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Residue analysis of organophosphorus pesticides in animal
matrices by dual column capillary gas chromatography with

nitrogen–phosphorus detection
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Abstract

Organophosphorus pesticides (OPPs) were determined in matrices of animal origin by dual column capillary gas chromatography using
nitrogen–phosphorus detection (NPD). This method was tested on cow milk and on liver and muscle of wild boar. The isolation of these
pesticides was performed by liquid partition followed by cleanup with solid phase cartridge (SPE C18), after extraction from the matrix. The
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nalytes identification was obtained by comparing the retention times in two columns with different polarity. The quantification of e
as obtained using parathion-ethyl as internal standard. The method was developed in a UNI EN ISO 9001:2000 certified labo

ecovery, investigated by analyzing samples spiked at 5, 10 and 50 ppb, ranged from 59 to 117% in milk, from 60 to 81% in liver
8 to 76% in muscle. The limit of quantification (LOQ) and limit of detection (LOD) were, respectively, 5 and 1 ppb for each compo
llowed quantifying the residues below the legal limits.
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. Introduction

Organophosphorus pesticide (OPPs), mainly used as in-
ecticides, are esters of phosphoric acid with different sub-
tituents.

These compounds, even if they are less persistent in the
nvironment than the organochlorine pesticides, can be ac-
umulated along the food chain and may therefore represent
risk for human health.
Animals can accumulate such substances from contami-

ated feed and water or from insecticide practices in stables.
herefore, an indirect source of OPPs can be represented by
nimal-derived products[1–4].

The presence of fat in these matrices could interfere with
he analytes isolation and determination[1].

In this study acephate, chlorpyriphos, chlorpyriphos-
ethyl, diazinon, methamidophos, methidation, phorate,

∗ Corresponding author. Tel.: +39 051 2097 323; fax: +39 051 2097 323.
E-mail address:pagliuca@vet.unibo.it (G. Pagliuca).

pirimiphos-methyl were determined in cow milk and ch
pyriphos and dimethoate in liver and muscle of w
boar.

The isolation of these pesticides was performed by li
partition followed by cleanup with solid phase cartridge, a
the extraction from the matrix[1,2,4,5].

The samples were analyzed by dual column capi
gas chromatography using nitrogen–phosphorus dete
(NPD). The GLC separations were carried out under
same programmed conditions by a single injection (spli
mode), allowing to achieve the separation of nine OPP
both columns.

2. Experimental

Solvents were for pesticides residue analysis.
The standard pesticides were obtained from Dr. Eh

storfer, Augsburg, Germany.
021-9673/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
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2.1. Sample preparation

2.1.1. Cow milk samples
Twenty grams of milk, warmed to 20◦C, were extracted

with 25 mL of acetone:acetonitrile (1:4), mixing gently the
sample and the solvent with a magnetic stirrer, and allowed
to stand for 20 min. The sample was afterwards shaken for
30 s and then centrifuged at 4000 rpm for 5 min.

The liquid phase was decanted in a flask, then the milk
solid was collected and redissolved in 2 mL of water. After
the addition of 20 mL of acetone:acetonitrile (1:4), the sample
was mixed again and re-extracted as before. The liquid phase
was joined to the previous one. The extraction was repeated
a third time. The liquid phases were shaken with 50 mL of
dichloromethane in a separatory funnel and was allowed for
phases to separate. The dichloromethane phase was collected
while the remaining acetone:acetonitrile phase was extracted
two additional times with 50 mL of dichloromethane.

The three dichloromethane extracts were gathered up and
dried over anhydrous sodium sulphate for 30 min, filtered
on filter paper and carried to dryness on a rotary evaporator.
The sample was dissolved in 1 mL of acetonitrile and loaded
on SPE C18 Monofunctional cartridge (500 mg/3 mL Phe-
nomenex) which was previously conditioned with 5 mL of
acetonitrile. The flask was then washed with other 2 mL of
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2.2.1. Cow milk samples
The chromatographic temperature program was first rated

from 100 to 130◦C at 5◦C/min, then this temperature was
maintained for 10 min, then a second rate of 5◦C/min up to
220◦C followed, then this temperature was maintained for
7 min, and finally a third rate at 6◦C/min to 274◦C followed.
GC analysis time was 50 min.

2.2.2. Wild boar samples
The chromatographic temperature program was first rated

from 130 to 220◦C at 7◦C/min, then this temperature was
maintained for 7 min, then a second rate of 5◦C/min up to
235◦C followed. GC analysis time was 30 min.

2.3. Quantification

The quantification of each OPP was performed using
parathion-ethyl as internal standard (I.S.). Before extraction,
1 mL of 0.2 ppm parathion-ethyl standard solution in acetone
was added to samples.

3. Results and discussion

The OPPs studied were chosen according to the informa-
tion available on their use in Italy and considering their atti-
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cetonitrile and 1 mL of 2-propanol.
The resulting 4 mL were concentrated to dryness an

issolved in 200�L of acetone.

.1.2. Wild boar samples
Ten grams of liver or muscle were homogenized w

n Ultraturrax apparatus and extracted, stirring for 10
ith 15 mL of acetone:acetonitrile (1:4). After filtratio

he extraction procedure was repeated twice. The
anic phases were extracted by partitioning with 30 m
ichloromethane: the extraction was repeated three t
he extracted solution after drying over anhydrous sod
ulphate was purified as previously described through
PE cartridge using 3 mL of acetonitrile.

.2. Instrumentation

All analyses were performed on a HRGC Mega 285
quipped with two NPDs (nitrogen–phosphorus detecto

Two columns were used: Zebron ZB-5 (30 m× 0.32 mm
.d., 0.25�m d.f.) and Zebron ZB-50 (30 m× 0.32 mm
.d., 0.25�m d.f.). Zebron ZB-5 has a non-polar phase (
henyl–95% dimethylpolysiloxane) whether Zebron ZB
as a polar phase (50% phenyl–50% dimethylpolysiloxa
he columns were both connected to the injector by a
ual column adapter, in order to split the sample mixtur

The samples were injected into the GLC system in sp
ess mode (30 s). Temperature of injector was set to 26◦C.
he NPD system used nitrogen as make up gas and a
erature set point of 290◦C. Helium (1 cc/min) was used
arrier gas.
ude to bio-accumulate in animal tissues and animal-de
roducts.

The single step of SPE C18 Monofunctional clean
howed satisfying recoveries and allowed to process
amples at the same time.

The analyte identifications were obtained by compa
he retention times in the two columns with different pola
Fig. 1) and the reported programmed conditions were ch
o avoid the interference of the matrix. For instance, in mu
nd liver analyses, the initial temperature and the gra
ere increased to separate dimethoate from a matrix re
eak (Figs. 2 and 3).

ig. 1. Comparison between the retention times of analytes and interf
n ZB50 and ZB5 columns.
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Fig. 2. Chromatographic separation of wild boar liver sample spiked with a
OPP standard solution (1�g/mL each) in order to reach a fortification level
of 10 ppb in ZB50 (left CTG) and ZB5 (right CTG) columns.

Fig. 3. Chromatographic separation of wild boar muscle spiked with a OPP
standard solution (1�g/mL each) in order to reach a fortification level of
10 ppb in ZB50 (left CTG) and ZB5 (right CTG) columns.

The column ZB50 was chosen as reference column for
the quantitative determination because showed better sepa-
ration performances, particularly between chlorpyriphos and
parathion.

In Tables 1 and 2the recoveries for both columns are
respectively compared in wild boar tissues and milk.

In milk the recovery of metamidophos and acephate ob-
tained from the ZB5 column was not as good as the one
obtained from the ZB50. Therefore ZB5 was used just as
confirmation column.

On milk, the chosen chromatographic conditions were
able to separate nine OPPs in both columns (Fig. 4).

The limit of quantification (LOQ) and the limit of de-
tection (LOD), estimated as those concentrations of analyte
which yield a signal-to-noise (S/N) ratio respectively of at
least 3/1 and 10[6], were respectively, 5 and 1 ppb for each
compound and allowed quantifying the residues below the
legal limits[7].

Table 1
Recoveries in wild boar tissues

OPP Recovery % (R.S.D.)

Liver Muscle

Column Column Column Column

)
)

Table 2
Recoveries in milk

OPP Recovery % (R.S.D.)

Column ZB 50 Column ZB 5

Acephate 92 (14) 44 (28)
Chlorpyriphos 84 (14) 78 (10)
Chlorpyriphos-methyl 82 (14) 75 (14)
Diazinon 87 (17) 67 (12)
Methamidophos 59 (14) 46 (27)
Methidathion 117 (11) 77 (7)
Parathion-ethyl (I.S) 99 (9) 81 (13)
Phorate 81 (14) 68 (21)
Pirimiphos-methyl 90 (18) 77 (13)

Fig. 4. Chromatographic separation of milk sample spiked with a OPP stan-
dard solution (1�g/mL each) in order to reach a fortification level of 10 ppb
in ZB50 (upper CTG) and ZB5 (lower CTG) columns.

4. Conclusion

Since organophosphorous pesticides are widely used in
producing food, according to the establishment of legal lim-
its regarding their presence in various food commodity, the
analysis of their residues appears to be relevant.

The procedure used showed to be effective for the rapid
quantitative determination and identification of OPPs, ex-
pecially considering the complexity of the animal matrices,
along with the presence of interferents, and the various chem-
ical structures and physical properties of each OPP.

The SPE clean-up provides a fast and efficient purification,
this allows to process more samples at the same time and
permits to obtain clean chromatograms. The use of the dual
column GLC-NPD supports the analytes identification.
ZB 50 ZB 5 ZB 50 ZB 5

Chlorpyriphos 69 (20) 65 (16) 69 (3) 77 (8)
Dimethoate 75 (12) 67 (14) 74 (4) 76 (3
Parathion-ethyl (I.S) 65 (3) 65 (13) 73 (5) 76 (9
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