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A procedure for the determination of organophosphorous pesticides (OPPs) — phorate, diazinon,
parathion-methyl, fenthion and quinalphos - in human urine was developed using the cloud point extrac-
tion of nonionic surfactant (Triton X-114) coupled with microwave-assisted back-extraction prior to gas
chromatography with flame photometry detection (GC-FPD) analysis. The upper organic solution obtained
from back-extraction was centrifugated simply for further cleanup for the sake of automatic injection. A
preconcentration factor of 50 was obtained for these five OPPs extracted from only 10 mL of a sample.
The limits of detection (LODs) were 0.07 ng mL-! for phorate, fenthion and quinalphos, 0.04 ngmL-! for
diazinon and 0.08 ng mL~! for parathion-methyl. The limits of quantification (LOQs) were 0.21, 0.12, 0.24,
0.21 and 0.21 ngmL!, respectively. Accuracy of the method was evaluated by bias, which ranged from
+6.85 to —14.68%. Precision was also good; the relative standard deviations (R.S.D.s) were less than 9%.
The method showed to be potential for biological monitoring.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Pesticides have always been threats to human health due
to their inherent toxicity. Organophosphorus pesticides (OPPs)
are very toxic when absorbed by human organisms because of
acetyl-cholinesterase deactivation. Studies showed that mixture
of cholinesterase-inhibiting OPPs formulation adversely affected
embryogenesis in mice which could have implications for suscep-
tible population from occupational and environmental exposures
[1]. In addition, OPPs were known to reduce the activity of neuro-
transmitters and hence to cause irreversible effects on the nervous
system. Exposure to the hazardous pesticides is a concern of the
general population, especially the agricultural population and res-
idents living near industrial or contaminated areas. Pesticides have
also been reported in patients with acute drug toxicity as a result
of accidental or suicide-intended consumption [2,3]. The biological
monitoring is to determine pesticides or their metabolites directly
in biological fluids to measure exposure to these contaminants [4].
Hence, fast, accurate and sensitive analytical methods are necessary
for the estimation of human exposure.
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The determination of pesticides in human urine has been
accomplished by means of solid-phase extraction (SPE) followed
by high-performance liquid chromatography (HPLC) [5] and solid-
phase microextraction (SPME) coupled with gas chromatography
(GC) with nitrogen phosphorus detection (NPD) [6], flame photom-
etry detection (FPD) [7] or mass spectrometer (MS) [8,9]. Though
SPE and SPME avoid the use of large volumes of organic solvents,
they have the disadvantages of relatively expensive special instru-
ments and columns. Lately, a novel technique named cloud point
extraction (CPE) has been used to extract pesticides from water
samples prior to high-performance liquid chromatography (HPLC)
[10,11], but extraction of pesticides from urine was scarce. Some
researchers have applied CPE to extract ions from urine prior to
atomic absorption spectrometry [12], capillary zone electrophore-
sis [13], and flow injection inductively coupled with plasma-optical
emission spectrometry [14]. These imply that it is possible to apply
CPE to extract pesticides from urine.

Cloud point extraction was introduced initially by Watanabe and
co-workers in 1976 [15]. The cloud point refers to the phase sep-
aration of neutral surfactants including nonionic and zwitterionic
surfactants induced by temperature. The result is the formation of
two distinct phases: a surfactant-rich phase and an aqueous phase
with concentration of surfactant close to the critical micellar con-
centration (cmc) [16]. This technique displays some advantages
over liquid-liquid extraction (LLE), SPE and SPME, since it does
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Table 1
Effect of incubation temperature

Pesticides Recovery (%)

40°C 50°C 60°C 70°C
Phorate 76.9 101.8 98.3 64.7
Diazinon 88.2 105.2 101.6 89.3
Parathion-methyl 70.9 943 91.2 81.9
Fenthion 72.8 96.5 93.2 68.1
Quinalphos 73.4 92.1 91.0 69.9

not require the use of organic solvents; the volume of samples
necessary for the analysis is lower; the surfactants used are less
toxic and cheaper; and the extraction and preconcentration can be
achieved in only one step. Because the surfactant-rich phase is com-
patible with hydroorganic mobile phases, CPE has been exploited
to combine with HPLC, flow injection analysis (FIA) and capillary
electrophoresis (CE). On the other hand, the application of CPE as a
preconcentration step followed by gas chromatography is very rare.
This is mainly because the viscous nature of the surfactant endan-
gers the blocking of the capillary column. In 1997, Froschl et al. [17]
have used two columns (silica and Florisil) to remove the surfactant
prior to GC. Lately, Paleogos and co-worker [18] created a break-
through on this problem. They applied microwaves or sonication to
back-extract analytes from the surfactant-rich phase into a water-
immiscible solvent prior to GC-flame ionization detection (FID)
without any supplemental cleanup. Analogous back-extraction pre-
ceded GC analysis of UV-filters after CPE recently reported by
Giokas et al. [19] and of diethylhexyladipate and acetyltributylci-
trate by Kontominas and coworkers [20].

This paper described the development of CPE for the rapid
and effective extraction and preconcentration of five OPPs from
human urine coupled with GC-FPD by automated injection. The
preconcentrated analytes were back-extracted from the obtained
surfactant-rich phase into isooctane by short-term microwave
application. The isooctane solution obtained from back-extraction
was centrifuged for further cleanup and then directly injected into
the GC.

The aim of this paper was to investigate the applicability of cloud
point extraction coupled with microwave-assisted back-extraction
to extract and preconcentrate organophosphorous pesticides from
human urine prior to gas chromatography.

2. Experimental
2.1. Apparatus

The qualitative and quantitative analysis of the selected analytes
were performed using an Agilent Technologies 6890N network
GC System with a flame photometry detector (FPD) equipped
with a 7683B series injector, 7683 series autosampler and a
30m x 0.32 mm fused silica capillary column, coated with 0.25 pm
film (HP-5, Agilent Technologies). The GC analysis of the selected
analytes was carried out as follows: the column temperature
was raised from 100 to 220°C at 10°Cmin~!, then to 250°C at
20°Cmin~!, and held for 3 min; the temperature of the injector

was maintained at 230 °C while the detector was set at 250°C. The
determination was carried out in splitless mode.

Cloud point preconcentration was carried out in a HH.S11-2
water-bath (Beijing ChangAn Science Instruments, Beijing, China).
A centrifuge (RJ-TDL-40B) from RuiJiang Instruments (Jiangsu,
China) was used to separate the surfactant-rich phase from the
aqueous phase. A LG microwave oven (700 W power, Tianjin, China)
was used for back-extraction. A LX-100 palmate centrifuge for fur-
ther cleanup and a vortex (QL-901) were purchased from Qilinbeier
Apparatus Co. (Jiangsu, China).

2.2. Reagents

Phorate [CAS No. 298-02-2], diazinon [333-41-5], parathion-
methyl [298-00-0], fenthion [55-38-9] and quinalphos [13593-03-
8] (all with purity >99.0%) were provided by the China Ministry of
Agricultural Institute for Control of Agrichemicals. Stock standard
solutions (~1000 mgL~1) were made in ethyl acetate. Intermedi-
ary mixed standard solutions were prepared by diluting the stock
standard solutions in ethyl acetate. Stock and intermediary mixed
standard solutions were stored at 4°C in the dark. Working mixed
standard solutions (0.2 and 1.0mgL~!) were obtained everyday by
diluting intermediary mixed standard solution (10mgL-1) with
ethyl acetate. The nonionic surfactant Triton X-114 (TX-114) was
purchased from Amresco (Ohio, USA) and used without further
purification, to prepare a 100gL~! aqueous solution. All solvents
used (isooctane, ethyl acetate) were of HPLC grade. HPLC purity
water was obtained from milli-Q purification unit (Millipore, Bed-
ford, MA, USA).

2.3. Urine storage

Urine specimen was collected from healthy, supposed non-
exposed subjects. If used in 1 day, it would be stored in plastic
containers at 4 °C without any preservatives. If not, it would be kept
frozen at —20 °C until use. After the urine samples had been thawed,
they were shaken for homogenization. The required volume was
then sampled as quickly as possible to avoid sedimentation of any
solids.

2.4. Extraction and preconcentration procedure

In a typical extraction experiment, 9 mL of urine was placed in
a 15-mL screw-capped centrifuge tube. 50 wL of working mixed
standard solution was added in it. And then, 140 pL of TX-114
stock solution (100gL-1), 1 mL of 1 M phosphate buffer pH 6.0, and
100 L of saturated NaCl solution were subsequently added. The
mixture was stirred for 2 min on the vortex and then left to stand
for 15 min in the water bath at 50°C.

The two phases were separated by centrifugation for 10 min
at 4000 rpm. After cooled in ice bath, the surfactant-rich phase
became viscous, and the upper aqueous phase was decanted by
inverting the tube. 200 L of isooctane was added and the pre-
concentrated analytes were extracted into the isooctane phase by
applying microwaves (700 W) for 2 min. Two distinct layers were

Table 2

Analytical characteristics of the method

Pesticides Retention time Linear range (ngmL~") Calibration curve Correlation coefficient LOD (ng mL~1) LOQ (ngmL~1) R.S.D. (%)
Phorate 9.072 0.10-20 A=37212C-27.243 0.9999 0.07 0.21 3.69
Diazinon 10.174 0.10-20 A=148.57C-6.1381 0.9999 0.04 0.12 3.40
Parathion-methyl 11.093 0.10-20 A=146.16C-27.891 0.9994 0.08 0.24 4.69
Fenthion 11.988 0.10-20 A=165.22C-11.12 0.9999 0.07 0.21 3.92
Quinalphos 12.785 0.10-20 A=23159C-15.79 0.9999 0.07 0.21 3.72
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Table 3

Precision and accuracy of this method for determining OPPs in human urine samples

Inter-day

Intra-day

Pesticides

5.00ngmL~!

1.00ng mL-!

5.00ngmL!

1.00 ng mL~!

Bias (%)

RS.D. (%)
448
2.76
7.33
3.01
4.99

Found (ng mL~1)?

Bias (%)

RS.D. (%)
5.51
5.89
9.02
7.72
6.74

Found (ng mL-1)?

Bias (%)

RS.D. (%)
2.33
4.05
2.82
327
1.81

Found (ngmL-1)?
4.77 + 0.11
4.64 + 0.19
4.53 £ 0.13

Bias (%)

RS.D. (%)
7.46
5.66
8.94
5.33
5.93

Found (ngmL-1)?

—-8.01
-8.97
-12.99
-12.03
-13.93

4.60 + 0.21
4.55 + 0.13
4.35 + 0.32
4.40 £ 0.13
4.30 + 0.21

+6.85
-2.24
-7.19
+1.27
-14.68

1.07 £+ 0.06
0.98 + 0.06

—4.67
-7.27
-9.43
-9.83
-13.30

+2.17

1.02 + 0.08
0.95 + 0.05
0.94 + 0.08

Phorate

—4.67
—5.67
-0.33
-11.50

Diazinon

0.93 + 0.08

Parathion-methyl

Fenthion

1.01 £ 0.08
0.85 + 0.06

4.51 +£ 0.15

4.34 + 0.08

1.00 + 0.05
0.89 + 0.05
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Fig. 1. The effect of pH on extraction recovery conditions: 1.4gL~! TX-114, 100 L
saturated NaCl solution, 1.00 ng mL~" of each OPPs, 200 pL isoociane, microwave at
700 W for 2 min.

formed: the surfactant-rich phase (less than 200 L, lower) and
the isooctane phase (200 pL, upper). The upper phase was care-
fully transferred to a 1.5-mL EP vial with a 200-pwL DRAGON MED
pipettor, and then centrifugated for 1 min at 3000 rpm for fur-
ther cleanup. The clear isooctane solution was then transferred to
autosampler vial and analyzed by GC-FPD through automatic injec-
tion. Because of automatic injection, the study adopted the external
standard method to avoid the internal standard.

3. Results and discussion
3.1. Effect of pH

Cloud point extraction of these five OPPs was performed in dif-
ferent pH buffer solutions. 1 mL of 1 M phosphate buffer solution
(pH range from 3 to 9) was added to study the influence of pH
on their extraction recoveries. From Fig. 1, it can be seen that the
extraction efficiency was almost quantitative (approximately 100%)
at pH 6, while at other pH values the recoveries were almost con-
stant. Since, in CPE procedures the extraction efficiency is almost
independent on the pH for the hydrophobic, non-ionizable nature
of the analytes, but this fact could not explain the observed results.
These five OPPs can hydrolyze in acid and alkaline media and they
are stable at pH 6-7. In addition, from a medical point of view, for
a healthy person, the normal pH values of urine range from 4.6 to
8.0 under common diet condition and the mean value is 6.0. So it
is inferred that the pH selected was related to the stability of OPPs
and the inherent pH of urine. Due to the numerous influential fac-
tors for the inherent pH of urine, it is essential to adjust the pH of
the solution. In addition, the influence of the buffer amount was
assayed. The results showed that no obvious variation took place
in the extraction yield. Therefore, 1 mL of 1M phosphate buffer
solution (pH 6) was chosen for further study.

3.2. Effect of surfactant concentration

The amount of surfactant should be sufficient for the quantita-
tive extraction of the target analytes, but not excessive to interfere
with the back-extraction process, so it is important to optimize its
amount. It can be seen from Fig. 2 that a volume of 120-150 p.L of
the 100 gL~ stock TX-114 solution (corresponding to 1.2-1.5gL~!
final surfactant concentration) produced optimal recoveries. Out-
side this optimal range, smaller amounts led to low recoveries
because the surfactant was not sufficient to make reproducible
measurements of extraction and separation. However, if surfac-
tant concentration was increased from the recommended, the
extraction recoveries were much higher than 100%. The reason
may be that the volume of the surfactant-rich phase was much
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Table 4
Comparison the performance of this method with that of other reported methods for extracting the studied OPPs from urine
Extractions Analysis OPPs Linear range (ng mL-") Recovery (%) LODs (ngmL~') References
SPME GC-FPD Diazinon/parathion-methyl/fenthion 1-100 82-140 0.1-0.4 [7]
SPME GC-MS Quinalphos 10-500, 500-50,000 24.5-27.7 2 [9]
CPE-back extraction GC-FPD Diazinon/parathion-methyl/fenthion/quinalphos 0.10-20 85-107 0.04/0.08/0.07/0.07 This method
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Fig. 2. The effect of surfactant concentration on recovery conditions: 1mL of 1M
phosphate buffer pH 6.0, 100 p.L saturated NaCl solution, 1.00 ng mL~' of eachOPPs,
200 pL isooctane, microwave at 700 W for 2 min.

larger than 200 p.L, and consequently turbid substance appeared at
the interface of isooctane and surfactant after microwave-assisted
back-extraction. The optimal surfactant concentration was chosen
as 1.4 gL 1inthis paper, which can ensure to achieve optimal recov-
eries of the target analytes and avoid disturbing the back-extraction
process.

3.3. Effect of Incubation temperature and duration

Incubation time and temperature also play roles in the CPE
process as other parameters. It is reported that increasing the tem-
perature or the equilibration time can decrease the amount of water
in a surfactant-rich phase and hence the volume of that phase
decreases. This is because dehydration between the hydrogen
bonds occurs when increasing temperature [21]. This phenomenon
that the volume of the surfactant-rich phase decreases has advan-
tage to the back-extraction process in our study. Here, keeping
incubation time 15 min constant, incubation temperature varied
between 40 and 70 °C was examined. The results, listed in Table 1,
showed that the optimum recoveries were obtained at 50 and
60 °C. During the experiment, it was found that the volume of the
surfactant-rich phase decreased with increasing incubation tem-
perature, which was the same as described in Ref. [21]. At the
same time, flaxen powder which is the precipitate of urine proteins
appeared in urine and the amount was related to temperature. After
centrifugation, the precipitate was at the bottom of the tube and the
amount was not enough to disturb the back-extraction. It is desired
that the amount of the precipitate could be as little as possible.
Therefore, a compromise should be reached. Furthermore, some of
these OPPs are unstable at high temperature. For example, diazi-
non can decompose when the temperature is higher than 50°C. So
incubation temperature at 50 °C was selected for further study. Sec-
ondly, different equilibration time ranging from 5 to 25 min at 50 °C
was tested. The results showed that this variety practically did not
affect the recoveries of the analytes and the data were not listed
here. Hence, duration was chosen as 15 min in this work.

3.4. Microwave-assisted back-extraction

Among the common water immiscible solvents, the volatility
of isooctane is the weakest, and Refs. [18,20] reported isooctane

Isooctane, uL

Fig. 3. The effect of isooclane volume on the analytical response. Conditions: 1 ml
of 1 M phosphate buffer pH 6.0, 100 p.L saturated NaCl solution, 1.00 ng mL~! of each
OPPs, microwave at 700 W for 2 min. The relative peak area is calculated by dividing
the largest value of 150 L of isoociane into the other individual values.

can provide good reproducibility when the microwave approach
was applied. So isooctane was selected as back-extraction reagent.
In this paper, microwaves were applied to back-extract the ana-
lytes from the surfactant-rich phase into isooctane. It is found
that when the volume of isooctane was 200 pL and the power of
microwaves was 700 W, the five OPPs were quantitatively extracted
into isooctane within 2 min in a domestic microwave oven. Further
application of microwaves up to 4 min gave no significant enhance-
ment in the analytical response. And the two phases (isooctane
and surfactant-rich phase) were separated completely. Therefore, a
2-min application was selected for further study.

There are two important factors to be taken into account in opti-
mizing the volume of isooctane: the preconcentration factor and
therequired volume of the automated injection. As can be seen from
Fig. 3, the analytical response was relatively high and the volume
also satisfied the automated injection when 200 pL of isooctane
was used. Outside this optimal point, larger volumes resulted in a
gradual decrease of the peak area (i.e. reduction of the preconcen-
tration factor) due to subsequent dilution, while smaller amounts
which seemed to yield higher preconcentration factor often pro-
duced emulsion or slurries, thus leading to poor reproducibility. So
a volume of 200 pL was finally selected as the optimum and the
preconcentration factor calculated theoretically was 50 for these
five OPPs extracted from only 10 mL of a sample.

3.5. Centrifugation cleanup

During the experiment, it is found that the upper isooctane
phase was transparent after microwave-assisted back-extraction
but a few minutes later the phase was usually (but not always)
no longer clear. In order to avoid blocking of the capillary column
and achieving automated injection successfully, centrifugation was
adopted for further cleanup. After microwave back-extraction, the
upper isooctane phase was immediately transferred to a 1.5-mL EP
vial with a pipettor, and then centrifugated for 1 min at 3000 rpm
to obtain the clear isooctane solution.
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Fig. 4. Chromatogram of a (a) blank urine sample and (b) urine sample spiked with
1.00 ng mL-! of each OPPs (1: phorate; 2: diazinon; 3: parathion-methyl; 4: fentluon;
5: quinarphos) after the extraction procedure. Conditions as mentioned in the text.

3.6. GC-FPD analysis

Cloud point extraction coupled with microwave-assisted back-
extraction has been combined with GC-FID successfully [18-20]. In
this paper, we want to apply this technique to GC-FPD with auto-
matic injection. According to the optimal extraction procedure, a
blank urine sample and a urine sample spiked with 1.00 ugL~!
of each OPPs were subjected to the CPE procedure. The chro-
matograms were shown in Fig. 4. Due to high selectivity of FPD only
to the compounds containing phosphorus and sulfur element, the
blank chromatogram (Fig. 4a) presented a smooth baseline, which
was much better than that of FID. Some peaks in it may result from
the phosphate buffer. As can be seen from Fig. 4b, the peaks of these
five OPPs appeared free from any interference and their shapes
were acceptable and allowed precise quantification. In addition,
repeated injections of the blank and spiked extract also gave no
significant fluctuations of the retention times.

3.7. Analytical characteristics of the method

3.7.1. Calibration curves and limits

The calibration curves were prepared by mixed standard solu-
tions. The peak areas for the five OPPs were proportional to their
concentrations (ng mL~1) in good linear relationships. The relative
standard deviations ranged between 3.40 and 4.69%. The limit of
detection (LOD) of each OPP was calculated based on a signal-to-
noise ratio 3:1. The limit of quantification (LOQ) was defined as
three times the limit of detection. The results were listed in Table 2.

3.7.2. Precision and accuracy

In order to support the validation of a method, International
Union of Pure and Applied Chemistry (IUPAC) proposed four
approaches to obtain reference values for trueness experiments.
They are certified reference materials (CRMs), reference materials,
use of a reference method and use of spiking/recovery [22]. Because
(certified) reference materials were unavailable, we selected the
use of spiking/recovery to evaluate the accuracy of the proposed
method.

A less costly and very commonly applied expedient, is to esti-
mate the recovery of the analyte added as a spike in a separate
experiment. The added analyte acts as a surrogate for the native
analyte. However, if the added analyte is not so firmly bound to the
matrix as the native analyte, the surrogate recovery will tend to
be high in relation to that of the native analyte. The phenomenon
may appear in the solid matrix. Because the matrix used in this
paper is liquid, the disadvantages can be neglected. In common, the
precision of a method is evaluated by the R.S.D. of replicate mea-
surements. The values should be within +-15% at all concentrations.
In this paper, precision was evaluated at 1.00 and 5.00ng mL~! for
fortified human urine analyzing six replicates for each concentra-
tion in the same day (intra-day precision) and on three different
days (inter-day precision). These data were less than 10%, which
indicated that the method was reproducible. The accuracy of the
method was expressed as bias. The values were listed in Table 3. It
can be seen that the accuracy of this method was acceptable.

3.8. Comparison of this method with others

Till now, the methodologies which have been reported for
extracting the studied five OPPs from urine are mostly SPME. Table 4
summarized the comparison between the performance of the pro-
posed method and that of other reported methods for extracting
the studied OPPs from urine. Compared with SPME, the proposed
method only need some cheap surfactant and does not require spe-
cial instrument. The LODs of this method are lower than the others.
The linear range is narrower because 20ng mL~! is not the largest
concentration of the linear range. If wide linear range is required
in practice we can make it much wider. The instruments for SPME
are not furnished in our laboratory so it is a pity that the reported
method [7,9] cannot be regarded as a reference method to further
validate the proposed method. Due to not obtaining the real urine
samples from the person who has been exposed to the contami-
nated environment, therefore, we only compared the performance
of the proposed method with others reported simply to indicate its
simpleness, cheapness and convenience.

4. Conclusion

In this study, cloud point extraction coupled with microwave-
assisted back-extraction to the determination of OPPs in human
urine by GC-FPD with automated injection was successfully devel-
oped at low nanogram per milliliter level. The upper isooctane
phase obtained from back-extraction was centrifugated for further
cleanup to achieve automatic injection. It demonstrates that this
method is cheaper and easier than SPE and SPME. The performance
of the experiment indicates that it can be used as a rapid, easy, sen-
sitive, convenient and practical method for biological monitoring
and the estimation of human exposure.
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