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Abstract

A simple and sensitive method for determination of organophosphorus pesticides in human
urine was developed by detecting the color complexes which resulted from reactions of
organophosphorus pesticides and 4-(4-nitrobenzyl)pyridine (NBP) in urine. Based on studies of
reaction conditions, e.g. reaction temperature and time, and reagent concentration, a colorimetric
method was established. A 0.1-ml volume of NBP (45% in acetone) was added to a 1.0-ml volume
of a urine sample, and the mixture was heated at 100°C for 20 min. After cooling, 0.1 ml of
tetraethylenepentamine was added. The organophosphorus pesticides showed a characteristic
purplish blue color and the coloring complexes which were produced were stable for several
hours. Furthermore, these complexes could be determined spectrophotometrically. The detection
limits were 0.10-10 pg/ml in urine. The required time for analysis was approximately 30 min for
one sample. Comparing the result of the proposed method with those of the GC—-MS method, the
results were similar for the 12 poisoning cases studied. Thus, the proposed method is useful for

detection of these pesticides in critical care practices. © 2000 Elsevier Science BV. All rights
reserved.
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1. Introduction

Organophosphates are widely used for pesticides. Although in normal
circumstances they are non-toxic for humans, many people die through suicidal
ingestion of organophosphates every year [1]. The measurement of organophos-
phates in body fluids, such as urine and serum, may be important for the prompt
medical management of suspected patients exposed to these compounds. A
number of analytical methods based on chromatographic techniques such as
paper chromatography [2], thin layer chromatography (TLC) (3,4], gas chroma-
tography (GC) [5,6], gas chromatography—mass spectrometry (GC-MS) [7,8]
and high-performance liquid chromatography [9] are used for qualitative and
quantitative determination of organophosphates. They, however, are not always
useful for emergency cases because of complicated laboratory instruments and
time-consuming sample preparations. An accurate, simple and rapid method for
detection of organophosphates in biological fluids is needed which may be
helpful in critical care medicine. Our aim was to develop a simple and sensitive
assay procedure for the determination of organophosphates.

4-(4-Nitrobenzyl)pyridine is used as a general chromogenic reagent for the
detection of thio and nonthio organophosphates on developed paper and thin-
layer chromatograms. This reagent was first used for detection of alkylating
compounds such as iodomethane [10]. It was then used for the detection of
organophosphates in the coloring reagent of TLC [11]. This chemical reaction

- was reported by Kramer and Gamson (Fig. 1) [12]. There is no report in which
this reagent was used to directly react with organophosphates in biological
‘samples. B

We developed a simple and sensitive method for the detection of organophos-
phates in human urine. The coloring reagents were added to a urine sample and
the mixture was heated. The required time for analysis was approximately 30
min for one sample. This proposed method was applied to poisoning cases and

the results were compared with those of the GC-MS method and a commercial
enzymatic screening kit.

NO, NO,

+ —p A-NH
RO—B—OR, 2 b 4 RO
= ' OR, ) AN AN

f o
]
N \/N\T__Oﬁz

OR,

Fig. 1. Reaction scheme for the color reaction of 4-(4-nitrobenzyl)pyridine and organophosphates.
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2. Material and methods

2.1. Reagents

Acephate, chlorpyrifos, cyanox, diazinon, dichlorvos (DDVP), dimethoate,
disyston, edifenphos (EDDP), EPN, estox, fenitrothion (MEP), fenthion (MPP),
formothion, isofenphos, isoxathion, malathion, methidathion (DMTP), mono-
crotophos, naled (BRP), phenthoate (PAP), parathion, prothiophos,
pyridaphenthion, salithion, tetrachlorvinphos (CVMP), trichlorfon (DEP), vam-
idothion, 4-(4-nitrobenzyl)pyridine (NBP), tetraethylenepentamine (TEP), and
other chemicals were purchased from Wako Pure Chemicals (Osaka, J apan) of
analytical grade. Agri-Screen Ticket AT-10 Kit® (Wako Pure Chemicals, Osaka,
Japan) was used for the assay which measured the inhibition of cholinesterase
activity. Stock standard solutions (1.0 mg/ml) of organophosphates were
dissolved in acetonitrile and stored at 4°C in a refrigerator. Stability of the stock -
solutions was analyzed by GC-MS, and they proved to be stable for several
months. "

Drug-free urine collected from healthy adult males was used to make urine
samples containing organophosphates, and also as blank urine controls. Urine
samples collected from 12 poisoning cases were kept frozen at — 20°C until
analyzed.

2.2. Procedure

A 0.1-ml volume of NBP (45% in acetone) was added to a sample urine (1.0
ml) and mixed for 30 s using a vortex mixer. The mixture was heated at 100°C
for 20 min in a heating block (Taitec, Saitama, Japan). The mixture was then
cooled to room temperature and TEP (0.1 ml) was added to the mixture. Diethyl
ether (1.0 ml) was added the reaction mixture and the produced coloring
complexes were extracted to the diethyl ether layer. The absorbance ( Asyo) Of
the organic layer was measured using a spectrophotometer (Shimadzu, UV-200S
double beam spectrophotometer).

2.3. Optimum conditions

To determine the effect of reaction temperature and time, urine samples
spiked with 50 wg/ml of malathion or EPN were examined at four different
temperatures (40, 60, 80, 100°C) for six different reaction times (5, 10, 15, 20,
30, 40 min). The reaction mixture was heated for 15 min at 100°C after the
optimal heating time was determined.

To determine the effect of volume of color reagent used, urine samples spiked
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with 50 pg/ml of malathion or EPN were examined at four different con-
centrations of NBP (10, 20, 30, 45%) and TEP (30, 50, 70, 100%).

Reproducibility was evaluated by examining 27 samples of organophosphates
in urine spiked at 50 wg/ml on the same day in five replicates.

24. Gas chromatograph—mass spectrometer

The sample preparation was a slightly modified Extrelut method [8]. A 1.0-ml
aliquot of urine sample was mixed with 0.5 ml of 0.01 M HCL. The mixture was
applied to an Extrelut column which was pre-packed an Extrelut (2.0 g) to a
glass column {180 X 1.0 mm (I.D.)] and left for 20 min. Organophosphates were
eluted from the column with 4.0 ml of ethyl acetate. The eluent was evaporated
to dryness in vacuo at 50°C. The residue was dissolved in 100 pl of acetonitrile.
A 1-pl aliquot was injected into the GC—MS. The GC-MS used was a Hewlett
Packard 5890 series II gas chromatograph—5971A mass selective detector,
equipped with a 30 m X 0.25 mm (ID.) fused-silica capillary column (Hewlett
Packard, HP-5MS, film thickness 0.25 wm). The column temperature was set at
50°C for 5 min, programmed from 50 to 280°C at 15°C/min and held at 100°C
for 5 min. The temperatures of the injection port and ion source were set at 250
and 280°C, respectively. Splitless injection mode was used. Helium with a
flow-rate of 50 kPa was used as a carrier gas. The mass selective detector was
operated in electron impact (EI) mode with 70 €V of electron energy, and a scan
range from m/z 50 to 550. All data was acquired in full scan mode and
selected-ion monitoring (SIM) mode.

2.5. Commercial screening kit assay

Agri-Screen Ticket AT-10 Kit® was used for the commercial screening kit
which measured the inhibition of cholinesterase activity. The assayed was
performed in accordance with the manufacturer’s guidelines.

3. Results and discussion
3.1. Heating temperature and time

The effect of heating temperature is shown in Fig. 2A. The mixture was
heated for 15 min. The absorbance of the produced coloring complexes were
appreciably dependent on heating temperatures below 60°C, and were acceler-
ated at around 100°C. The effect of heating time is shown in Fig. 2B. The
mixture was heated at 100°C. The absorbance was dependent on the heating time
for up to 20 min, but not beyond 20 min. The maximum absorbances of
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malathion and EPN complex were reached at 15 and 20 min, respectively.
Therefore, the heating condition was adopted at 100°C for 20 min.

Sane and Kamat [13] reported that the reaction was complete after 4 min. In
our study, however, the reaction required 20 min. It is possible that endogenous
substances in urine slows the production of the coloring complexes.

3.2. Optimum conditions

The effects of the added amounts of NBP and TEP are shown in Fig. 2C. The
absorbance was increased as the concentration of NBP increased. Maximum
absorbance was obtained at a concentration of 45% NBP. Absorbance also
increased as the concentration of TEP increased. Based on these results,
maximum absorbance was obtained at a concentration of 70% TEP. Taking into
account the effect of endogenous matrices, 45% NBP and 100% TEP were
adopted in the subsequent studies.

3.3. Suitability of coloring complex

To examine the stability of the produced coloring complex, the absorbance
was measured at seven different times after the reaction had completed (Fig.
2D). The adsorption spectrum of malathion is shown in Fig. 3. The same spectra
were obtained for all the other tested organophosphates. The absorbance slowly
decreased as time passed. The absorbance for the sample left for 120 min was

Absorbance

400 500 600 700 800
Wavelength (nm)

Fig. 3. The adsorption spectrum of the prpduced color formed with 4~(4-nitrobenzyl)pyridine and
malathion. .
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60-80% of the maximum. It has been reported that ethylene glycol stabilizes the
produced coloring complex [14]. As expected, the absorbance rose when
ethylene glycol was used. The absorbance of the blank was much higher than
that of acetone. For detecting low concentration of organophosphates in urine,
the lower absorbance of the blank is necessary. Therefore, acetone was used as
the solvent for NBP.

3.4. Urine pH

Fig. 4 shows the effect of the tested urine pH. When the pH of urine was in
the vicinity of neutral, change in absorbance was not observed. Absorbance
decreased rapidly when pH of urine reached 11. It is well-known that
organophosphates are rapidly hydrolyzed to monoalkylphosphate and
dialkylphosphate in alkaline condition. It seems that the absorbance decreased
rapidly because organophosphates were hydrolyzed in the alkaline urine. If the
pH of urine is not neutral, it is necessary to adjust the pH. However, in our
laboratory, the pH values of more than 300 clinical urine samples were
investigated, and 91% of the samples were between pH 5.0 and 7.9 [15].
Therefore, no pH conditioning was required in the urine samples.

3.5. Precision
The reproducibility for data analysis of 27 organophosphates at the con-

centration of 50 wg/ml are summarized in Table 1. The precision ranged from
0.30 to 4.2%, except for acephate, ESP, isofenphos, and vamidothion. Consider-

1.0F
E
5
[9\]
o)
8
505
O
&
2

T
5.0 70 9.0 11.0
Urine pH

Fig. 4. The effect of urine pH on absorbance.
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Table 1
Precision of 27 organophosphates for colorimetric determination
Compounds Detection Molar CV (%)
limit (pg/ml) absorptivity (n=135)
Acephate 10 278 10.7
Chlorpyrifos 0.3 5708 1.30
Cyanox 0.3 5773 0.63
Ciazinon 0.3 3756 0.62
Dichlorvos 0.1 6236 0.30
Dimethoate 0.3 _ 3808 1.06
Disyston 30 1399 1.18
Edifenphos 0.3 4637 ©0.50
EPN- 3.0 1135 : 4.20
Estox 10 814 - 6.10
Fenitrothion 0.3 5469 1.96
Fenthion 0.3 3058 3.09
Formathion 0.5 4307 0.37
Isofenphos 10 822 18.9
Isoxathion 0.5 4814 1.15
Malathion : 0.3 4019 1.06
Methidathion 0.1 6498 1.81
Monocrotophos 1.0 2059 8.23
Naled 0.3 4263 0.65
Parathion 0.5 2061 1.76
Phentoate 0.3 4138 1.13
Prothiophos 0.3 2624 1.00
Pyridaphenthion 0.3 4358 3.89
Salithion 0.3 - 4992 ' 4.02
Tetrachlorvinphos 0.3 4358 : 3T
Trichlorfon 0.3 3853 ' 0.87
Vamidothion 10 550 6.17

mg the coefficients of variation for the GC-MS method, the proposed method
was found to be reproducible. The precision of acephate, ESP, isofenphos, and
vamidothion were 10.7, 6.1, 18.9, and 6.17%, respectively. This imprecision in
the proposed method was lower because the molar absorptivity of the com-
pounds were lower. These four compounds have a similar structure (acetamide,
carboxyamide, -N-P(=S)- or —-S-P(=0)-). We suggest that organophosphates
which have these structure, the precision will be limited.

The detection limits of organophosphorus pesticides were 0.10-10 wg/ml in
urine (Table 1). Comparing with a commercial screening kit using a cholinester-
ase assay, the proposed method gave higher sensitivity and selectivity. Only
organophosphorus pesticides showed a positive reaction. No coloring was
obtained from other agricultural chemicals. -
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Table 2
Results of the produced colorimetric method and the GC-MS method in 12 poisoning cases
Entry Case Colorimetric Commercial GC-MS method
{age, sex) method screening kit
A wg/ml
1 45, M Purple Positive Trichlorfon 450
2 70, F Purple Positive Trichlorfon 2240
3 23, M Purple Positive Fenitrothion 3.7
4 62, F Purple Positive Fenitrothion 65.1
5 62, F No color change  Negative Fenitrothion N.D.
6 4, M Purple Positive Methidathion 65.1
7 32, M Purple Positive Malathion 73.3
8 50, M Purple Positive Malathion 101
9 73, F No color change  Positive Propanil 279
Carbaryl 1.9
10 83, F No color change  Negative Cartap N.D.
Dihydronereistoxin ~ 88.9
11 63, M No color change  Negative Propanil 6.0
Carbaryl 0.4
12 64, M No color change  Negative Paraquat 64

3.6. Application for poisoning cases

The proposed method was applied to 12 poisoning cases who ingested
organophosphates or other agricultural chemicals. Eight of the cases had
ingested organophosphates, three cases carbamates, and the other glyphosinate
(Table 2).

The commercial screening kit showed a positive result for the eight cases who
had ingested organophosphates, and this kit could not have selectivity for a
suspected poisoning cases who ingested organophosphates or other agricultural
chemicals. The proposed method gave only positive results in the cases in which
organophosphates were detected by GC-MS. In four cases (entry no. 5, 10, 11
and 12), both this colorimetric method and the commercial kit were negative. No
organophosphates were also detected using the GC-MS method in these four
cases. The results were in good agreement with that of the GC-MS.

4. Conclusion

A simple method for qualitative detection of organophosphorus pesticides in
human urine was developed by detecting the coloring which was produced by
the organophosphorus pesticides and 4-(4-nitrobenzyl)pyridine (NBP). When
NBP was added to 1.0 ml of a urine sample and the mixture was heated at 100°C
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for 20 min, the best results were obtained. Organophosphorus pesticides showed
a characteristic purplish blue color. The detection limits were 0.10-10 pg/ml in
urine. Comparing with the results of the GC-MS method, the results were in
good agreement for the 12 poisoning cases. Thus, the proposed method is useful
for qualitative analysis of these pesticides in critical care practices.
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1. 72N/ 7z2201220C
TR bMFIV TV, PRAE) Y EERRAERRHTH .
CRKEDOTE I T IV T UBERRICAB YL, IVIFAUNKBL, BEL S
NBRON-FEFIARUY X IR UNRD EEES U CIMEER SR T,
CEFETE, PRMNPIV 72V BEHNLBEIRTNS.
TR MNPIV 7z VL OBEOREL TR N T IV 7 o VEBICEEBE R

BfRDH 5.
CHEECIER T T I 7 2 VBEMRETENS, FFEZEO/BRIEE T
TE5.

2. FEDBEH

CEECMED TR TS 7 EEAS.

3. EEDEH
BB, AR ) —VRSERIALEDDTH .
C3NRBETBBIZOMBER 7 N PI ) 7V EERMAI LN TED,
CTENFIV 7 VREBICHAILT, FEVELIREILL S, BEHELE
HTH5D.
© 5~300 ugml OHFETERARELTH >/=.  (HEE ; 10~204g/ml)
c AEORIGIEE, UTOEBYTH 3.
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Acetaminophen IndophenolBlue
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4. PHE
- I35 1g 12, 20%TCA (M) 7 O)VEERR) % 02ml N2 T T 5.
- 3000rpm T 2 AR LABEL, EEET77IVICHET 5.
BB E SZY —)LEXY NT1EMNZ 5.
P TINESEL, PV 7w 7T 130°CT 20 REmET 5.
SR, 1%o-Z7 VY=V 1Iml, 7YEZT7K Iml ZIEIZMZ 3.
BB, EREAVWDPLTR NI 7 VEERAS.
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