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Abstract There has been increasing concern in regards to

organophosphate (OP) pesticide exposure among farm

workers and their families in Thailand’s agricultural areas.

Therefore, the development of an analytical method for

estimating OP pesticide exposure is necessary to allow for

monitoring of OP pesticide exposures within these

populations. This paper describes an analytical method

developed to measure dialkylphosphate (DAP) metabolites

in urine. The methods in this study are important in the

biological monitoring of OP metabolites in agricultural

families in Thailand and can be used as an initial guidance

procedure in any environmental toxicological laboratory in

Thailand.
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A large amount of pesticide active ingredients are routinely

imported into Thailand for controlling pests and increasing

crop production in the agricultural sector (Integrated Pest

Management Thailand 2003). Organophosphate (OP)

insecticides are widely applied by Thai farmers. Conse-

quently, there has been an increasing level of concern with

OP pesticide exposures for farm workers and their families

living in agricultural areas. Therefore, development of an

analytical method for estimating OP pesticide exposure is

necessary to monitor OP pesticide exposures within these

population groups.

In Thailand, the main method of monitoring human

exposure to OP pesticides has typically involved measure-

ment of blood cholinesterase enzyme activity. This method,

however, is less sensitive for low level OP exposures that

can occur in occupational and non-occupational settings.

One approach that has been widely accepted in evaluating

OP exposures is the measurement of biomarkers of expo-

sure (Barr and Needham 2002). Various studies have been

reported which use measurements of urinary dialkylphos-

phate (DAP) metabolites of OP pesticides to estimate

human exposure to OP pesticides (Aprea et al. 1996; Moate
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et al. 1999; Fenske et al. 2000; Hardt and Angerer 2000; Lu

et al. 2001; Oglobine et al. 2001a, b; Bravo et al. 2004). Six

common DAP metabolites consist of dimethylphosphate

(DMP), diethylphosphate (DEP), dimethylthiophosphate

(DMTP), diethylthiophosphate (DETP), dimethyldithio-

phosphate (DMDTP) and diethyldithiophosphate (DEDTP).

The chemical structures of the six DAP metabolites are

shown in Fig. 1.

Several published methods have been developed for

quantifying DAP metabolites. One of the most important

steps in analyzing urinary DAP metabolites is metabolite

isolation from the urine matrix. The extraction techniques

reported in the literature include using liquid–liquid

extraction with polar solvents (Hardt and Angerer 2000),

azeotropic distillation (Moate et al. 1999), and lyophiliza-

tion (Oglobine et al. 2001a, b; Bravo et al. 2004). Amongst

the reported techniques, lyophilization is the most robust

and convenient method that can be used to isolate DAP

metabolites from urine. This technique gives high DAP

recovery and reduces gummy residue during sample

preparation (Bravo et al. 2004). Following lyophilization, a

derivatization procedure is required. DAP metabolites can

be derivatized to make them more volatile using various

reagents, including diazomethane, diazopentane which

cannot be used for an accurate analysis of dimethylphos-

phate (Barr and Needham 2002), 1-chloro-3-iodo-propene

(Bravo et al. 2004), and pentafluorobenzyl bromide

(PFBBr). PFBBr is the most commonly used derivatizing

agent because the literature has shown it gives good results

(Nutley and Cocker 1993; Moate et al. 1999; Aprea et al.

1996; Hardt and Angerer 2000; Oglobine et al. 2001a, b).

The derivatized extracts can be analyzed using GC coupled

with several detection methods, which include flame pho-

tometric detection (FPD) (Aprea et al. 1996; Moate et al.

1999; Oglobine et al. 2001b), flame ionization detection

(FID), mass spectrometry (GC-MS) (Hardt and Angerer

2000) or tandem mass spectrometry (GC-MS-MS) (Oglo-

bine et al. 2001a; Bravo et al. 2004).

Because mass spectrometry and tandem mass spec-

trometry are not routinely available in Thai laboratories,

methods based on more affordable detectors were needed.

Our aim was to couple the most effective sample prepa-

ration techniques with affordable analytical platforms to

allow the routine measurement of DAP metabolites in

exposure assessment studies in Thailand.

Materials and Methods

Most of the standard reagents for this study were obtained

commercially. DMP, DMTP, DETP, and DEDTP as the

potassium salt, all at 98% purity, were obtained from

Aldrich Chemical Co., Germany; DEP also with 98%

purity was obtained from ACROS Organics, NJ USA. A

DMDTP standard was not available commercially. PFBBr

at 99% purity was obtained from Aldrich, USA; anhydrous

potassium carbonate (K2CO3) was obtained from Merck,

Germany. Dibutylphosphate (DBP) used as an internal

standard was purchased from Fluka Chemie, Switzerland.

The GC used for urine analysis (Hewlett Packard 6890)

was equipped with a flame photometric detector (Hewlett

Packard 19256A GC-FPD). A capillary column, HP5

(Hewlett Packard part no. 19091J-433) 5% Phenyl Methyl

Siloxane (30 m 9 0.32 mm id 9 0.25 lm film thickness)

was used to separate the analytes. Sample injection (1 lL)

was performed in splitless mode. The temperature of the

injector was set at 250�C. The oven temperature was pro-

grammed to start at an initial temperature of 80�C held for

2 min, then ramped to 210�C at a rate 17�C/min (Run

time = 12.67 min).

Lyophilization was performed using a Dura-Top freeze-

dryer (Vendor information). A 5 mL aliquot of each urine

sample was pipetted into individually labeled screw cap

glass test tubes and spiked with 100 lL of 10 mg/L

internal standard (DBP). The samples were then mixed and

frozen at -40�C. After the samples were adequately fro-

zen, they were lyophilized with the Dura Top freeze-dryer

for *6–7 h.

After the freeze drying process, 2 mL of acetronitrile,

30 mg of anhydrous potassium carbonate and 25 lL of

PFBBr were added to each freeze-dried urine tube to de-

rivitize the samples. The samples were then mixed and

heated at 60�C for 3 h in a water bath. Subsequently, the

supernatant was transferred to a clean tube and evaporated

to dryness with a gentle nitrogen stream. The samples were

then cooled, transferred to small vials, and stored under

refrigeration until analysis.

A standard stock solution was prepared by dissolving

appropriate quantities of DMP, DEP, DMTP, DETP, and

DEDTP standard, in acetonitrile to reach a final concen-

tration of 10 mg/L. Working standard solutions were
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Fig. 1 Chemical structures of the six dialkylphosphate metabolites
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prepared in five concentration levels of mixed DAP,

ranging from 10–500 lg/L of urine. The standard curves

were prepared by using urine from unexposed persons.

Finally, 100 lL of DBP was added to each standard solu-

tion. Correlation coefficient (r2) values for the calibration

curves were C0.996 indicating good linearity for each

metabolite.

Results and Discussion

An optimal method for analyzing DAP urinary metabolite

was developed in this study based on the procedures

described by Oglobine et al. (2001a, b) and Bravo et al.

(2004). The technique of lyophilization was used to remove

water from the urine samples. This technique is less labor-

intensive and produces better or more consistent recoveries

for derivatized analytes compared to other techniques. The

freeze drying process in this study took only 6–7 h to

achieve complete urine dryness after the samples were

frozen. The PFBBr derivatization in acetronitrile was

selected to isolate the DAP metabolites from the urine

residue because the PFBBr reagent formed only one reac-

tion product with each metabolite, and the derivatizes were

soluble in the acetonitrile layer adequately separating them

from the remaining residue (Oglobine et al. 2001a).

Reaction temperature and time were also important

factors during the derivatization-assisted extraction of

DAP metabolites since the alkylation of DAP metabolites

is a thermosensitive reaction and high temperature degra-

dation of the sulfur-containing DAP metabolites, DMTP,

DMDTP, DETP, and DEDTP can occur (Moate et al.

1999; Oglobine et al. 2001a, b). The method presented here

performed the derivatization at 60�C for 3 h as suggested

by Bravo et al. (2004). These conditions were optimal and

yielded all of the DAP metabolites in one derivatization

step without the loss of sulfur-containing compounds.

This study employed a GC-FPD for measuring the DAP

metabolites. GC-FPD has been used to analyze DAP

metabolites in various studies of OP pesticide exposure for

children and adults (Aprea et al. 1996; Moate et al. 1999).

Under the experimental conditions reported here, the DAP

metabolites had retention times of DMP 7.14 min, DEP

7.96 min, DMTP 8.28 min, DETP 8.9 min, DEDTP

9.35 min and DBP 9.97 min. Chromatograms of a DAP

standard spiked urine sample and an actual child’s urine

sample are presented in Figs. 2 and 3, respectively.

The limit of detection (LOD) was calculated for each of

the DAP metabolites. LODs for the DAP metabolites ran-

ged from 1 to 5 lg/L (Table 1). Although, the LODs are

higher than those previously reported using lyophilization

coupled with GC/MS-MS which range from 0.02 to 0.5

(Oglobine et al. 2001b) and 0.1–0.6 lg/L (Bravo et al.

2004) likely because of the added selectivity and sensitivity

of mass spectrometric detection, they are lower than those

previously reported by others using the freeze dry process

with GC-FPD detection (5–50 lg/L) (Oglobine et al.

2001a). More importantly, however, they are suitable to

assess OP pesticide exposure in child studies resulting from

agriculturally-related exposures (Loewenherz et al. 1997),

even as we have observed in our study of children in a

Southern Thailand agricultural community (vide infra).
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Recovery studies were conducted by preparing each

DAP standard in blank urine at 10, 50 and 100 lg/L and

carried out with the procedure of this study. The method

gave the following derivatization-assisted extraction

recoveries of 60% DMP, 68% DEP, 107.5% DMTP, 98.6%

DETP, and 90.3% DEDTP (Table 1). The derivatization

conditions at 60�C for 3 h as suggested by Bravo et al.

(2004) were the optimal reaction conditions for this study.

Among other derivatization methods using FPD, the

method by Weisskopf and Seiber used a solid phase

extraction cartridge to isolate the metabolites. Solid phase

methods use a sorbent material to isolate the metabolites

and then elute them from the column or filter material. The

method by Weisskopf and Seiber demonstrated reasonably

good recoveries of a fortified urine sample for all metab-

olites other than DEP. In addition, DMP could not be

measured in actual samples because of its presence in the

solvent blank. Using a solid phase method does have

advantages in its ability to perform a cleanup step before

derivatization, leaving many potential interferents behind

but was not able to overcome the persistent DMP in the

blanks. A greater discussion of blank problems associated

with SPE protocols can be found in Stiles et al. (2007).

Weisskopf and Seiber also demonstrated the use of TMAH

as a derivatizing agent. The detection limits with this

overall method were roughly 10 lg/L for DEP and 2 lg/L

for the other metabolites although at 2 lg/L only 48% of

the DEDTP was recovered.

The method described in this work uses a lyophilization

technique and derivatization with pentafluorobenzyl bro-

mide (PFBBr). The optimal procedures were adapted based

on some previously published procedures described by

Oglobline et al. (2001a, b) and Bravo et al. (2004). Both

this work and the previous method use FPD to measure the

eluates, so it is believed any sensitivity differences will lie

in either sample preparation or derivatization. The LODs

using lyophilization and PBBR derivatization were com-

parable or better than the method by Weisskopf and Seiber.

Specifically, the LODs were 5 lg/L DMP (dimethylphos-

phate), 3 lg/L DEP (diethylphosphate), 3 lg/L DMTP

(dimethylthiophosphate), 1 lg/L DETP (diethylthiophos-

phate), and 1 lg/L DEDTP (diethyldithiophosphate).

We used this method to assess OP pesticide exposure

among children in a Thai agricultural community. In this

study, urine samples were collected from 37 children

(2–5 year old) living in or near a vegetable farm. The

average ages of the participating children were 3.7 years

including 3.41 years for female (n = 17) and 3.9 years for

male (n = 20). The urine samples were collected typi-

cally during the months of the high spraying season,

April–March. At least one of the DAP metabolites was

detected in each child urine sample collected with con-

centrations ranging from \LOD to 22.8 lg/L for volume-

adjusted concentrations, or \LOD to 48.6 lg/g creatinine

for creatinine-adjusted concentrations. The DAP metabo-

lites DEP and DETP were detected with the greatest

frequency in the farm children’s urine samples (57% and

38%, respectively). The study also found that children

living inside or near farm areas had significantly higher
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occupationally exposed child’s

urine sample

Table 1 Limits of detection (LOD) and recovery of the DAP

metabolites

Analyte LOD

(lg/L)

Recovery

(%)

LOD

(lg/L)a
Recovery

(%)a

DMP 5 60.0 5 NDb

DEP 3 67.5 3 43.0

DMTP 1 107.5 3 113.0

DETP 1 98.6 1 97.0

DEDTP 3 90.3 1 85.0

a From Weisskopf and Seiber (1989)
b The procedures in the Weisskopf and Seiber paper are unsuitable

for DMP due to interferences caused by the presence of inorganic

phosphate
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levels of DAP metabolites, such as DMP, DMTP, DETP

and DEDTP, compared to the reference children living

outside farm areas.

We describe a usable, robust method for measuring

urinary DAP metabolites as indicators of exposure to OP

pesticides. This method uses a simple preparation method

and improved derivatization chemistry to create a relatively

sensitive measurement technique for OP metabolites by

GC with non mass spectrometric detection. More impor-

tantly, the ability to obtain a basic and simple yet sensitive

measurement of OP pesticide exposure is important

because among populations where exposure to OP pesti-

cides is more likely to occur, there is often a lack of more

sophisticated instrumentation. This method using GC with

FPD with the sensitivity described here allows for the

measurement of these metabolites among the population

that needs it most. We have demonstrated the utility of the

method by measuring DAP concentrations in a Thai child

population living in an agricultural community.
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