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ANALYTICAL CONTROL OF PHOSPHORUS CONTAINING
PESTICIDES

The paper reviews methods of analysis of phosphorus-containing pesticides. There had been analyzed the
thin-layer, gas, gas-liquid, high-performance liquid chromatography and mass spectroscopy as well as their
combination for the effective analysis of organophosphorus pesticides.
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Introduction

We have previously [1,2] researched the reagent processing of pesticide products (PP) of class of
derivatives of alkyl (aryl) carboxylic acids [3-13], s-triazine [14] and sulphur-containing organic
compounds [15-18 ], which are unsuitable for proper use. Reagent processing stipulated for the
removal of active substances from the preparative forms of pesticide preparations as target or
modified technical products, technical raw materials or chemicals [19.20]. But it is also important the
identification of the initial acting substances in preparative forms [21] as well as the analytical control
of residual concentrations of PE, usually in secondary aqueous and aqueous-organic solutions [22-
27]. The first place among the useless PE belongs to preparations on the base of organophosphorus
compounds, which is stipulated for by the wide range of their biological effects (herbicides,
insecticides, acaricides, fungicides, bactericides, grain treater etc.) physical and chemical
characteristics, biological and toxic effects on living organisms [28]. This paper considers the most
common methods of control and determination of organophosphorus pesticides (OPP) in soils, water
and foods of plant origin.

Thin layer chromatography

Thin layer chromatography (TLC) on the first stage of control can significantly reduce the total
time of PP analysis using the following methods: gas chromatography (GC), liquid chromatography
(LQC), gas-liquid chromatography (GLQC), high performance liquid chromatography (HPLQC), or
their combinations with mass spectral (MS) method of analysis: GC-MS, LQC-MS, HPLQC-MS.
Table 1 presents some data on the use of TLC for the initial analysis of active substances OPP.

Table 1
Conditions for the determination of some OPP using the method of thin layer
chromatography
No .. Conditions of analysis
n/n Pesticides solid phase eluents Rf Source
atrazine, carbaryl, carbofuran, aksuron, .
1. diuron, dimethoate, imizalil, oxalamide, silica gel vinegar naphtha, 29
. dichloromethane
Methamidophos
2. micotoxicants 30
formyl trichloride: 0.28-
3. metaphos, trichlorometafos -3 KSK plates | benzen 0,28-0,31 = 0’ 31 31
1:1 ’
. plate toluen: ethanol:
4. dimethoate “sorbfil” acetate acid 7:1:0,1 0,52 32

The data, presented in the table show that TLC are quite efficiently used in the initial analysis of
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OPP, using the available solid phases and eluents.

Gas and gas-liquid chromatography

The number of scientific publications on gas and gas-liquid method of determining the OPP is
very limited. Thus [33] states the development of GC-method for the determination of the remains of
OPP in flour, which includes their automatic extraction with ethyl acetate, identification and
quantification. Paper [34] describes the use of six solvents (ethyl acetate, toluen, izooktan, acetone,
hexane, acetonitrile) in the extraction and determination of OPP. The researched OPP are stable in
acetonitrile with the addition of 0.1% AsON; dicofol and talonil are not stable in acetone; fenthion
and disulfanes decomposed in ethyl acetate. In [35] GC method was used in conjunction with solid
phase extraction to determine attacin, chlorpyrifos, melation and butahlor in natural waters, using
solid-phase extraction and GC with nitrogen-phosphate detector.

High performance liquid chromatography

In [36] there had been developed a method for the determination of the new generation of PP:
indoksokarb, karbosulfan, chlorosulphurol, thiram, dazomet etc in water, soil and air using HPLQC
method. Experimentally there had been determined the conditions of excreting the above PP: water-
chloroform extraction, air - pumping through sorbing agent HAD-2 or polysorb followed by
extraction with acetone, chloroform or ethane nitrile. In [37] there had been developed the HPLQC
method using the fluorescence detector to determine the residue amount of glyphosate in sugar.
Following the original methods, glyphosate is being extracted, dried up, dissolved in vinegar naphtha
and used for the quantitative determination. In [38] there had been presented the universal method
for the determination of the residual amount of 73 pesticide preparations in vegetables and fruits
using HPLQC together with tandem mass spectroscopy. The residual amount of PP had been
removed from food by extraction of ethane nitrile with further quantitative determination.

Gas chromatography / mass spectrometry

The method of GC / MS is widely used in the analysis of various natural objects for the presence
of the residual amounts of PP from the class of organochloride and organophosphorus pesticides
[39]. Thus, in [40] there had been developed a multyresidual method for the determination of 90 PP
in fresh fruits and vegetables. The residual amount of PP had been extracted with acetone and
purified on highly crosslinked polystyrene - divinyl benzene polymeride LiChrolutEN with further
determination.

In [41] by GLQC / MS method there had been determined the residual amount of PP trifluraline,
permethrin in the river water using the solid phase microextraction on polyacrylate sorbing agent. In
[42] there had been determined the OPP (parathion-methyl, fenitrothion, malathion, fenthion,
bromophos, bromophos-ethyl, etion) using solvent extraction with an intermediate polymer
membrane. In [43] there had been researched the optimal conditions of ionization of 19 OPP and
their determination by GC / MS method. There had been researched the influence of temperature,
electron density, emission intensity and pressure of gas (ammonia or ammonia in methane) on the
obtained mass spectra. In [44] there had been researched the determination of OPP trace amount in
various human tissues. The analysis included the extraction of organophosphorus pesticide by a
mixture of ethyl acetate, purification of extracts by gel-penetrating chromatography and
determination of organophosphorus pesticide by the combination of GH / MC in sub-zero chemical
ionization in the mode of monitoring the selected ion peak intensity.

Liquid chromatography / mass spectrometry

In contrast with the combined method of GC / MS, which is now widely used, a combined
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method of LQC / MC is less in practical use. In [45] there had been developed a method for the
determination of 16 PP multi-grades, usually used to protect crops and grain protectants. Sample
preparation stage included the use of mixtures of eluents of vinegar naphtha and sodium sulphate
with 6.5 solution of NaOH. The resulting extract is used without further purification for the
determination of PP, using the method of LQC / MS in positive ion mode.

Conclusions

1. Analysis of the above methods of control of residual amounts of PP in soils, water, plant food
and ingredients of animal origin, various human tissues showed the overwhelming use of
chromatographic methods of control as the rapid test method, expressive and the most accurate and
reliable one. At the same time, the modern control methods most commonly use the tandem
(combined) methods: GC-MS, LQC-MS, HPLQC-MS, LQC-MS-MS and other combinations of
mass spectral and chromatographic methods of control.

2. In the analytical control of pesticide sample preparation the significant attention is paid to the
sample preparation prior to the quantitative analysis as is described in [46]. The most common
methods are solid phase extraction and solid phase microextraction with combined mixture organic
extragents.
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