety, MOLISA. 1  1 

Department of Pollution Control, MONRE. 2 1 1 

Provincial level    

Thai Binh Centre for Preventive Medicine 1 1  

Department of Plant Protection, Thai Binh DARD. 1 1  

Department of Labour Safety, Thai Binh DOLISA. 1 1  

Local level    

Medical Centre, Kien Xuong District. 1 1  

Division of Agriculture, Kien Xuong District. 1 1  

Division of Labour, Invalid and Social Affair, Kien 

Xuong District 

 

1 

 

1 

 

Agricultural Co-operative, Vu Le Commune 1 1  

Commune Health Clinic, Vu Le Commune 1 1  

Informal Sector    

Vietnam Farmer Union 1 1  

Vietnam Association of Occupational Medicine 1 1  
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CHAPTER 5 HAZARD IDENTIFICATION 

 

5.1 Background 

 The general strategy for the research in this thesis was described in Section 4.2 

and Figure 4.1. The specific way in which this chapter fits into this general format is 

outline in Figure 5.1. The identification of chlorpyrifos as the major hazard to farmers 

health was carried out using data on registration of pesticide in Vietnam as well as 

toxicological and farmers health investigation. 
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Figure 5.1 Strategy for risk assessment and identifying hazard of chlorpyrifos in Vietnam 

 

   

5.2 Chlorpyrifos Formulations Used in Vietnam   

 Chlorpyrifos was introduced into the marketplace in 1965 and has been widely 

used as a replacement for chlorinated hydrocarbon pesticides (DDT, dieldrin, etc.) and 

some other organophosphate insecticides which are less effective in insect control 

(Richardson, 1995). Chlorpyrifos has been commonly used to protect agricultural crops, 

reduce household pests such as termites, reduce damage to lawns, and to control the 

mosquito population. The chlorpyrifos formulations were abandoned for residential use 

in USA in 2001, and they are currently being phased out in the European Union. 

Nevertheless, chlorpyrifos products continue to be used to protect crops from insects in 

agriculture, especially in developing countries (Aponso, 2002).  
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 In Vietnam, many commercial formulations of pesticides are registered for use 

in Vietnam. Of the total, insecticides constitute over 55%, fungicides 33%, and others 

12%. Organophosphate products made up 25% of the total insecticides registered in 

2009. These had active ingredients such as chlorpyrifos, dimethoate, diazinon, 

quinalfos, phoxim, acephate, and profenos. However, chlorpyrifos based products were 

the most common and accounted for 81% of all organophosphate products. Chlorpyrifos 

in these products was used as a pure compound or in combination with other 

insecticides, mostly with cypermethrine (VN MARD, 2009). The most common active 

ingredient in chlorpyrifos was chlorpyrifos ethyl at a variety of concentration levels. 

Farmers used chlorpyrifos formulations to eliminate pest species such as leaf rollers, 

stem borers, brown planthoppers, thrips, and sheath blight mostly on rice, beans, peanut, 

and coffee crops (see Table 5.1). 
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Table 5.1 Chlorpyrifos of the list of plan protection pesticides permitted for use in Vietnam 

2009
* 

 

Trade Name Common Name Crop/Pest Company 

Acgoldfly 560EC Chlorpyrifos Ethyl 500 g/l + 

Cypermethrine 50g/l – 

Emanectin benzoate 10 g/l 

Brown plant hopper/rice Loi Nong Ltd. 

Apphe 666EC Alpha-cpermethrine 1.6% + 

Chlorpyrifos Ethyl 65% 

Leaf folder/rice Dong Xanh Ltd. 

Aseld 450EC Chlorpyrifos Ethyl 400 g/kg 

+cypermethrine 50g/kg 

Green pest/rice, peanuts Thai Nong Ltd. 

Aseld 680EC Chlorpyrifos Ethyl 58- g/l + 

cypermethrin 100 g/l 

Coffee mealybugs Thai Nong Ltd.  

Bonus 40EC Chlorpyrifos Ethyl Rice stem borer damage Nicotex Ltd. 

Bull Star 262.5EC Beta-cyfluthrine 12.5 g/l = 

Chlorpyrifos Ethyl 250 g/l 

Rice stem borer, leaf 

roller, coffee 

mealybugs, deep green 

soybean damage 

Bayer Vietnam Ltd.  

Bullet 48EC Chlorpyrifos Ethyl Coffee mealybugs Imaspro Resources 

Sdn Bhd 

Cadicone 560EC Chlorpyrifos Ethyl 500 g/l + 

Cypermethrin 60g/l 

Rice stem borer Viet Trung Pesticide 

Ltd. 

Dizorin super 55EC Chlorpyrifos Ethyl 48% + 

Imidacloprid 7% 

Brown plant hopper/ 

rice 

Tan Thanh ltd. 

Dragon 585EC Chlorpyrifos Ethyl 53.0% + 

Cypermethrin 5.5% 

Brown plant hopper/ 

rice 

Imaspro Resources 

Sdn Bhd 

Dragoannong 585EC Chlorpyrifos Ethyl 530 g/l + 

Cypermethrin 55 g/l 

Brown plant hopper/ 

rice 

An Nong Ltd. 

Dai Bang Do 777EC Chlorpyrifos Ethyl 550 g/l + 

Cypermethrin 227 g/l 

Brown plant hopper/ 

rice 

Nong Phat ltd.  

Genotox 55.5EC Chlorpyrifos Ethyl Rice stem borer, deep 

green soybean damage, 

coffee mealybugs 

Nong Duoc Dien 

Ban ltd. 

Hoban 30EC Chlorpyrifos Ethyl Rice stem borer Hoocmon ltd. 

Losmine 66WP Chlorpyrifos Ethyl 56% + 

Imidacloprid 10% 

Leaf roller/ rice Dong Xanh ltd. 

May 48EC Chlorpyrifos Ethyl Stem borer/ corn Map Pacific Pte Ltd. 

Megashield 525EC Acetamiprid 30g/l + 

Chlorpyrifos  Ethyl 495 g/l 

Stem borer/rice Hoa Nong Lua Vang 

ltd. 

Penalty gold 50EC Buprofezin 10% = 

Chlorpyrifos Ethyl 40% 

Coffee mealybugs ADC ltd. 

Petrang 650EC Chlorpyrifos Ethyl 500 g/l + 

Cypermethrin 150 g/l 

Stem borer/rice Thon Trang ltd. 

Petrang 650EC Chlorpyrifos Ethyl 500 g/l + 

Cypermethrin 250 g/l 

Stem borer/rice Thon Trang ltd. 

Pro-per 600EC Chlorpyrifos Ethyl 450 g/l + 

Imidacloprid 150 g/l 

Brown plant hopper/rice Nong Phat ltd. 

Repny 65WP Chlorpyrifos Ethyl 45% + 

imidacloprid 8% 

Brown plant hopper/rice Ngoc Yen ltd. 

Sieu sao E 500WP Chlorpyrifos Ethyl Soybean damage, brown 

plant hopper, citrus 

mealybugs damage, 

mango hopper 

Hoa Nong My Viet 

Duc ltd. 

Spaceloft 300EC Alpha-cypermethrin 30g/l + 

Chlorpyrifos Ethyl 220 g/l + 

Rice stem borer An Nong ltd. 
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Imidacloprid 50g/l 

Subside 585EC Chlorpyrifos Ethyl 530 g/l + 

Cypermethrin 55g/l 

Leaf roller/ rice ACP ltd. 

Taron 50EC Chlorpyrifos Methyl Onion green damage,  Map Pacific Pte Ltd 

Tasodant 6G Chlorpyrifos Ethyl 5% + 

Permethrin 1% 

Coffee mealybugs ADC ltd. 

Tsodant 600EC Chlorpyrifos Ethyl 500g/l + 

Pemethrin 2% 

Rice stem borer ADC ltd. 

Tipho-sieu 400EC Chlorpyrifos Ethyl Coffee mealybugs Thai Phong ltd. 

Triceny 50EC Chlorpyrifos Ethyl 42% + 

Cypermethrin 8% 

Rice stem borer Ngoc Yen ltd. 

Triceny 59EC Chlorpyrifos Ethyl 515 g/l + 

Cypermethrin 80g/l 

Leaf roller/rice, coofee 

mealybugs 

Ngoc Yen ltd. 

Tungcydan 30EC Chlorpyrifos Ethyl 25% + 

Cypermethrin 5% 

Rice stem borer Ngoc Tung ltd. 

Tung cydan 55EC Chlorpyrifos Ethyl 50% + 

Cypermethrin 5% 

Brown plant hopper/rice Ngoc Tung ltd. 

Tung cydan 60EC Chlorpyrifos Ethyl 55% + 

Cypermethrin 5% 

Coffee mealybugs, leaf 

eating/sweet potato, 

stem borer/soybean, etc. 

Ngoc Tung ltd. 

Vibafos 15EC Chlorpyrifos 14.8% + 

Abamectin 0.2% 

Orange insect Vietnam ltd. 

VK.sudan 650EC Chlorpyrifos Ethyl 600 g/l + 

Alpha-cypermethrin 50g/l 

Leaf roller/rice Viet Trung ltd. 

Wavotox 585EC Chlorpyrifos 530g/l + 

Cypermethrin 55 g/l 

Leaf roller/rice Viet Thang ltd. 

Winter 635EC Chlorpyrifos Ethyl 480 g/l + 

Buprofezin 120 g/l 

Brown plant hopper, 

leaf roller, stem 

borer/rice 

ADC ltd. 

*
The list was extracted from the List of Plant Protection Drugs Permitted, Restricted Used, and Prohibited 

Used in Vietnam. This was issued by Ministry of Agriculture and Rural Development in 2009.  

 

5.3 Chemical and Environmental Properties of Chlorpyrifos 

Chlorpyrifos is a colorless to white crystalline solid, with a mild mercaptan-like 

odor, which is only slightly soluble in water but soluble in most organic solvents. Its 

formulations are emulsifiable concentrates, granular, micro-encapsulated suspensions, 

and gel-based products. The mechanism of biological action, like other OPs, is to cause 

inhibition of the enzyme activity of acetylcholinesterase (AChE) in the brain and 

peripheral nevous system. This results in a decrease in neurotransmitter degradation 

(acetylcholine) and, consequently, overstimulation of the associated synaptic systems.   

 In common with most OP pesticides, chlorpyrifos is oxidized to its oxon form, 

chlorpyrifos-oxon, which is generally considered as the principal toxic metabolite, and 

causes inhibition of cholinesterase. Chlorpyrifos-oxon is then enzymatically or 

spontaneously hydrolysed to form the diethylphosphate and 3,5,6-trichloro-2-pyridinol 

(TCP), which is regarded as the major metabolite of chlorpyrifos and is excreted in 

urine, or forms glucuronide and sulphate conjugates which are also excreted in urine.  
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In terms of environmental distribution and fate, chlorpyrifos binds to soil and 

plants following applications to crops. Even though it typically degrades rapidly in the 

environment, residual levels of chlorpyrifos can exist for a relatively long period of 

time. Due to strong bonding to soils and plant matter, little chlorpyrifos enters receiving 

or associated sediments. It will typically volatilize from the surface of the water (Kd = 

128,000-13,490; Koc = 7000-25000 ml/g; and Kow = 66000 at 23 degrees C) The half-

life of chlorpyrifos and its metabolites is approximately 3 days; however, it can persist 

for several months indoors because of lack of sunlight, water, and soil microorganisms 

that cause rapid degradation in the outdoor environment.  

5.4 Human health effects of organophosphate insecticides in 
Vietnam 

 Currently, there is no publication on the human health effects caused by the 

application of specific chlorpyrifos products in Vietnam. But many previous studies 

have showed that organophosphate insecticides generally have been the most common 

cause of pesticide poisoning in Vietnam. Murphy et al (2002) found up to 61% of 

farmers surveyed in Vietnam reported vague ill-defined effects, including 31% with at 

least one clear symptom of poisoning. Their study also found that organophosphate 

insecticides with Ia, Ib and II in the hazard classification of pesticides recommended by 

the World Health Organization were the most commonly used among farmers. The rates 

of poisoning have declined in relation to the declining trend of organophosphate 

insecticides usage among surveyed farmers. In another study to evaluate the reliability 

of self-assessment reports among farmers, Dasgupta et al (2007) showed that 35% of 

surveyed farmers experienced acute pesticide poisoning by organophosphate and 

carbamate exposure. However, the actual poisoning demonstrated by blood tests was 

weakly associated with the self-assessment reports of farmers. A report based on the 

poisoning cases admitted to Bach Mai hospital in Vietnam has been prepared. The 

poison control centre at this hospital has the highest level in Vietnam of poison 

management and treatment. An increase in pesticide poisoning cases admitted into the 

hospital was reported. Among these cases agricultural chemicals were the most 

common, and the poisoning rate caused by organophosphate compounds was the 

highest among all pesticides (Vietnam Country Report, 2001). The percentage of acute 

pesticide poisoning cases admitted to Bach Mai Hospital from 1998 to 2000 is shown in 

Figure 5.2. The most common pesticides reported were organophosphate insecticides 

and rodenticide products, Organophosphate compounds were commonly reported with 



113 

 

agricultural occupational exposures whereas rodenticide products tended to be seen with 

suicide cases. 

 

 
 

Figure 5.2 Classification of cases reported by Poisoning Control Centre, Bach Mai Hospital, 

Hanoi, Vietnam 
Source: (Vietnam Country Report, 2001) 
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CHAPTER 6 RESULTS OF TCP AND CREATININE  
          ANALYSIS 
 

6.1 Background 

 

 
                               

 

 

 

 

 

 

 

 

 

 

 

Figure 6.1 Strategy for TCP monitoring in exposure assessment of chlorpyrifos with farmers in 

Vietnam 

 

 

 Exposure assessment was carried out using 24-hour urine samples collected 

from rice farmers (prior-, during, and post-application of pesticides) and analysed for 

TCP and creatinine. Creatinine was used to standardize the level of TCP in urine by 

calculating the level in units of µg chlorpyrifos/gram creatinine.  The chlorpyrifos 

Absorbed Daily Dose (ADD) of individual farmers, comprises the dose at baseline level 

(ADDB), post application level (ADDA), and the total level (ADDT) was estimated from 

urinary TCP (chapter 4).  
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 Creatinine adjustment involves dividing the TCP concentration (µg/L urine) by 

the creatinine concentration (g/L urine). The final results are reported as weight of TCP 

per gram of creatinine (µg/g creatinine) (Barr et al., 2005). Previous studies have shown 

that the creatinine-adjusted TCP concentrations may serve as a representation of the 

dose, since the creatinine-adjusted urinary TCP concentrations correlate better with 

blood, serum, or plasma concentrations of the parent chemical than the unadjusted 

analyte concentrations (Cline et al., 1989, Hill et al., 1995a, Shealy et al., 1997, To-

Figueras et al., 1997). 

6.2 Levels of creatinine in urine of rice farmers 

The urinary creatinine over 24-hours, obtained by analysis of urine pre- and 

post-application of pesticide, and the arithmetical means of individual farmers are 

shown in Table 6.1. Means of individual urinary creatinine ranged from 81 to 225 

mg/dL. This data is useful in deciding if a spot urine sample is valid for assessing 

chemical exposure in environmental and workplace monitoring. The WHO has 

recommended that if a sample is too dilute (creatinine concentration<30 mg/dL) or too 

concentrated (creatinine concentration > 300 g/dL), another urine sample should be 

collected (WHO, 1996). In this study, there was no sample with urinary creatinine 

concentration outside the WHO exclusionary guidelines.  

The average level of urinary creatine concentration among male farmers 

(171±11 mg/dL) was significantly higher than for female farmers (130±16 mg/dL; p, 

0.03). The urinary creatinine concentrations were not strongly correlated with age, 

height, and weight of farmers (see Figure 6.2).  
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Figure 6.2 Plots of the mean of urinary creatinine against Age, Weight, and Height of farmers 

 

 

 

 

 

 

 

 

 

 

 

y = -0.1258x + 62.715 
R² = 0.2153 

0 

10 

20 

30 

40 

50 

60 

70 

0.0 50.0 100.0 150.0 200.0 250.0 

A
G

E 
(y

e
ar

s)
 

Mean of urinary creatinine (mg/dL) 

y = 0.0619x + 152.35 
R² = 0.1559 

150 

155 

160 

165 

170 

175 

180 

0.0 50.0 100.0 150.0 200.0 250.0 

H
EI

G
H

T 
(c

m
) 

Mean of urinary creatinine (mg/dL) 

y = 0.0379x + 47.186 
R² = 0.0842 

0 

10 

20 

30 

40 

50 

60 

70 

0.0 50.0 100.0 150.0 200.0 250.0 

W
EI

G
H

T 
(k

g)
 

Mean of urinary creatinine (mg/dL) 



117 

 

The mean creatinine concentration plotted against collection time, comprising 

pre-, during-, and post-application is shown in Figure 6.3. The urinary creatinine 

concentration varied from 138 to 192 mg/dL, and the highest value was observed after 

120 hours or more after the application. However, there were no significant differences 

in creatinine concentrations at application or post-application times compared to the 

baseline level (see Figure 6.2).  
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Figure 6.3 Plots of 24-hour urinary creatinine concentration (maximum, 75
th
, mean, 25

th
, and minimum) of rice farmers against time frame of pesticide 

application 
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Table 6.1 Urinary creatinine (mg/dL) levels as for individual rice farmers* 

 
Farmer Baseline Application 24-hr Post 

Application 

48-hr Post 

Application 

72-hr Post 

Application 

96-hr Post 

Application 

120-hr Post 

Application 

144-hr Post 

Application 

168-hr Post 

Application Mean (mg/dL) 

F1 134 87 201 - 87 - 144 - 141 132±17 

F2 130 89 76 118 - 125 - 100 - 107±9 

F3 116 296 - 260 172 282 - 195 - 220±29 

F4 141 194 218 - 273 - 208 - 280 219±21 

F5 85 123 - 159 - 184 198 134 - 147±17 

F6 102 272 238 - 195 - 122 - 126 176±28 

F7 45 151 97 76 - 63 - 53 - 81±16 

F8 157 147 131 - 98 - 96 - 133 127±10 

F9 144 109 - 118 - 174 180 125 - 142±12 

F10 117 188 174 - 173 - 222 - 213 181±15 

F11 88 173 - 115 110 130 - 122 - 123±12 

F12 290 138 - 144 - 160 282 124 - 190±31 

F13 207 279 235 - 188 - 297 - 142 225±24 

F14 119 183 169 - 134 - 232 - 138 162±17 

F15 257 85 - 137 117 67 - 246 - 152±33 

F16 102 170 - 76 125 - 130 - 106 118±13 

F17 179 255 - - 276 226 - 143 - 216±24 

F18 126 196 140 171 128 153 - - - 152±11 
*
Urine samples collected according to sampling schedule in Table 4.4.
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A wide range of urinary creatinine levels has been reported for adults, with the 

levels influenced by specific factors such as height, weight, age and sex. The most 

common range for 24-hour urine creatinine levels reported was 500 to 2000 mg/day, or 

40 to 300 mg/dL. The range of urinary creatinine among farmers in this study was 

within this normal range. The results also indicate that urine samples are valid for 

monitoring pesticide exposure in the workplace according to the guideline developed by 

WHO for biological monitoring (WHO, 1996). 

6.3 Levels of TCP found in urine of Vietnamese rice farmers 

 Urinary TCP levels of farmers are shown in Table 6.2. The mean baseline level 

of urinary TCP in farmers within a week prior to pesticide application was 2.8±0.8 µg/g 

creatinine (0.7-14.7 µg/g creatinine). The mean urinary TCP level was highest at 24-

hour after application (47.5±12.8 µg/g creatinine), and the TCP levels declined equal to 

the baseline value (3.4±1.6 µg/g creatinine) at 144 hours after application or the 6
th

 day 

after application (see Figure 6.4). All individual farmers had the same pattern of urinary 

TCP levels against application time.  However, the total TCP excreted by individual 

farmers varied widely from 3 to 677.5 µg/g creatinine (172.8±43 µg/g creatinine) (see 

Table 6.2). With Farmer 18, there was little discernable variation of the TCP level (3 

µg/g creatinine) from the baseline value.  

 Since urinary TCP levels were used to estimate the Absorbed Daily Dose (ADD) 

of chlorpyrifos using Equations 4.5 to 4.8 (Section 4.3), which involves factors such as 

age, weight, height, the correlation of TCP with these factors was also evaluated. Figure 

6.5 shows the plots of urinary TCP (µg/g creatinine) against age, height, and weight. 

These results indicate that there were no strong correlations between these factors with 

the levels of urinary TCP (r
2
 = 0.02-0.2).  
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Table 6.2 Pre- and post- application sample urinary TCP* (µg/g creatinine) 

 

Farmer Baseline Application 24- 

hour 

48-

hour 

72- 

hour 

96- 

hour 

120- 

hour 

Total 

F1 0.8 29.9 73.7 61.2 46.1 37.5 29.7 279 

F2 1.8 1.6 2.2 3.4 2.4 2.1 2.0 15.5 

F3 0.8 19.9 35.7 26.2 24.8 15.2 7.7 130 

F4 3.5 7.1 12.6 12.9 11.2 9.2 13.9 70.4 

F5 1.2 25.1 46.1 37.9 27.7 15.4 11.5 165 

F6 0.7 14.4 28.7 26.8 20.7 18.5 25.2 135 

F7 0.7 34.1 182 108 95.1 56.7 27.1 504 

F8 1.7 35.2 57 48.1 47.6 25.8 -0.3 215 

F9 0.8 3.7 5.1 4.7 3 1 0.6 18.9 

F10 3.8 97.4 173 148 135 85 34.9 678 

F11 5.3 3.6 12.9 9.5 8.6 7.5 3.6 51.0 

F12 3.5 1.7 4.4 3.2 4.3 5.2 6.7 29.3 

F13 1.2 24.5 35.7 26.1 15.3 14.6 7.4 125 

F14 14.7 62.1 98.4 76.7 52.7 39.9 22.5 367 

F15 4 4.9 19.2 15.2 9.5 8.4 2.5 63.6 

F16 2.2 28.4 48.6 36.4 36.9 24.4 16.9 194 

F17 2 19.8 19.1 17.9 9 0.3 0.9 69.1 

F18 1.3 1.96 1.4 1.71 1.28 1.53 1.5 7.75 

*Post-application urinary TCP were corrected by the baseline values 
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Figure 6.4 Urinary TCP (minimum, 25th, median, 75th, and maximum) against Time in relation to pesticide application 
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Figure 6.5 Plots of urinary TCP against age, weight, and height of farmers 
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 In comparison with urinary TCP of pesticide applicators in some other countries 

(see Figure 6.6 & 6.7), the baseline concentration among Vietnamese rice farmers was 

the lowest level observed and was less varied. Unlike baseline exposure, the application 

exposure to chlorpyrifos among Vietnamese farmers was similar to that among 

agricultural farmers in other developing countries such as Sri-Lanka and Nicaragua. 

 

 

 
 

 

Figure 6.6 Comparison of baseline urinary TCP concentration 

 

 

 
 

Figure 6.7 Comparison of total urinary TCP concentration 
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 6.4 Chlorpyrifos Absorbed Daily Dose (ADD) estimated from 

TCP 

The estimation of chlorpyrifos Absorbed Daily Dose (ADD) was described in 

the Section 4.3.3. The ADD levels range from 0.4 to 94.2 µg/kg/d among individual 

farmers (mean, 19.4±6 µg/kg/d) (see Table 6.3). The levels of ADD are discussed in 

more detail in Chapter 7. 
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Table 6.3 Chlorpyrifos Absorbed Daily Dose (ADD) estimated from total urinary TCP* 

 

Farmer  Urinary TCP (µg/g Creatinine) ADD 

(µg/kg/d) Baseline Application-day 24 hour 48 hour 72 hour 96 hour 120 hour Total 

F1 0.82 29.90 73.7 61.2 46.1 37.5 29.7 279 37.3 

F2 1.84 1.57 2.2 3.4 2.4 2.1 2.0 16 1.9 

F3 0.78 19.90 35.7 26.2 24.8 15.2 7.7 130 8.7 

F4 3.48 7.12 12.6 12.9 11.2 9.2 13.9 70 5.4 

F5 1.17 25.10 46.1 37.9 27.7 15.4 11.5 165 19.8 

F6 0.68 14.40 28.7 26.8 20.7 18.5 25.2 135 13.7 

F7 0.67 34.10 182.0 108.0 95.1 56.7 27.1 504 51.6 

F8 1.65 35.20 57.0 48.1 47.6 25.8 0.3 215 24.7 

F9 0.76 3.65 5.1 4.7 3.0 1.0 0.6 19 1.7 

F10 3.76 97.40 173.0 148.0 135.0 85.0 34.9 678 94.2 

F11 5.27 3.64 12.9 9.5 8.6 7.5 3.6 51 6.3 

F12 3.52 1.74 4.4 3.2 4.3 5.2 7.0 29 1.7 

F13 1.21 24.50 35.7 26.1 15.3 14.6 7.4 125 7.9 

F14 14.7 62.10 98.4 76.7 52.7 39.9 22.5 367 49.4 

F15 4.00 4.91 19.2 15.2 9.5 8.4 2.5 64 7.8 

F16 2.15 28.40 48.6 36.4 36.9 24.4 16.9 194 15.3 

F17 2.00 19.80 19.1 17.9 9.0 0.3 1.0 69 7.4 

F18 1.26 1.96 1.4 1.71 1.28 1.53 1.5 7.75 0.4 

  *ADD calculation described by Equations 4.1-4.4
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CHAPTER 7 EXPOSURE ASSESSMENT WITH  
   CHLORPYRIFOS USAGE BY   
   VIETNAMESE RICE FARMERS 

  

7.1 Background 

 The overall framework of this research is shown in the diagram in Figure 1. This 

chapter is focused on the assessment of exposure to chlorpyrifos among participant 

farmers. This was carried out by a biological monitoring procedure outlined in Figure 

7.1. In the expanded box on biological monitoring the sequences in this research are 

shown with the recruitment of farmers, sampling of urine, analysis of urine for TCP and 

creatinine, and finally the calculation of ADD. 

 The total internal dose of chlorpyrifos absorbed from the combination of 

possible exposure pathways, can be estimated from the presence of its metabolites in 

body fluids as described by US EPA, 1996; OECD, 1997; and WHO, 1996. Human 

urine can be collected easily and is a non-invasive biological monitoring technique used 

to measure and estimate exposure doses following agricultural pesticide application 

(Richard et al., 2000).  

 Chlorpyrifos can be absorbed into the human body by different pathways, 

including oral ingestion, inhalation and dermal absorption. The total exposure to 

chlorpyrifos can be estimated by the summation of estimates of each pathway. 

However, this method requires complex and detailed procedures and is relatively costly. 

TCP, the major metabolite of chlorpyrifos can be measured in human urine and is the 

preferred biological monitoring procedure for chlorpyrifos exposure (Curwin et al., 

2007a, Alexander et al., 2007). The procedure for estimating chlorpyrifos from TCP in 

urine has three main steps,: (1) sampling of urine; (2) urine TCP analysis; (3) estimating 

chlorpyrifos from urinary TCP.  

 In this study, the estimation of chlorpyrifos exposure with rice farmers in 

Vietnam was conducted by the biological monitoring process as described in Chapter 4 

(Section 4.3). The exposure levels can be evaluated using the probabilistic approach 

described in recent studies (Connell et al., 2002, Hamidin et al., 2008). The probability 

of occurrence of a dose is plotted as cumulative frequency against ADD. This allows the 

cumulative probability of exposure to chlorpyrifos at different levels to be evaluated.  
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Figure 7.1 Strategy for risk assessment and measuring exposure doses of chlorpyrifos with farmers
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7.2 Characteristics and rice cultivation of the study participants  

7.2.1 Personal details of participant farmers 

 The characteristics of the participant farmers are shown in Table 7.1 The age 

ranged from 19 to 59 years (mean: 42.6 ± 2.7), comprising 13 male and 5 female 

farmers. Most of the participants had an educational level of secondary school level 

(13/18 farmers), and their main occupation was as a farmer. Family income among the 

farmers ranged from US$ 30 to US$ 250 per year. Average weight and height of 

participants were 53±1.3 kg and 162±1.7 cm respectively. The health status of the 

participants was good based on self-reporting and health examination by the district 

medical centre.  

7.2.2 Rice cultivation and pesticide application practices 

Information on rice cultivation and pesticide application is described in Table 

7.2. The farmer households own small-scale rice farms with areas from 1620 to 4320 m
2
 

(mean: 3100±155m
2
). The participant farmers had an average of 23 years experience 

working in rice cultivation and agricultural pesticide application, with two young 

farmers having 4-year working experience. Farmers use insecticides for 3 rice crops in a 

year and a total number of applications from 5 to 15 times in a year with an average of 

10 applications. Most insecticide applications were carried out on rice in the Summer-

Autumn season (April-June to August-September) when the insects are at a maximum. 

In the other seasons, comprising Mua season from May-August to September-

December, and Winter-Spring season from December-February to April-June, 

insecticides are applied to a lesser extent for rice but used with high frequencies for 

other agricultural products such as fruits, peanuts, beans and vegetables.  

The farmers in the research location used Lorsbane 30 EC (Trade name) 

containing 300 g chlorpyrifos ethyl per litre packed into 20 ml liquid concentrate 

containers. To apply to the rice crop, the 20 ml liquid concentrate of Lorsbane 30EC 

was mixed with 10 L of water in a backpack spray tank (12 L). The number of tanks 

used depended on the areas to be sprayed. The amounts of mixed chlorpyrifos sprayed 

were from 5.5 to 6 litres per Vietnamese acre (360m
2
) of rice field. The total amount of 

mixed chlorpyrifos the farmers used during the sampling time varied from 90 to 240 

litres (mean: 173±8.4 litres). The amount of chlorpyrifos active ingredient used was 

from 54 – 144 g (mean: 104±5g). Depending on the areas to be sprayed and personal 
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ability, the number of application hours varied from 3 to 7.5 hours (mean: 5.2±0.3 

hours).  

 None of the farmers had any standard occupational protective equipment, but 

most wore a normal hat, masks or face-covers, long-sleeve shirts and pants. A few 

farmers wore long-boots. None of the surveyed farmers wore gloves or protective 

glasses, and tended to wear minimum protective equipment, normal clothes, when 

mixing and loading pesticides. The body surface areas of farmers was calculated using 

the percentage values reported by Graber et al, 1997 (see Figure 7.2 and Table 7.3). 

Based on the actual protective equipment that farmers used, the estimation of the 

farmer’s body areas covered by protective equipment ranged from about 65 to 85% 

(mean: 80±1.6%) (Graber et al., 1997). 
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Table 7.1 Personal details of the participant farmers 

 

Farmer ID Age 

(year) 

Gender 

(M/F)
1 

Educational Level Occupation Other than 

Farmer 

Family Income 

(USD/person/year) 

Tobaco 

Smoking 

(Y/N)
2
 

 

Weight 

(kg) 

Height 

(cm) 

Farmer 1 53 M Secondary school - 70 N 45 156 

Farmer 2 49 M Secondary school Electrical worker 200 Y 52 163 

Farmer 3 27 M Secondary school - 70 Y 53 162 

Farmer 4 30 M High school Package manufacturing 

worker 

50 Y 58 165 

Farmer 5 49 M Secondary school - 70 N 50 160 

Farmer 6 41 F Secondary school - - N 50 155 

Farmer 7 39 F Secondary school - 150 N 44 152 

Farmer 8 49 M Secondary school - 100 N 56 165 

Farmer 9 43 M High school Staff of CAC 200 N 65 172 

Farmer 10 55 M Secondary school - 30 N 49 172 

Farmer 11 52 F Secondary school - 30 N 53 160 

Farmer 12 19 M College student Student 200 N 53 175 

Farmer 13 24 M High school Pesticide retailer 200 N 56 163 

Farmer 14 59 M Secondary school - 70 N 55 160 

Farmer 15 52 M High school Staff of CAC
3 

250 N 55 167 

Farmer 16 34 F Secondary school - 70 N 60 156 

Farmer 17 46 M Secondary school Construction worker 70 N 59 165 

Farmer 18 47 F Secondary school - 200 N 45 152 
1
M = male, F = female; 

2
Y = yes, N = no;  

3
Commune Agricultural Co-operative 
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Table 7.2 Rice cultivation and chlorpyrifos application by the farmers 

 

Farmer ID Area 

of 

Rice 

Farm 

(m
2
) 

Experience 

of Rice 

Farming 

and Pesticide 

(years) 

Amount of 

Active Ingredient 

of Chlorpyrifos 

Used 

(g) 

Amount of 

Mixed-spray 

Chlorpyrifos 

 

Length of Application 

 

Personal Protective Equipment 

Number 

of tanks 

Litres
1
 

 

Hours per 

application 

Applications

per year 

Types of PPE used Estimation of 

Body Area 

covered (%)
2 

Farmer 1 3600 31 120 20 200 6 6-8 Hat, normal mask, long-sleeve shirt and pants  81.3 

Farmer 2 2700 31 96 16 160 4.5 5 Hat, normal mask, long-sleeve shirt & pants, 

long boots 

84.8 

Farmer 3 3240 12 108 18 180 7.5 9 Hat, normal mask, long-sleeve shirt & pants, 

long boots 

84.8 

Farmer 4 2880 14 96 16 160 5 12-15 Hat, normal mask, long-sleeve shirt and pants 81.3 

Farmer 5 2880 32 96 16 160 5 8 Hat, normal mask, short-sleeve shirt and long-

pants 

75.3 

Farmer 6 1620 25 54 9 90 3.5 8 Hat, face-cover, long-sleeve and pants 75.3 

Farmer 7 3960 19 132 22 220 7 6-7 Hat, face-cover, long-sleeve and pants 75.3 

Farmer 8 3600 26 120 20 200 5 7 Hat, normal mask, long-sleeve shirt and pants 81.3 

Farmer 9 2160 22 72 12 120 3 11 Hat, normal mask, standard protective clothes, 

boots 

84.8 

Farmer 10 4320 40 144 24 240 5.5 11 Hat, short-sleeve and long-pants 63.5 

Farmer 11 2700 33 96 16 160 7.5 8 Hat, normal mask, long-sleeve and pans, boots 84.8 

Farmer 12 2880 4 96 16 160 4.5 11 Hat, normal mask, long-sleeve and pans, boots 84.8 

Farmer 13 3600 4 120 20 200 6 10 Hat, normal mask, long-sleeve and pants, boots 84.8 

Farmer 14 3600 39 120 20 200 6.5 8 Hat, short-sleeve and pants 63.5 

Farmer 15 3060 20 102 17 170 3.5 11 Hat, normal mask, standard protective clothes, 

boots 

84.8 

Farmer 16 3600 18 120 20 200 6 13 Hat, face-cover, long-sleeve and pants 81.3 

Farmer 17 2880 25 93 16 160 4.5 13 Hat, normal mask, long-sleeve and pants 81.3 

Farmer 18 2520 27 90 15 150 4 14 Hat, face-cover, long-sleeve and pants, boots 84.8 
1
20 ml of Lorsbane 30EC mixed with 10 litres of water 

2
Calculated by using the percentage values reported by Graber, 1997 (see Table 7.3).
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7.3 Chlorpyrifos exposure levels with participant farmers  

7.3.1 Routes of exposure 

Chlorpyrifos entry into the human body can occur via any of the common pathways of 

exposure, : (1) ingestion of contaminated food, dust/soil, or hand-to-mouth contact; (2) 

inhalation of contaminated air; or (3) dermal absorption from skin contact with contaminated 

materials (see Figure 7.2). While ingestion of contaminated food would seem to be the major 

pathway for exposure with the general public, dermal and inhalation exposure are likely to be 

the main pathways with occupational exposure to pesticides, including chlorpyrifos. In terms 

of absorption, Nolan et al (1984) estimated that at least 70% of chlorpyrifos was recovered in 

the urine following a single oral dose, and 1.28±0.75% of an applied dose through dermal 

absorption is recovered in the urine after 24h (Nolan et al., 1984b). Dermal absorption was 

estimated at 1% in another study (Griffin et al., 1999). Although there was no direct 

measurement estimating chlorpyrifos absorption after inhalation exposure, this substance was 

generally considered to be well absorbed into the body through the lung (Geer et al., 2004).  
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Figure 7.2 Human pathways of exposure, distribution and excretion of chlorpyrifos 
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 Chlorpyrifos has been phased out for indoor and outdoor residential use in the United 

States since 2002 (Carlton et al., 2004). Thus, the primary source of exposure to chlorpyrifos 

in the United States is likely to be via residues in the diet and through agricultural 

occupational exposure. The exposure to chlorpyrifos via the diet has been infrequently 

reported in the scientific literature. Recent studies have been more focused on agricultural and 

occupational exposure to chlorpyrifos (Eaton et al., 2008). Similarly, studies on chlorpyrifos 

exposure in developing countries are also focused on exposure sources from farming activities 

and pesticide applicators (Aponso, 2002, Rodriguez et al., 2006b, Panuwet et al., 2008b).  

  In the USA, most comprehensive multi-pathway exposure assessments with 

chlorpyrifos were conducted as part of the National Human Exposure Assessment Survey 

(NHEXAS). In terms of specific pathways of exposure, the studies focused on urinary TCP 

measurement as a biomarker of chlorpyrifos, exposure through inhalation (indoor and 

outdoor), house dust and soil (dermal and oral), and diet. Urinary TCP concentration was 

found with the general population within the range from 1 to 10 µg/L. However, children (age 

6 to 18 year-olds) had twice the concentration of urinary TCP on average as compared with 

adults (Adgate et al., 2001, Berkowitz et al., 2004, Clayton et al., 2003, Hore et al., 2006, 

Morgan et al., 2005). The population exposed to chlorpyrifos through residential application 

had urinary TCP from 6 to 8 µg/L which was approximately 2 to 3 times higher than the 

background level. Farmers, who applied chlorpyrifos, had urinary TCP twofold greater than 

the background level on average (Curwin et al., 2007a, Alexander et al., 2006a).  

 Regarding inhalation exposure, the study of NHEXAS - Minnesota Children's 

Pesticide Exposure Study (NHEXAS-MNCPES) evaluated the indoor air exposure 

concentration of chlorpyrifos (by both area and personal air samplers) as having a median of 

1.7 ng/m
3
 with 90% of samples collected having less than 16 ng/m

3
(Eaton et al., 2008). There 

was no difference in indoor air concentration between agricultural households and reference 

urban households with concentration of 2 to 4 ng/m
3
(Lu et al., 2004). Indoor air 

concentrations have been reported with 10% of outdoor air samples over the detection limit, 

and the air concentration of 90
th

 percentile was 0.07 ng/m
3
(Clayton et al., 2003).  

 Dermal and oral exposure from house dust and soil, have been reported by several 

studies which considered house dust as a potential pathway especially for children of farm 

families (Eaton et al., 2008). Fenske et al (2002) found that house dust concentrations of 

chlorpyrifos were highest among applicator homes (400 ng/g), followed by farmer’s 

households (300 ng/g), and then non-agricultural homes (100 ng/g)(Fenske et al., 2002). 

However no correlation between dust and soil concentration of chlorpyrifos and children’s 

urinary TCP concentration was reported. Chlorpyirifos exposure from food, was evaluated in 
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the 2003 Total Diet Study (FDA, 2005) which warned that chlorpyrifos-methyl and 

chlorpyrifos ranked 4
th

 and 5
th

, respectively among the 18 pesticides found in  food samples 

(1049) collected in 2003, and the range of concentrations found was 0.5 to 92 and from 0.2 to 

110 µg/g. The estimated of average daily intake of chlorpyrifos from foods was 0.005 µg/kg/d 

for 70-kg adults, 0.009 µg/kg/d for infants (10 kg) and 0.014 µg/kg/d for toddlers (2 kg) 

(Eaton et al., 2008). 

7.3.2 Baseline exposure levels of chlorpyrifos with participant farmers 
(ADDB) 

  The chlorpyrifos ADDB was estimated from urinary TCP concentration for seven 

days prior to application and for two days after the 5 day period of post-application of 

pesticides, making a total of 108 samples. Urinary TCP concentration returned to the baseline 

values after the 5 day period of post-application (see Section 6.3). The chlorpyrifos ADDB 

among rice farmers ranged from 0.03 to 1.98 µg/kg/d with a mean of 0.24µg/kg/d. There were 

no statistically significant differences in the means of ADDB categorized by gender, age, 

educational levels, and smoking activity. In addition, information on rice cultivation and 

pesticide application such as working experience, farm areas, pesticide-applications/year did 

not show significant differences (p-values>0.05).  

 

 

 
Figure 7. 3 Baseline chlorpyrifos Absorbed Daily Dose (ADDB) over the days prior to application (Application 

day is 0) 
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Levels of ADDB over the days prior to the application are shown in Figure 7.3. The 

means of ADDB among rice farmers within 7 days prior to the application ranged from 0.06 to 

1.98 µg/kg/d, and results of the ANOVA test found no statistically significant differences in 

the means compared with the 6 days prior to application (p-value, 0.7). However, the mean 

(0.9 µg/kg/d) and maximum (1.98 µg/kg/d) values of ADDB at the day prior to application 

were significantly higher than those of the other days (from Day 2 to Day 7, mean range: 

0.11-0.38 µg/kg/d; maximum range: 0.12-0.65 µg/kg/d). The possible explanation for this 

elevated urinary TCP level could be the farmers’ use of pesticides outside of their main crops 

(Farahat et al., 2011). In addition, some of the farmers were exposed to chlorpyrifos through 

purchase and preparation of chlorpyrifos for the spraying missions on the next day.  

 A comparison of minimum, maximum, and median of baseline exposure to 

chlorpyrifos between Vietnamese farmers and farmers from some other countries is presented 

in Figure 7.4. In general, the median value of ADDB among Vietnamese farmers 

(0.13µg/kg/d) is similar to that of farmers observed in some other developing countries 

(Nicaragua, Sri-Lanka, and Thailand). However, the maximum value with Vietnamese 

farmers (2µg/kg/d) was the highest, and the range of the ADDB (0.03 to 2 µg/kg/d) varied the 

most from the minimum to the maximum value. In the comparison with the baseline levels 

observed in USA farmers, the minimum and median values were similar to these of USA 

farmers (0.17 and 0.03 µg/kg/d, respectively), but the maximum value of Vietnamese farmers 

was higher than that of USA farmers (1.3 µg/kg/d). The maximum value among Vietnamese 

farmers was observed on the day prior to application, so this might relate to preparation for 

spray activities as discussed above. 

 
Figure 7. 4 Comparison of baseline chlorpyrifos Absorbed Daily Dose (ADDB) reported for farmers from 

different countries. Source: (Panuwet et al., 2008b, Aponso, 2002, Alexander et al., 2007, Rodriguez et al., 

2006b) 
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The CPD of ADDB is presented in Figure 7.5. A regression line was fitted for the 

values from 5 to 95% cumulative frequency (r
2
=0.87) with the regression equation as below:  

 

                                                      Equation 7.1  

 

where, CF is cumulative frequency (%) 

The median at the 50
th

 percentile (0.13 µg/kg/d) was significantly different from mean 

(0.24 µg/kg/d), because of the skewed distribution of ADDB towards the higher 

concentrations. The 95
th

 percentile was 0.55 µg/kg/d, and 5
th

 percentile of doses was 0.03 

µg/kg/d. There were two values above 95
th

 percentile (1.7 and 1.9 µg/kg/d), but none with 

doses below the 5
th

 percentile.  

 

Figure 7. 5 Baseline chlorpyrifos Absorbed Daily Dose (ADDB) of Vietnamese farmers 
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7.3.3 Post-application exposure levels of chlorpyrifos with rice farmers 
(ADDA) 

Estimation of chlorpyrifos ADDA in participant farmers 

 The post-application exposure levels of chlorpyrifos (ADDA) were estimated from 

urinary TCP concentrations for 5 days (120 hours post-application), comprising the 

application day and four consecutive days following the application. The ADDA ranged from 

0.35 µg/kg/d to 94 µg/kg/d with a mean of 19.4 µg/kg/d, which is about 80 times higher than 

the mean value of ADDB (0.24 µg/kg/d).    

 

Change in ADDA with post-application time 

 

Figure 7.6 Chlorpyrifos ADDA over the pesticide post-application period 
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2006b) which demonstrated that the urinary TCP and chlopryrifos internal doses were highest 

at about 24 hours post-application. However, the time for chlorpyrifos ADDA as represented 

by urinary TCP to decline to the baseline level is in accordance with that observed in previous 

studies. With the Sri-Lanka and USA farmers this decline to baseline occurs in about 96 hours 

(Aponso, 2002, Alexander et al., 2006a, Rodriguez et al., 2006b)). In addition, a recent study 

(Farahat et al., 2011) indicated that urinary TCP concentrations returned to the baseline level 

in excess of 168 hours post-application among Egyptian cotton farmers. However, all of these 

findings are to be expected, based on the half-life for urinary TCP elimination of 26.9 hours 

reported by Nolan et al (1984). If we assume first order kinetics then four half life periods 

would reduce the maximum value to between 3% and 6% of the peak value. Thus the baseline 

would be reported at 3 to 6% of the maximum corresponding with a time period from 108 to 

135 hours. This figure is in reasonable agreement with the periods reported above. 

Relationship of ADDA with exposure factors  

A wide variation in exposure levels was observed among the pesticide applicators and 

was shown in many cases to be related to the Exposure Factors. These included the biological 

characteristics of the applicators such as age, smoking during application, educational levels. 

Additional factors were pesticide handling practices and application procedure and methods 

including field sizes, type of crops, type of spraying equipment, number of pesticide loads as 

well as use, duration of applications, spills, and use of personal protective equipment 

(Alexander et al., 2007, Aponso, 2002, Panuwet et al., 2008b). In addition, the formulations 

of chlorpyrifos used were also considered as a possible key predictor of chlorpyrifos exposure 

due to the potential for absorption of liquid formulation through the skin (Alexander et al., 

2007). 

  

Table 7.3 Calculation of percent covered by clothing during application of chlorpyrifos 

Protective clothing used Body Coverage (%) 

Short-sleeved shirt and covered up-to the knee 55 

Long-sleeved shirt and covered up-to the knee 61 

Short-sleeved shirt and long pans 71 

Long-sleeved shirt and long pans 77 

Hat 2.5 

Gloves 5 

Face cover 1.8 

    Source: Aponso, 2002.  
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Several factors were involved in evaluating the relationship between ADDA and 

exposure variables, included: amount of chlorpyrifos used (CHLORPYRIFOS: gram), body 

coverage (BC: %), length of application (LA: hours), experience in pesticide application (E: 

years), age (AGE: year-old), Body Mass Index (BMI), gender (GENDER: male, female), and 

educational levels (EDUCATION: secondary or higher). First, the correlation coefficient (r) 

was applied to measure the association between ADDA and continuous variables. The t-test 

was applied for mean comparison with nominal variables. Second, the variables significantly 

associated with ADDA were selected for multivariate regression analysis in order to evaluate 

the best model of the relationship between ADDA and Exposure Factors. Finally, the 

contribution of significant exposure factors was evaluated by dummy variables in regression 

analyses.  

 The correlation coefficients (r) of the association between ADDA and exposure 

variables are presented in Table 7.4. The results indicate that Body Coverage (negative), 

Chlorpyrifos (positive), and Length of Application (positive) were highly correlated with 

ADDA (r, -0.85, 0.69, and 0.69 respectively). Experience was correlated with ADDA at a 

medium level (r, 0.52). In contrast, Age and Body Mass Index were weaklly associated with 

ADDA (r, 0.43 and -0.42 respectively). Among exposure variables, the amount of chlorpyrifos 

used was highly positively correlated with length of application (r, 0.83), similarly high 

positive correlation was also seen with the both of age and experience in pesticide application 

(r, 0.9). It is noteworthy that experience in working with pesticides had a medium negative 

correlation with Body Coverage (r, -0.5).  

 A comparison of mean ADDA by gender shows that male farmers had a higher 

exposure to chlorpyrifos (20.6 µg/kg/d) than female farmers (17.4 µg/kg/d) however it was 

not statistically significant (p, 0.8). In contrast, the mean ADDA of farmers, who had higher 

secondary education (4.9µg/kg/d), was significantly less than that of farmers who had 

secondary or lower education (25.4 µg/kg/d).  

 Based on this evaluation, the exposure variables which were selected for multivariate 

regression analyses consisted of Body Coverage, Chlorpyrifos, Length of Application, 

Experience in pesticide application, and Educational Levels. The general model of 

multivariate regression is given below: 

 

                                     Equation 7.2 

 



142 

 

where, Y is ADDA (µg/kg/d); X1, body coverage (BC: %); X2, amount of chlorpyrifos used 

(CHLORPYRIFOS: gram); X3, length of application (LA: hours); X4, experience in pesticide 

application (E: years); X5, educational levels (EDUCATION: secondary=1 or higher=2).  

 A stepwise regression procedure was applied to select the best regression equation, in 

which the selection procedure started from the variable “BC”, that is the highest factor 

correlated with ADDA. A summary result of the regression models is presented in Table 7.5. 

The results indicate that the best regression model (Model 2) consisted of variables BC and 

CHLORPYRIFOS (overall F test, 56.6; R
2
, 0.88) and is expressed by the following equation: 

 

    –        Equation 7.3



143 

 

Table 7. 4 The correlation coefficients (r) of ADDA and exposure factors 

 

 ADD 

(µg/kg/d) 

CHLORPYRIFOS 

(gram) 

BODY 

COVERAGE 

(%) 

LENGTH OF 

APPLICATION 

(hours) 

EXPERIENCE 

(years) 

AGE 

(year) 

BMI*
 

 

ADD (µg/kg/d) 1  

     

 

CHLORPYRIFOS(g) 0.69 1 
     

 

BODY  

COVERAGE (%) -0.85 -0.39 1 

    

 

LENGTH OF 

APPLICATION (hr) 0.69 0.83 -0.49 1 

   

 

EXPERIENCE(year) 0.52 0.11 -0.59 0.1 1 
  

 

AGE(year) 0.43 0.11 -0.45 -0.026 0.93 1 
 

 

BMI
* -0.42 -0.24 0.2 -0.19 -0.14 -0.11 

1 

*BMI = Weight (kg)/Height
2
 (m))
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 This regression equation shows strong evidence for a statistical relationship 

between ADDA and the amount of chlorpyrifos active ingredient used (Chlorpyrifos) 

(p<0.05). The mean ADDA increased by 0.48 µg/kg/d per gram of chlorpyrifos used. 

This result agrees with the linear regression between ADDA and chlorpyrifos used. This 

value was five times higher than that observed in a similar study conducted with Sri-

Lanka farmers (0.09 µg/kg/d per gram of chlorpyrifos applied) (Aponso, 2002).  

 In terms of personal protective equipment related to levels of chlorpyrifos 

exposure, the results found a statistically significant association between ADDA and 

percent of Body Coverage of the participant farmers during application of chlorpyrifos 

(p<0.05). The model indicates that ADDA decreased by 2.4µg/kg/d per increase of 1% 

of body coverage.  

 A regression analysis using dummy variables was applied to evaluate the 

significance of the contribution of Personal Protective Equipment in reducing 

chlopryirfos exposure (ADDA). The general regression model used is shown below: 

 

ADDA         Equation 7.4   

         

where, CHLORPYRIFOS is amount of chlorpyrifos used (g); HAT, wearing hat (1 if 

wearing hat, 0 otherwise); MASK, wearing mask or face cover (1 if wearing mask, 0 

otherwise); LONGSLEEVES, wearing sleeve long shirt (1 if wearing long-sleeve shirt, 

0 otherwise); LONGPANTS, wearing long pants (1 if wearing long-pants, 0 otherwise); 

BOOTS, wearing boots (1 if wearing boots, 0 otherwise). The results of the regression 

analysis are summarized in Table 7.6, and the regression equation is shown below: 

 

– – –          

Equation 7.5   

         

 The results indicate that wearing a long sleeved shirt is significantly associated 

with a decrease in the mean ADDA as compared to a short-sleeve shirt (p<0.03). A 

mean decrease in ADDA of 13.5 µg/kg/d was observed for the farmers who wore boots 

over those who used normal shoes however, this is not a statistically significant 

difference (p=0.08).  
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Table 7.5 Summary of multivariate regression models with chlorpyrifos ADDA 

 

Model Variables Used  Estimated 

Coefficients 

p value of Partial t-Statistics 

 

Overall F Statistics  

R
2
 

 

1 

Intercept (βo) 

BC (X1) 

261.8 

-3 

2.7E-06 

6.6E-06 

 

43  

 

0.73 

 

2 

Intercept (βo) 

BC 

CHLORPYRIFOS (X2) 

163.2 

-2.4 

0.48 

0.2E-03 

3.5E-06 

0.4E-03 

 

56.6  

 

0.88 

 

3 

Intercept (βo) 

BC 

CHLORPYRIFOS 

LA (X3) 

163.5 

-2.4 

0.49 

-0.1 

0.5E-03 

1.35E-05 

0.02 

0.9 

 

35.2  

 

0.88 

 

4 

Intercept (βo) 

BC 

CHLORPYRIFOS 

E (X4) 

135.5 

-2.1 

0.5 

0.25 

0.008 

0.2E-03 

0.5E-03 

0.4 

 

37.9 

 

0.89 

 

5 

Intercept (βo) 

BC 

CHLORPYRIFOS 

EDUCATION (X5) 

161.7 

-2.4 

0.48 

-1.6 

0.3E-03 

1.7E-05 

0.7E-03 

0.7 

 

35.6 

 

0.88 

 

6 

Intercept (βo) 

BC 

CHLORPYRIFOS 

LA 

E  

EDUCATION 

113.3 

-2.0 

0.43 

1.86 

0.43 

3.3 

 

0.002 

0.07 

0.7 

0.35 

0.6 

 

 

19.9 

 

 

0.89 
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Table 7.6 Summary results of regression model using dummy variables of Personal Protective Equipment 

 

  Coefficients 

Standard 

Error t Stat P-value Lower 95% Upper 95% 

 

Intercept -12.4 21.1 -0.6 0.6 -57.7 32.9 

CHLORPYRIFOS 0.6 0.2 3.4 0.004 0.2 0.9 

LONGSCLEEVE -23.9 9.6 -2.5 0.03 -44.5 -3.4 

BOOTS -13.5 7.1 -1.9 0.08 -28.6 1.7 
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Probabilistic distribution of ADDA 

 The cumulative frequency plot of chlorpyrifos ADDA is presented in Figure 7.7. 

The median (50
th

) value (9 µg/kg/d) was significantly different from the mean (19.4 

µg/kg/d) due to the skewed distribution of the ADDA. The 5
th

 percentile of exposure 

dose was 0.8 µg/kg/d, and there was only one exposure value falling below this level. 

Also, only one value was at or above the 95
th

 percentile of exposure to chlorpyrifos 

ADDA, which was 97.7µg/kg/d. The regression line had a high correlation coefficient 

(r
2
, 0.94) between the 5% and 95% cumulative frequencies with the regression equation 

below  

 

  CF (%) = 42.8 log(ADDA) + 9.5    Equation 7.6 

 

 

 

 

Figure 7.7 CPD of ADDA. 
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increased at higher values. The high exposure level at the 95
th

 percentile value of ADDA 

(97.7 µg/kg/d) is about 116 times higher than that of ADDB (0.84 µg/kg/d), whereas the 

5
th

 percentile of ADDA (0.8 µg/kg/d) is about 32 times higher than that of ADDB (0.025 

µg/kg/d). The largest differences between ADDA and ADDB values were seen from the 

30
th 

to
 
90

th
 percentiles with the differences ranging from 72 to 155 times.  This could be 

explained by the much greater variance of single-event post-application exposure levels 

compared to the baseline exposure levels among farmers (sample variance: 6x10
-4

 and 

1.8x10
-7

 respectively). Moreover, the baseline exposure levels are considered to be from 

daily consumption of food. Dietary intake of food is comparatively similar on a day to 

day basis, so these levels are more consistent than the application exposure levels. 

These application exposure levels depend on a variety of factors such as chlorpyrifos 

amount used, body coverage, length of application, etc.  

 

Figure 7.8 CFD of ADDB and ADDA 

 

 The lowest levels of ADDA overlapped with the highest level of ADDB at 

exposure levels from 0.6 to 0.8 µg/kg/d which in the range of the 92
nd 

to 100
th

 percentile 

of ADDB and zero to 5
th

 percentile of ADDA. This means that the baseline level in some 

farmers was similar to the post application level in others. This could result from the 

fact that a few farmers conducted spraying activities to only a small extent. 

Comparison of ADDA to chlorpyrifos exposure levels of other countries 

The exposure data reported in other previous investigations using similar methods of 

biological monitoring for chlorpyrifos among pesticide applicators was compared with 

the chlorpyrifos exposure levels found in this study (see Table 7.7). Initially the levels 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

0.01 0.1 1 10 100 

C
U

M
M

U
LA

TI
V

E 
FR

EQ
U

EN
C

Y
 (

%
) 

CHLORPYRIFOS ABSORBED DAILY DOSE (µg/kg/d)  

50% 

95% 

5% 

CF(%) = 70.8 Log(ADDB) + 
113.6 

R² = 0.87 

CF(%) = 42.8 Log(ADDB) + 
9.5 

R² = 0.93 

ADDB 

 

ADDA 

 



149 

 

of urinary TCP reported in these investigations were converted to chlorpyrifos ADD 

following the estimation procedure described in Chapter 4 (Section 4.3.3). Some factors 

involved the use of data such as human height and weight for different countries which 

were obtained from the Wikipedia website (Wikipedia, 2009) and US EPA Exposure 

Factor HandBook (US EPA, 1997). Median, minimum, and maximum of chlorpyrifos 

ADDA were estimated and the results compared Vietnamese farmers with pesticide 

applicators of several other countries (see Figure 7.9). 

 

Table 7.7 Publications used to derive exposure data 

 

Country Year Study subjects Reported Exposure Data
 

References 

Sri-Lanka 2002 Farmers 

(n=19) 

Internal dose
1
:  

0.0021-0.0084 mg/kg 

(Aponso, 2002) 

Nicaragua 2006 Farmers 

(n=7) 

Urinary TCP
2
: 

0.31 - 145µg/L 

(Rodriguez et al., 

2006b) 

United State 

of America 

2006 Farmers 

(n=34) 

Urinary TCP
3
: 

0.6 – 121.1 µg/g creatinine 

(Alexander et al., 

2006a) 

United State 

of America 

2001 Termiticide applicators  

(n=41) 

Urinary TCP: 

9.42-1960 µg/g creatinine 

(Hines and 

Deddens, 2001) 

Australia 2004 Termiticide applicators 

(n=19) 

Urinary TCP: 

30-1145 µg/g creatinine 

(M.P.S. Catani, 

2004) 
1
from pre-application to 96-hour post-application; 

2
from pre-application to 34-hour post-application;  

3
from pre-application to 3-day post-application 

 

 

The highest exposure levels for both the median and maximum values were found 

among termiticide applicators and pesticide workers in USA (see Figure 7.9). The 

termite control applicators were found to have much higher exposure levels to 

chlorpyrifos than farmers. This is probably due to the more frequent occasions of work-

related exposure among termiticide applicators and workers than for farmers. 

Termiticide applicators and workers often apply chlorpyrifos on a daily basis; whereas, 

the majority of farmers are reported to apply chlorpyrifos on no more than fifteen days 

per year (see Table 7.2). Moreover, termiticide applicators and workers have contact 

with chlopryifos in the indoor environment where there is less chance of pesticide 

dispersal. 
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Figure 7.9 Comparison of Chlorpyrifos ADDA derived from the data reported for farmers and others from 

different countries 

 

 

The median exposure level in farmers of developing countries such as Vietnam, Sri-

Lanka, and Nicaragua (9, 5.3, and 18.7 µg/kg/d respectively) were higher than that of 

USA farmers (2.5µg/kg/d) (see Table 7.7 and Figure 7.9). The USA farmers had the 

lowest exposure level, probably because the application methods used were mechanized 

with spraying machines and spraying aircraft. Whereas, back-pack sprays were the most 

common method in developing countries which result in the applicator being exposed to 

high levels of spray drift.  

In comparison with the findings of a similar study conducted in Sri-Lanka by 

Aponso (2002) the mean and maximum exposure levels of Vietnamese rice farmers 

(19.4 and 94 µg/kg/d) were significantly higher than those of Sri-Lankan farmers (5.5 

and 8.4 µg/kg/d) (p value, 0.01) (see Figure 7.9). The range of exposure levels among 

Vietnamese farmers (0.4-94 µg/kg/d) was much wider than that of Sri-Lanka farmers 

(2.1 to 8.4 µg/kg/d). However these differences might have resulted from the different 

methods used in the investigations. First, the research subjects in the Vietnamese study 

were rice farmers while in the Sri-Lanka study they were fruit farmers, so the intensity 

of chlorpyrifos application would be expected to be different in the two studies. Urinary 

TCP of Vietnamese farmers was measured by solvent extraction, with prior enzyme 

treatment and followed by HPLC-MS/MS analysis. This method was found to have a 

lower limit of detection (LOD) than the analytical method used in the Sri-Lanka study.  
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The mean and maximum post-application Absorbed Daily Doses (17 and 107 

µg/kg/d) were estimated from the urinary TCP values of Nicaraguan farmers reported in 

a similar study conducted by Rodriguez et al (2006). They are also different from 

corresponding data found in Vietnamese study (19 and 94 µg/kg/d). However it is 

noteworthy that there were some differences in research methodology. First, the 

research subjects in the Nicaraguan study were corn and banana farmers and not rice 

farmers. Second, Nicaraguan farmers also collected void urine samples at specific 

sampling times but not 24-hour urine samples, and these urine samples were only 

collected until 34 hours post-application. Third, although the analytical method was not 

described in the publication the LOD for TCP (0.31µg/L) was greater than the value 

(0.6µg/L) reported using prior enzymatic treatment and extraction followed by HPLC-

MS/MS analysis in this Vietnamese study.  

7.3.4 Total exposure levels of chlorpyrifos with rice farmers (ADDT) 

The post-application exposure dose (ADDA) was estimated by the sum of the 

TCP excreted from 0 (the application day) to 120-hours post-application as described in 

Chapter 4 (Section 4.3). The total exposure dose (ADDT) was the sum of post-

application exposure dose and baseline exposure dose (ADDA+ ADDB). The ADDT 

ranged from 0.4 to 94.2 µg/kg/d with a mean of 19.7 µg/kg/d, which is slightly higher 

than the mean values of ADDA (19.4 µg/kg/d).    

 A comparison between ADDA and ADDT is shown in Table 7.8. The results 

indicate that there is a small difference between ADDT and ADDA values (% Difference 

= 0.1 to 4.5%), and the difference between the means of ADDT (19.7 µg/kg/d) and 

ADDA (19.4 µg/kg/d) was not statistically significant (p-value, 0.9). 

 CFD plot of ADDT is shown in Figure 7.10. The median of ADDT (9.3 µg/kg/d) 

was about 2 times less than the mean value (19.7 µg/kg/d), resulting from the skewed 

distribution of ADDT. The 5
th

 percentile of ADDT occurs at 0.9 µg/kg/d while the 95
th

 

percentile occurs at 97.8 µg/kg/d. The regression line was found to have a high 

correlation between the 5% to 95% cumulative frequency with the variability of ADDA 

(r
2
=0.94). The equation is shown below: 

 

                                       Equation 7.7
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Table 7.8 The percentage difference between ADDA and ADDT 

 

Farmer 

ADDB 

(µg/kg/d) 

ADDA 

(µg/kg/d) 

ADDT 

(µg/kg/d) 

% Difference between 

ADDA and ADDT
* 

F1 0.05 0.35 0.4 3.3 

F2 0.07 1.6 1.7 1.5 

F3 0.07 6.2 6.3 0.4 

F4 0.07 7.2 7.3 0.3 

F5 0.07 7.8 7.9 0.3 

F6 0.08 94 94.2 0.1 

F7 0.09 19.7 19.8 0.1 

F8 0.1 13.5 13.6 0.2 

F9 0.1 5.3 5.4 0.5 

F10 0.17 49.2 49.4 0.1 

F11 0.19 7.6 7.8 0.6 

F12 0.2 15.1 15.3 0.3 

F13 0.21 51.4 51.6 0.1 

F14 0.22 1.4 1.6 3.3 

F15 0.27 1.5 1.8 4.5 

F16 0.5 36.8 37.3 0.3 

F17 0.5 8.2 8.7 1.5 

F18 1.98 22.7 24.7 2.1 

Mean 0.24 19.4 19.7  
 

*
% Difference = [(ADDT-ADDA)/[( ADDA+ADDT)/2]*100 

 

 

 

 

 

Figure 7.10 CFD plots of total exposure to chlorpyrifos, (ADDT) of Vietnamese farmers. 
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7.3.5 Lifetime Average Daily Dose (LADD) 

 The Lifetime Average Daily Dose of chlorpyrifos with participant farmers, was 

estimated based on the baseline exposure levels, or the same ADDB values reported in 

Section 7.3.2, since the multiplication of exposure duration (ED: 70 years) and exposure 

frequency (EF: 365 days/ per year) is the same as the average time of life (AT, 70 yrs x 

365 days). 

 The LADDE for chlorpyrifos exposure with participant farmers was based on the 

assumption that the farmers sprayed the same amount of chlorpyrifos for every spray 

event. It was estimated from ADDA and ADDB using the equation described in Chapter 

4 (Section 4.3.3). The LADDE ranged from 0.05 to 4.2 µg/kg/d with a mean of 0.7 

µg/kg/d, and the cumulative frequency distribution plot of LADDE is shown in Figure 

7.11. The median of LADDE at the 50
th

 percentile (0.31µg/kg/d) was about half the 

mean value, also resulting from a skew distribution of the LADDE. The 5
th

 percentile of 

LADDE was at 0.05 µg/kg/d, and the 95
th

 percentile of LADDE occurred at 2.14 

µg/kg/d. The regression line for log LADDE was shown to have a high correlation with 

the cumulative frequency of LADDE (r
2
=0.95). The regression equation is shown 

below: 

 

                                   Equation 7.8  

 

 The slope of the LADDE linear regression line is similar to that of the equivalent 

line for ADDA (20.6 and 18.6 respectively). The differences between ADDA and 

LADDE at the 5
th

, 50
th

 and 95
th

 percentiles were nearly the same as the value of ADDA 

at 100 times higher than LADDE value (see Figure 7.12). There was an overlap between 

LADDE and ADDA in the range of 0.6 to 1.6µg/kg/d, which occurred within the 80
th

 - 

100
th

 percentile of LADDE.  
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Figure 7.11 Lifetime Average Daily Dose of Chlorpyrifos (LADDE) exposure of participant 

farmers. 

 

 

 

 
 

Figure 7.12 Average Daily Dose after application (ADDA) and Lifetime Average Daily 

Exposure Dose (LADDE) of of participant farmers Chlorpyrifos 
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generic risk assessment models recommended by the World Health Organization 

(WHO, 2011b). The general equation for calculating PDD is expressed as follows:            
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                         Equation 7.9 

 

                                                                       

where, C is concentration of toxicant in exposure media; CR, contact rate; CF, contact 

fraction; ED, exposure duration; BW, body weight; AT, averaging time.  

 The PDD of chlorpyrifos with participant farmers in this study was estimated 

from dermal and inhalation doses during mixing, loading and spraying. The equation is 

shown below: 

 

                       Equation 7.10 

 

where, PDD is predicted daily dose; DPDDM/L, dermal predicted daily dose from 

mixing and loading; DPDDS, dermal predicted daily dose from spraying; IPDDS, 

inhalation predicted daily dose from spraying. 

Dermal doses 

Mixing and loading chlorpyrifos 

 Farmers use liquid package of Lorsbane a 20 ml, containing 300 mg/ml of 

chlorpyrifos, to make up a 10 L spray mixture (0.6g/ml) in a back pack. The sealed 

package is cut and contents poured by hand through a wide mouthed inlet on the top of 

a back pack containing 5 L of water. Another 5L of water is added to the back pack to 

make up 10 L of spray mix. Residual liquid concentrate in the package is washed with 

water into the back pack. The back pack is then screw capped and mixed. 

 It is assumed that 0.1 ml of diluted residual concentrate (1:10 ratio i.e. 30 

mg/ml) is deposited on the hands during transfer of residual washings each time a 10 L 

spray mixture is prepared. Direct contact with the concentrate (300 mg/ml) during 

cutting and pouring of the 20 ml package is considered to be a low probability event 

because of the ease of cutting and transfer through the wide mouth of the back pack 

inlet. However, accidental spillage of concentrate and skin contact is likely to result in 

significant dermal intake above the average ADD reported by biological monitoring. 

This is unlikely to occur each time a 10L spray mix is prepared. 
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                  Equation 7.11                                                                                                    

                                        

                                  =   

 

                                  =   0.0096 mg/kg/day or 9.6 µg/kg/day 

 

where, VFDermal is volume of formulation on the hands, 0.1ml from Table 4 (WHO, 

2011) from mixing and loading 10L; CF, Concentration (30 mg/ml) of diluted residual 

concentrate in washings from concentrate package (20 ml); PPE, Personal protection 

equipment, a factor of 1 is used because no hand protection is assumed; AbsD, Dermal 

absorption rate for chlorpyrifos is assumed to be 1% or 0.01; EF, Exposure frequency is 

17,  the average number of mixing and loading operations by a farmer for 10 L batches 

of spray mixture (back pack) used to treat rice crops during an application day; BW, 

Body weight of farmer, 53 kg; AT, Average time for spraying is one day.                              

Spraying operation 

          The spraying operation by a farmer (53 kg) involved an average of 172 L of spray 

mixture (0.6mg ai/ml) over an average period of 5.2 hours. The dermal absorption factor 

was assumed to be 1% (0.01) for exposed areas of skin. The body coverage is taken to 

be 0.8, or 0.2 as exposed skin based on field observations. The total body area is 

assumed to be 1.54 m
2
. 

          The quantity of chlorpyrifos deposited on the exposed skin area (PPE) of a farmer 

was calculated using a dermal deposition factor (DF = 0.16 µg/m
2
/g chlorpyrifos) 

multiplied by the quantity of chlorpyrifos (g) sprayed in 172 L (EF). The absorbed 

dermal dose AbsD with factor of 1% (0.01) is assumed to apply to the exposed skin area 

only.  

 

                                      Equation 7.11                                                                                                    

 

 

                                    0.16 ug/cm
2
/g ai. x (1.54 m

2
 x 10,000 x 0.20) x 0.01 x (6g/10L x 172L)                              

                            =                          

                                                              53kg x 1 day 

 

                           =   0.0096 mg/kg/day or 9.6 µg/kg/day 

 

 

where, DDF, Dermal Deposition Factor was estimated from the study (Aponso, 2002) 

spraying chlorpyrifos (knapsacks) on vine crops growing on trellises. The calculated 
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dermal deposition on exposed skin was based on the measured average internal dose 

(total internal dose 512 µg for an average farmer body weight of 69.3 kg) by biological 

monitoring and a dermal absorption factor of 0.01. The internal dose was assumed to be 

derived from dermal absorption over a period of 8 hours, from the start of spraying to 

the later wash down of the skin by the farmers. The average quantity of chlorpyrifos 

sprayed by farmers was 58.82 g. The DDF factor was calculated by assuming the 

exposed skin area was equivalent to 30% (0.3) of the body area (1.818m
2
,standard man 

70 kg) i.e. 5454 cm
2
 (51,246 µg /5454 cm

2
 = 9.4 ug/cm

2
. The factor was adjusted to 

take into account the quantity of chlorpyrifos sprayed (9.4 µg/cm
2
 / 58.82 g = 0.16 

µg/cm
2
/g). 

Inhalation dose 

 The absorbed dose of chlorpyrifos during spraying from air by inhalation 

depends on the concentration in air, the rate and duration of inhalation and absorption 

via the lungs. For chlorpyrifos, the rate of absorption via the lungs is assumed to be 

100%.  

 

       

Equation 7.11 

                                                                    0.6 mg/ml x 6000 ml x 0.01   

                                                            = 

                                                                                     720 m
3
 

 

                                                            =      0.05 mg/m
3
 or 50 µg/m

3 

 

Where; CF is concentration of chlorpyrifos in the spray mixture (0.6mg/ml); AC, 

application concentration is taken to be the quantity of spray mixture released into a 

volume of outside air. In this case, 6 L (6000ml) of spray mixture was applied per 

Vietnamese acre (360m
2
). The airshed volume (V) for the farmer during spraying is 

assumed to be 360m
2
 x 2 m high =720m

3
; DR, diluted rate. During spraying it is 

assumed 1% of the spray mist containing the chlorpyrifos remains in the air after a 

dilution ratio of 1:100. This ratio is assumed for outdoor residential fogging for insect 

control in a given volume of air.           

             The predicted inhalation dose for total spraying of rice crop is then calculated 

from the predicted concentration in air (0.05mg/m
3
), assuming this is the average 

concentration for spraying, multiplied by the rate of inhalation (IR) (1.5 m
3
/h for 
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moderate activity during spraying) and the exposure time (ET) for the day (average 5.2 

hours). The body weight of farmer is taken to be 53kg. 

                    Equation 7.12
 

                                     =          0.05 mg/m
3
 x 1.5 m

3
/h x 5.2 h 

                                                                  53 kg x day 

 

                                                           =    0.0074 mg/kg/day or 7 µg/kg/m
3 

 

where, AC isair concentration of chlorpyrifos (0.05 mg/m
3
); IR, inhalation rate (1.5 

m
3
/h for moderate activity during spraying); ET, exposure time for the day (average 5.2 

hours); and body weight (average 53 kg).  

Predicted Daily Dose (PDD) of chlorpyrifos for participant farmers 

 The daily predicted dose of chlorpyrifos (PDD) from dermal absorption and 

inhalation during average spraying application was estimated by combining the above 

doses as expressed in Equation 7.10. This predicted value (26 µg/kg/d) for a 53 kg 

farmer is slightly higher than the average absorbed daily dose (ADDA, 20 µg/kg/d) 

obtained from the biological monitoring of the participant farmers during the field study 

in Vietnam. 

Validation of modelling 

 The exposure modelling can be compared with (1) the ADD estimated from the 

biological modelling for the Vietnamese farmers from field study results and (2) air 

exposure levels measured for chlorpyrifos from a Thai study of rice farmers (Kongtip et 

al, 2009) similar to Vietnam. The results for the ADD calculations are discussed in 

Chapter 7 and the average ADDA compares well to the predicted average daily dose for 

dermal and inhalation modelling. The inhalation exposure is considered below. 

Inhalation exposure for chlorpyrifos among Thai rice farmers 

 Kongtip et al (2009) studied chlorpyrifos exposure among a group of 31 rice 

farmers in Thailand. The average chlorpyrifos exposure from air for the rice farmers 

was measured by breathing zone sampling to be 0.062+/- 0.092 mg/m
3
. If an average air 

concentration of 0.062 mg/m
3
 was applied to the Vietnamese rice farmers, the 

equivalent predicted daily dose for inhalation would be equal to 0.012mg/kg/day or 

10.2ug/kg/day. This value is similar to the 8.2ug/kg/day predicted for the Vietnamese 

rice farmers. Higher application rates (80g or less per 0.16ha for 58% of farmers and up 
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to 130g or more for the rest) for chlorpyrifos are indicated in the Thai study although 

daily hours worked for most farmers were reported to be 3 hours or less. The 

concentrations in air for the Vietnamese farmers may be lower but the level predicted by 

the exposure model (0.05mg/m
3
) is consistent with the average ADDA estimated by the 

biological monitoring.  

Dermal exposure 

 Predicted skin absorption from contact with 0.1ml of concentrate (300 mg/ml) 

would be equivalent to 5µg/kg/day or 25µg/kg/day for 0.5ml of concentrate. This 

illustrates the significance of skin contact with the concentrate and the potential to cause 

much higher ADD values than may occur from inhalation and skin contact during 

spraying. The mixing and loading intake of chlorpyrifos is likely to be quite variable 

between farmers. The dermal deposition factor is likely to be conservative because the 

Aponso et al (2002) study did not measure inhalation of chlorpyrifos. The internal dose 

was assumed to be due to dermal absorption through exposed skin at 1%. The exposed 

skin proportion in the Aponso et al study was also assumed to be 30% based on the 

types of protective clothing worn.  

 

7.4 Conclusions  

 The post-application exposure levels (ADDA) of chlorpyrifos (0.35 to 94 

µg/kg/d) peaked at 24 hours after the application day and returned to the normal range 

at approximately 120 hours later. The average level of post-application exposure was 80 

times higher than that of the average baseline exposure levels among participant 

farmers.  Multivariate regression analysis indicated that the percent of body coverage, 

amount of chlorpyrifos used, and length of application were major influences on the 

post-application exposure levels (ADDA) with the participant farmers; On the other 

hand, working experience and educational level had only a moderate influence on the 

ADDA. The best regression model was formed with the involvement of two variables, 

comprising: body coverage and amount of chlorpyrifos used. This indicated that 

wearing a long sleeve shirt and boots are likely effective measures to protect farmers 

from major exposure to chlorpyrifos. Dermal exposure was estimated to make a 

significant contribution in the exposure levels in rice farmers. 

 The baseline exposure level (ADDB) to chlorpyrifos among the farmers (0.03 to 

1.98 µg/kg/d) was not influenced by factors such as age, gender, educational level, 
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smoking or working experience in rice cultivation and pesticide application. However, 

ADDB was influenced by the activities related to pesticide usage on the day prior to 

application. The average baseline exposure level is equal to or below that of farmers 

reported from some other developing countries, but the maximum value is the highest 

among compared countries.  

 In a comparison with the exposure levels of pesticide applicators reported from 

other countries, the results of this study showed that the exposure level to chlorpyrifos 

from outdoor application by farmers was lower than that from indoor application by 

termiticide workers in USA. However, the post-application exposure levels (ADDA) of 

Vietnamese and farmers from some developing countries’ farmers were significantly 

higher than those of farmers in USA. This is probably due to the different application 

method and personal protective equipment used between farmers in USA and 

developing countries’ farmers.  

 The total exposure levels of chlorpyrifos (ADDT) are slightly different from 

post-application exposure levels (ADDA) due to the small contribution of baseline 

exposure levels to the ADDT. The Lifetime Average Daily Doses (LADD) of 

chlorpyrifos (0.01 to 1.7 µg/kg/d) is based on the assumption that farmers applied the 

same amount using the same technique for every chlopryrifos application. It was found 

to be similar to the baseline exposure levels. 

 Vietnamese farmers are likely to be free from major adverse effects at the 

baseline exposure level of chlorpyrifos from daily activities. However, a high 

percentage of farmers are at risk of high exposure from chlorpyrifos during spraying 

applications. The activities include preparation of chlorpyrifos for application, 

chlorpyrifos in spraying.  

 The average exposure level of chlorpyrifos ADD calculated from the results of 

biological monitoring in this study agreed with the predicted daily doses (PDD) 

estimated using a theoretical exposure model for combined dermal and inhalation routes 

of absorption. The theoretical model used a set of assumptions based on field data from 

this study and other reported studies for spraying chlorpyrifos by farmers.
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CHAPTER 8 DOSE-RESPONSE RELATIONSHIP OF  
   CHLORPYRIFOS BASED ON HUMAN AND  
   ANIMAL DATA      

 

8.1 Background 

 The framework for health risk assessment of chlorpyrifos with rice farmers in 

Vietnam was described in Section 4.1 (Chapter 4). In the previous chapter, exposure 

assessment, the absorbed daily dose of chlorpyrifos among farmers was measured by 

monitoring of urinary TCP (see Chapter 7). The objectives of this chapter were to evaluate 

dose-response relationships for chlorpyrifos with human and animals. This has been achieved 

by reviewing the scientific literature for the adverse effects of chlorpyrifos reported from 

human epidemiological and animal studies as shown in Figure 8.1. 

 Chlorpyrifos is best known for its neuronal effects caused by inhibition of acetyl 

cholinesterase. This enzyme is necessary for proper transmission of nerve impulses, and its 

inhibition causes sublethal minor symptoms such as headaches, agitation, inability to 

concentrate, nausea, and blurred vision to more serious effects such as abdominal cramps, 

sweating, muscular tremors, pinpoint pupils, low blood pressure, and difficulty in breathing, 

with acute effects even leading to death (Reigert and Robert, 1999). Recent studies have 

found that low-level exposure to chlorpyrifos has caused adverse effects on the development 

of the mammalian nervous system (Slotkin et al., 2006b). Human epidemiological studies on 

pregnant women exposed to chlorpyrifos have revealed an association between in utero 

exposure to chlorpyrifos and low birth weight and circumference of newborns (Whyatt et al., 

2004). Besides neurotoxicity, chlorpyrifos is also considered to be an endocrine disrupting 

compound which could alter hormone levels in animal studies at moderate doses (Rawlings et 

al., 1998). This compound is listed as an organophosphate pesticide causing and exacerbating 

asthma in both unaffected and diseased individuals (AOEC, 2000). Reproductive and 

teratogenic effects caused by chlorpyrifos exposure have been observed in several studies in 

rats, mice and rabbits (Smegal, 2000). Although chlorpyrifos is considered as an agent 

without evidence of carcinogenicity, recent epidemiological studie have suggested an 

association between chlorpyrifos exposure and lung and prostate cancer (Lee et al., 2004a, 

Alavanja et al., 2003b). 
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Figure 8.1 Strategy for risk assessment and establishing the dose-response relationships for chlorpyrifos 
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In dose-response relationships used in the current approach to human health risk 

assessment, the No-Observable-Adverse-Effect Level (NOAEL), Lowest-Observable-

Adverse-Effect Level (LOAEL), and the Benchmark Dose (BMD), are usually obtained from 

animal studies. The guidelines are values such as Acceptable Daily Intake (ADI), Reference 

Dose (RfD), or Minimum Risk Level (MRL) depending on the specific agencies and 

purposes of risk management. The Safety Factor (SF), Uncertainty Factor (UF) and/or 

Modifying Factor (MF) are used to estimate guidelines, principally in order to account for 

limitations in the data, including extrapolation from animal data to human effects,  

intraspecies variability, and to ensure an extra margin of safety for public health (Barnes and 

Dourson, 1988, Dourson et al., 1996, Renwick and Lazarus, 1998, Williams and Paustenbach, 

2002). The guidelines can be applied to calculate Hazard Quotient (HQ) and/or cancer risk in 

risk characterization. 

The usual laboratory experimental procedure for toxicity gives dose-response data 

which can be plotted in the form of a cumulative probability distribution (CPD).  These plots 

are of Cumulative Percentage (CP) as a percentage, or proportion of test animals affected, 

against a logarithm of the doses or concentrations that induce an adverse effect for a single 

species. The probabilistic dose-response assessment used in ecological risk assessment has 

been described by Solomon et al (2002), and this approach has been used for setting 

environmental guidelines as well as for risk assessment. This dose-response procedure 

utilises data from a range of species plotted as cumulative probability. For example, Solomon 

and Takaes (2002) made Species Sensitivity Distribution (SSD) plots of the NOAEL for 

many different species of aquatic organisms using the Lethal Concentration/Effective 

Concentration in water of permethrin. This gave a linear relationship, with a linear regression 

coefficient of r
2
=0.95. The principles of the SSD probabilistic distributions have been 

described by Posthumo and Suter (2002), in which this approach was used in ecological risk 

assessment and setting water quality standards. Geisy et al (1999) have applied the 

probabilistic technique in ecological dose-response relationships in general and specifically 

the risk assessment of chlorpyrifos in North American aquatic environments. 

Dose-response evaluation using probabilistic techniques for human health related data 

has been presented in some recent studies (Hamidin et al., 2008, Connell et al., 2002, Cao et 

al., 2011). Data from human studies on various chemical contaminants, including chlorinated 

by-products in water, were used to plot cumulative frequency for a range of doses 

corresponding to lethal and sublethal effects. Doses obtained from the set of experimental 

animal studies (rats and mice principally) were converted to Human Equivalent Doses (HED) 
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using the Equation 4.1. There are several methods for making this conversion, but this 

equation was considered the most reliable. Cumulative Probability Distribution (CPD) of the 

HED were then plotted of the exposure values for different adverse effects, both lethal and 

sub-lethal. A similar procedure was used with the human health data. However with the 

human health data there was insufficient data available from any specific investigation to plot 

the CPD. The data was classified into various categories of adverse effects such as effects on 

circulatory systems, lung, etc. Plots were made of this data but these were in ranges of doses 

only. A comparison was then made with the exposure which was measured and the risk then 

evaluated. By this approach, all data are involved in the dose-response assessment, especially 

human data from epidemiological studies, and a direct evaluation of risk can be made without 

use of SF, UF, or MF. Moreover, this approach enables the risk assessor to present the risk in 

terms of a probability distribution rather than a single-point estimation approach.  

In this current study, the adverse effects resulting from chlorpyrifos exposure were 

grouped as neurotoxicity and non-neurotoxicity. The exposure doses were converted into 

Human Equivalent Dose (HEDA, HEDC), of which HEDA is acute or single human equivalent 

dose, and HEDC is the chronic or repeated human equivalent dose. Similarly, the human 

exposure doses associated with adverse health effects obtained from several epidemiological 

studies were converted into Absorbed Daily Doses (ADDD) and Lifetime Average Daily 

Dose (LADDD). The methods for calculating doses were described in Chapter 4 (Section 4.2).  

 

8.2 Dose-response relationships of chlorpyrifos from experimental 
animal studies. 
 

8.2.1 Acute lethality doses from experimental animal studies 

The data on acute lethality for chlorpyrifos with different mammal species often used 

as surrogates for human, and exposure pathways are summarized in Table 8.1. The oral acute 

LD50 ranged from 32 to 2000 mg/kg (El-Sebae, 1978, U.S. EPA, 2006, Tomlin, 2006, Karim, 

2006, McCollister et al., 1974, Berteau and Deen, 1978, Gaines, 1969). The inhalation acute 

LD50, assessed with mice and rats at exposure levels of 78 mg/kg and 94 mg/kg under the 

experimental treatment of 6,700-7,900 mg chlorpyrifos/m
3
 (Berteau and Deen, 1978). Short 

duration dermal exposure to chlorpyrifos was carried out with rats, resulting in an LD50 at the 

exposure level of 202 mg/kg (Gaines, 1969). 
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The Human Equivalent Dose (HEDA), estimated by Equation 4.1, showed that the 

LD50 dose ranged from 15.4 to 324.3 mg/kg bw (see Table 8.1). The results suggested that the 

inhalation exposure is the most sensitive exposure pathway for a lethal dose.   

 

Table 8.1 Chlorpyrifos acute LD50 values reported for different species of mammals 

 

References Research 

subjects 

Exposure route LD50 Doses 

(mg/kg bw) 

HED 

(µg/kg bw) 

El-Sebae, 1978 Mice Oral 60 4,860 

US EPA, 2006; 

Tomlin, 2006; 

Kamrin, 1997. 

In: NPIC 

Rats Oral 90-270 15,400-43,800 

 

Rabbits 

 

Oral 

 

1000-2000 

 

324,300-

628,600 

McCollister, 

1974 

Guinea pigs Oral 504 108,900 

Berteau and 

Deen, 1978 

Mice Inhalation 94 7,600 

Rats Inhalation 78 12,600 

Gains, 1969 Rats Dermal 202 32,800 
               *HED was calculated by the equation described in Section 4.2 of Chapter 4. 

 

 

8.2.2 Neurotoxicity doses from experimental animal studies with 
mammals 

Acute neurotoxicity doses 

 The acute neurotoxicity doses for chlorpyrifos exposure were mostly determined with 

rats and were found in the range of 25 to 100 mg/kg bw (see Table 8.2). Orally administrated 

doses of 37.5 and 50 mg/kg with rats caused inhibition of more than 85% of serum 

cholinesterase activity and produced a selective deficit in the learning of response sequences 

(Cohn and Macphail, 1997). The report on analysis of chlorpyrifos exposure and human 

health by a panel of scientists convened by Dow AgroScience, showed that doses from 30 to 

50 mg/kg bw with rats caused brain AChE inhibition with clinical signs of neurotoxicity 

(Albers et al., 1999). Samsam et al (2005) found that an acute oral dose of chlorpyrifos 

(initial dose at 60 mg/kg bw and 5 doses at 45 mg/kg bw for every 2 months) could result in 

persistent cognitive impairment in rats (Samsam et al., 2005). The HEDA for acute 

neurotoxicity dose was estimated from these experimental studies and ranged from 4.9 to 

16.2 mg/kg.  
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Table 8.2 Dose-response of chlorpyrifos for neurotoxicity from animal studies 

 

 

References 

 

Animals 

 

Acute dose 

(mg/kg) 

 

Chronic dose 

(mg/kg/d) 

HED
 

 

Biological effects HEDA* 

(mg/kg) 

HEDC** 

(mg/kg/d) 

Samsam et al, 2005 Rat 60 mg/kg  

5 

7.2-9.7  

0.8 

Exhibit deficits in learning task 

Cognitive impairment 

Jeffrey et al, 1997 Rat 37.5-50  6.1-8.1  Inhibiting over 85% of serum AChE; 

Producing selective deficit in the 

learning of response sequence. 

James et al, 1999 Rat 30-50  

1-10  

4.9-16.2  

0.16-1.6 

LOEL for clinical signs of 

cholinergic effects and OPIDN 

Gur et al, 1991 Mouse  6.1  0.5 LOEL for RBC and brain ChE 

inhibition 

Warner et al, 1980 Rat   3  0.5 LOEL for brain ChE inhibition 

McCollister et al, 

1974 

Rat   6  0.96 LOEL for brain ChE inhibition 

Crown et al, 1998 Rat   1-10  0.16-1.6 LOEL for blood and brain ChE 

inhibition 

Saminen and Ma, 

1992 

Dog   3  1.6 LOEL for brain ChE inhibition 

Garcia et al, 2003 Rat   5  0.8 Significant decrease on strialtal 

neuroprotein on PN30 

Qiao, 2003 Rat   5  0.8 Adverse effects on general cellular 

neurotoxicity 

Padilla et al, 2005 Rat   1-5  0.16-0.8 Inhibition of blood and brain ChE 
*HEDA: Acute Human Equivalent Dose; **HEDC: Chronic Human Equivalent Dose.
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Chronic neurotoxicity doses 

 The available publications on the dose-response relationship between repeated 

exposure to chlorpyrifos and neurological adverse effects with experimental animals are 

summarized in Table 8.2. Overall, these studies found that the LOELs, which resulted in 

clinical signs of cholinergic effects due to blood and brain ChE inhibition, were from 1 to 10 

mg/kg/d (Warner et al., 1980, McCollister et al., 1974, Gur et al., 1991, Salminen and Ma, 

1992, Crown et al., 1988, Albers et al., 1999). Dogs and rats were probably the most sensitive 

animals with a low chlorpyrifos LOAEL of 3 mg/kg/d (Warner et al., 1980, Salminen and 

Ma, 1992). The effect of chlorpyrifos on neuronal development in rats, was investigated by 

Garcia (2003) which demonstrated that female rats had a significant decrease in striatal 

neuroproteins on PN30 when they were exposed to 5 mg/kg/d during fetal development 

(Garcia et al., 2003). Another study by Qiao et al (2003) also found that prenatal exposure to 

chlorpyrifos at 5 mg/kg/d caused adverse effects on general cellular neurotoxicity. This 

subsequently results in development of the cholinergic synaptic function among rats (Qiao et 

al., 2003). Padilla (2005) conducted a study on neurochemical effects of chronic dietary 

exposure to chlorpyrifos with rats. This indicated that exposure to 5 mg/kg/d through the diet 

caused over 50% ChE inhibition in all tissues tested and resulted in muscarinic receptor 

density decrease in the brain (Padilla et al., 2005). In summary, the chronic doses for 

neurotoxicity of animal studies were from 1 to 10 mg/kg/d, and the HEDC conversion from 

these doses ranged from 0.16-1.6 mg/kg/d.  

 

8.2.3 Non-neurological toxicity doses from experimental animal studies 

 The available data on the dose-response relationship between chlorpyrifos exposure 

and adverse effects other than nervous systems is summarized in Table 8.3. Most of these 

studies were conducted with mice and rats. With acute doses, the general toxic response was 

a 13.3% decrease in body weight observed at the exposure dose of 100 mg/kg. Among 

cholinesterase inhibitors, chlorpyrifos was recognized to cause the largest decrease in 

bodyweight among cholinesterase inhibitors (Moser, 1995). An increase in lipid peroxidation 

and DNA single-strand breaks was observed when rats were orally administered with 2 doses 

of 41 mg/kg (Bagchi et al., 1995). However Rahman et al (2002) found that mice had dose 

dependent increases of comet tail length within 24 hour after they were orally treated with 

single doses of chlorpyrifos ranging from 0.28 to 8.96 mg/kg bw (Rahman et al., 2002). The 
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calculated acute HEDA for the clinical signs of general toxicity (loss in body weight) was 

16.2 mg/kg, and that for mutagenicity ranged from 0.02 to 3.4 mg/kg bw.  

 In terms of chronic doses, limited gastrointestinal effects were found among female 

Fisher 344 rats that were treated with 5 mg/kg/d of chlorpyrifos by oral feeding for 13 weeks 

(Dow, 1993). Renal and hepatic effects were found by Breslin et al (1996), in which urine 

staining was observed in the perineal region of pregnant Fisher 344 rats exposed to 15 

mg/kg/d of Dursban F, and hepatic effects were observed in pregnant female Fisher 344 rats 

dosed by gavage with up to 15 mg/kg/d of chlorpyrifos (Bresline et al., 1996). Farag et al 

(2003) found that chlorpyrifos caused fetotoxic and teratogenic effects at a maternal dose of 

25 mg/kg/d, and this dose also produced maternal toxicity (Farag et al., 2003). In a study in 

transplacental disposition and teratogenic effects of chlorpyrifos in rats, Akhtar et al (2006) 

found that a high dose (15 mg/kg/d) of chlorpyrifos caused fetal death and minor insignificant 

malformation (Akhtar et al., 2006). Angelis et al (2009) demonstrated that decreased thyroid 

hormone (T4) levels and increased cell height in thyroids were found with baby mice when 

mother mice were treated with chlorpyrifos at 6 mg/kg/d (Angelis et al., 2009). The chronic 

HEDC for developmental effects, including endocrine disruption, ranged from 0.96 to 4.1 

mg/kg/d, whereas HEDC for teratogenic and reproductive effects varied from 1.9 to 2.4 

mg/kg/d. The HEDC for gastrointestinal, renal and hepatic effects ranged from 0.8 to 2.4 

mg/kg/d. 
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Table 8.3 Dose-response of chlorpyrifos for non-neurotoxicity from animal studies   

 

 

References 

 

Research 

subjects 

 

Acute dose 

(mg/kg) 

 

Chronic dose 

(mg/kg/d) 

HED
 

 

Biological effects HEDA 

(mg/kg) 

HEDC 

(mg/kg/d) 

Virginia et al, 1995 Rat  100   16.2  13.3% weight loss after 24 hours 

Bagchi et al., 1995 Mice  41  3.4  Mutagenicity: increase in lipid 

peroxidation and DNA single-strand 

breaks 

Rahman et al, 2002 Mice 8.96  0.73  Mutagenicity:increase of commet tail 

length 

Farag A. et al, 2003 Rat   25  4.1 Developmental effect: decrease fetal 

weight and viability 

Simona A. et al, 

2009 

Mice  6  0.96 Developmental effects: decrease T4 

levels and increase cell high in 

thyroid 

Dow, 1993 Rat  5  0.81 Gastrointestinal effects 

Breslin et al., 1996 Rat  15  2.4 Renal and hepatic effects 

Akhtar et al., 2006 Rat   12-15  1.9-2.4 Teratogenic and reproductive effects: 

prenatal toxicity and signs of fetal 

growth retardation 
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8.3 Dose-response relationship from epidemiological studies with 
human populations 

8.3.1 Neurotoxicity 

 The available studies on the dose-response relationship between chlorpyrifos and 

human neurological effects are summarized in Table 8.4. Coulston et al (1972) found that 

volunteers, all adult males, had a small decrease of plasma BuChE when receiving a 

chlorpyrifos oral dose of 0.03 mg/kg/d. However these subjects had a significant decrease of 

BuChE (66%) with an oral dose of 0.1 mg/kg/d. A pharmacokinetic study of chlorpyrifos 

with healthy males (6) by Nolan et al (1984) demonstrated that an average of 70% of the oral 

dose but less than 3% of the dermal dose was excreted as TCP in urine. This study also found 

the threshold dose causing plasma ChE inhibition over 80% was a single dose of 0.5 mg/kg 

bw (Nolan et al., 1984a). A double-blind, randomized and placebo-controlled study with  

healthy volunteers (6) by Kisicki et al (1999) found that a chlorpyrifos single dose 

representing the threshold of erythrocyte AChE inhibition was 2 mg/kg (Kisicki et al., 1999). 

Nevertheless, a comprehensive review of the studies of chlorpyrifos exposure and human 

health conducted by James et al (1999) concluded that previous studies provided inadequate 

evidence on the possible relationships between neurological effects and human health (Albers 

et al., 1999). 

 Most of the studies after 1999 have used urinary TCP to evaluate the dose-response 

relationship between chlorpyrifos exposure and biological effects. Steenland (2000) 

conducted a retrospective cohort study of the association between chlorpyrifos exposure and 

neurological function effects with termiticide applicators. This indicated that exposed 

subjects, with an average urinary TCP level of 629.5 µg/L, reported significantly more 

adverse symptoms, such as memory problems, emotional problems, fatigue, and loss of 

muscle strength. Clinical examination found there were significant declines in nerve 

conduction velocity, arm/hand tremor, vibrotacticle sensitivity, vision, smell, visual/motor 

skills, and neurobehavioural skills among exposed subjects (Steenland et al., 2000). In a 

study by Barr et al (2005), urinary TCP in µg/L (629) was converted to TCP in µg/g 

creatinine (456) using the urinary creatinine concentration in the USA population (1.38 g/L 

for 30-39 year-old males) (Barr et al., 2005). Then the Adsorbed Daily Dose (ADD) was 

estimated from urinary TCP by Equation 4.1 using the following factors: mean TCP 

concentration of 456 µg/g creatinine, mean age of 39 (reported in the same study), mean 

weight of 88.3 kg and height of 176 cm (NHSE, 2008) (see Appendix 8.1 and 8.2). The 
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calculated mean ADD using Equation 4.3 was 36 µg/kg/d, and Lifetime Average Daily Dose 

(LADD) calculated using Equation 4.4 was 11 µg/kg/d (see Table 8.4).  

 In another study, Dick et al (2001) found acute sensory-motor effects involving the 

proprioceptive and vestibular systems associated with exposure to chlorpyrifos among 

termiticide workers. These workers had an average urinary TCP of 200 µg/g creatinine (Dick 

et al., 2001)  which gives a calculated ADD of 15.6µg/kg/d, and the LADD was 4.9 µg/kg/d 

(see Table 8.4, Appendix 8.1 and 8.2).  

Several studies of the relationship between chlorpyrifos exposure and neurological 

effects were conducted with chemical workers. Albers et al (2004) conducted a prospective 

cohort study over 2 years to evaluate chlorpyrifos manufacturing workers and a control group 

to examine any association between chlorpyrifos exposure and clinically evident central 

nervous system dysfunction. The chlorpyrifos workers had significantly higher urinary TCP 

concentrations (mean 192.2 µg/g creatinine) and lower average Bu ChE activity than the 

control participants (mean TCP 6.2 µg/g creatinine) (Alber et al., 2004a, Albers et al., 

2004b). In this current work the ADD was calculated by using Equation 4.3 to give a mean 

TCP concentration of 192 µg/g creatinine (Factors: mean age of 41.2 years, mean weight of 

88.1 kg and height of 174 cm). The ADDD was estimated to be 15.6 µg/kg/d, and LADDD 

was 6.2 µg/kg/d (see Table 8.4, Appendix 8.1 and 8.2). 

In another study, Albers et al (2007) conducted a study of dose-response relationships 

between occupational chlorpyrifos exposure and effects on peripheral nerve 

electrophysiology of chemical workers. The results suggested an association between chronic 

chlorpyrifos exposure at levels in the range related to appreciable inhibition of B-esterases (at 

level of 576 to 627 µg/d). This produced adverse effects on peripheral nerve 

electrophysiology indicative of sub-clinical neuropathy. In this current investigation, urinary 

TCP concentrations (576 to 627 µg/d) were converted to TCP levels in µg/g creatinine (192 

to 210), using the urinary creatinine concentration in the USA population (1.38 g/L for 30-39 

year-old males) (Barr et al., 2005) and the average amount of urine per day (2L)(see 

Appendix 8.1 and 8.2). ADD was calculated from this study by Equation 4.1 (Factors: mean 

TCP concentration 192-210 µg/g creatinine, mean age 41.2 years, mean weight 88.1 kg and 

height 174 cm as reported in study, so the range of ADDD was estimated to be 15.6 to 17 

µg/kg/d and that of LADDD was 6.2 to 6.7 µg/kg/d (see Table 8.4, Appendix 8.1 and 8.2). 

Garabrant et al (2008) examined the dose-response relationship between 

cholinesterase inhibition and urinary TCP among chlorpyrifos workers as part of a 

comprehensive longitudinal study, described in Alber et al, (2004)(Garabranti et al., 2008). 



172 

 

This study found no relationship between urinary TCP and RBC AChE inhibition, however, 

BuChE inhibition decreased by 21% for each unit above the urinary TCP level of 110 µg/g 

creatinine. This corresponds to a chlorpyrifos ADD of 5 µg/kg/d, based on the average height 

and weight of individuals, and an LADD of 2 µg/kg/d. A recent study was conducted by 

Farahat et al (2011) to determine the association between blood ChE and urinary TCP, as 

well as internal doses of chlorpyrifos exposure during repeated occupational exposure to 

chlorpyrifos among agricultural workers. This study indicated that the average urinary TCP 

concentration inflection point for BuChE inhibition was 114 µg/g creatinine. This 

corresponds to an estimated chlorpyrifos ADD of 6.5 µg/kg/d; whereas, the average urinary 

TCP concentration inflection point for AChE was 3,161 µg/g creatinine corresponding to an 

estimated chlorpyrifos ADDD of 181 µg/kg/d, and an average LADDD of 3 µg/kg/d (see 

Table 8.4, Appendix 8.1 and 8.2).  

In summary, the relationship between chlorpyrifos exposure and neurological effects, 

conducted with human volunteers orally treated with chlorpyrifos indicates that the range of 

the acute oral dose is from 500 to 2000 µg/kg. Acute oral dose in this range can cause adverse 

cholinergic reactions due to AChE inhibition over 60% whereas, neurological effects were 

found at 10 to 100 µg/kg/d. Assuming that there is 70% absorption chlorpyrifos by the oral 

route of exposure (Nolan et al., 1984a), this range of acute doses correspond to an 

approximate ADD of 350 to 1400 µg/kg, and that of repeated doses ranged from 7 to 70 

µg/kg/d. Studies of chlorpyrifos dose-response relationships, using TCP results from 

pesticide applicators and chemical workers, found a smaller range of ADDD estimated from 

TCP than the range found with volunteer studies, which ranged from 5 to 181 µg/kg/d, and 

LADDD, which ranged from 0.3 to 11 µg/kg/d (see Table 8.4, Appendix 8.1 and 8.2).  
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Table 8.4 Dose-response of chlorpyrifos for neurotoxicity from epidemiological studies with human population 

 

 

References 

Research 

subjects 

(mean age) 

Single 

dose 

(µg/kg) 

Ingestion 

dose 

(µg/kg/d) 

 

TCP in urine 

(µg/L, or 

µg/g 

creatinine) 

Absorbed 

Daily Dose 

Estimated 

from TCP 

(ADDD) 

(µg/kg/d) 

Lifetime 

Average Daily 

Dose 

(LADDD)
e
 

(µg/kg/d) 

 

Biological effects 

Coulston et al., 

1972 

Adult males  100 

10 

   Threshold for erythrocyte AChE 

inhibition 

Threshold for BuChE inhibition 

Nolan et al., 

1984 

Adult males 500     BuChE ChE inhibited 85% 

Kisicki et al., 

1999 

Healthy 

adults  

2000     Threshold for erythrocyte AChE 

inhibition 

Steenlan et al., 

2000 

Termiticide 

applicators 

   

629.5 µg/L  

 

35.7
a 

 

11 

memory problems, emotional states, 

fatigue, and loss of muscle strength 

Dick et al., 

2001 

Pesticide 

applicators 

   

200 µg/g  

 

15.6
a
 

 

4.9 

 

Sensory and motor effects 

Albers et al., 

2004a 

Chemical 

workers 

  192.2 µg/g  15.6
a 

6.2 BuChE inhibition 

Garabranti et 

al, 2008 

Chemical 

workers 

  >110 µg/g  5
b
  2 Bu ChE inhibition 

RBC ChE inhibition 

 

Albers et al, 

2007 

 

Chemical 

workers 

   

576-627 

µg/day 

 

15.6-17
a 

 

6.2-6.7 

adverse dose effects on peripheral nerve 

electrophysiology suggestive of 

subclinical neuropathy 

Farahat et al, 

2011 

Agricultural 

workers 

   

3,161 µg/g  

 

181
b 

 

3 

AChE inhibitation 

Range of 

Doses 

  

500-2000
 

 

10-100 

  

5-181 
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8.3.2 Non-neurological organ system toxicity 

 

Reproductive effects 

Meeker et al (2004) evaluated the relationship of urinary metabolites of chlorpyrifos 

with human semen quality and DNA damage in sperm. Males (250) were recruited through a 

Massachusetts (USA) infertility clinic, the individual exposures were measured by analysing 

urinary metabolite concentrations of chlorpyrifos (TCP). Semen quality was evaluated by 

sperm concentration, percent motile sperm, and percent sperm with normal morphology, 

along with sperm motion parameters, comprising: straight-line velocity, curvilinear velocity, 

and linearity. Sperm DNA integrity was evaluated by neutral comet assay and presented as 

comet extent, percentage DNA in the comet tail (Tail%) and Tail Distributed Moment 

(TDM). Borderline significant associations were found for decrease of sperm concentration 

and motility with the highest urinary TCP tertile (maximum value: 35.1µg/g 

creatine)(Meeker et al., 2004a). The study also illustrated that in the interquatile range (IQR) 

increase in TCP was statistically associated with an increase in the percentage of DNA in the 

comet tail and a decrease in the tail distributed moment. The maximum value of urinary TCP 

was 35.1 µg/g creatinine (Meeker et al., 2004b). The ADDD of 2.6 µg/kg/d, and LADDD of 

1.6 µg/kg/d (see Table 8.5) corresponding to the maximum value of urinary TCP (35.1µg/g 

creatine) was estimated, using Equation 4.3. The following factors were used: individual age 

of 36.1 year-olds, average weight of 88.1 kg and height of 176 cm (NHSE, 2008)(see 

Appendix 8.1 and 8.2).  

 

Endocrine effects 

 Meeker et al (2004) also evaluated reproductive effects associated with chlorpyrifos 

exposure. The studied the relationship between urinary TCP and reproductive hormones and 

thyroid hormones among men who were partners in subferile couples seeking infertility 

diagnosis in Boston, USA. The hormones which were investigated included: follicle-

stimulating hormone, leuteinizing hormone, inhibition B, testosterone, and sex hormone-

binding globulin, free T3, T4, and TSH (see Table 8.5). Multiple regression models indicated 

an inverse association between TCP and testosterone concentration. The highest TCP quintile 

was associated with a testosterone decline of 83 ng/dL (Meeker et al., 2006a). With the 

thyroid hormones, an association was found between TCP and TSH, with an increase in TCP 
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associated with a 9% increase in TSH. TCP levels were also inversely associated with free T4 

(Meeker et al., 2006b). The maximum value of urinary TCP was 35.1 µg/g creatine, 

corresponding to chlorpyrifos ADDD of 2.6µg/kg/d, and LADDD of 2.6 µg/kg/d (see Table 

8.5).  

 

Developmental effects 

Berkowitz et al (2004) conducted a prospective cohort study to evaluate the 

relationship among in-utero pesticide exposure, maternal paraoxonase activity, and head 

circumference of mothers and infants delivered in New York City, USA. The effects of 

pesticide exposure, including chlorpyrifos, on birthweight, length, head circumference, and 

gestational age with more than 400 births were investigated. The study found no association 

between pesticide metabolite levels and fetal growth indices or gestational age. However, 

urinary TCP over the LOD (11.0 µg/L) was significantly associated with reduced head size of 

infants delivered by women who had low maternal paraozonease polymorphisms (PON1). 

Chlorpyrifos might have had detrimental effects on fetal neurodevelopment among mothers 

with low PON1 activity (Berkowitz et al., 2004). The creatinine-adjusted urinary TCP level 

estimated from the individuals with over-LOD values (11.0 µg/L) was 7.9 µg/g creatinine. 

This was calculated using the average urinary creatinine for 20-29 year-old females of 1.41 

g/L (Barr et al., 2005). The chlorpyrifos ADDD was 0.5 µg/kg/d, calculated using Equation 

4.1 and the following factors: average age 25 year-olds, average weight 64.5 kg and height 

160 cm (NHSE, 2008), and the LADDD was 0.3 µg/kg/d (see Table 8.5).  
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Table 8.5 Dose-response of chlorpyrifos for non-neurotoxicity from epidemiological studies with human populations 

 

 

References 

 

Research 

subjects 

 

TCP in urine 

µg/g creatinine 

Absorbed Daily Dose 

estimated from TCP 

(ADDD) 

(µg/kg/d) 

Lifetime Average Daily 

Dose (LADDD) 

(µg/kg/d) 

 

Biological effects 

 

Meeker et al, 

2004 

 

Adult males 

 

35.1 

 

2.6 

 

1.6 

 

Reproductive effect: reduced 

human sperm quality, DNA 

damage in sperm 

 

 

Meeker et al, 

2006 

 

Adult males 

 

35.1 

 

 

2.6 

 

1.6 

 

Endocrine effect:  

 Decreased Testosterone; 

 Increased TSH, and 

decrease thyroid hormone 

free T4. 

 

 

Berkowitz  et al, 

2004 

 

Pregnant 

women 

 

 

>11.0 µg/L 

 

0.5 

 

0.3 

 

Developmental effect:  

 Decreased head 

circumference among 

infants 
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Cancer studies 

The available data provided insufficient evidence for the genotoxicity and 

carcinogenicity of chlorpyrifos, and there are no measured dose-response assessments from 

epidemiological studies. However, the observed relationship between gial tumors of the 

central nervous system as well as lung and rectal cancer with self-reported chlorpyrifos 

exposure has been suggested for further investigation (Eaton et al., 2008). Several 

epidemiological studies have commenced to evaluate a potential association between cancer 

risk and chlorpyrifos exposure. A prospective cohort study of licensed pesticide applicators in 

Iowa and North Carolina, USA to examine a possible relationship between agricultural 

pesticide exposure and incidence of cancer was conducted by Lee et al (2004). However, the 

pesticide exposure, including chlorpyrifos, was estimated based on recalled information from 

farmers including number of exposure days, number of exposure years, application method, 

equipment repair status, use of personal protective equipment and other variables. Two 

surrogate measures of exposure assessment were used, comprising Lifetime Exposure-days 

(LED = years of use x days used per year) and Exposure Intensity Level [EIL = (mixing 

status + application method equipment repair status) x personal protective equipment use]. 

The conclusions were that the incidence of lung cancer was statistically significantly 

associated with both LED and EIL. Farmers within the highest quartile of chlorpyrifos LED 

(>56 days) had a relative risk of lung cancer of 2.18 times (Lee et al., 2004a, Alavanja et al., 

2003b) (see Table 8.6).  

Lee et al (2004) has reported that the response trend for rectal cancer exhibited a 2.5 

to 2.7 fold increase among farmers in the highest risk exposure category (LED>=56 days)(see 

Table 8.6). However, the association between chlorpyrifos exposure and lung and rectal 

cancer needs to be interpreted with caution, since there is no available confirmation of these 

findings from animal studies. Moreover, the association was based on a small number of 

cases and there is uncertainty in the unmeasured exposure assessment.  

 In order to evaluate the relationship between adult glioma and agricultural pesticide 

use, Lee et al (2005) conducted a population based case-control study with men and women 

diagnosed with glioma in Eastern Nebraska, USA. The authors found significant associations 

between some specific agricultural pesticide exposures and the risk of glioma among men 

working on farms for a duration of 55 years or over. The risk of glioma was very highly 

associated with chlorpyrifos exposure (OR=22.6, 95% CI 2.7-191) (Lee et al., 2005)(see 

Table8.6).
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Table 8.6 Unmeasured dose-response relationships of chlorpyrifos from epidemiological studies with human populations 

 

 

References 

 

Research subjects 

 

Dose 

 

Biological effects 

 

Hoppin et al, 2006 

              

               Farmers per year 

 

Use of chlorpyrifos >= 20 days per year 

 

Respiratory effect: wheeze 

 

 

Lee et al, 2005 

 

Farmers 

 

>= 55 years working on a farm 

 

Cancer: Glial tumors 

 

 

 

Lee et al, 2004, 

2007 

 

 

 

Pesticide applicators 

 

 

>=56.1 lifetime exposure-days
a
 

 

 

Twice as high  risk of lung cancer 

compared to controls; 

Possible associated with external 

cause of death (suicide depression) 

 
a
Lifetime exposure-days = years of use x day used per year.
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8.4 The Dose-response relationship of chlorpyrifos evaluated using 
probabilistic techniques 

 The doses, reported from animal and epidemiological studies for a variety of adverse 

effects, are summarized in Tables 8.1 to 8.6. These doses were taken as a single value if they 

were reported as single values; otherwise, the minimum doses were used if they were 

reported as a range of values. The doses as the HEDA, HEDC, ADDD, and LADDD were 

categorized according to broad adverse effects such as neurological, reproductive, 

developmental effects, etc. in Figure 8.2. The animal data has been converted into the Human 

Equivalent Dose (HED) but this conversion only takes into account weight and body surface 

area. Other metabolizing and physiological factors may affect the dose relevant to humans. 

 The data summarized in Figure 8.2 are plotted in probabilistic terms as CPD of 

LADDD, HEDA and HEDC exposure to chlorpyrifos corresponding to the adverse health 

effects on human and animals in Figure 8.2 as shown in Figure 8.3. High correlations of 

linear regression were found (r
2
, 0.86, 0.89 and 0.82). The equations were as follows: 

 

                         Equation 8.1 

 

                         Equation 8.2 

 

                         Equation 8.3 

 

  

 The 95
th

 percentile of HEDA (HEDA95) at 31,600 µg/kg was 12 times higher than that 

of HEDC (HEDC95 2,500 µg/kg/d), and the 50
th

 percentile of HEDA (HEDA50) at 3100 µg/kg 

was 6 times higher than HEDC (630 µg/kg). The 5
th

 percentile of HEDA (HEDA5) was 1,000 

µg/kg; whereas, that of HEDC5 was 126 µg/kg/d. This indicates that the ratio between the 

chronic and acute effect is about 10 times. However it should be noted that with the HEDA, 

the chlorpyrifos was administered as a single dose. 

 The LADDD can be considered as directly relevant to humans since the data is derived 

from human studies. The LADDD95 was 19.9 µg/kg/d, the LADDD50 3.2 µg/kg/d and the 

LADDD5 0.5 µg/kg/d. The difference of the 5
th

, 50
th

, and 95
th

 percentile of HEDA as 

compared to LADDD is about one thousand times (approximately 1,000 to 1,500), and that of 

HEDC as compared LADDD is one hundred times (approximately 100 to 250)(See Table 8.7). 
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 For the doses corresponding to neurological effects derived from human studies, 

which is the surrogate of the acute adverse health effect of chlorpyrifos due to the ability of 

the chlorpyrifos-oxon metabolite to inhibit acetylcholineseterase (Eaton et al., 2008), 

observed from epidemiological studies, the CPD of the Absorbed Daily Dose corresponding 

to neurological effects (ADDDN) is also presented in Figure 8.3 with a regression equation as 

below: 

 

                   Equation 8.4 

 

 The ADDDN95 (126 µg/kg/d) was about equal to ADDD, while the 50
th

 percentile of 

(20 µg/kg/d) and 5
th

 percentile (3.2 µg/kg/d) of this dose were nearly 2 and 3 times higher 

than general ADDD.  



181 

 

 

 

 

 

 

 
Figure 8.2 Chlorpyrifos doses and adverse biological effects as derived from data on animals and epidemiological data on human populations (HEDA and 

HEDC from Table 8.2 & 8.3; and ADDD and LADDD from Table 8.4 & 8.5) 
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Figure 8.3 Probabilistic distribution of doses corresponding to adverse effects on humans and animals derived from Figure 8.2 using data on HEDA and 

HEDC from Table 8.2 & 8.3; data on ADDDN and LADDD from Table 8.4 & 8.5. 
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Table 8.7 Ratios between LADDD and HEDA, HEDC 

 

 

Percentile 

 

HEDA
 

(µg/kg) 

 

HEDC 

(µg/kg/d 

bw) 

 

LADDD 

(µg/kg/d 

bw) 

 

 

HEDA/LADDD 

 

HEDC/LADDC 

 

5
th

  

 

 

1,000 

 

126 

 

0.5 

 

1000 

 

252 

 

50
th

 

 

 

3,100 

 

630 

 

3.2 

 

967 

 

197 

 

95
th

  

 

 

31,000 

 

2,500 

 

19.9 

 

1556 

 

125 

Note: The sources of data are from Tables 8.2-8.6 

 

8.5 Chlorpyrifos Guidelines for Exposure 

8.5.1 Chlorpyrifos acute guidelines 

 The guidelines set by various agencies for acute chlorpyrifos exposure are shown in 

Table 8.8. These can be summarized as from 3 to 100µg/kg/d for the general population, and 

0.5µg/kg/d for sensitive populations, including infants and women of reproductive age (13-50 

year-olds). While almost all the agencies (WHO, US EPA, Australian NRA) use the term of 

Acute Reference Dose (aRfD), the ATSDR uses the term Minimum Risk Level (MRL) for 

this purpose. The highest level of acute chlorpyrifos guidelines is set by WHO/FAO at 100 

µg/kg/d, and the lowest level of the guideline has been set by ATSDR at 3 µg/kg/d. The 

reason for the variation in acute chlorpyrifos guidelines is that the agencies have used 

different biological endpoints and safety factors for estimating the chlorpyrifos guidelines.  

 The biological endpoint principally involved in estimating the chlorpyrifos guidelines 

is the inhibition of cholinesterase enzymes, including: plasma burytylcholinesterase (BuChE), 

acetylcholinesterase (AChE) of red blood cells (RBC) and AChE within neuronal tissues in 

both peripheral nervous system (PNS) and central nervous system (CNS) (Chen et al., 1999). 

The US EPA has recommended the chlorpyrifos aRfD based on the dose which causes 

inhibition of rat plasma (500µg/kg/d). However this point has been criticized as being too 

conservative, since it is not associated with any clinical signs of chlorpyrifos exposure  

(Cleveland et al., 2001). The ATSDR has selected animal brain AChE inhibition dose at 

30µg/kg/d to calculate the acute MRL (ATSDR, 1997). Other agencies such as WHO and 
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Australian NRA have chosen the dose causing biological effects on humans to make 

recommendations on the acute guidelines. After conducting an extensive review on 

chlorpyrifos, a joint meeting of FAO and WHO decided to select the human RBC AChE 

inhibition dose of 1000 µg/kg/d as a relevant endpoint for calculation of chlorpyrifos aRfD. 

The Australian NRA selected human plasma BuChE inhibition dose at 100 µg/kg/d for 

regulatory purposes (Cleveland et al., 2001). Nevertheless, the endpoints using both RBC 

AChE and BuChE are still in debate for various reasons. The NOEL with RBC AChE is 

many times lower than brain AChE inhibition and will not cause cholinergic effects unless 

the inhibition is greater than 60% (Nostrandt et al., 1997). BuChE has been strongly criticized 

as a toxicological endpoint, since there is no evidence that BuChE inhibition causes any 

adverse health effect (FAO/WHO, 1998).  

 The safety factors used to estimate acute chlorpyrifos guidelines vary widely among 

the agencies. While WHO, Australian NRA and ATSDR use a safety factor of 10 for 

individual variability, US EPA uses a safety factor of 100 for the general population and 

safety factor of 1000 for sensitive populations, comprising infants and women in reproductive 

age (13-50 year-olds). The reasons for these differences are that the US EPA has used the 

biological endpoints from animal studies, which require a higher safety factor for species 

extrapolation. In addition, the US EPA has focused on the safety of children who need 

additional protection from pesticide exposure by additional safety factor of 10. 
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Table 8.8 Acute guidelines for exposure to chlorpyrifos from various agencies 

 

Source 
Dose 

(µg/kg/d) 

Experimental Dose/ 

Safety factor 
Reference 

 

World Health Organization 

 

100
 

NOEAL 1000/10 
WHO/FAO (JMPR), 1999 

Marcia et al, 2001 

United States Environment 

Protection Agency (US EPA) 

 

 

 

US National Pesticide 

Information Centre. 

Chlorpyrifos Technical Fact 

Sheet, 2006.  

 Acute reference dose 

(aRfD) 

 

5 

 

 

NOAEL 500/100 

 

 Acute population adjusted 

dose (aPAD)
a
 

 

0.5 

 

 

NOAEL 500/1000 

 

 

Australian National Registration 

Authority for Agricultural & 

veterinary Chemicals (NRA) 

 Acute reference dose (aRfD) 

 

 

 

 

10
 

 

 

 

NOEL 100/10 

 

The NRA Review of 

Chlorpyrifos, 2000. 

 

 

Agency for Toxic Substances and 

Disease Registry (ATSDR) 

 Minimum Risk Level (MRL) 

 

 

 

3
 

 

 

 

 

NOEL 30/10 

ATSDR. The list of Minimal 

Risk Level, 2010. 

a
aPAD accounts for increased sensitivities in infants, children and females ages 13-50; 

 

8.5.2 Chlorpyrifos chronic guidelines 

 Chronic guidelines of chlorpyrifos are presented in Table 8.9. Here the terms 

Acceptable Daily Intake (ADI) are used by WHO, Australian NRA, Health Canada, and 

California Department of Pesticide Regulation (CDPR); whereas US EPA uses chronic 

Reference Dose (cRfD), and ATSDR still uses chronic Minimum Risk Level (MRL). ADI, 

which is defined as the amount of a chemical to which a person can be exposed on a daily 

basis over a lifetime without suffering from adverse health effects (US EPA, 1993) and is 

estimated by dividing experimental NOAEL/LOAEL by the Safety Factor (SF). However, 

use of the ADI has limitations (Barnes, 1988), including: (i) too narrow a focus on NOAEL 

which ignores the dose-response curve which could be of use to assist in quantification of  

levels of concern for public safety; (ii) conservative choices in selecting the adverse affect 

endpoint when scientific knowledge increases; (iii) the fact that the number of animals used 
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in the studies has not been taken into account in the guidelines. Reference Dose (RfD) and 

Uncertainty Factor (UF) were developed by US EPA in the RfD work group to address the 

scientific issues associated with ADI and SF. The RfD is defined as a benchmark dose 

operationally estimated from the NOAEL by consistent application of generally order-of-

magnitude uncertainty factors (UFs), and in addition to UF, a modifying factor (MF) is 

sometimes used based on professional judgment of the comprehensive data base of the 

chemical. Therefore, RfD is calculated by the following equation: 

 

    RfD = NOAEL / (UF x MF)   Equation 8.5 

 

where, RfD is reference dose; UF, uncertainty factor, and MF, modifying factor.  

 The chronic guidelines for chlorpyrifos recommended by international and national 

agencies are summarized in Table 8.9. Although ADI is used to estimate the chronic 

guideline for chlorpyrifos, the ADI values used by the various agencies are different. WHO, 

Health Canada, and CDPR have recommended an ADI of 10 µg/kg/d (FAO/WHO, 1998, 

Health Canada, 1989, Cleveland et al., 2001) as the chlorpyrifos chronic guideline while the  

Australian NRA have recommended an ADI of 3 µg/kg/d for the chronic guideline (NRA, 

2000). The reason for this difference also relates to the use of different biological endpoints. 

WHO, Health Canada, and CDPR used RBC AChE inhibition at a dose of 100 µg/kg/d as the 

biological endpoint; whereas, NRA Australia, used plasma BuChE inhibition at a dose of 3 

µg/kg/d for that purpose (Cleveland et al., 2001). The guidelines developed by USA agencies 

comprising US EPA (cRfD: 0.3 µg/kg/d) and ATSDR (MRL: 1 µg/kg/d) were based on the 

endpoints from animal studies. US EPA used RBC AchE inhibition at a chlorpyrifos dose of 

30µg/kg/d with dogs, while ATSDR used neurological effects at the chlorpyrifos dose of 

10µg/kg/d with rats. Due to use of animal data, these agencies have applied an uncertainty 

factor of 100 for estimating the cRfD and MRL (Cleveland et al., 2001, ATSDR, 1997). 

Similar to the acute RfD, US EPA added a factor of 10 for estimating the chronic population 

adjusted dose cPAD of 0.03µg/kg/d that is applied to sensitive populations, including infants 

and women in reproductive age (13-50 year-olds).  
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Table 8.9 Chronic guidelines for exposure to chlorpyrifos from various agencies 

 

Source 
Dose 

(µg/kg/d) 

Experimental Dose/ 

Safety factor 
Reference 

 

World Health Organization 

 Acceptable daily intake (ADI) 

 

 

10
 

 

NOEAL 100/10 

WHO/FAO (JMPR), 1999 

Marcia et al, 2001 

 

United States Environment 

Protection Agency (US EPA) 

 

 

 

US National Pesticide 

Information Centre. 

Chlorpyrifos Technical 

Fact Sheet, 2006.  

 Chronic reference dose 

(cRfD) 

 

0.3 

 

 

NOAEL 30/100 

 

 Chronic population 

adjusted dose (cPAD)
a
 

 

0.03 

 

 

NOAEL 30/1000 

 

 

Australian National Registration 

Authority for Agricultural & 

veterinary Chemicals (NRA) 

 Acceptable daily intake (ADI) 

 

 

 

 

3
 

 

 

 

NOEL 30/10 

 

The NRA Review of 

Chlorpyrifos, 2000. 

 

 

Agency for Toxic Substances and 

Disease Registry (ATSDR) 

 Minimum Risk Level (MRL) 

 

 

 

 

1
 

 

 

 

 

NOAEL 10/100 

 

ATSDR. The list of 

Minimal Risk Level, 2010. 

 

Health Canada 

ADI 

 

 

10 

 

NOAEL 100/10 

 

Health Canada, 

Chlorpyrifos MSDS, 2008 

 

 

California Department of 

Pesticide Regulation 

ADI 

 

 

 

10 

 

 

NOAEL 100/10 

California Department of 

Pesticide Regulation. In: 

http://www.cdpr.ca.gov/  

a
 cPAD is applied for sensitive populations 

 

 

 

 

 

http://www.cdpr.ca.gov/
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8.5.3 Comparison of guidelines with dose-response relationship from the 
current studies 

 The actual doses observed from epidemiological studies with human populations were 

compared with the guidelines recommended by national and international authorities, in 

which the chronic guidelines were compared with Lifetime Average Daily Dose (LADD) (see 

Figure 8.4), and the acute guidelines were compared with Absorbed Daily Dose for acute 

neurological effects from human studies (see Figure 8.5).   

 With the acute effects, the highest value of the acute guidelines of 100 µg/kg/d, 

recommended by WHO/FAO, falls at the 88
th

 percentile of ADDDN, and the second highest at 

10 µg/kg/d, recommended by the Australian NRA, falls at the 32
th

 percentile of ADDDN 

observed in current epidemiological studies on human populations. The acute guidelines 

recommended by US authorities, US EPA and ATSDR at 5 and 3 µg/kg/d respectively fall at 

the 15
th

 and the 3
th

 percentile of ADDDN. The acute guideline recommended by US EPA for 

sensitive populations at 0.51 µg/kg/d is 6 times less than the 5
th

 percentile of ADDDN.  

 With the chronic effects, the highest value of the chronic guideline at 10 µg/kg/d was 

recommended by WHO/FAO and falls at the 80
th

 percentile of the LADDD, and the second 

highest recommended by NRA at 3 µg/kg/d falls at the 50
th

 percentile. The chronic guidelines 

recommended by US EPA at 0.3 µg/kg/d is less than the minimum value of LADDD observed 

from the epidemiological studies, but the guideline recommended by ATSDR at 1 µg/kg/d 

falls at the 23
th

 percentile of LADD. The guideline for sensitive groups in the populations 

(see Table 8.9) at 0.03 µg/kg/d falls well below the minimum value (see Figure 8.4) for any 

dose effect observed on a human population. 
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Figure 8.4 Comparison of Lifetime Average Daily Dose (LADDD) from Figure 8.3 derived from epidemiological data with the Chronic Guidelines from 

various agencies (Table 8.9), using data on LADDD from Table 8.4 & 8.5 
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Figure 8.5 Comparison of Absorbed Daily Dose corresponding to neurotoxicity (ADDDN) with Acute Guidelines from various agencies (Table 8.8), using 

data on ADDDN from Table 8.4. 
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8.5.4 Suggested guidelines  

 Based on the probabilistic distribution of actual doses corresponding to adverse health 

effects observed from human epidemiological studies, the chronic guideline can be 

recommended at the 5
th

 percentile of LADDD. This represents the lowest level of exposure 

dose associated with observed adverse health effects. This is the value of 0.5 µg/kg/day 

calculated from Equation 8.1. This value is similar to but slightly higher than the chronic 

guideline recommended by US EPA at 0.3 µg/kg/day (see Figure 8.6).  

 Similarly, the acute guideline can be recommended at the 5
th

 percentile of ADDDN, 

which is a surrogate for acute neurological effects observed from human epidemiological 

studies. Thus the acute guideline would be 3 µg/kg/d derived using Equation 8.4 (see Figure 

8.6). This suggested guideline is the same as the guideline recommended by ATSDR. To 

develop guidelines for sensitive populations, the US EPA has used an additional factor of 10 

applied to the guidelines for normal populations. This indicates a chronic guideline of 0.05 

µg/kg/d and an acute guideline of 0.3 µg/kg/d for sensitive populations, comprising infants 

and women at reproductive ages (13-50 years). These suggested values are comparable to the 

doses corresponding to neurodevelopmental effects observed from the epidemiological 

studies. However, further information from epidemiological evaluation would be required to 

set the guidelines with actual human data.  
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Figure 8.6 CFD of the Lifetime Average Daily Dose (LADDD) and  Absorbed Daily Dose corresponding to neurotoxicity (ADDDN) with  data on ADDDN 

from Table 8.4 and  LADDD from Table 8.4 & 8.5 
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8.6 Conclusions 

 Data from epidemiological investigations of human population have shown that the 

principal toxic effect of chlorpyrifos is acetylcholinesterase inhibition. This results in 

neurological effects, also associated with reproductive and developmental effects. This data 

on dose effects was plotted as CPD plots with the following equations:  

 

CF (%) = 55.6.log(LADDD) +22.8 

 

 

 

 The levels of doses corresponding to biological effects observed in animal studies 

(HED) were from ten to thousand times higher than the doses observed from epidemiological 

studies (LADDD) with human populations. The majority of studies in both animals and 

human have focused on the neurological effects. For acute adverse effects, the levels of 

HEDA  at 4,900-16,200 µg/kg were ten to ten thousand times higher than the Lifetime 

Average Daily Dose at 0.3-11µg/kg/d). Similarly with chronic neurotoxicity, values of HEDC 

at 160-1,600 µg/kg/d were also ten to a thousand times higher than LADDD. The Absorbed 

Daily Dose, which corresponds with acute neurotoxicity observed from epidemiological 

studies, ADDDN at 5-181 µg/kg/d is ten to one hundred times higher than LADDD, which is 

the surrogate for chronic doses corresponding to adverse health effects.  

 The guidelines for exposure to chlorpyrifos vary among international and national 

agencies and range from 3 to 100 µg/kg/d for acute effects and 0.3 to 10 µg/kg/d for chronic 

effects. This variability is due to use of different biological endpoints and safety factors. The 

lowest guideline was set by the US EPA for sensitive populations, comprising infants and 

women of reproductive age at 0.5 µg/kg/d for acute effects and 0.03 µg/kg/d for chronic 

effects. The highest guidelines were recommended by WHO/FAO at 100 µg/kg/d for acute 

effects and 10 µg/kg/d for chronic effects. The issue of usage of different biological 

endpoints and safety factors is addressed by the application of the probabilistic dose-response 

assessment in this current study. Safety factors were not used to evaluate the dose-response 

relationship.  

 The guidelines developed in this current research chlorpyrifos exposure were derived 

from the 5
th

 percentile of LADDD to obtain chronic guideline of 0.5 µg/kg/d and that the 5
th

 

percentile of ADDDN to derive an acute guideline of 3 µg/kg/d. However, further information 
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on human populations is needed to confirm these values and to set guidelines for sensitive 

populations. 
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CHAPTER 9 RISK CHARACTERIZATION WITH USAGE OF 
   CHLORPYRIFOS BY VIETNAMESE FARMERS 

 

9.1 Background 

 Quantifying, or characterizing risk, is the final step in the risk assessment process. In 

this step, the data on the dose-response relationship of chlorpyrifos is integrated with the data 

on exposure to characterize the health risks for the populations investigated (see Figure 9.1). 

The risk characterization of point estimates using the Hazard Quotient (HQ) is considered to 

be a simple and consistent method for risk characterization. It compares the point estimate of 

the exposure levels (average or maximum) with guidance values recommended by national 

and international authorities. However, this approach is insufficient to incorporate information 

about variability of exposure in the environment as well as uncertainty in the exposure 

estimate (WHO, 2011a). 

 Risk characterization using probabilistic techniques utilises distributions of values 

rather than single values and can address the limitations of the point estimate approach with 

results in HQ values. It can present variability of the exposure and uncertainty in risk 

quantification. It can provide the probability of risk. This approach has been widely used in 

health risk characterization related to environmental contamination and dietary exposure, and 

it has been recently applied to occupational exposure. Guidance for application of 

probabilistic methods to risk assessment has been developed by US EPA (US EPA, 2001) and 

OECD (OECD, 1997). However, the techniques in these guidance methods focus on using the 

probabilistic distribution of exposure but not the toxicological endpoints. So the single point 

estimate from dose-response data with safety factors is mostly used regardless of its 

limitations. For instance, for chlorpyrifos, one of the most common organophosphate 

insecticides, national and international authorities (NPIC, 2009, NRA, 2000, ATSDR, 1997, 

FAO/WHO, 1998) have recommended guidelines for acute effects which vary considerably 

(from 1 to 100 µg/kg/d). This results in difficulty for the risk assessor in characterization of 

the risk with subsequent difficulties for the risk manager to make decisions needed in risk 

management.  

 Several studies (Connell et al., 2002, Hamidin et al., 2008, Cao et al., 2011) have 

introduced a different approach to health risk assessment using probabilistic techniques. With 

this technique, risk is characterized by the comparison of exposure and adverse biological 

effects which are both expressed as cumulative probability distributions and plotted in the 

same way. For instance, Connell et al (2001) used the relationships between exposure to DDE 
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and the dose-response corresponding to reduction in the survival of young ardeid birds in 

order to evaluate risk to the breeding success of Ardeids. Hamidin et al (2008) applied 

probabilistic techniques to conduct human health risk assessment of chlorinated disinfection 

by-products (DBPs) in drinking water. The health risks were characterized by the overlap 

between probabilistic distribution of exposure doses and the doses that caused specific 

adverse health effects in human populations. By this method, all actual data on dose-response 

relationships, especially data from epidemiological studies, are involved in risk 

characterization. Cao et al (2011) recommended a health risk characterization for 

environmental pollutants with a new concept of Overall Risk Probability (ORP) using 

probabilistic distributions for exposure as well as dose-response. Cao et al (2011) 

demonstrated the development of a new risk characterization method in the risk assessment of 

two steroidal EDCs with fish in surface water. The ORP can be applied to both carcinogenic 

and non-carcinogenic effects.  

 For chlorpyrifos, some studies in health risk assessment of this compound with 

occupational applicators in developing countries have been conducted (Aponso, 2002, 

Rodriguez et al., 2006b, Panuwet et al., 2008b). These studies found high health risks for 

pesticide applicators using chlorpyrifos in agricultural cultivation by characterizing the risks 

using point estimate methods.  

 One of the objectives of this current study was to characterize the risk of chlorpyrifos 

exposure to Vietnamese rice farmers using probabilistic techniques. The risk was 

characterized by different probabilistic approaches. First, the Hazard Quotients were 

estimated using guidelines for chlorpyrifos exposure recommended by national and 

international agencies. Second, the risk was quantified as the ratio between the 95 percentile 

of exposure doses and the 5
th

 percentile of doses corresponding to adverse health effects. 

Third, the risk was quantified by calculating the Hazard Quotient using Monte Carlo 

Simulation (MCS). Fourth, the risk was characterized by calculating Exposure Exceedence  

values (EEC) using the Overall Risk Probability (QRP) method recommended by Cao et al 

(2001).  
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Figure 9.1 Strategy for the risk characterization of farmers exposed to chlorpyrifos
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9.2 Data sources for risk characterization 

 The data used for risk characterization of chlorpyrifos with rice farmers in Vietnam 

are mainly drawn from Chapter 7, Exposure Assessment, and Chapter 8, Dose-response 

Assessment.  In Chapter 7, the chlorpyrifos exposure doses were estimated from urinary TCP 

of participant farmers, comprising: (1) the baseline Absorbed Daily Dose (ADDB), which was 

estimated from urinary TCP collected from participant farmers; (2) the post-application 

Absorbed Daily Dose (ADDA), which was estimated from urinary TCP collected from 

farmers; (3) the total Absorbed Daily Dose (ADDT) was estimated by the sum of ADDB and 

ADDA; and (4) the Lifetime Average Daily Dose (LADDE), which was estimated from 

ADDT. The LADDE was considered as the exposure dose of farmers who are pesticide 

applicators throughout their life assuming a similar annual pattern of chlorpyrifos throughout 

their working life. 

 In Chapter 8, the chlorpyrifos doses, correspond to adverse health effects in 

epidemiological studies on human populations and laboratory experiments on animals were 

categorized as neurological effects and non-neurological effects. The doses comprise: (1) 

acute Human Equivalent Dose (HEDA) derived from single doses reported from animal 

studies, and chronic Human Equivalent Dose (HEDC) derived from repeated doses observed 

from animal studies; (2) the Absorbed Daily Dose (ADDD) derived from data reported from 

epidemiological studies with human populations; (3) the Absorbed Daily Dose corresponding 

to acute neurological effects (ADDDN) derived from epidemiological studies; and (4) Lifetime 

Average Daily Dose (LADDD), which is the dose throughout a lifetime corresponding to 

adverse health effects.  

 

9.3 Risk characterization using probabilistic techniques 

9.3.1 Probabilistic risk chracterization using guidelines 

Risk characterization with baseline exposure (ADDB) 

 The CPD of baseline exposure levels (ADDB) and the chronic guidelines 

recommended by international and national agencies are compared in Figure 9.2. The HQ95 

representing the high exposure group in the Vietnamese participant farmers, was calculated at 

the 95
th

 percentile of the ADDB (0.55 µg/kg/d) with the chronic guidelines for various 

agencies. These guidelines comprise the Acceptable Daily Intake (ADI) recommended by 

WHO (10 µg/kg/d), Health Canada (10 µg/kg/d), Australian NRA (3 µg/kg/d), and MRL 
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recommended by ATSDR (1 µg/kg/d). These were all below unity with HQ95 values of 0.05, 

0.18, and 0.55 respectively. The HQ95 exceeded unity when using cRfD (0.3 µg/kg/d) 

recommended by US EPA with HQ95 at 1.8. The HQ95 is about 18 when using the chronic 

population adjusted dose (cPAD) (0.03 µg/kg/d) recommended by US EPA for sensitive 

populations, including infants and women at age 13-50 years. The HQ50 values, representative 

of the median level of exposure for the participant farmers, were calculated at the 50
th

 

percentile of ADDB (0.13 µg/kg/d) and all values below unity, ranging from 0.01 to 0.4 

except with the cPAD (0.03 µg/kg/d) reccommended by US EPA for sensitive populations. 

 

 

 
 

 

Figure 9.2 CPD of the Baseline Absorbed Daily Dose (ADDB) of participant farmers compared with 

the chronic guidelines recommended by various agencies with Chlorpyrifos. 
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calculated to be less than unity if the acute reference dose recommended by WHO (100 

µg/kg/d) ise used, but which exceeds unity if all the acute guidelines recommended by US 
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0 

20 

40 

60 

80 

100 

0.01 0.1 1 10 

C
U

M
M

U
LA

TI
V

E 
 P

R
O

B
A

B
IL

IT
Y

 (
%

) 

BASELINE CHLORPYRIFOS ABSORBED DAILY DOSE (µg/kg/d)  

50% 

95% 

5% 

50% 

95% 

5% 

CF(%) = 70.8 Log(ADDB) + 113.6 
R² = 0.87 

US EPA ATSDR NRA WHO & Health Canada 



200 

 

used. It was one hundred times higher than acute population adjusted dose (0.5 µg/kg/d) 

recommended by US EPA for sensitive populations.  

 The HQ50 calculated at the 50
th

 percentile of ADDA (9 µg/kg/d) is below unity when 

using the acute reference dose recommended by Australian NRA (10 µg/kg/d) but is higher 

than the acute reference doses recommended by US authorities, US EPA and ATSDR, with 

HQ50th values at 1.8 and 3 respectively. The HQ5 at the 5
th

 percentile of ADDA (0.8 µg/kg/d) 

is below unity using all acute guidelines recommended by international and national 

authorities.  

 

 

 

 
 

Figure 9.3 Post-application Absorbed Daily Dose (ADDA) of rice farmers and acute guidelines of 

chlorpyrifos 
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percentile of LADDE, and that of ATSDR was at 90
th

 of LADDE. The HQ50 of the LADDE is 

less than unity using all guidelines mentioned above. 

 

Figure 9.4 Chlorpyrifos Lifetime Average Daily Dose (LADDE) of rice farmers and chronic 

guidelines 

 

Limitations with this method 

 This method was conducted by using a “semi-probabilistic” technique that used the 

probabilistic distribution for exposure but not for the dose-response data. This has significant 

limitations due to the variability of the guidelines for both acute and chronic exposure to 

chlorpyrifos recommended by national and international countries. The reasons for the 

variations in the guidelines were discussed in Section 8.5 (Chapter 8).  

 The risk characterization outcomes using these guidelines indicated that the baseline 
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guidelines recommended by Australian NRA, ATSDR, Health Canada, and WHO, are used 

then the use of chlorpyrifos can be considered not to have significant effects. However, the 

high exposure group of farmers would probably be characterized as having chronic adverse 

health effects if we use the guideline recommended by US EPA. A similar situation is seen 

with the LADD exposure to chlorpyrifos with farmers. In contrast, the post-application 

exposure levels of farmers to chlorpyrifos suggested that about 50% of farmers could suffer 

from acute adverse effects if we use guidelines recommended by Australian NRA, but this 

probability is up to 70% if we use the guidelines recommended by US EPA and ATSDR. 

However, under 5% of farmers will be assessed as probably suffering from acute adverse 

effects if we use the guideline recommended by WHO.  
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 The selection of appropriate guidelines with chlorpyrifos for monitoring and health 

risk management of populations exposed to chlorpyrifos is particularly difficult in Vietnam 

and other developing countries. These countries usually rely on the guidelines recommended 

by other national and international agencies. Moreover, the guidelines are mostly established 

from the biological effects on surrogate animals and application of safety factors which may 

generate considerable uncertainty for risk characterization. Therefore, using the actual dose-

response relationship from epidemiological studies with human populations, if available, 

could be considered as a solution addressing these limitations. 

 

9.3.2 Probabilistic risk chracterization using dose-response data 

9.3.2.1 Hazard Quotient at the high exposure and threshold dose level (HQ95/5)  

 The HQ95/5 was estimated as the ratio between exposure level (ADDB, ADDA, 

LADDE) at the 95
th

 percentile of cumulative frequency of exposure and the threshold dose at 

the 5
th

 percentile level. This value (HQ95/5) is representative of the high exposure group, and 

the threshold dose at the 5
th

 percentile of cumulative of frequency of doses (LADDD, 

ADDDN). The 5
th

 percentile threshold dose corresponds with adverse health effects observed 

in the sensitive group in epidemiological studies with human populations (see Section 8.5, 

Chapter 8). 

HQ95/5 of baseline exposure level (ADDB)  

 The CPD of ADDB representing exposure and LADDD representing adverse effects 

are plotted in Figure 9.5. The HQ95/5, was estimated from the 95
th

 percentile of ADDB (0.55 

µg/kg/d) and the 5
th

 percentile of LADDD (0.5 µg/kg/d). This level (0.5 µg/kg/d) is considered 

as a suggested guideline value for chronic exposure of chlorpyrifos in this current study. The 

HQ95/5 is slightly above unity (1.1) which indicates that the risk of adverse effect from 

chlorpyrifos among farmers was relatively small. In other words the exposure levels of 

chlorpyrifos with farmers prior to application were at a safe level as established in this study. 
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Figure 9. 5 Baseline Exposure doses (ADDB) and Lifetime Average Daily Dose corresponding to 

adverse health effects (LADDD) 

 

HQ95/5 with the post-application exposure level (ADDA)  

  The CPD of ADDA representing post-application exposure and ADDDN representing 

the acute exposure dose-response relationship are plotted in Figure 9.6. The HQ95/5, was 

estimated using the 95
th

 percentile of ADDA (97.7 µg/kg/d) and the 5
th

 percentile of ADDDN 

(3 µg/kg/d). This latter figure is a suggested acute guideline for chlorpyrifos exposure. A 

HQ95/5 of 32.5 was obtained. This indicated that farmers had a high risk of acute neurological 

adverse effects after application. This result agrees with the risk characterization using 

guidelines recommended by national authorities such as US EPA, ATSDR, and Australian 

NRA, but it is in contrast with that using the guideline recommended by WHO which had 

HQ95th below unity.  
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Figure 9.6 Post-application Exposure doses (ADDA) and Doses corresponding to neurological effects 

(ADDDN) 

 

HQ95/5 with the lifetime average daily dose (LADDE)  

 The CPD of LADDE, the lifetime average exposure dose of farmers who are pesticide 

applicators, and that of LADDD, the lifetime average dose-response relationship 

corresponding to adverse health effects are plotted in Figure 9.7. The HQ95/5 was estimated 

using the 95
th

 percentile of LADDE (2.14 µg/kg/d) and the 5
th

 percentile of LADDD (0.5 

µg/kg/d). This latter figure is a suggested chronic guideline for chlorpyrifos exposure. The 

HQ95/5 was calculated at 4.3. This indicates that the farmers who are pesticide applicators with 

lifetime exposure doses at the 95
th

 percentile of exposure probably suffer from chronic 

adverse health effects.  
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Figure 9.7 Lifetime Average Daily Dose of exposure (LADDE) and Lifetime Average Daily Dose 

corresponding to adverse health effects (LADDD) 
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usage of a single point as a guideline for adverse health effects. This means that the remainder 

of the information contained in the full CPD curve is not used. Therefore, this method does 

not comprehensively deal with the variability and uncertainty in risk characterization such as 

the variation in sensitivity in human populations.  
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baseline exposure levels and 25% of farmers with lifetime average daily exposure levels could 

experience adverse developmental effects.  

 In contrast, the post-application exposure levels of farmers (ADDA) had a major 

overlap with the range of doses corresponding to adverse neurological effects (ADDD), which 

an considered to be surrogates for the acute adverse effects of organophosphate insecticides. 

The overlap between the exposure, ADDA, and neurological effect, ADDDN results from 

neurological effects ranged from 5 to 181 µg/kg/d derived from epidemiological studies with 

human populations and exposure doses (ADDA) up to over 100 µg/kg/d (Steenland et al., 

2000, Dick et al., 2001, Alber et al., 2004a, Albers et al., 2007, Farahat et al., 2011). The 

cumulative frequency at the threshold of the neurological effects is at the 30
th

 percentile of 

ADDA. 
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Figure 9.8 Exposure doses with participant farmers (ADDB, ADDA, LADDE from Figures 7.5, 7.7, 

and 7.11) and adverse biological effects doses from epidemiological studies of human populations 

(ADDD, LADDD from Tables 8.2-8.5) 
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9.3.2.2 Risk characterization using Monte Carlo Simulations (MCS) 

 The probabilistic risk assessment using Monte Carlo simulations has been considered 

as an effective tool in dealing with both variability and uncertainty in risk characterization, 

since this approach allows risk assessors to quantitatively analyse distributions (rather than 

point estimates) of both exposure and dose-response data (Duan and Mage, 1997, 

Paustenbach, 2000). In this method the Hazard Quotients (hereafter: HQMC) are ratio 

distributions between exposure doses (ADDB, ADDA, LADDE) and doses corresponding to 

adverse health effects (LADDD and ADDDN) from dose-response relationship. These were 

estimated by running 10,000 trials of the calculations using the Monte Carlo Simulations 

(MCS). The distribution of HQMC are shown in Figures 9.9 to 9.11. The results indicate that 

the distribution of HQMC for values of the baseline exposure, ADDB, and the life time average 

daily dose, LADDE  were below the unity value, with values of <0.8 and <0.64, respectively 

(see Figures 9.9 and 9.10). This implies that farmers with baseline exposure levels and 

lifetime average daily exposure levels may have low risk of adverse effects. However, the 

HQMC values for post-application exposure doses were distributed above the unity value at a 

level of 33%. This suggestes a high probability of acute neurological effects among farmers 

exposed to chlorpyrifos during pesticide application. 

 

 

Figure 9.9 Hazard Quotient distribution (ADDB/LADDD) using Monte Carlo simulations for baseline 

exposure levels of chlorpyrifos with farmers (ADDB) with dose-response relationship (LADDD). 
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Figure 9.10 Hazard Quotient distribution (LADDE/LADDD) using Monte Carlo simulations for 

lifetime average exposure levels of chlorpyrifos with farmers (LADDE) with dose-response 

relationship lifetime average daily dose for adverse effects (LADDD). 

 
 

 This method suggests a lower health risk than previous methods. For instance, the 

probability of LADDE values higher than the threshold value of doses (the 5
th

 percentile of 

LADDD) corresponding to adverse health effects was 25% (see Figure 9.7); However, the 

HQMC values, the ratio of LADDE/LADDD, was effectively zero as shown in Figure 9.10. 

Similarly, the probability of ADDA higher than the threshold value of doses (the 5
th

 percentile 

of ADDDN) was about 70% (see Figure 9.6) while that estimated by the MCS was 33% (see 

Figure 9.11). The reason for these differences was that the previous methods calculated HQs 

based on the lowest value of doses (the 5
th

 percentile level) whereas MCS method calculated 

HQMC based on whole CPD of both exposure and doses corresponding to adverse health 

effects.  
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Figure 9.11 Hazard Quotient distribution (ADDA/ADDDN) using Monte Carlo simulations for Post-

application exposure levels of chlorpyrifos with farmers (ADDA) with absorbed daily dose for acute 

neurotoxicity (ADDDN). 

 

 

 9.3.2.3 Probabilistic risk assessment using Overal Risk Probability (ORP) 

 Recently the Overall Risk Probability (ORP) method has been modified from the 

probabilistic risk assessment method recommended by Solomon et al (2000) for 

ecotoxicological risk assessment. This has been developed by Cao et al (2011) for health risk 

assessment.  

 In this method, the exposure exceedence values for specific exposure levels (ADDB, 

ADDA, LADDE) are estimated based on the CPD. These are then plotted against the 

corresponding cumulative probability for the dose-response CPD. The risk is then estimated 

as the area under the fitted curve of these plots and is described as the Exposure Exceedence 

Curve (EEC). The method is described in detail in Section 4.4, Chapter 4.  

 The cumulative frequency of exposure doses (ADDB, ADDA, LADDE) and dose-

response relationships (LADDD, ADDDN) were plotted on the same charts for each pair, 

including ADDB and LADDD (Figure 9.5), ADDA and ADDDN (Figure 9.6), and LADDE and 

LADDD (Figure 9.7). From these, the exposure exceedence values were calculated and plotted 

against the cumulative probability as percent of populations affected, thus the EEC for each 

kind of exposure (EEC-ADDB/LADDD, EEC-ADDA/ADDDN, EEC-LADDE/LADDD) was 

fitted and are shown in Figure 9.12.  
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Figure 9.12 Exposure exceedence curves derived from the CPD of exposure (ADDB, ADDA, LADDE) 

and dose-response values (LADDD, ADDDN) as derived from Figures 9.5, 9.6 and 9.7 

 

 

 The risk of adverse effects at the chlorpyrifos baseline exposure level with farmers 

was estimated by the area under the EEC-ADDB/LADDD to be 0.6% (see Figure 9.12). Over a 

lifetime at the average daily dose with farmers, the estimated area under EEC-

LADDE/LADDD is 1.5%. These results indicate that the farmers probably have a small risk of 

adverse health effects due to exposure to chlorpyrifos at the baseline level and over a lifetime 

at the average daily doses. In contrast, the risk of adverse effects at the post-application 

exposure level with farmers estimated by the area under the EEC-ADDA/ADDDN is 29%. This 

represents a high risk of acute adverse health effects among farmers who are pesticide 

applicators.  

 The results derived by the ORP method are in good agreement with the HQ95/5 which 

indicates a strong positive association between the HQ values and the areas under EEC 

curves. For instance, the slopes of EEC increased when the values of HQ increased and vice 

versa. Likewise, the results of the ORP method have a subtle difference from those found 

using MCS. The risk of adverse health effects with ADDA exposure is 33% using MCS, while 

it is 29% with the ORP method. However, the risk with ADDB and LADDE were detectable at 

low values (0.6%, and 1.5% respectively) by the ORP method and non-detectable using the 

MCS approach. 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

0 10 20 30 40 50 60 70 80 90 100 

Ex
p

o
su

re
 E

xc
e

ed
en

ce
 (

%
) 

Percent of Population Affected 

EEC-ADDA    

EEC-LADDE  

  

EEC-ADDB   



212 

 

9.3.3 Estimation of safety ratio (SR) 

 The SRs were estimated as the ratio between the doses corresponding to adverse 

health effects observed from animal studies and those observed from human studies at the 5
th

, 

50
th

 and 95
th

 percentile of doses. The acute SRs were estimated as the ratio of HEDA and 

ADDDN, and the chronic SRs were estimated as the ratio of HEDC and LADDD. The SRs 

calculated in this work and the Safety Factors used to calculate the guidelines of chlorpyrifos 

by national and international agencies are shown in Table 9.1. 

 The SRs for acute effects (HEDA/ADDDN) ranged from 155 to 312 which is from 1.5 

to 3 times higher than the acute SF used by US EPA (100) and from 15 to 30 times higher 

than the SF used by ATSDR, Australian NRA, WHO/FAO (10). Similarly, the SRs for 

chronic effects (HEDC/LADDD) ranged from 126 to 252 which is from 1.2 to 2.5 times higher 

than the SF used by US EPA and ATSDR and from 12 to 25 times higher than the SF used by 

Australian NRA, Health Canada, and WHO/FAO. These results suggest limitations in using 

Safety Factor or Uncertainty Factors in establishing the guidelines for chlorpyrifos. 

 

Table 9.1 Comparison of the Safety Ratios estimated in this study and the Safety Factors used by 

various agencies. 

 

Percentile
a
 

 

Acute SR 

(HEDA/ADDDN) 

Chronic SR 

(HEDC/LADDD) 

 

5
th

  

 

312 

 

252 

 

50
th

  

 

155 

 

197 

 

95
th

  

 

251 

 

126 

 

Agency
b 

Acute Safety Factor Chronic Safety Factor 

 

US EPA 

 

100 

 

100 

 

ATSDR 

 

10 

 

100 

 

Australian NRA 

 

10 

 

10 

 

Health Canada 

 

- 

 

10 

 

WHO/FAO 

 

10 

 

10 

 
a
 Calculated using the data reported in Section 8.4, Chapter 8. 

b
 Data from Tables 8.8, 8.9 in Section 8.4, Chapter 8. 
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9.4 Conclusion 

  In general, the results of all methods indicate that Vietnamese farmers have a 

relatively high risk of acute adverse health effects after a single event of chlorpyrifos 

application. The probability of having acute neurological effects among farmers is from 29% 

to 33%. This finding is agreement with surveys by Murphy et al (2002), in which 31% of 

surveyed farmers in Northern Vietnam had at least one symptom of pesticide poisoning. Also, 

Dasgupta et al (2007) found that 35% of tested farmers in Southern Vietnam experienced 

acute pesticide poisoning.  

 The risk of adverse effects from chlorpyrifos at baseline exposure, which is the level 

farmers are exposed to without any activity in chlorpyrifos application, was found to be small 

with case of the high exposure groups (95
th

 percentile of exposure). This result is found when 

risk is estimated using the guideline recommended by US EPA or using HQ95/5 and ORP 

method. On the other hand, the risk was non-detectable when using the guidelines 

recommended by other authorities or using the Monte Carlo Simulations for risk 

characterization. Similarly, the risk of adverse health effects from lifetime average daily 

exposure was small when estimated as the cumulative exposure doses for farmers throughout 

their life  and using the guidelines of agencies such as US EPA and ATSDR, or using the 

HQ95/5 method and ORP for risk characterization. The results of risk characterization are in 

good agreement using the Monte Carlo Simulation method and the ORP method with high 

exposure scenariors but not at low exposure levels. This suggests that the ORP method may 

be more sensitive in quantifying risk at low exposure levels than the Monte Carlo Simulation 

method.  
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CHAPTER 10 EVALUATION OF NEEDS FOR PESTICIDE  
   RISK REDUCTION MEASURES 

 This chapter presents the results of needs assessment for pesticide risk reduction 

measures with an emphasis on farmer health. The framework for this whole research is 

presented with the role of this specific chapter within that framework in Figure 10.1. 

Background information on pesticide related health issues among farmers, including farmers 

in Vietnam, and the application of needs assessment model in evaluating needs for a health 

program is presented. This research commences with the assessment of comparative needs 

with USA for improving pesticide regulation in Vietnam. The normative needs for improving 

pesticide regulation and safety with an emphasis on farmer health in Vietnam are considered. 

The express needs for pesticide safety practices identified from observations with pesticide 

practice of participant farmers are outlined as are the felt needs identified from the focus 

groups discussion among participant farmers. Comprehensive needs are used to recommend 

safety strategies following the hierarchy model for occupational health.  

 

10.1 Background 

 Pesticide poisoning is a global public health problem reflected by the three million 

acute poisonings which occur worldwide each year (WHO, 1993). Pesticide-related 

poisonings are more frequent and serious in developing countries despite the fact that higher 

amounts of pesticides are sold in developed countries (Yanez et al., 2002a). Occupational 

exposure with plantation workers and farmers mixing and using pesticide are the biggest 

contribution to unintentional poisoning (WHO, 1990b). A lack of rigorous legislative 

regulations and training programs have been considered as key factors to pesticide poisoning, 

especially with farmers in developing countries (Ecobichon, 2001b). 

 Vietnam, is a developing country which is heavily dependent on agriculture. Nearly 

80% of men and women in the workforce are in agriculture (Dung, 2006). Pesticide 

consumption increased from 14,000 tonnes with 837 trade names in 1990 to 50,000 tonnes 

with over 3000 trade names in 2008 (Bao Viet Securities, 2010). However, pesticide 

legislation and regulations have not been developed in concert with these increases. This is 

due to a lack of administration and enforcement resources, insufficient knowledge and 

incentives for regulators, lack of environmental standards, and weak cooperation and 
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coordination as well as a lack of consistency in implementing regulations among relevant 

authorities (Hoi, 2010).  

 A high percentage of farmers have insufficient knowledge of pesticide regulation and 

safety such as compliance with instructions on labels, spray techniques, protective equipment 

and disposal of waste pesticides (Huan and Thiet, 2002). As a consequence, farmers have 

high risk of adverse effects from pesticide exposure. Murphy et al (2002) found that 31% of 

surveyed farmers in Northern Vietnam had at least one symptom of pesticide poisoning 

(Murphy et al., 2002). Dasgupta et al., (2007) found 35% of farmers having blood 

cholinesterase tests in Southern Vietnam experienced acute pesticide poisoning and 21% of 

the farmers suffered from chronic poisoning symptoms. Nevertheless, no common national 

program for pesticide risk reduction in agricultural activities has been developed. 

 The needs assessment framework recommended for evaluating health promotion 

programs by the World Health Organization has been considered a comprehensive approach 

to determine the nature and extent of health needs. This approach has been described by Chu 

and Simpson (1994). There are four types of needs to be evaluated, comprising: (i) normative 

needs defined by authority or expert opinions; (ii) comparative needs identified by 

comparison with a similar population; (iii) felt needs defined by members of community; and 

(iv) expressed needs identified by experts or member of community through observation. 

 This study sought to evaluate the needs for pesticide risk reduction with an emphasis 

on farmer health and safety in Vietnam, using the qualitative needs assessment method 

recommended for evaluating health promotion programs by the World Health Organization 

(see Figure 10.1). The methodology for the study is described in Chapter 4 (Section 4.5). 
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Figure 10.1 Overall strategy for research in this thesis including needs assessement for pesticide risk reduction measures leading to recommendations for risk 

management 
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10.2 Comparative needs for pesticide regulations 

   

10.2.1 Legislative basis for pesticide regulations 

 The comparative needs were evaluated by a comparative analysis of pesticide 

regulations in Vietnam and USA. In the USA, the Environment Protection Agency (EPA) 

regulates pesticide registration, manufacture, and distribution under the authority of the 

Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA). In addition, Federal Food, 

Drug and Cosmetic Act (FFDCA) has authorized EPA to establish tolerable levels for 

pesticide residues in foods (Stephen and Toth, 1996). The FIFRA requires that all pesticides 

distributed and sold in USA must be registered by EPA after these pesticides are approved 

subject to the provision that they : "will not generally cause unreasonable adverse effects on 

the environment.'', and the FIFRA defines the term ''unreasonable adverse effects on the 

environment'' to be ''(i) any unreasonable risk to man or the environment, taking into account 

the economic, social, and environmental costs and benefits of the use of any pesticide, or (ii) 

a human dietary risk from residues that result from a use of a pesticide in or on any food 

inconsistent with the standard under section 408 of the Federal Food, Drug, and Cosmetic 

Act.'' (USA FIFRA, 1996).  

 In Vietnam, the Ministry of Agricultural and Rural Development (MARD) regulates 

pesticides under the authority of the Ordinance on Plant Protection and Quarantine (OPPQ) 

that was recommended by the National Assembly Standing Committee in 1993 and revised in 

2001 (SRV, 2001b, SRV, 1993a). However, this legislation has not been passed into law yet. 

Pesticide regulation is covered in a chapter comprising six articles in the OPPQ. This has a 

similar definition of “pesticide” to that described by FIFRA: “pesticides are products made 

from chemical, botanical, or biological materials in order to prevent and eliminate pests that 

are harmful to botanical resources” (SRV, 2001a). The OPPQ requires that a pesticide must 

be demonstrated to be “safe to human and ecological systems” to be considered for 

registration. The OPPQ requires the Ministry of Industry (MOI), the Ministry of Science, 

Technology and Environment (MSTE), the Ministry of Health (MOH), and the Ministry of 

Trade (MOT) to collaborate with MARD in management of pesticide manufacture, import 

and export, distribution, storage, label, package, and advertisement (SRV, 1993b). However, 

the roles of each ministry are not specified. 
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10.2.2 Pesticide registration 

 In the USA, a registrant must submit data regarding a pesticide to the EPA for 

registration, as required by the FIFRA (USA FIFRA, 1994). The EPA decides whether to 

register the pesticide based on the results of a risk-benefit evaluation, which assesses the 

adverse effects and benefits of the pesticide (US EPA, 2007b). Registration of the pesticide is 

not approved unless the pesticide meets: (i) the efficiency and labelling requirements of 

FIFRA; and (ii) does not generally cause “unreasonable adverse effects on the environment”. 

In addition, under the FIFRA, the EPA administrators must also take into account the 

economic, social, and environmental costs and benefits of  pesticides (FIFRA, 1996). 

 The EPA issues rules describing what procedures and data are required to evaluate the 

risk-benefits of a pesticide, including guidance for determining whether a pesticide causes 

unreasonable adverse effects (Tucker and Brown, 1995). The results of these risk-benefit 

analyses are then published with the EPA’s proposed regulatory decision, followed by the 

comments of stakeholders. If the pesticide is classified as cancelation or restriction on use, 

the U.S. Department of Agricultural and the EPA Scientific Advisory Panel are requested to 

review the risk-benefit analyses for the final regulatory decision (US EPA, 2007b).  

 After registration of a pesticide, the registrant is still required to inform the EPA of 

any “additional factual information regarding unreasonable adverse effects on the 

environment of the pesticide”. The information that a registrant must submit consists of: 

toxicological and epidemiological studies, pesticide residues in dietary foodstuffs and/or the 

environment, adverse effect incident reports, and other information of concern regarding 

continued registration. The registrants will be convicted of a violation if they do not report 

the required information (US EPA, 2007a, US FIFRA, 1994e).  

 In Vietnam, the Ministry of Agricultural and Rural Development (MARD) issued, 

under the OPPQ, the Decision 145/2002/QD-BNN in 2002 regarding regulations on pesticide 

registration procedures, manufacturing, processing, bottling, packaging, export and import, 

sale, storage, transport, use, label, workshop and advertisement (MARD, 2002a). A pesticide 

is considered for registration, providied that it is not listed as an unallowable registered 

pesticide, and is shown to have reasonable bio-effectiveness for crops. The Decision states 

that a pesticide is unallowable for registration if: (i) it is in the list of restricted pesticides for 

use in Vietnam that is issued by MARD; (ii) it has not been used in other countries; (iii) its 

trade name is the same as its ingredient name; (iv) it or its active ingredient has toxicity of 

Level I classified by WHO except pesticides used for disinfection in stores, stations, wood 
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treatment and other construction purposes (MARD, 2002a). In terms of benefits, a registrant 

is required to conduct a bio-effectiveness evaluation of the pesticide with proposed crops on 

small and large-scales (MARD, 2002b). Nevertheless, these regulations have not been 

rigorous enough to conduct risk-benefit analysis of a pesticide, since toxicity level data alone 

is not adequate for the risk assessment process even though the required bio-effectiveness 

trial may be useful information to evaluate the economical benefits of a pesticide. Moreover, 

the regulations do not mention any requirement for continuing reports of factual information 

on adverse effects of pesticide on man and environment during the registration period of a 

pesticide.  

 

10.2.3 Suspension and cancellation of pesticide registration 

 In the USA, the EPA may consider deregistration of a particular pesticide if new 

evidence of adverse effects is discovered. The reconsideration by the EPA extends from 

restriction, suspension to cancelation of a pesticide registration (US FIFRA, 1994b). In 

addition, the cancelation or suspension is based on the results of cost-benefit analyses, 

focusing on the impacts of the cancelation action on production, prices of agricultural 

commodities, retail food prices, and other factors related to the economy (US FIFRA, 1994b). 

Before deciding on a final cancellation or suspension, the Administrator must consider 

restriction of a pesticide’s use. If restriction is not feasible, EPA will proceed with the 

cancellation of that pesticide with full explanation for the reasons (US FIFRA, 1994b).  

 In Vietnam, no specific clause for suspension or cancelation of an existing pesticide 

registration has been promulgated in the OPPQ. Instead pesticide surveillance is based on 

international organizations (WHO, FAO, UNEP). Their actions regarding toxicity 

classification or evidence of dangerous effects is  promulgated by MARD as well as the 

decisions to restrict or not allow use of a pesticide (MARD, 2010). Nevertheless, these 

decisions are more likely applied to a new pesticide registration process than for reviewing an 

existing pesticide registration. 

 

10.2.4 Pesticide labelling 

 In the USA, labelling and use of pesticides are subject to the pesticide regulations of 

EPA under the FIFRA which consider that the sale and distribution of any mislabelled 

pesticide is an illegal action (US FIFRA, 1994a). Besides the directions for use, the label of a 
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pesticide is required to have a warning statement “adequate to protect health and the 

environment”. There is a prohibition for altering a label or using a pesticide in a way that is 

not compliant with its labelling (US FIFRA, 1994f).  

 Similarly, under the OPPQ, MARD has promulgated regulations on pesticide 

labelling that requires that the label of any pesticide distributed in Vietnam must be in the 

Vietnamese language, and the contents on the label must comprise information on the 

following: toxicity; trade name; ingredients; direction for use; safety during or after use, first 

aid; mixing with other pesticides; manufacturer and expiry date; storage, mixing and using; 

reentry times; and the colour strip code for toxicological level(MARD, 2002f). 

 

10.2.5 Worker protection standard (WPS) and certification training 

 The WPS is the USA federal regulation issued to protect workers from occupational 

exposure to agricultural pesticides and contains regulations on pesticide safety training, 

notification of pesticide application, use of personal protective equipment, restricted entry 

intervals following pesticide application, decontamination supplies and emergency medical 

assistance (US EPA, 2007c). The EPA is authorized to work closely with USA state pesticide 

regulatory agencies to conduct inspections in order to ensure that the regulations are 

implemented and enforced in agricultural communities.  

 In the USA, a pesticide is considered for general use if it will not cause any 

unreasonable adverse effects on the environment when used as per its labelling, whereas a 

pesticide is considered for restricted pesticide use if it “may generally cause, without 

additional regulatory restriction, unreasonable adverse effects on the environment” (US 

FIFRA, 1994c). Under WPS, only a certified applicator, or someone supervised by a certified 

applicator may apply restricted use pesticides while any person can use general pesticides 

(US FIFRA, 1994d). EPA is authorized to issue the standards for certification of applicators 

of pesticides to assure that an applicator is competent to use pesticides safely and effectively 

(US FIFRA, 1994d).  

 In Vietnam, no similar WPS has been designed. Likewise, despite MARD regularly 

issuing a list of restricted use pesticides, there is no similar requirement regarding training or 

certification for pesticide applicators.  
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10.2.6 Pesticide storage and disposal 

 USA EPA regulates pesticide storage and disposal with four categories of pesticide 

users, consisting of: household consumer, farmer, retailers and commercial applicator. There 

are detailed instructions on pesticide storage and disposal provided for each group (US EPA., 

2010). Under the federal regulations on pesticide storage and disposal, the state and local 

laws regarding these regulations may be stricter than the federal requirement (US EPA., 

2010). For example, most of the states have developed programs for farmers to “collect and 

dispose of pesticides in a safe and simple way at little or no cost to the participants” (US 

EPA, 2010).  

 In Vietnam, the regulations on pesticide storage mentions requirements of pesticide 

storage and preservation in general but not for each category of users (MARD, 2002e). These 

regulations are focused on storage and preservation for industrial manufacturers and 

distribution companies rather than individual retailers and household applicators. Similar to 

the USA, pesticide disposal is regulated by the National Chemical Law on hazardous waste 

management (SRV, 1999). However, no specific regulatory program for safety storage and 

disposal of agricultural pesticides has been developed by provincial agencies. 

 

10.2.7 Pesticide import and export policy 

 The USA EPA regulates both import and export of pesticide under the FIFRA 

(Section 17). However, there has been criticism that FIFRA authorizes EPA to 

comprehensively regulate domestic use of pesticides but comparatively little regulation exists 

on pesticide exportation (Tucker and Brown, 1995). Although EPA has issued the new export 

policy for pesticides “to protect public health and environment from unreasonable adverse 

effects of pesticides, both domestic and internationally”, EPA permits companies to export 

pesticides unregistered for use in the United States with labelling and warning requirements. 

Moreover, despite requirements of multilingual labels, the exporters are required to print 

multilingual notification on shipping containers but not labels affixed on the immediate 

product packages.  

 In Vietnam, an organization importing and exporting pesticides is required to obtain 

permission from MARD. The regulations issued by MARD are relatively comprehensive in 

controlling the importation of pesticides. A series of information points are required 

regarding trade licence, contract with exporters, manufacturer, results of experimental studies 
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and proof that it is on the list of registered pesticides for use in Vietnam (MARD, 2002c). 

However, there is no regulation on importation of pesticides which are unregistered for use in 

the exporter’s country. In terms of pesticide export, only a general statement on export of 

pesticide that: “individuals and organizations which belong to economic classes which are 

allowed to operate under the laws and have registration for trading pesticide and 

agricultural equipment are allowed to import and export pesticides” (MARD, 2002c).  

 

10.2.8 Needs for improvement of pesticide legislative regulation in 
Vietnam 

The needs suggested from the results of comparative analysis are summarized in Table 1. 

They can be grouped into 7 main categories and include: (1) identifying the specific roles and 

facilitating active involvement of related sectors in pesticide management and regulation to 

ensure “a registered pesticide will not generally cause unreasonable effects on man and 

environment”; (2) enhancing the legislative basis by upgrading OPPQ to an official law, in 

which pesticide regulation would be an appropriate part, or developing a separate legislative 

pesticide regulation; (3) for pesticide registration, enhancing the role of the multiple-sector 

committee Pesticide Technical Advisory Committee by developing an appropriate 

mechanism for coordination of these sectors, as well as, developing a risk-benefit evaluation 

guidance for authorities, scientists, and administrators to evaluate and process a pesticide 

registration procedure; (4) for suspension and cancelation of a pesticide registration, 

developing an additional clause for restriction, cancelation, and suspension of an existing 

pesticide registration; including requirement for continuing reports on factual information 

regarding a registered pesticide’s ongoing effects (5) for transport, storage and disposal of 

pesticides, developing a specific regulations on these activities for individual pesticide 

applicators such as farmers, household consumers, and small retailers; (6) for pesticide 

importation, development of restriction on importation of pesticides which are unregistered or 

prohibited for use in an exporter’s country; reliable access to information regarding pesticide 

exporting countries, and more specific requirements for pesticide labelling with exporters, 

especially for warning notification of hazardous pesticides; (7) for occupational health and 

safety, development of regulations on worker protection standards, should be developed 

including pesticide safety training, notification of pesticide application, use of protective 

equipment, emergency medical assistance, requirement and certification of training programs 

for pesticide applicators, especially restricted pesticide application. 



223 

 

Table 10.1 Summary of suggested needs for improving pesticide regulations in Vietnam 

  

Criteria USA regulations Vietnam regulations Needs for improving pesticide regulations  

Responsible agency US EPA MARD 
 

Specific roles and active involvement of other sectors, 

including environmental, health, and labour sectors. 

Legislative basis FIFRA OPPQ Upgrading OPPQ to the law  
 

 

Registration 

 

Risk-benefit evaluation 

 

.Toxicological classification; 

. Bio-effectiveness assessment 

for benefit of a pesticide 

 

 

.Developing risk- benefit evaluation requirement, 

guidance and training administrators; 

.Developing mechanism for involvement health and 

environmental sectors in pesticide registration; 

.Requirement of continuing reports of factual 

information of a pesticide from registrants. 
 

Suspension and 

Cancelation of existing 

pesticide registration 

New evidence of adverse 

effects, or cost-benefit 

analyses 

 

- 

Adding a specific clause of restriction, cancelation, and 

suspension of an existing pesticide registration 

 
 

 

Pesticide labelling 

Direction in use and adequate 

information for environmental 

and health protection. 

Direction in use and adequate 

information for environmental 

and health protection. 

 

N/A 

 
 

 

Worker protection standard 

(WPS) and certification 

training 

 

Applied for restricted use 

pesticides 

 

- 

.Adding a clause of WPS and certification training 

requirement; 

.Developing certification training programs for pesticide 

applicators. 
 

Transport, storage and 

disposal of pesticides 

Applied with household 

consumer, farmer, retailer and 

commercial applicator. 

Focus on general storage of 

commercial registrant and 

retailer   

Having regulations on individual pesticide applicators, 

including farmer and household consumer. 
 
 

Pesticide import and export  Comprehensive regulations on 

domestic pesticide use, but 

little regulation on exportation 

No specific regulation on 

pesticide unregistered in 

exporter’s countries 

.Having specific regulations or restriction of importing 

pesticides unregistered in exporter’s countries; 

.Requirement of appropriate labels for warning 

notification of pesticide importation. 
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10.3 Normative needs for pesticide regulatory and safety programs 

 Guidance for environmental health risk assessment and involvement of the 

environmental and health sectors in pesticide registration procedures were the major concern 

of the agricultural sector that is the leading agency for pesticide management. However, these 

sectors have a lack of human resources involved in pesticide registration, monitoring and 

inspection at all levels.  

 At the local level, the reform of the agricultural co-operative (CAC) to agricultural co-

operative services (CACS) was perceived as a challenge to the regulation of safe use of 

pesticide with farmers.  

…under CAC, we formed professional teams of pesticide applicators for community 

of farmers, so we could easily instruct and regulate them to use pesticides safely, but 

now we are not in charge of this duty, instead we just provide services and advices 

on types and application of a pesticide. Therefore, it is hard for us to control their 

usage of pesticide indeed. (A leader of CACS) 

 The limited knowledge of farmers regarding pesticide purchase, application and 

safety is also a difficulty for local agricultural agencies to address. For instance, farmers buy 

and use unregistered pesticides due to the cheap cost and high toxicity giving quick 

elimination of pests. In contrast, the current penalties for violation of pesticide regulations are 

not strong enough. 

…a fine of several hundred thousand VND is not worthy enough to make local 

sellers and farmers stop violating pesticide regulations. (An expert of PDPP) 

 With regard to pesticide-related occupational safety, an expert in MOLISA has 

mentioned that most of the labour safety and hygiene programs are focussed on industrial 

enterprises rather than the agricultural activities because farmers are categorized as informal 

workers who have no employer. It was perceived that this issue could be addressed if a 

comprehensive law on occupational hygiene and safety was adopted. Farmers may be 

categorized as formal workers who have an employer and a labour relationship, so that 

MOLISA can regulate occupational safety through their employers.  

 Leaders of the health sectors also stated that it was difficult to implement 

occupational health and safety programs with farmers, since they don’t have formal 
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employers. As a result, the majority of existing occupational health programs focus on 

workers in industrial enterprises. Moreover, no detailed mechanisms have been set up by 

government for coordination among agricultural, health, labour and environmental sectors in 

pesticide regulation and safety. At the local level, the lack of equipment and capability with 

pesticide poisoning treatment is of most concern to local health authorities. The main reason 

for this issue is that there is no specific health program and budget allocated for pesticide 

poisoning prevention and treatment at the local level.  

We do not have any separated program and allocated budget for pesticide poisoning 

prevention and treatment...so our commune health clinic has not been trained and 

equipped for the first aid of pesticide poisoning. (A leader of CHC) 

 

 The barriers and difficulties spelled out by experts, help identify the normative needs 

as follows:  

 Reviewing, revising and enhancing the legislative regulation on pesticides which 

should include comprehensive guidance for environmental health risk assessment as 

well as the mechanism for involvement of environmental and health sectors in the 

procedure for pesticide registration;  

 Building capacity for agricultural agency staff in pesticide risk assessment, 

monitoring and inspection;  

 Having stronger penalties for violation of pesticide regulations and improving 

pesticide safety knowledge and behaviour of farmers;  

 Establishing professional teams of pesticide applicators at the commune level; 

developing the law on occupational hygiene and safety comprising agricultural 

activities;  

 Allocating financial resources for occupational safety programs in agricultural 

activities;  

 Developing policy for health insurance for agricultural workers by authorized 

employers;  

 Improving capacity of local healthcare units in pesticide poisoning prevention and 

treatment by a health target program. 
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Table 10.2 Observations and interview of farmers on pesticide application  

 
Category Standard Guidelines

* 
Observed/ Interview

** 

 

Choice of 

pesticides 

 Identify pest problems from own experiences or seeking advices from agricultural officials, research stations or 

company; 

 Information needs: product, dose, application method, precautions, cost per unit area and alternatives. 

+ 

 

± 

Purchase, 

Transport, and 

Storage 

 Stock up early and buy the correct product (recommended for use by experts, clearly labelled, and buying un-

damaged packs). 
 Obey laws and regulations for pesticide transportation and storage; 

 Store pesticides away from living quarters, food storage, drinking water or animal feeds 

 

± 

- 

± 

Measuring and 

Mixing 
 Wear recommended protective clothing when mixing; 

 Keep children and animals away when mixing; 

 Don’t measure or mix pesticides in or near houses, or where livestock are kept.  
 Use suitable equipment for measuring and mixing 
 Safely dispose of empty containers, equipment (not reuse) by the recommended procedures (burry, burn, etc.) 

- 

- 

± 

- 

- 
Maintenance and 

Repair of 

equipment 

 People engaged in pesticide application must be properly trained the techniques involved (choice of equipment, 

checking equipment, filling, calibrating, operating, maintenance, fault-finding, repair) 
 

- 

 

Pesticide use in the 

field 

 Get adequate training; 
 Read and follow the label instructions or ask for advice regarding dose, technique, protective clothing, timing, 

repeat application, and re-entry periods and pre-harvesting intervals 
 Take heed of weather condition which may have an effect on pesticide application; check windy direction before 

applying 

 Wear recommended PPE correctly (wear clothing to cover as much of the body as possible) 

 Collect up wastes such as empty packages, for safe disposal 

- 

 

± 

- 

± 

- 

Hygiene  Wash equipment 

 Wash hands and face before eating, drinking or smoking 

 Wash all clothing and have a bath right after each day’s application 

+ 

± 

+ 

Re-entry to treated 

crops, pre-

harvesting interval 

and Disposal of 

wastes 

 Get proper training 

 Obey label instructions about entering treated crops  

 Dipose of wastes or remaining pesticides by the recommended procedures for each type of substance (concentrate, 

spray mixtures, etc.) 

- 

- 

 

- 

First Aid for 

pesticide poisoning 

 Applicators and people involved in pesticide application must be trained for first aid of pesticide poisoning 

 

- 

*GIFAP, 1989  
** (+) Yes; (-) No; (±) Partly 
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10.4 Expressed needs for safety in pesticide application with 
farmers 

 The results of actual observations were compared to pesticide safety guidelines 

recommended by GIFAP (1989) and the comparisons are presented in Table 10.2. The choice 

of pesticide with farmers is usually based on the identification of pests, advice of CACS staff, 

and information on the label of the pesticide products. However, farmers mentioned that the 

labels of some products were framed in technical language that was difficult for them to 

understand. Therefore, they also relied on the suggestions of the local pesticide sales 

personnel who sometimes encouraged farmers to use unregistered products with a low price 

but which were highly toxic to insects.   

 With pesticide storage, the farmers were aware that pesticides should not contaminate 

drinking water, food and animal feeds. Nevertheless, they continued to keep pesticide 

products in space close to the household living quarters and the animal quarters.  

…only one-day pesticide storage was not the big problem for exposure. (A farmer)  

 The farmers measured and mixed pesticide at the rice fields with the PPE including: 

long-sleeves shirt, pants, mask, and gloves, but not safety glasses. They used visual 

estimation to measure pesticide quantity without appropriate equipment for this work. For 

mixing, several kinds of pesticide were mixed in the spray-tank at once regardless of whether 

they need different mixing methods. The water in canals was used for mixing pesticide and 

for disposing of waste pesticide after use.  

 The observations indicated a lack of safety practices when farmers used pesticides in 

the field. First, they paid attention to the doses for mixing only but did not properly read the 

information on technique, protective clothing, timing, repeating application, re-entry periods 

and pre-harvesting intervals. Second, they were concerned about the weather condition but 

did not check the wind direction before application. Third, the personal protective equipment 

was used by the farmer but without knowledge of the suitable PPE for pesticide safety, so 

they did not use safety glasses, gloves and boots for application. Fourth, the farmer did not 

keep other people, especially children, or animals out of the treated crops by actions such as 

verbal instruction, posters and other measures. Fifth, none of the wastes such as empty 

packages, or remaining pesticide were collected and disposed of safely. Sixth, for personal 

hygiene at the end of the application-day, the farmers had a bath at home, but used clothing 

was put together with other clothes possibly resulting in cross contamination. Finally, they 

have not been trained for first aid with pesticide poisoning.  
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 Based on the deficiencies in pesticide safety practices, the expressed needs comprise: 

(1) improving awareness, knowledge and behaviour of farmers with pesticide occupational 

safety practices, focusing on: pesticide regulations, safety in choice, transport and storage, 

and application; (2) setting up safe facilities in the rice fields for farmers to measure, mix, 

dispose of remaining pesticides, and wash equipment after use; (3) establishing a hotline or 

assistance desk for farmers, especially during the application season; (4) developing standard 

PPE at reasonable price for farmers.   

 

10.5 Felt needs for pesticide safety program with farmers 

 The farmers experienced difficulties in understanding the technical language on the 

labels of pesticide products although these were recommended by CACS. This made them 

rely on the advice of the local sales personel.  With safety in transportation, the farmers 

presented a lack of knowledge on regulations promulgated from authorized agencies. For 

instance, “It is not allowed to transport pesticides on public vehicles which carry human, 

pets, foods, inflammable and explosive materials, and others”(MARD, 2002d). The farmers 

supposed that drivers of public vehicles also did not know these regulations. 

We have never been asked if we bring pesticides in the public vehicles the drivers of 

public vehicles … and if the drivers know that we brought them, they did not have 

separated places for pesticides. (Farmers) 

 

 None of the farmers had an isolated place for pesticide storage. Pesticides were kept 

close to the living quarters, animal cages, and the kitchen. They assumed that the best way for 

safety storage of pesticides was not to store pesticides more than a day thus they should buy 

pesticide the day before application.  

 Farmers expressed concerns regarding the following: (1) insufficient training for 

pesticide application, (2) lack of knowledge on reasonable personal protective equipment, 

and (3) lack of an isolated area for pesticide preparation and disposal of pesticides in the rice 

fields.  

We have never been trained for pesticide application. What we follow from our 

senior farmers and some from instruction labels of pesticide products….We don’t 

know what kind of personal protective equipment suitable for exposure prevention, 

just using whatever we have. (Farmers) 

 

 Farmers had a lack of knowledge of pesticide poisoning first aid. The method they 

used for poisoning is described as the “traditional way” - drinking hot sugared water for 

detoxification. They felt no confidence in the ability of the commune health clinic in 
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treatment of pesticide poisoning because they did not have sufficient professional skills and 

equipment. Moreover, it was difficult to transport poison cases to the hospitals because of a 

lack of transport vehicles. It is noteworthy that the results of previous surveys found over 

30% of Vietnamese farmers had suffered from acute pesticide poisonings associated with 

pesticide application for rice crops (Dasgupta et al., 2007a, Murphy et al., 2002). 

 The farmers experienced an additional cost and labour time with alternative programs 

such as: using special rice breed against insects, biological products which replace pesticides, 

IBM program. The farmers reported that the synthesized products to replace pesticide were 

too costly to afford.  

…for instance under IBM program, we have to spend a lot of time to inspect insects, 

catching insects and setting tools to protect crops from pest. That we could solve in a 

few days by spraying pesticides. (A senior farmer) 

 

 The felt needs based on the discussions:  

 Improvement of knowledge and awareness on regulations and safety regarding 

transportation and storage of pesticide;  

 Safety notices and facilities of chemical safety transport in public vehicles; more 

understandable labels of pesticide products for farmers;  

 Technical training for occupational safety of pesticide application including packing, 

measuring, mixing, spraying and disposing pesticides;  

 Standard PPE at affordable prices;  

 Isolated places for farmers to prepare, washing equipment, and disposing pesticides;  

 Ways to keep people and animals out of treated location in the fields;  

 Training programs for the farmers in the first aid for pesticide poisoning;  

 Improvement of capacity on pesticide poisoning treatment among local healthcare 

units, including district medical centres, hospitals, and commune health clinics;  

 Suitable alternative programs and support policies for these programs. 

 

10.6 Occupational health risk management of pesticides 

 In most countries, the risk management model applied for occupational health and 

safety is the “hierarchy of control” which comprises control measures in hierarchical order as 

follows: (1) Legislation; (2) Elimination/substitution or alteration; (3) Engineering controls; 

(4) Administrative controls; (5) Personal protective equipment (Tillman, 2007). This model 
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has been applied to prioritize and promote safer methods of pest control in a case study 

reported by Weinberg et al (2009).  

 For pesticide risk reduction with the farmers who are pesticide applicators, the 

legislative measures mainly involve regulations on pesticide registration based on both the 

results of risk assessment and a risk-benefit analysis (Maroni et al., 1999). In addition, 

legislative measures also involve occupational health and safety regulations on certificated 

training for pesticide applicators, health surveillance systems, policy on insurance and 

compensation. However it has been shown that health risk management for reduction of 

pesticide risk can be achieved only by co-operation between health and safety professionals, 

managers and employees (Maroni et al., 1999). But this is hard to implement in Vietnam 

because farmers are categorized as informal employees without a formal relationship with an 

employer. 

 Elimination of a pesticide which is a hazard can be extremely difficult in practical 

terms due to its benefits to food production, environment and communicable disease 

prevention. Substitution and alternative solutions are more appropriate to control pesticide 

risk. For instance, the organophosphate compounds have been widely used in agriculture 

since the restriction of organochlorine insecticides in the 1970s (NPIC, 2011). Also, 

Integrated Pest Management (IPM) has been introduced in 1972, using multi-component 

controls of pests in order to reduce the usage of pesticides. A previous study (Nguyen et al., 

1999) found the IPM was effective in reducing the farmers’ reliance on chemicals. However, 

this program has been in the pilot stages and is not widely applied among farmers.  

 Engineering controls are encouraged to reduce the potential for drift onto non-target 

areas. In developed countries, these controls are carried out by equipment and vehicles such 

as air blast sprayers with aircraft as well as tank or trucks which spray pesticides at the target 

and cause less drift onto the human and natural environment (Weinberg et al., 2009). 

Nevertheless, the engineering controls, are not affordable by farmers in developing countries 

due to high cost and technical requirements of usage. Therefore, the farmers in most 

developing countries are still using hand-spraying methods with back-pack reservoirs for 

pesticide application. These place farmers at a high potential risk of pesticide exposure and 

adverse effects. 

 Administrative controls involve a variety of measures which concentrate on the work 

process, systems and worker’s behaviour. In terms of pesticide risk reduction with farmers, 

the administrative controls can include: clear instructions and policies for pesticide 

application, notification of neighbouring properties of scheduled pesticide applications, 
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licensing and training records of applicators, safety areas with notification posters during 

application, etc. (Weinberg et al., 2009). Administrative controls will not be conducted 

properly unless the farmers are adequately trained in the reasons for the control. Also, the 

exact procedures and guidelines to be followed must be known as well as the consequences 

of ignoring the administrative controls. 

 Although Personal Protective Equipment (PPE) is at the bottom of the hierarchal 

order, it is still widely recognized as a major part of the control of pesticide risk. This use of 

PPE is addressed in most intervention studies, and it is considered as an effective method to 

reduce pesticide exposure among applicators (Keifer, 2000). However, selection of PPE 

appropriate to both protective purposes and usage convenience needs to be addressed. The 

cost of PPE remains a concern with farmers in developing countries.  

 Besides the controls mentioned above, the improvement of the health surveillance 

system for pesticide-related illness has an important role in identifying and preventing 

adverse effects. The timely, ongoing, and systematic assessment of health endpoints 

associated with pesticide exposure needs to be carried out(Das et al., 2001). Surveillance 

systems for prevention of exposure, and the promotion of healthcare to deal with pesticide 

poisoning in hospitals and medical centres need to be addressed in order to reduce the 

severity of pesticide adverse effects with poisoned farmers.   

 

10.7 Evaluation of needs for pesticide-related occupational health 
safety 

 The four kinds of needs are recognized in the occupational safety measures, 

comprising: legislation, alternative solution, engineering control, administrative control, 

information and training, personal protection, workplace and personal hygiene, medical 

treatment and first aid. The recommendations in these categories are summarized in Table 

10.3.  

 Enhancement of regulations was considered to be the highest priority in legislative 

measures for pesticide safety in Vietnam, since these appeared following the objective 

comparative analysis and subjective opinions of both authorities and farmers as well. For 

stronger implementation, the regulations should be in accord with the International Code of 

Conduct on the Distribution and Use of Pesticide. The coordination and collaboration of 

related sectors with specific mechanisms and responsibilities in pesticide management is also 

a need to give stronger pesticide regulation. Moreover, the more specific regulations on 
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pesticide usage with individual pesticide applicators could be counted as a need for 

promoting pesticide regulations and safety. Finally, decentralization of pesticide regulations 

for authorized agencies at provincial and local levels may be a need for effectiveness of 

pesticide management. The legislation on labour safety and hygiene in agriculture should be 

to the same as for the industrial sectors. For instance, an insurance policy for farmers needs to 

be developed. For more scientific pesticide regulation, the involvement of the risk-benefit 

evaluation process could play an important part in ensuring that a registered pesticide does 

not have harmful effects on the environment and humans.  

 Alternative solutions, which could help farmers reduce pesticide useage at a 

reasonable cost are needed with subsidisation by the government for farmers to implement 

these programs from pilot to initial application stages. In addition, the need for developing 

modern techniques and equipment to apply pesticides could be considered as an engineering 

solution to reducing pesticide exposure. However, these solutions require time and can be 

costly to implement, so they should be considered for the medium or long-term.  

 Well trained and managed professional teams of pesticide applicators and provision of 

facilities for applicators to mix and load pesticides in the field are needed by local 

agricultural authorities and farmers. These professionals could also provide training on 

pesticide application and safety. There is a need for certified pesticide applicators, especially 

with restricted pesticides. The employment relationship between employers and professional 

applicators would solve the issue of health insurance for farmers who are pesticide 

applicators. Isolation preparation and facilities for farmers to prepare pesticides before 

application should be considered a control measure to prevent pesticide contamination and 

exposure to the community.  

 The lack of knowledge on pesticide safety among farmers, demonstrated by previous 

surveys (see Section 10.1), including pesticide applicators and community members, 

indicates a need for specific information and training for both pesticide applicators and 

community members. Providing information to pesticide applicators and community 

members through information-education-communication (IEC) programs is needed  

 Personal protective equipment (PPE) with the addition of biological monitoring could 

be very effective in reducing pesticide exposure among pesticide applicators (Keifer, 2000). 

However, this solution is difficult to implement since farmers need to know the standard PPE 

and the price needs to be affordable. The local authorities indicated that the safety measures 

and facilities at the fields could be considered as urgent needs for farmers to dispose of and 

wash used equipment as well as for personal hygiene.  
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 From the perspective of preventive medicine, the medical authorities indicated that 

improvement of the medical surveillance system, especially at local medical centres should 

be considered as a priority. However, this program needs to be allocated the finance and 

specific guidance for implementation. In addition, the capacity of pesticide poisoning 

treatment should be enhanced at local hospitals, and units authorized for pesticide poisoning 

treatment need to collaborate with commune health clinics to conduct community training 

programs for pesticide poisoning first aid. 
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Table 10.3 Evaluation of Needs and Recommendations 

Safety measures Needs 

LEGISLATION  

 

 

Pesticide regulations 

 

 

 Legislation in line with international standards; 

 More powerful pesticide regulation; 

 Multidisciplinary coordination in pesticide regulation and management; 

 Risk-benefit evaluation process for pesticide registration; 

 Regulations on pesticide safety with individual pesticide applicators; 

 The legislative regulation on labour safety and hygiene in agricultural cultivation; 

 Training certification requirement for applicators using restricted pesticides; 

 Policy on health insurance for farmers Occupational health and safety 

ALTERNATIVES  

  Reasonable cost-effectiveness and sustainable alternative programs; 

 Subsidy from government for farmers to implement alternative programs. 

ENGINEERING CONTROLS  

  Modern technique and equipment, including appropriate safety measures for pesticide application. 

ADMINISTRATIVE CONTROLS  

  Well trained or professional groups of pesticide applicators, especially for restricted pesticide application; 

 Provision of safety facilities for farmers to prepare and apply pesticides in the field; 

 Provision of safety measures for public transport systems in terms of pesticide safety transport. 

INFORMATION and TRAINING  

  Certified training programs for pesticide application for both commercial and private pesticide applicators; 

 Public websites for pesticide use and safety; 

 Improved awareness and knowledge of pesticide related-applicators on pesticide regulations; 

 Community campaign and IEC programs for pesticide use and safety; 

 More information on pesticide selection, health effects, and safety in the announcements ACU; 

 Pesticide first aids training for farmers. 

PERSONAL PROTECTION  

  Standard PPE reasonable for farmers to use while applying pesticides. 

WORK PLACE and PERSONAL HYGIENE  

  Safety measures and facilities for farmers to dispose of waste and wash used equipment as well as personal hygiene; 

 Strategies and plans for controlling environmental contamination of agricultural pesticides. 

MEDICAL  TREATMENT and FIRST AID  

  Improvement of the medical surveillance system of medical centres at all levels; 

 Enhancement of capacity in pesticide poisoning treatment for local hospitals, including commune health clinics; 

 Improvement of community knowledge of the first aid of pesticide poisoning. 
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10.8 Conclusions  

 This current research program is the first comprehensive needs assessment on 

pesticide risk reduction for rice farmers in Vietnam. The results provide a wide range of 

needs in a hierarchial order for occupational safety, comprising: legislation, alternatives, 

engineering control, administrative control, information and training, personal protection, 

workplace and personal hygiene, medical treatment and first aid (Table 10.3). 

Recommendations for addressing the identified needs are summarized below: 

 Legislative Regulation: reviewing, revising and upgrading the legislative regulations on 

pesticide registration and usage: (1) mechanism for multidisciplinary involvement of 

different sectors in pesticide regulations; (2) guidance in risk-benefit analysis for 

pesticide registration; (3) pesticide regulations for individual applicators other than 

industrial companies; (5) legislative regulation on labour safety and hygiene for 

agricultural activities. 

 Alternative Solutions: (1) conducting evaluation of effectiveness of existing alternative 

programs with a focus on cost-effectiveness, application, and sustainability of the 

programs rather than using health effects as a main indicator for evaluation; (2) 

developing government subsidization policy and programs for farmers to implement the 

alternative programs at least in the initial phase. 

 Engineering Solutions: studying and developing modern techniques for farmers to apply 

pesticides with the purpose of reducing pesticide exposure and adverse health effects 

from pesticide application; 

 Administrative Solutions: establishing, training and finding employers for professional 

teams of pesticide applicators who will provide services for farmers in pesticide 

applications; constructing public safety measures and facilities for farmers to prepare 

pesticides in the field; 

  Information and Training: developing and implementing IEC programs in terms of 

pesticide application and safety, comprising community campaigns and training courses 

for both community members and pesticide applicators; developing public websites for 

pesticide usage and safety information. 

 Workplace and Personal Hygiene: studying and recommending standard PPE which is 

reasonable for farmers to afford; constructing the facilities at the supervised places for 
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farmers to prepare and dispose of pesticides in the field; developing and conducting 

environmental monitoring programs for pesticide contamination. 

 Medical Surveillance and First Aid: developing medical surveillance systems for 

pesticide-related health effects in local medical centres; equipping and training to 

improve capacity of local hospitals for pesticide poisoning treatment; conducting 

community training programs for pesticide poisoning first aid. 
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CHAPTER 11 CONCLUSIONS AND RECOMMENDATIONS 

  

Exposure to chlorpyrifos with Vietnamese rice farmers 

 The chronic baseline exposure level (ADDB) due to chlorpyrifos in food principally 

with farmers living in an agricultural community in Vietnam was calculated to be from 0.03 

to 1.98 µg/kg/d, and the lifetime exposure daily dose (LADDE), was from 0.01 to 1.7 

µg/kg/d. These are equal or below the chronic exposure level among farmers reported from 

some other developing countries but higher than that reported from farmers in USA. The 95
th

 

percentile of exposure, representing high exposure, exceeded the safety guidelines 

recommended for chronic exposure of chlorpyrifos by US EPA and ATSDR. The personal 

characteristics of farmers had no influence on the exposure levels but the activities related to 

chlorpyrifos usage during the day prior to application caused a significant increase in 

chlorpyrifos exposure.  

 The post-application exposure level (ADDA) a single day with the farmers who were 

applicators spraying chlorpyrifos was varied widely from 0.35 to 94 µg/kg/d, which is a 

relatively wide range. The high exposure level, 95
th

 percentile, and the median, 50
th

 

percentile, representing the medium exposure exceeded the safety guidelines recommended 

by most national authorities. Multivariate regression analysis indicated that use of Personal 

Protective Equipment (PPE) quantified by percentage of body coverage, amount of 

chlorpyrifos used and period of application, made a major contributions to the ADDA. 

However, the best regression model for the relationship between ADDA and exposure factors 

was observed with two independent variables comprising body coverage and amount of 

chlorpyrifos used.  The mean of ADDA (19.4 µg/kg/d) was slightly less than the predicted 

daily exposure dose of chlorpyrifos (26 µg/kg/d) estimated from the different pathways using 

the generic risk assessment models recommended by the World Health Organization. In this 

model dermal absorption was found to make a significant contribution.  

 

Dose-response relationship for chlorpyrifos adverse effects derived from human and 

animal studies 

 The guidelines for exposure to chlorpyrifos vary among the different international and 

national agencies and ranged from 3 to 100 µg/kg/d for acute effects and from 0.3 to 10 
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µg/kg/d for chronic effects. This variability was due to use of different biological endpoints 

and safety factors. The issue of usage of different biological endpoints and safety factors can 

be addressed by the application of the probabilistic dose-response assessment on actual 

human data from epidemiological studies. Evaluations carried out in this way do not involve 

surrogate animals or media and the application of safety factors. 

 Chronic and acute threshold values, which can be used as guidelines, are developed in 

this current research for chlorpyrifos exposure to farmers. These were derived from the dose 

at the 5
th

 percentile of the dose –response probabilistic relationships developed using 

literature data. The use of the LADDD relationship for the chronic guideline gave a value of 

0.5 µg/kg/d and the use of the ADDDN relationship for the acute guideline gave a value of 3 

µg/kg/d. However, further information on human populations is needed to confirm these 

values and to set guidelines for sensitive population groups. 

 

Risk characterization of chlorpyrifos with Vietnamese farmers 

 In general, the results of all methods indicate that Vietnamese farmers have a small 

risk of chronic adverse health effects (primarily neurological effects) resulting from the 

baseline or lifetime exposure daily dose of chlorpyrifos. However, they are at high risk of 

acute adverse health effects after a single event of chlorpyrifos application. The Hazard 

Quotient (HQ) methods of health risk characterization suggest a high risk of adverse effects 

at the lifetime exposure level. It could have adverse effects up to 39% of the population at 

this level using the point-estimate guidelines or the threshold response dose. Likewise, these 

methods suggest  that they are at high risk of acute adverse health effects after a single event 

of chlorpyrifos application with a probability of affecting 70% of the population using the 

point-estimate guidelines or the threshold response dose. But these methods do not use the 

variability of response to chlorpyrifos within a population and can be considered to be semi-

probabilistic methods. The probability of having acute neurological effects estimated by the 

MSC and ORP methods among farmers is at levels from 29% to 33%. This finding is in 

agreement with surveys by Murphy et al (2002), in which 31% of surveyed farmers in 

Northern Vietnam had at least one symtom of pesticide poisoning. Also, Dasgupta et al 

(2007) found that 35% of tested farmers in Southern Vietnam experienced acute pesticide 

poisoning.  

 Rice farmers in Vietnam are at high risk of excessive pesticide exposure during 

pesticide spraying events due to use of backpack sprays. This leads to a high level of risk of 

consequent adverse health effects. In addition contributory factors are low knowledge of 
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pesticide safety, insufficient personal protective equipment, and poor legislative regulation on 

pesticide by authorized agencies. Even though farmers in some developing countries have 

been shown to be at high risk of chlorpyrifos exposure with consequent adverse effects, most 

of the previous studies in health risk assessment of chlorpyrifos with farmers have been 

conducted in USA. In the USA the techniques of pesticide application and safety are different 

and not applicable to farmers in developing countries. However health risk assessments have 

been conducted in a few developing countries such as Sri-Lanka, ThaiLand, Nicaragua, and 

recently Egypt. These studies have limitations in characterizing variability and uncertainty in 

risk estimation due to usage of point estimates for exposure assessment and dose-response 

assessment. 

 

Application of probabilistic techniques in risk characterization 

 Probabilistic risk assessment (PRA) is considered to be an innovative tool for the 

expression of variability and uncertainty in risk characterization, since this technique can 

enable the expression of risk in terms of probability distributions. The current methods use 

point-estimate for exposure and risk assessment which do not allow this level of evaluation. 

However, the probabilistic techniques can give a risk estimate by several different methods. 

For instance, the PRA using Monte Carlo Simulation (MCS) has been recommended by the 

US EPA but it has not encouraged the use of probability distributions for the dose-response. 

The PRA used in this current research has used probability distributions for both exposure 

and dose-response data in risk characterization to give an effective evaluation of health risk.  

 Health risk characterization of chlorpyrifos using the MCS and the ORP method has 

significant advantages in addressing the limitations of semi-probabilistic risk assessment 

(HQ95/guideline) and point-estimate risk assessment (HQ95/5). The MCS and ORP methods deal 

with variability and uncertainty of risk characterization, since MCS and ORP methods use the 

whole set of data points for both exposure and dose-response in quantifying risk. This study 

suggested that the ORP method using epidemiological dose-response data, is likely to be 

more accurate than the MCS method.  

 

Needs for pesticide risk reduction measures with Vietnamese farmers 

      This study shows that a qualitative needs assessment can be combined with the outcomes 

of the health risk assessment to develop strategies to reduce the high risk for Vietnamese 

farmers from chlorpyrifos exposure. 
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The results of comprehensive needs assessment identified a wide range of needs for 

pesticide risk reduction measures with an emphasis on farmers’ health. These needs were 

dominated by legislative reforms and improvement, workplace and personal hygiene, safety 

information and training, and first aid treatment for pesticide risk reduction among 

Vietnamese farmers. The risk assessment also found that PPE in the form of high body 

coverage significantly reduced pesticide exposure. The needs are summarized as below:  

 the comparative and normative needs for pesticide regulations obtained from 

comparative analysis and experts include: enhancement of pesticide legislation; multi-

sectoral involvement in and improvement of capacity for pesticide regulations; risk-

benefit guidance for pesticide registration; reforms of pesticide regulations on 

restriction, cancelation, suspension, transport, storage and disposal of pesticides; 

development of occupational hygiene and safety policies and programs for 

agricultural activities;  

 The expressed needs based on actual observations comprise: improved knowledge and 

behaviour of farmers on pesticide safety focusing on some specific issues; and support 

for safety facilities and personal protective equipment;  

 The farmers also expressed felt needs on technical training for occupational safety and 

hygiene of pesticide application, and supporting safety facilities and personal 

protective equipment. 

Recommendations 

 Biological monitoring should be considered as a practical approach for chlorpyirifos 

and other pesticide exposure assessment, since this approach can directly measure the 

the internal dose of a pesticide.  

 Using data obtained from epidemiological studies should be considered a preferable 

method for dose-response assessment if possible, since the epidemiological data is 

based on actual data obtained from studies with human populations.  

 Due to variability and uncertainty of exposure factors such as individual weight, 

height, frequencies of pesticide usage, practices of crop cultivations, etc. among 

farmers, the probabilistic assessment should be applied to indicate variability and 

uncertainty in measuring pesticide exposure with farmers. Probabilistic health risk 

characterization should be considered as a significantly advanced tool for pesticide 

evaluation, since this approach can deal with the limitations of the point-estimate 
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approach. Robust or reliable probabilistic techniques can be Monte Carlo Simulation 

(MCS) and the Overall Risk Probability (ORP) method; 

 The results of this case study, which found high risk for farmers exposed to 

chlorpyrifos, indicate the necessity to develop and implement a risk management 

program to reduce pesticide risk with Vietnamese farmers who are pesticide 

applicators.  

 The recommendations for risk management programs based on the identified needs 

include:  

- Enhancing existing legislation and regulations on pesticide management and 

occupational hygiene for farmers.  

- Maintaining and subsidizing existing alternative solutions of pesticide use;  

- Improving techniques for pesticide application that could be widely used by 

farmers and reduce potential pesticide drift into non-target human are as and the 

natural environment;  

- Providing appropriate safety and hygiene training to improve knowledge, 

workplace protection, attitude and behavior of farmers; 

- Establishing a medical surveillance system to monitor pesticide exposure, 

poisoning and long-term effects and treatment affected farmers.  
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Appendix 4.1 Subject Information Sheet 

 

Project Title 

Health Risk Assessment of Organophosphate Insecticides Among Rice Farmers in Vietnam 

 

Primary Investigator: 

 Dung Tri Phung, MD, MPH 

 PhD Student  

 Centre for Environment and Population Health 

 School of Environment, Griffith University, Queensland 

 Mobile: 0401362883 

 Email: s2640731@student.griffith.edu.au 

 

Purpose 

The objective of this study is to evaluate the health risk due to organophosphate insecticides 

(OP) among rice farmers in Vietnam. The result of this evaluation may provide not only 

knowledge of health risk due to pesticide but also useful information for the most effective 

management of occupational health and safety for rice farmers in Vietnam. 

 

Background 

Vietnam, with an economy heavily dependent upon agriculture and still a developing 

country, has a large proportion of sectors accounted for agriculture, and it is estimated that 

over 80% of jobs held by man and women were in agriculture in which rice farmers are 

predominant. Almost all of the rice farm households use pesticides to increase productivity, 

and among pesticide use organophosphate insecticides are most common. There are evidences 

that this insecticide can cause adverse health effects on non target organisms including 

human. Nevertheless, farmers are still applying pack-back spraying pesticides for their crops, 

but their safety knowledge and behaviour in pesticide application are very low, leading them 

to very high risk of pesticide exposures. Health risk assessment which has been recently 

introduced into Vietnam has rarely been implemented among rice farmers in developing 

countries generally and in Vietnam particularly. The study seeks to evaluate the risk of 

organophosphate insecticides among rice farmers who directly involve in spraying pesticides 

on the rice crops in Vietnam. 

 

Method 

The standard process of quantitative Health Risk Assessment, using probabilistic 

approach is applied to investigate which the most common organophosphate insecticides use 

and their toxicity are, the dose-response relationship between specific organophosphate 

compounds and adverse health effects, how much the rice farmers expose to insecticides, and 

the risk characterization of these pesticides among rice farmers. In addition to more 

understanding in issues of pesticide health safety and regulations, a qualitative need 

assessment by deep interviews with key informants is also applied.  

 For exposure assessment, each farmer who directly sprays pesticides for rice crops 

will be taken about 500 ml 24-hour urine sample, and this sample is requested to store at 0 to 

4
o
 degrees before research staff come to pick up and transfer to the laboratory. The urine 

sample will be individually analysed for metabolites of some organophosphate compounds, 

and then the results will be converted to the internal dose of exposure of each individual.  

 A day prior to be taken sample, subjects will be interviewed for some questions by 

research investigators. The contents of the questions will focus on personal information 

mailto:s2640731@student.griffith.edu.au
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(name, age, address, phone), pesticide usage (frequency, duration, type of pesticide applied, 

how to use, etc), and health status (symptoms, disease history).  

 

Inclusion Criteria 

You may be included in the study if you are an adult person, a farmer who is responsible to 

spray pesticides for your household’s rice crops, and in good general health.  

 

Exclusion Criteria 

You will be excluded from the study if you have certain medical disorders, cannot stand and 

walk, are currently so sick that you can not work as a pesticide applicator. Individuals who 

work both on the household’s rice farms and pesticide manufacturers will not be recruited in 

this study.  

 

Risks 

There is two very small risks that subjects may get minor injury if they break the sample 

containers (made by glass or hard plastic materials) or/and transfer the communicable 

diseases (if they have) which caused by bacteria or virus through contacting with other 

persons due to dirty hands after taking samples. Carefulness and sampling following right 

instructions of the investigator will minimize the risk of sample container broken, and 

washing hand by soap will minimize the risk of communicable disease transmission.  

 

Benefits 

Participation in the study will give you the result of individually organophosphate insecticide 

exposure, and you may be provided with consultation for detoxification in case your exposure 

is exorbitant. You will be free cost for organophosphate exposure test by urine sample.  

 

Confidentiality 

Your results will be kept as confidential as is possible by law. All data will be kept in the 

possession of the investigators. If the results of the study are published in a scientific journal, 

your identity will not be revealed. Subjects will not be referred to by name during research 

reports or study discussions. All records will be stored in a locked filing cabinet with 

restricted access for a minimum or five years in a private office. All computer records are 

restricted by password. 

 

Contacting the investigators 

We are happy to answer any question you may have at this time. If you have any queries later, 

please do not hesitate to contact Mr. Dung Tri Phung on (phone number in Vietnam) 

 

Feedback 

All subjects will be provided with test results as soon as they are available. 

 

Voluntary Participation 

Whether you decide to participate in the study or not, your decision will not prejudice you any 

way. If you do decide to participate, you are free to withdraw you consent and discontinue 

your involvement at any time. 

Privacy Statement 

The conduct of this research involves the collection, access and / or use of your identified 

personal information. The information collected is confidential and will not be disclosed to 

third parties without your consent, except to meet government, legal or other regulatory 

authority requirements. A de-identified copy of this data may be used for other research 

purposes. However, your anonymity will at all times be safeguarded.  

 



265 

 

Appendix 4.2 Informed Consent Form 

 

Subject ID: 

 

Project Title 

Health Risk Assessment of Organophosphate Insecticides Among Rice Farmers in Vietnam 

 

Primary Investigator 

 Dung Tri Phung, MD, MPH 

 PhD Student  

 Centre for Environment and Population Health 

 School of Environment, Griffith University, Queensland 

 Mobile: 0401362883 

 Email: s2640731@student.griffith.edu.au 

 

I have read the information sheet and the consent form. I agree to participate in the study 

entitled “Health Risk Assessment of Organophosphate Insecticides among Rice Farmers in 

Vietnam” and give my consent freely. I understand that the study will be carried out as 

described in the information sheet, a copy of which I have retained. I realised that whether or 

not I decide to participate is my decision and will not affect my treatment. I also realise that I 

can withdraw from the study at anytime and that I do not have to give any reasons for 

withdrawing. I have had all questions answered to my satisfaction. 

 

 

(Participant)  (Participant’s signature)  (Date) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:s2640731@student.griffith.edu.au
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Appendix 4.3 Applicator Enrolment Questionnaire 

 

     ID number  

 

 
 

 

1. Today’s date: ______/______/_______ 
                                Day        Month        Year 

 

2. Name of Applicator: 

 

3. Gender 

 Male   

 Female        

 

4. Date of Birth: ______/______/_______ 
                                Day      Month       Year 

 

5. Address: 

 

 

 

 

6. Do you have job addition to farming? 

 No 

 Yes 

           Please list occupation:__________ 

 

 

7. The highest level of school you have completed? 

 Primary school 

 Secondary school 

 High School 

 Vocational School 

 College 

 University 

 Other (please specify) 

        __________________________________ 

 

8. Ethnic group 

 Kinh 

 Other (specify)___________________ 

 

9. Number of household’s member__________ 

 

10. Household Income: 

_______________/ person/ year 

          Thousand VND 

 
 
 
 

 

11. During your lifetime, have you smoked at 

least 100 cigarettes? 

 No 

 Yes 

12. Do you smoke cigarette now? 

 No 

 Yes 

13. On the average, how many do you or did 

you smoke each day? 

 10 or less 

 11-20 

 21-40 

 More than 40 

 

14. What is the total number of years you smoked 

cigarettes? 

                                           /____/____/ years 

 

15. Which of the following tobacco products have you 

used on a regular basis for six months or longer? 

 Pipe 

 Cigars 

 Cigarillos 

 Chewing tobacco 

 Snuff 

 Never used any of these tobacco products 

for 6 months or longer 

     

DEMOGRAPHIC 

LIFE STYLE 
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 Never smoked 

 
 
 

 
16. Current Weight _________(kg) 

 

17. Current Height  _________(cm) 

 

18. Have you considered being sick so that you 

have to take work off recently? 

 No 

 Yes 

 

19. What symptoms are you suffering from now 

(Please specify) 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

             ___________________________________ 

 
 
 

 
20. Does your family own or lease rice farm? 

 No 

 Yes 

 

21. How many acres is your rice farm? 

_______ 

 

22. How many years have you worked on 

rice farm? /_____/_____/ 

 

23. How many rice crops do you have a 

year? 

 

28. What kinds of insecticides are you using 

for your rice crops now? 

 Insectici

de 1 

______

______

_____ 

 Insectici

de 2 

______

______

_____ 

 Insectici

de 3 

 
26. How many years have you applied 

Chlorpyrifos product for your rice crops? 

/_____/_____/ years 

 
27. How many applications do you usually apply 

Chlorpyrifos for your rice crops? 

 Main crop: /______/______/  

 Winter-spring: /______/_____/ 

 Summer-autumn /_____/_____/ 

 

26. How many days do you usually spray 

Chlorpyrifos per one application?  /____/____/d 

 

27. How many hours do you usually spray 

Chlorpyrifos per one application-day?  

                                               /____/____/ hours 

29. During the past week, did you personally apply 

Chlorpyrifos products for your rice crops? 

 No 

 Yes 

           If YES,  

           Product name                      Date 

           ______________________________ 

           ______________________________ 

 

30. How do you mix Chlorpyrifos with water before 

spraying? (litres of water)_______per gram 

 

HEALTH STATUS 

FARM ACTIVITIES AND INSECTICIDE APPLICATION 
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______

______

_____ 

 

24. How many years have you applied 

Insecticides product for your rice crops? 

/_____/_____/ years 

 

25. How many applications do you usually 

apply Insecticides for your rice crops? 

 Main crop: /______/______/  

 Winter-spring: /______/_____/ 

 Summer-autumn /_____/_____/ 

 

26. How many days do you usually spray 

insecticides per one application?  

/____/____/ds 

 

27. How many hours do you usually spray 

Chlorpyrifos per one application-day? /__/__/ 

h 

31. Amount of mixed Chlorpyrifos do you apply per 

one acre of your rice crop? /_____/_____/ litres 

 
 
 

 

32. What type of personal protective equipment 

do you usually wear when you apply 

insecticides? 

 Cartridge respirator or gas mask 

 Dust mask 

 Face shields or goggles 

 Disposable outer clothing 

 Fabric/ leather gloves 

 Chemical resistant gloves 

 Boots 

 Never use protective equipment 

 

33. Which of following clothing do you usually 

wear when you apply insecticides? 

 Hat 

 Chemical resistant boots 

 Apron 

 

34. When do you usually wash your self after you finish 

mixing insecticides? 

 Hands/arms only right away 

 Complete bath/shower right away 

 Complete bath/shower within 2-4 hours 

 Hands/arms only at the end of day 

 Complete bath/shower at the end of day 

 Other (please specify) _________________ 

 

35. When do you usually wash your self after you finish 

spraying insecticides? 

 Hands/arms only right away 

 Complete bath/shower right away 

 Complete bath/shower within 2-4 hours 

 Hands/arms only at the end of day 

 Complete bath/shower at the end of day 

 Other (please specify) _________________ 

OCCUPATIONAL SAFETY 
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 Long sleeve shirt 

 Long pants 

 Waterproof pants 

 Jacket 

 Other (please specify)________ 

 

 

36. Do you usually drink or eat at the break time of 

application time?  

 No 

 Yes 

 
 
Additional Notes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Health Risk Assessment of 
Organophosphate Insecticide among Rice 

Farmers in Vietnam 
 
Investigator: Dung Tri Phung 

        PhD Candidate 
 
Organization 

 
School of Environment 
Griffith University 
Queensland, Australia 
 
General Administration of Preventive Medicine 
and Environmental Health 
Ministry of Health in Vietnam 
 
Contact  
 
Phone:  
Mobile: 
Email: ptdzung70@yahoo.com 
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Appendix 4.4 Field Observation Questionnaire 

 
 

1. Today’s date _______/_______/________ 

                                 Day        Month           Year 

 

2. Name of Applicator: 

 

3. Description of site for application: 

 

4. Insecticide application: 

a. Trade name: 

b. Formulation: 

c. Batch or lot number: 

d. Manufacturer: 

e. Expiration date: 

f. A label describing the product: 

g. CAS number of active ingredient: 

 

 

5. Distance of pesticide application site from the farm residence: 

 

 

6. Mixing and transferring of insecticide 

 

Personal protective equipment 

 

 

   How to mix 

 

 

   The parts of body contact with insecticide when mixing 

 

 

 

7. Application process 

 

   Personal protective equipment 

 

 

   How to apply 

 

 

   The parts of body contact with insecticide when applying 

 

    

   Start time: __________ End time: ___________ 

    

 

 

8. The weather condition during application mission 
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Appendix 4.5 Urine Sampling Questionnaire 

 

 
1. Sample ID:              TCP ______________________       Creatinine _______________________ 

 

2. Date of sample ____/____/_____ Start time____/____/____/____ End time 

_____/____/_____/____ 

                                Day    Month   Year                         hour   Day    Month    Year                       hour     Day    Month    Year 

 

3. Amount of urine sample ___________(ml) 

 

4. Did you contact or use any chemical during past week? 

If YES, list the name of chemicals:___________________________________________________ 

 

5. When did you apply Chlorpyrifos products for your rice crops during the past week? 
 

 Date of application 1  _______/________/________   Start time_______  End time_____ 
                                                         Day            Month             Year                                    hour                            hour 

 Date of application 2  _______/________/________   Start time_______  End time_____ 
                                                         Day            Month             Year                                    hour                            hour 

 Date of application 3  _______/________/________   Start time_______  End time_____ 
                                                         Day            Month             Year                                    hour                            hour 

 

6. What did you do to apply Chlorpyrifos products (mark all that apply) 

                               Mixing              Loading              Spraying 

 

7. Amount of Chlorpyrifos applied for  

 application 1 ___________ (litres) _______________ (acres of land)   

 application 2 ___________ (litres) _______________ (acres of land)   

 application 3 ___________ (litres) _______________ (acres of land) 

 

8. Weather conditions of applications 

 Application 1:__________________________________________________________ 

 Application 2:__________________________________________________________ 

 Application 3:__________________________________________________________ 

 

9. Date of transferring sample to the Lab ______/_____/_____/______ 
                                                                                                hour       Day      Month      Year 

             
            Signature of sample receipt by Lab ____________________ Name of receiver: 
 
 

10. Analytical results    TCP ______________________       Creatinine _______________________ 
 

 
Additional Notes 
 
 
 
   



272 

 

Appendix 4.6 Master form for sample submission 
 

 
 

N 

 

Full name 

 

DOB 

 

Sex 

 

Sampling Information 

Sample ID Sampling day Start-

time 

Urine amount 

(ml) 

Creatinine 

(µmol/l) 

1 F1        

2 F2        

3 F3        

4 F4        

5 F5        

6 F6        

7 F7        

8 F8        

9 F9        

10 F10        

11 F11        

12 F12        

13 F13        

14 F14        

15 F15        

16 F16        

17 F17        

18 F18        

19 Control        

20 Equipment Blank        

21 Equipment Blank        
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Appendix 4.7 An example of ADD calculation 

 

Step 1 Convert urinary TCP from umoles/L to µg/g creatine 

 Convert urinary creatinine from (umoles/L) to (g/L) 

 

Farmer 1 

 

Abbreviation 

 

Value 

(µg/L) 

Estimation  

Creatinine (g/L) = [Creatinine (µmold/L) x 

Molecular Weight
*
]/1000000 

Calculation Creatinine 

(g/L) 

Creatinine baseline Crb 11850 11850 x 113.12/1000000  1.34 

Creatinine application-

day 

 

Cr0 

 

7650 

 

7650 x 113.12/1000000 
 

0.87 

Creatinine 24-hour 

post-application 

 

Cr24 

 

17800 

 

17800 x 113.12/1000000 
 

2.01 

Creatinine 48-hour 

post-application 

 

Cr48 

   

Creatinine 72-hour 

post-application 

 

Cr72 

 

7700 

 

7700 x 113.12/1000000 
 

0.87 

Creatinine 96-hour 

post-application 

 

Cr96 

   

Creatinine 120-hour 

post-application 

 

Cr120 

 

12750 

 

12750 x 113.12/1000000 
 

1.44 

Creatinine 144-hour 

post-application 

 

Cr144 

   

Creatinine 168-hour 

post-application 

 

Cr168 

 

12425 

 

12425 x 113.12/1000000 
 

1.41 
*
Molecular weight of creatinine = 113.12 

 Convert urinary TCP from (µg/L) to (µg/g creatinine) 

 

Farmer 1 

 

Abbreviation 

 

Value 

(µg/L) 

Estimation  

TCP (µg/g creatinine) =  

TCP (µg/L) / Creatinine (g/L) 

Calculation TCP 

(µg/g creatinine) 

TCP baseline TCPb 1.1 1.1 / 1.34 0.82 

TCP application-day TCP0 26.6 26.6 / 0.87 30.74 

TCP 24-hour post-

application 

TCP24 150.1 150.1/ 2.01 74.55 

TCP 48-hour post-

application 

TCP48    

TCP 72-hour post-

application 

TCP72 40.9 40.9 / 0.87 46.96 

TCP 96-hour post-

application 

TCP96    

TCP 120-hour post-

application 

TCP120 44 44 / 1.44 30.51 

TCP 144-hour post-

application 

TCP144    

TCP 168-hour post-

application 

TCP168 1.7 1.7 ÷ 1.41 1.21 
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Step 2 Calculating extrapolation and interpolation values of TCP in 

urine 
 Extrapolating and interpolating missing values (using the equation of farmer 1 in 

the Table 4.3.3.1) 

 

Farmer 1 

 

Abbreviation 

 

Value 

(µg/g 

creatinine) 

Estimation  

y = -0.4926x + 85.6 

Calculation TCP 

(µg/g creatinine) 

TCP baseline TCPb 0.82   

TCP application-day TCP0 30.74   

TCP 24-hour post-

application 

TCP24 74.55   

TCP 48-hour post-

application 

TCP48  x = 48 hours 

y = -0.4926x48 + 85.6 
 

62 

TCP 72-hour post-

application 

TCP72 46.96   

TCP 96-hour post-

application 

TCP96  x = 96 hours 

y = -0.4926x48 + 85.6 
 

38.3 

TCP 120-hour post-

application 

TCP120 30.51   

TCP 144-hour post-

application 

TCP144  x = 144 hours 

y = -0.4926x48 + 85.6 
 

14.7 

TCP 168-hour post-

application 

TCP168 1.21   

 

Step 3 Correcting TCP levels by baseline values 

 Correcting the TCP levels by baseline values and sum 

 

Farmer 1 

 

Abbreviation 

 

Value 

(µg/g 

creatinine) 

Estimation  

TCPhours - TCPbaseline 

Calculation TCP 

(µg/g creatinine) 

TCP baseline TCPb 0.82  0.82 

TCP application-day TCP0 30.74 30.74 – 0.82 29.92 

TCP 24-hour post-

application 

 

TCP24 

 

74.55 

 

74.55 – 0.82 
 

73.73 

TCP 48-hour post-

application 

 

TCP48 

 

62 

 

62 – 0.82 
 

61.18 

TCP 72-hour post-

application 

 

TCP72 

 

46.96 

 

46.96 – 0.82 
 

46.14 

TCP 96-hour post-

application 

 

TCP96 

 

38.3 

 

38.3 – 0.82 
 

37.48 

TCP 120-hour post-

application 

 

TCP96 

 

30.51 

 

30.51 – 0.82 
 

29.69 

TCPT = TCPB + TCP0 + TCP24 + TCP48 + TCP72 + TCP96 + TCP120 278.96  
µg/g creatinine 
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Step 4 Estimating ADD from urinary TCP 

 Calculation of Chlorpyrifos Absorbed Daily Dose (ADD) 

 

Farmer 1 

 

Abbreviation 

 

Value  

Estimation  

 

Calculation Results 

Height (cm) Ht 156   

Weight (kg),  

Or Body weight 

Wt 

BW 

45   

Age (year-old) Age 53   

Body Surface Area (m
2
) BSA  Equation 4.8 1.4 

Creatinine urinary 

excretion rate 

(mg/min per 1.73 m
2
) 

 

CnER 

 

 
 

Equation 4.7 

 

2.09 

Daily excretion of 

creatinine (g/day) 

 

Cn 

  

Equation 4.6 

 

2.43 

Ratio of molecular 

weight 

 

Rmw 

 

1.77 

  

1.77 

Correction factor CF 1.4  1.4 

Urinary TCPtotal C 278.96  278.96 

Calculation of Chlorpyrifos ADDT 

(µg/g/day) 
Equation 4.5 37.33 

(µg/kg/day) 

Chlorpyrifos ADDT 

(mg/kg/day) 
ADDT 

(µg/kg/day)/1000 

0.0373 

(mg/kg/day) 
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Appendix 8.1Calculation of doses from urinary TCP and air concentration reported in epidemiological studies 

 

References 

 

Research subjects 

 

 

Mean of 

age 

(year-old) 

 

Weight 

(kg) 

 

Height 

(cm)  

 

TCP in urine 

(µg/g 

creatinine) 

Absorbed 

Daily 

Dose 

estimated 

(µg/kg/d)
e 

 

Biological effects 

 

ADD estimated from urinary TCP 

 

Steenlan et al., 2000 Termiticide 

applicators 

33.8 78.1
a
 176

b
 399

d 
35.7 Neurotoxicity and behavioral 

effects: loss of muscle strength, 

memory problems, emotional states 

Dick et al., 2001 Pesticide applicators 39.1±9.1 78.1
a 

176
b
 200 15.6 Neurotoxicity: sensory and motor 

effects 

Albers et al., 2004a Manufacturer workers 41.2±7.5 88.1±15 174±10 192 15.6 Neurotoxicity: BuChE inhibition 

Garabranti et al, 

2008 

Manufacturer workers 41.2±7.5 88.1±15 174±10 110 5-50 

Neurotoxicity:ChE inhibition 

Albers et al, 2007 Chemical workers 41.2±7.5 88.1±15 174±10 192-210
d 

15.6-15.7 Neurotoxicity: peripheral nerve 

electrophysiology suggestive of 

subclinical neuropathy  

 

Meeker et al, 2004 

 

Adult males 

 

36.1±5.4 

 

78.1
a
 

 

176
b
 

 

35.1
d 

 

2.6 

Reproductive effect: DNA damage 

in sperm, decrease male 

reproductive hormone 

Meeker et al, 2006 Adult males 36.1±5.4 78.1
a 

176
b
 35.1

d 
2.6 Endocrine effect: decrease free T4 

Berkowitz  et al, 

2004 

Pregnant women 25.1
c
 65.4±14.6 160

b
 7

d 
  0.5 Developmental effects: decrease head 

circumference among babies 

 

ADD estimated from air concentration 

 

Air 

concentration 

(mg/m
3
) 

 

Dose estimated 

(µg /kg/d)
g 

 

 

Kongtip, 2009 Rice farmers    0.872 55 Neurotoxicity: muscular spasm 
a
source: US EPA Exposure Factor Handbook; 

b
source: National Statistic Report, 2008; 

c
National Vital Statistics System, annual file, 2003; 

d
converted to µg/g creatinine 

using mean of urine creatinine reported in Barr et al, 2005; 
e
estimated by the equation 4.3.3.1 described in Section 4.3 of Chapter 4. 

g
Calculated by the equation as below

CAxIRxETxEFxED 

BWxLT 

 

 

    

                            

Intake (mg/kg/day) =  

    

 

Where, CA is chemical concentration in air = TWA = 0.2mg/m
3
; IR, inhalation 

rate = the average outdoor worker’s inhalation rate = 1.3 m
3
/hour; ET, exposure 

time = 8 hour working-hours/day; EF, exposure frequency = 260 working-

days/year; ED, exposure duration = 42 years (60 minus 18 year-olds); BW, body 

weight = 70 kg; LT: lifetime = 70 years x 365 days/year. 
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Appendix 8.2 Calculation of Lifetime Average Daily Dose (LADD) from Absorbed Daily Dose (ADD) 
reported in epidemiological studies 

 

References 

 

Research 

subjects 

 

Exposure 

Frequency 
(EF, days or spray 

events/year) 

Absorbed Daily 

Dose estimated 

(µg/kg/d)
 e 

Lifetime Average 

Daily Dose 

(LADDD) 

(µg/kg/d) 

 

Biological effects 

Steenlan et al., 

2000 

Termiticide 

workers 

 

192
a 

 

35.7 

 

11 

Neurotoxicity and behavioral effects: loss of 

muscle strength, memory problems, emotional 

states 

Dick et al., 2001 Termiticide 

workers 

192
a
 15.6 4.9 

Neurotoxicity: sensory and motor effects 

Albers et al., 

2004a 

Manufacturer 

workers 

240
b
 15.6 6.2 

Neurotoxicity: BuChE inhibition 

Garabranti et al, 

2008 

Manufacturer 

workers 

240 5-50 2-20 

Neurotoxicity: BuChE inhibition 

Albers et al, 2007 Chemical 

workers 

240 15.6-17 6.2-6.7 
Neurotoxicity: peripheral nerve electrophysiology 

suggestive of subclinical neuropathy  

Meeker et al, 

2004 

Adult males 365
c
 2.6 1.6 

Reproductive effect: DNA damage in sperm 

Meeker et al, 

2006 

Adult males 365
c
 2.6 1.6 

Endocrine effect: decrease free T4 

Berkowitz  et al, 

2004 

Pregnant 

women 

365
c
 0.5 0.3 Developmental effects: decrease head 

circumference among babies 

Farahat et al, 

2011 

Agricultural 

workers 

     10
d 

181 3 Bu ChE inhibition 

AChE inhibitation 
a
Based on 4 working days/ a week, as reported in the study of Steenlan et al, 2000. 

b
Based on 5 working days / a week. 

c
Based on daily exposure. 

d
Average spray events/ year among rice farmers as reported in this study.
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