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1. Introduction
Chlorpyrifos is a commonly used anticholinesterase organophosphate insecticide. It
was introduced into the market in 1965 and used for both agricultural and non-agricultural
purposes (ATSDR, 1997a). A major use of chlorpyrifos is for crop protection on farms
cultivating fruit, vegetables and grains and to control insect pests in the home (e.g.,
cockroaches, fleas, and termites). Chlorpyrifos is considered to have a high potential for
adverse effects in occupational applications (Aponso, 2002).
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., 2006). 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
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chlorpyrifos exposure and both lung and prostate cancer (Alavanja et al., 2003, Lee et al.,
2004).
Agricultural activities are considered a primary source of exposure to chlorpyrifos
(Alexander et al., 2006, Curwin et al., 2007). 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., 2006, Panuwet
et al., 2008, Aponso, 2002).
Vietnam has approximately 80 per cent of workers employed in agriculture (Hung,
2003), mainly rice farming. Farmers are at high risk of pesticide exposure due to the use of
back-pack reservoirs for pesticide application, low safety knowledge, and limited use of
personal protection equipment (Dung, 2006). Chlorpyrifos is the most common
organophosphate insecticide registered for agricultural use in Vietnam (MARD, 2009).
However, the exposure assessment and evaluation of adverse health effects of chlorpyrifos
with these farmers has not been evaluated.
Urinary 3,5,6-trichloropyridinol (TCP), is a major metabolite of chlorpyrifos (Figure 1)
in humans (Nolan et al., 1984a) and has been used to evaluate chlorpyrifos exposure (Chang
et al., 1996, Hunter et al., 1999, Aprea et al., 1999). Several analytical methods have been
developed to analyse chlorpyrifos and TCP in biological fluids (Aprea et al., 1999, Kawashaki
et al., 1992, Bartels and Kastl, 1992, Brzak et al., 1998), usually by liquid-liquid extraction,
followed by gas chromatography with mass spectrometric detection (GC-MS). Alternatively,
the combination of liquid chromatography and tandem mass spectrometry (LCMS) allows
direct analysis of TCP in prepared urine extracts without derivatisation (Sancho et al., 2000).
However, the extraction of urine results in the presence of substances which interfere with the
LCMS analysis.
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Enzyme, β-glucuronidase type H-1 (500 units/mg), Sigma, USA 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 glucuronides which are more
water soluble than the parent organic substrate and are generally excreted via the kidney
The objective of this study was to measure chlorpyirifos exposure in Vietnamese rice
farmers, who are pesticide applicators, using TCP analysis following an enzymatic treatment
of urine and extraction in order to remove glucuronide and sulphate-bound conjugates which
interfere with the analysis (Curwina et al., 2010). Using the results of the TCP analysis the
exposure to chlorpyrifos would be calculated, and the level of health risk to the Vietnamese
farmers evaluated.

2. Materials and Methods
2.1. Samples of human urine
The study area was a typical agricultural commune (Vu Le commune) in North
Vietnam. Urine samples (108) were collected during 2009 from Vietnamese rice farmers (18)
using plastic containers (2 litre); sub-samples were transferred into HDPE plastic bottles.
Each farmer contributed 6 samples at different periods related to pesticide application,
comprising: one sample within a week pre-application, one sample on the application day, and
4 samples within the week post-application. The samples were frozen within 4 hours of
collection and stored at -20oC before analysis.
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2.2. Analysis of TCP in urine
2.2.1. Principle of the method
The samples of human urine were hydrolysed using enzyme, β-glucuronidase type H-1,
solvent extracted using methyl-tert-butyl-ether (MTBE)/hexane (30%), followed by
concentration of extracts and analysis by liquid chromatography/mass spectrometry (LC/MS).
For each batch of urine samples analysed, the reagent blank, a control sample, spiked samples,
and a set of matrix standards with concentrations from 50-500 µg/L were also processed and
analysed. TCP level of the control urine sample was used to correct and check % recovery of
the spiked sample.
2.2.2. Glassware and chemicals
All glass equipment was rinsed with acetone before use and dried at room temperature.
Deionized water was purified by the Hi-Pure Water System (Permutit Australia). All
chemicals used were Analytical Grade or higher purity: Acetonitrile (99.8%) (Mallincrkrodt
Chemicals, USA), sodium sulphate (10-60 mesh) (Mallincrodt Barker Inc., Mexico), sodium
hydroxide used to prepare 0.25M NaOH (Biolab Ltd., Australia), acetone (99.8%) (Merck,
Germany), hexane (95% n-hexane) (J.T.Baker, 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).
2.2.3. Stability trials of urinary TCP
The influence of temperature and storage time was investigated. The control urine was
spiked with 56.5 µg TCP/L, and samples were taken for urinary TCP stability trials evaluating
storage time and temperature as follows: at -18oC (freezer condition), room temperature (20oC)
and 4oC (refrigerator condition).
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2.2.4. Standard preparation
TCP reference standard was made up as 92.6 mg/L stock solution for spiking and a
95.6 mg/L stock soluation for standard preparation. Further dilutions of the stock solutions
were made with acetonitrile to prepare final working standards with concentrations of 50, 100,
200, and 500µg/L. The standards were analysed by the method below to prepare calibration
curves for each batch of urine samples. Control urine was used to prepare the matrix standards,
and these were processed in the same way as original urine samples until the evaporation
phase.
2.2.5. Sample preparation and extraction
A subsample of urine (2 ml) was removed from each urine sample for analysis and
processed in batches of samples (24). Each batch of samples comprised: a reagent blank,
control urine, spiked sample, matrix standards, and urine samples from farmers (17). The
spiked samples were prepared by adding 200 µL of TCP standard (100 µg/L TCP) using a
500 µL syringe.
Enzyme, β-glucuronidase type H-1, was added to each sample. The enzyme,
equivalent to 800 units of activity, was dissolved in 0.2M acetate buffer. The buffer was
prepared by dissolving 9.7g of sodium acetate in 3.1 ml of glacial acetic acid and making it up
to 1000 ml with deionised water. 1.5 ml of the dissolved enzyme was added to each sample.
The samples were incubated for 17 hours at 37oC, then extracted by the following steps: (1)
deionised water (6.5 ml) was added and vortexed; (2) saturated Na2SO4 (1 ml) was added and
vortexed; (3) pH was adjusted to d 2 by adding 4 drops of concentrated HCL acid; (4)
samples were extracted with 30% MTBE/hexane (2ml); (5) shaking for 2 minutes followed by
centrifuging at 3200 rpm for 8 minutes (repeated 3 times); (6) the organic phase from the
extractions were bulked; (7) 0.25M NaOH (3 ml) was added and shaken; (8) saturated Na2SO4
(1 ml) was added and hand shaken for 2 minutes, then the aqueous phase was retained; (9) the
aqueous phase was adjusted to pH 2 by adding 4 ml of 0.5 HCl acid; (10) re-extraction as per
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Steps 4-5 for three times without centrifuging, and bulking the organic phase; (11) samples
were then evaporated to ~1 ml and matrix standards to just dryness; (12) for samples,
acetonitrile (400 uL) was added to samples and the hexane layer evaporated, (13) for matrix
standards, relevant amounts of 1mg/L TCP standards was added to make a series of standards
ranging from 0-500µg/L with final volume of 400 µL in acetonitrile. All samples and matrix
standards were then transferred into screw cap vials for HPLC-MS/MS.
2.2.6. The type of enzyme
Enzyme, β-glucuronidase type H-1 (500 units/mg), Sigma, USA 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 glucuronides which are more
water soluble than the parent organic substrate and are generally excreted via the kidney. The
enzyme β- glucuronidase catalysis is expressed by 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. β-glucuronidase type H-1 from Helix pomatia is a partially purified, essential saltfree powder of enzymes descended from the Roman snail (SIGMA, 2004).
2.2.7. Liquid chromatography/mass spectrometry (HPLC-MS/MS) condition
TCP in urine extracts were determined by HPLC-MS/MS using an AB/Sciex
API4000Q mass spectrometer (AB/Sciex Concord, Canada) equipped with an electrospray
(TurboV) interface coupled to a Shimadzu Prominence HPLC system (Shimadzu, Japan).
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Separation was achieved using a 5 micron 150x4.6 mm Alltima C 18 column (Alltech,
Australia) run at 40oC, and a flow rate of 0.8 ml per minute. The mobile phase consisted of A
= 1% MeOH/ 99% HPLC grade water/0.1%acetic acid, B = 95% MeOH/ 5% HPLC grade
water/0.1% acetic acid. The solvent mixture was maintained at 65% B for 15 minutes.
Injection volume was 15 µL. Positive samples were confirmed by retention time and by
comparing transition intensity ratios between the sample and an appropriate concentration
standard from the same run. Samples were only reported as positive if two transitions were
present, retention times within 0.15 minutes of the standard and the relative intensity of the
confirmation transition is within 20% of the expected value.
2.2.8. Calculation of TCP concentration
The TCP (µg/L) concentration from HPLC-MS/MS was calculated using the
regression equations from the standard curve obtained with each bathch of samples (Figure 2).
These results were corrected for control urine by subtracting the TCP level of the control
urine, then correction with the recovery percentage of the spiked sample. The standard curve,
control urine, and spiked sample were analysed with every batch of samples. The limit of
detection (LOD was estimated as three times the standard deviation calculated from 11 values
of the lowest calibration standards (50µg/L), and the limit of reporting (LOR) was estimated
as nine times the standard deviation.
2.2.9. Quality control (QC) of analytical runs
Quality control was carried out using duplicate samples (every 20 samples), spiked
samples (one per process batch), repeat samples (one per batch), and reagent blank sample
(one deionised water per batch). The spiked samples were analysed before and during the
analysis of all batches of farmer’s samples.
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2.3. Analysis of Creatinine in urine
Creatinine is a by-product of creatinin that is an important component of muscle tissue,
and its rate of production depends on individual’s muscle mass or lean body weight, which
varyies with age, gender, for each given individual. The pesticides and metabolites are usually
adjusted by urinary creatinine concentrations; these “creatinine-corrected” concentrations are
presented in µg/g creatinine (Barr et al., 2005). In this study, 24-hour urine samples were
collected from farmers and stored cold (2-4oC), and sent to Thai Binh Medical University,
Vietnam. The samples were analysed for creatinine by the method of an automated
colorimetric determination based on a modified Jaffe reaction, using a Bayer Express Plus
Chemistry Analyser (ELITECH, 2005).
2.4.

Estimation of chlorpyrifos Absorbed Daily Dose (ADD) from urinary TCP
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 individual daily creatinine excretion rate (g/d)
calculated from their 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:
ADD = C. Cn. CF. Rmw/ BW

Equation 1

where, ADD is Absorbed Daily Dose (µg/kg/d); C is concentration of metabolite or pesticide
in urine per gram creatinine (µg/g creatinine); Cn, calculated mass of creatinine excreted per
day (g/day); CF, correction factor of 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).
TCP (µg/L) concentration in urine was converted to creatinine adjusted TCP (µg/g
creatinine). The total concentration of TCP (C in Equation 1) was calculated as the sum of
8

TCP found in urine above the baseline, application-day, and from 24 to 120 hours postapplication (Table 1). Finally, chlorpyrifos Absorbed Daily Dose (ADD) was estimated using
Equation 1.
A comparison of the ADD level observed in this study with that reported from
previous studies was made, using ADD levels which were recalculated from the values of
TCP reported by using Equation 1. Where C was the median value of TCP reported in the
study, and the values of age, body weight and height were taken either from the same studies
or from US EPA Exposure Factor HandBook (US EPA, 1997). The average creatinine in
urine was 0.5g/L (Medlineplus), and other factors, comprising CF and Rmw were the same as
described above.

3. Results and discussion
3.1. Characteristics of participant farmers
The characteristics of the participant farmers are shown in Table 1. The age ranged
from 19 to 59 years (mean: 42.6 ± 2.7), comprising 13 male and 5 female farmers. Almost all
the participants had an educational level at the secondary school level (13/18 farmers), and
their main occupation was as a farmer. Average weight and height of participants were 53±1.3
kg and 162±1.7cm respectively. The health status of the participants was good based on selfreporting and health examination by the district medical centre.
The farmer households own small-scale rice farms with areas from 1620 to 4320 m2
(mean: 3100±155m2). The farmers had an average of 23 years experience working in rice
cultivation with agricultural pesticide application, including two young farmers having 4-year
working experience. The amount of chlorpyrifos active ingredient used was from 54 – 144 g
(mean: 104±5g). Depending on the areas to be sprayed and personal ability, the number of
application hours varied from 3 to 7.5 hours (mean: 5.2±0.3 hours). All farmers had no
standard occupational protective equipment, but most wore a normal hat, masks or face9

covers, long-sleeve shirts and pants. The percent of body surface areas of farmers covered by
protective equipment ranged from about 65 to 85% (mean: 80±1.6%).
3.2. Characterization of the analytical method
A typical calibration curve based on standard solutions with TCP concentration levels
from 50-500µg/L of urine is shown in Figure1. Statistical analyses indicated high linearity,
with typical correlation coefficients of approximate 0.99. A typical equation is shown below:
CTCP = 0.904A + 38

Equation 2

where, CTCP is concentration of TCP in urine (µg/g creatinine); A, area (µV.s).
The limit of detection (LOD) was estimated to be 0.6µg/L, and the LOR was determined
at approximately 2µg/L. This result was lower than the value of detection limits reported
using a similar analytical method coupled with GCMS (4-6 µg/L) in the similar study
conducted on Sri-Lanka farmers (Aponso, 2002). However, it was essentially the same as the
values reported in previous studies using a similar method coupled with LC-MS/MS which
reported the LOD at 0.5 µg/L (Sancho et al., 2000) and at 0.4 µg/L (Ander et al., 2004).
Spiked samples were analysed before and during the analysis of all batches of
participant’s samples. The recovery values were from 80 to 114%, with an average of 95.8%.
This result was comparable with the recovery of urinary TCP reported in previous
investigations (Sancho et al., 2000, Aponso, 2002) which ranged from 87-114%. The results
of duplicate sample analysis indicated the relative percentage difference (RPD) ranged from
7% to 27%. The RPD of repeated samples ranged from 5 to 13%. These are all in acceptable
levels for precision. Moreover, The TCP concentration of 8 reagent blank samples was found
below the LOD in all.
3.3. Stability of TCP in human urine
Urinary TCP was recovered at levels of 64% to 112% when stored at room temperature
(25oC), 71% to 110% at 3oC, and 72% to 112% at minus 20oC over 74 hours. A comparison
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of these values for recovery of TCP indicated no significant differences among groups of
samples related to the storage temperatures (T-test of comparison for two pairs of means:
room- and fridge-temperature group, and room- and freezer-temperature group, pvalue = 0.2
and 0.5).
3.4. Levels of TCP observed in human urine
A total of 120 urine samples were collected (6 samples per farmer) during the pesticide
application event in Vietnam. Baseline values of the urine TCP of farmers, which were
obtained over 7 days prior to pesticide application, were from 0.7-14.7 µg/g creatinine (mean
2.8±0.8 µg TCP/g creatinine). The mean of urinary TCP levels was highest at 24 hours after
pesticide application (47.5±12.8 µg TCP/g creatinine) and returned to the baseline value at
144 hours (the 6th day) after application (see Figure 3). All individual farmers had the same
pattern of urinary TCP levels as related to the time of application. The total TCP excreted
among individual farmers ranged widely from 3-678 µg TCP/g creatinine (mean: 173±43 µg
TCP/g creatinine).
The median level of urinary TCP observed after application with Vietnamese farmers (127
µg TCP/g creatinine) was lower than that with farmers in other developing countries such as
Sri-Lanka median 175 µg TCP/g creatinine (Aponso, 2002) and Nicaragua median 243 µg
TCP/g creatinine (Rodriguez et al., 2006). However, this level was higher than that of USA
farmers who had median of 28 µg TCP/g creatinine (Alexander et al., 2006). The exposure
levels resulting from agricultural applications were generally lower than that among
termiticide applicators (median 319 µg TCP/g creatinine)(Cynthia and James, 2001) and
industrial workers (median 650 µg TCP/g creatinine) (Burns et al., 2006).
3.5. Chlorpyrifos ADD estimated from urinary TCP
Chlorpyrifos ADD estimated from the post-application urinary TCP of farmers, using
Equation 1 is presented in the Table 2. Post-application chlorpyrifos ADD of farmers varied
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from 0.4-94.2 µg/kg/d with a mean of 19.4µg/kg/d. This was approximately 80-fold higher
than the mean baseline exposure level (0.24µg/kg/d). The Absorbed Daily Dose (ADD) is the
actual amount of chlorpyrifos absorbed into the human body after exposure to chlorpyrifos
from different pathways, usually consisting of oral ingestion, inhalation, and dermal
absorption. Nolan et al. (1984) estimated that at least 70% of chlorpyrifos was absorbed and
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 lungs (Geer
et al., 2004).
The guidelines are described by the term: acute reference dose, aRfD(NPIC, 2009, NRA,
2000) or minimal risk level, MRL (ATSDR, 1997b); however, these values were estimated by
similar procedure using NOEL or NOAEL and application of a Safety Factor. The acute
guidelines recommended from the agencies varies from 3-10 µg/kg/d due to use of different
endpoint bases for standards and different safety factor. US EPA used the NOEL causing
plasma cholinesterase inhibition in rat (500 µg/kg) and a Safety Factor of 100 (Cleveland et
al., 2001); whereas, ATSDR used the endpoint of neurological effect (30 µg/kg) in human
volunteers and the Safety Factor of 10. The Australian NRA used NOEL (100 µg/kg) causing
plasma BuChE inhibition in humans and a Safety Factor of 10 while the joint meeting
WHO/FAO recommended high NOEL (1,000 µg/kg) which caused RBC AChE inhibition in
humans and a Safety Factor of 10 (Cleveland et al., 2001).
In relation to characteristics of farmers, the mean ADD of male farmers (20.6 µg/kg/d)
was higher than that of female farmers (17.5 µg/kg/d), but the difference was not statistically
significant (p-value, 0.8). However, the ADD (4.9 µg/kg/d) found with higher educated
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farmers (high school and college) was significantly lower than that (25.4 µg/kg/d) with
farmers with secondary school level (p-value, 0.02). With continuous factors, the ADD was
highly correlated with the amount of chlorpyrifos active ingredient used (correlation
coefficient r, 0.7), percent of body area covered by personal protective equipment (r, -0.85),
length of application (r, 0.7). The ADD levels were medium and weakly correlated with
working experience in rice cultivation and pesticide application (r, 0.5), age (r, 0.4), and BMI
(r, 0.4).
The Hazard Quotient (HQ) using the minimum, mean, and maximum values of
chlorpyrifos exposure (ADD) with participant farmers are presented in Table 3. The HQs at
the maximum values range from 9.4-31.4 indicating much higher exposure than guidelines
recommended by these agencies (US EPA, ATSDR, and Australian NRA). However, the
maximum HQ of 0.9 indicated lower exposure than the acute guideline developed by
WHO/FAO. Similarly, the HQs at mean values range from 2.1-6.9 which indicates that the
exposure levels exceeded the acute guidelines recommended by national agencies (US EPA,
ATSDR, and NRA). The HQs at minimum values (0.04-0.13) indicate that exposure is lower
than guidelines recommended by all agencies.
A comparison of chlorpyrifos ADD values reported from previous studies and those
observed in this study is presented in Figure 4. The median exposure value observed with
Vietnamese rice farmers (8 µg/kg/d) was higher than that found among Sri-Lanka farmers
(5.3 µg/kg/d) (Aponso, 2002), but lower than that observed in Nicaragua farmers (18.7
µg/kg/d) (Rodriguez et al., 2006). The possible reasons for these differences are different
farming activities by participant farmers recruited in the studies with some being fruit farmers
other than rice farmers, also differences can be attributed to: (i) sampling methods during the
application day (void urines versus 24-hour urine), (ii) analytical procedure (normal
extraction versus enzymatic pre-treatment extraction), and (iii) ADD estimated from TCP
13

(90% absorption in Sri-Lanka study versus 70% absorption in Vietnamese and Nicaragua
studies).
Overall, the median exposure levels of chlorpyrifos for farmers in developing countries
(Vietnam, Sri-Lanka and Nicaragua) were higher than that for USA farmers (2.5 µg/kg/d)
(Alexander et al., 2006). This might be explained by differences in the pesticide application
method that is back-pack spraying commonly used by farmers in developing countries versus
mechanical application methods such as truck or aerial sprays by farmers in USA. However
all of these median levels were lower than that found for US termiticide workers (21.7µg/kg/d)
(Cynthia and James, 2001) and manufacturer workers (53.2 µg/kg/d) (Burns et al., 2006). This
may be due to different intensity of chlorpyrifos exposure. The termiticide workers and
manufacturing workers exposed to chlorpyrifos regularly during daily work while farmers are
exposed to chlorpyrifos by application events for a few seasonal crops a year.

4. Conclusions
This study showed that enzymatic pre-treatment before extraction for measuring the
urinary metabolite TCP by HPLC-MS/MS was an effective method for biological monitoring
of chlorpyrifos exposure in agricultural farmers. For instance, the LOD of urinary TCP
analysis (0.6µg/L) was lower than that reported in some similar previous studies and fell in
the range of the results recently reported using an improved analytical method for TCP (0.40.6 µg/L). This method of biological monitoring evaluates the internal dose of chlorpyrifos
resulting from all exposure pathways, comprising inhalation, dermal and ingestion. The
absorbed daily dose of chlorpyrifos (ADD) can be calculated from urinary TCP which can be
compared to acute exposure guidelines for chlorpyrifos.
The case study with Vietnamese rice farmers illustrated that the farmers had a relatively
high exposure to chlorpyrifos after an application event. The exposure levels were highly
associated with some factors, comprising educational levels of farmers, the amount of
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chlorpyrifos active ingredient used, length of application, percent of body area covered by
personal protective equipment. The mean Hazard Quotient with Vietnamese rice farmers
ranged from 2.1 to 6.9 using the acute reference doses recommended by United States and
Australian agencies; however, this value was still lower than 1 (0.2) using the acute reference
dose developed by FAO/WHO. These results suggest adverse health effects, resulting
primarily from neurological effects caused by chlorpyrifos-oxon metabolite are likely occur
with rice farmers in Vietnam.
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Table 1 Characteristics of rice cultivation and chlorpyrifos application of participant farmers
Chracteristics

Value

Age
Mean (range)

42.6 (19-59) year olds

Gender
Male
Female

13
8

Educational level
Secondary school
High school
College

13
4
1

Body Mass Index (BMI)
Mean (range)

20.2 (16.6-24.7)

Area of rice farm
Mean (range)

3,100 (1,620-4,320) m2

Working experience in rice cultivation
and pesticide application
Mean (range)

23 (4-40) years

Amount of chlorpyrifos active ingredient
used
Mean (range)

104 (54-144) grams

Length of chlorpyrios application
Mean (range)

5.2 (3-7.5) hours

Body coverage by personal protective
equipment*
Mean (range)

80% (63.5-84.8)

*Estimated based on: the percentage of body surface areas reported by Graber (1997), personal protective
equipment reported by participant farmers, and the table used for body coverage estimation among farmers during
chlorpyrifos application in the thesis of Aponso (2002).
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Table 2 Chlorpyrifos Absorbed Daily Dose (ADD) estimated from total urinary TCP*
Urinary TCP (µg/g Creatinine)

Farmer

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

0.70

0.1

0.45

0.0

0.2

0.2

3

0.4

*

ADD calculation described in Equation 1.
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Table 3 Hazard Quotient with minimum, mean, and maximum value of chlorpyrifos exposure
among rice farmers
Hazard Quotient*
HQ minimum

HQ mean

HQ maximum

US EPA
5 µg/kg/d

0.08

4.2

18.8

ATSDR
3 µg/kg/d

0.13

6.9

31.4

Australian NRA
10 µg/kg/d

0.04

2.1

9.4

WHO/FAO
100 µg/kg/d

0.004

0.2

0.9

Acute Guideline

*

HQ = ADD/Guideline Dos
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Fig.1. Hydrolysis of Chlorpyrifos to give 3,5,6-trichloropyridinol (TCP)

Fig.2. A typical calibration for the plot of the standard TCP solutions against the area of the peaks produced with LCMS

Fig.3. Urinary TCP levels as related to pesticide application time

Fig.4. Comparison of ADD of pesticide applicators with guidelines for chlorpyrifos acute doses recommended by various agencies

