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CHROMATOGRAPHIC ANALYSIS OF CHLORINATED PESTICIDES
IN FOOD RAW MATERIAL

On the basis of the experimental investigation results the detection technique and quantitative de-
termination procedure of chlorinated pesticide, namely 2,4-dichlorophenoxyacetic acid (2,4-D), in food
raw material are presented in the article. The methods of thin layer and gas-liquid chromatography were
proposed for use. These methods proved high resolution, fast response and separation rate. The use of thin
layer chromatography for quantitative determination of 2,4-D extracted from food raw material enables
the detection limit of 0.01 ng in one sample.

Keywords: chlorinated pesticides, food raw material, chromatography.

Introduction. Many chlorine-containing organic compounds (COC) are pesticides. They are
broadly used in agriculture and cattle breeding. COC are toxic for people and animals. COC poison-
ing occurs either accidentally or purposely. Acute poisoning death amounts t020-25%.

The scale expansion and increase in assortment of the pesticides use in the agriculture as
well as pollution of the environment by factory and domestic waste greatly complicates the pesti-
cide identification in process of analyses. The reliable identification is especially important for the
pesticides where their presence in foodstuffs and food raw material is debarred. Therefore, the reli-
able detection techniques have to be applied. The use of gas chromatograph with selective detectors
(electron-capture, thermoionic or flame photometric) allows to achieve the progress. On the modern
level of analytical technique development, the best results are achieved by combining the chro-
matograph and mass-spectrometr [1].

Nowadays, halogenated acyclic hydrocarbons (lindane, heptochlorine, chlordane,
aldrin, etc.) and aromatic hydrocarbons (hexachlorobenzene, dichlorodiphenyltrichloroethane,
methoxychlor and others) that have been broadly used against vermins of agriculture crops and for
seeds treatment are prohibited.

The object of our investigations in the paper is a chemical referred to as 2,4-
dichlorophenoxyacetic acid (2,4-D):
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Table 1 presents the main physical and chemical properties of 2,4-D. In case of ingestion,
face hyperemia and heartburn are observed after the event, and heavy breathing and cyanosis devel-
op lately. The human fatal dose is 15 g. The maximum allowable concentration of 2,4-D in the air
of the working zone is 1 mg/m®. 2,4-D and its derivatives (salts or esters) decomposition product is
2,4-dichlorphenol, which is also a metabolite in human body [3].

In Ukraine, herbicides on basis of 2,4-D are applied for weed extirpation at grain crops sow-
ing. 2,4-D applied in the form of salts or esters due to its low solubility in water. In soil, 2,4-D read-
ily hydrolysis and becomes absorbed by plant, the pure (water solubility is 540 mg/l). It is known
[4] that 2,4-D remains in soil for 1-6 months and is decomposed by microorganisms. More 85%
brought in soil of 2,4-D is decomposed for 300 hours. However, influence of the herbicides can last
from 6 to 9 months only in droughty soils. In plant, 2,4-D remains stable from 1 to 3 months [4].
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In milk of cows pastured on testing ground treated by substances on basis of 2,4-D (standard
of application rate 2.24 kg per hectare), insignificant amounts of herbicide were detected in four
days [1]. Absorbtion of herbicide also takes place if 2,4-D is applied pastures. Today, vegetables
and fruits processing by substances on basis of 2,4-D is prohibited in Ukraine.

However, in food and food raw material the residues of 2,4-D are still detected. This is ex-
plained by plants absorbtion of 2,4-D conjugates with amino acids, peptides, proteins, saccharides
and others components of plants. The extract of vegetal raw material show that all samples contain
co-extractive substances, that point out on 2,4-D.

The aim of the paper is to elaborate and improve the techniques for extraction, purification,
qualitative and quantitative determination of chlorinated pesticides — 2,4-dichlorophenoxyacetic acid
(2,4-D) extracted from food raw material. In order to obtaine the reliable results of 2,4-D content in
samples of industrial raw material or foodstuff, the pesticides need to be extracted the extracts need to
be purified, the analyzing techniques elaborated and the results must be adequately interpreted.

Table 1

Basic physical-chemical properties of 2,4-dichlorophenoxyacetic acid [2]
Abbreviation 2,4-D

Molecular formula

C8H5C|203

Relative molecular mass

221.038

Color, state White, crystalline

Melting point [°C] 140.5

Solubility Slightly soluble in water, toluene and n-hexane,
well soluble in ethanol, benzene, acetone and di-
ethyl ether

Density [g-cm™] 1.565

Vapor pressure [mm Hg] 0.4 (160°C)

pKaat 25°C 2.64

LDso [mg-kg™] 639

Application For weed extirpation of the cereal crop and maize

At ultraviolet radiation treatment the 2.4-D de-
composes partly; on condition boiling with HCI
or HBr it decomposes by forming 24-
dichlorophenol and hydroxiacetic acid

Miscellaneous

Results and discussion. Extraction by organic solvents is the principal method that ensures
high extraction level and can be applied to all pesticides. The choice of extractant and extraction
conditions depend on nature of object and investigated material. The pesticides losses during extrac-
tion depend on solubility of organic solvents and pesticides in endogenous compounds (fats, lipids).

Extraction. Extraction of 2,4-D was performed by diethyl ether. Finely milled raw material
(100 g of wheat grain) was added to diethyl ether (50 ml) and left for 6 hours at periodical stirring.
The extract was separated, and raw material was extracted the second time by diethyl ether (by por-
tions of 25 ml).

Purification. The extracts were acidulated with sulphuric acid to pH 1, and placed into sepa-
rating funnel. Then, 25 ml of chloroform was added and shaken up of 5 min. The chloroform extract
was separated, and water-based phase was processed by in 25 ml chloroform portions twice. Next,
chloroform extracts were mixed and evaporated to solid residual. The solid residual was dissolved
in 5 ml of diethyl ether and the flask content was hermetically sealed. The obtained solution was
used for qualitative and quantitative analysis.
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2,4-D identification by thin layer chromatography. The solution containing 2,4-D (2 drops) was
put on “Silufol” plate on the start line. On the right side, two drops of "check” solution (solution of 2,4-
D in diethyl ether) were put. The spots of solutions were dried and chromatographed in chamber satu-
rated by dissolvent vapour (mixture of n-hexane and acetone 2:1). When front of the solvent lifted by 10
cm, the plate was removed dried and treated by solution of bromocresol green in aqueous-alcoholic so-
lution of sodium hydroxide (for OH™ detection) or by solution of silver nitrate in mixture of ammonia
and acetone (for CI” detection). Then, the dried plate was exposed to ultra-violet rays for 10 min. In
presence of 2,4-D on plate, the dark spots appeared. The detection limit of 2,4-D was 2 ug in a sample.

For preparation of the solution of silver nitrate in mixture of ammonia and acetone the silver
nitrate (0.5 g) was dissolved in distilled water (5 ml), then the concentrated ammonia solution (5
ml) was added and the flask was filled with acetone to 100 ml.

The reliability of 2,4-D identification by thin layer chromatography is verified by qualitative
reaction with chromotropic acid. The obtained extract by means of purification (2 ml) was placed in
a test-tube and evaporated to solid residual. Then, few small crystals of chromotropic acid and con-
centrated sulphuric acid (2 ml) were added to solid residual and heated for 2 min. After, this solu-
tion discolours to pink which shaded to dark-purple [2].

2,4-D quantitative determination by gas-liquid chromatography. The vapours of etheric extracts
(5 ul) were placed into Cvet-304 chromatograph and chromatographed under operating characteristics:
flame-ionization detector; chromatographic column with internal diameter of 3 mm and 180 cm in
length; immobile phase composed 3 % OV-17; evaporator thermostat temperature was 210 °C; column
thermostat temperature was 180 °C; azote gas-carrier (rate is 70 L/min), air rate is 300 L/min; hydrogen
rate is 30 L/min. The retention time (qualitative analysis) and peaks heights relatively of 2,4-D ethylic
ether (quantitative analysis) were measured by the obtained chromatograms. The detection limit of 2,4-
D in food raw material using gas-liquid chromatography method was 0.01 pg in one sample.

Conclusions. Thus, the proposed methods for extraction, purification, qualitative and quan-
titative analysis, as well as use of all possibilities to improve the reliability of identification of in-
vestigated material ought to be elaborated for determination of 2,4-D residues in food raw material
and especially in sample of unknown extraction.
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A.O. beozair, O.M. l]epouna, b.M. Muxaniuxo, 1.0. Il]epouna

XPOMATOTPA®TUHUI AHAJII3 XJIOPOBMICHUX NECTULHAAIB
Y IMPOJAOBOJIBYIN CUPOBUHI

B po6oTi 3a pe3yapTaTaMu eKCIIEpUMEHTATBHUX JOCTIHKEHb HABECHI METOIUKH BHUSBJICH-
HS 1 KUTBKICHOTO BU3HAYEHHS XJIOPOBMICHOTO MECTUIUAY — 2,4-1uxJI0poheHOKCHAIIETATHOT KUCIIO-
™ (2,4-J1) B IpOOBONIBYIN CHPOBHHI. 3alpOTIOHOBAHO 3aCTOCOBYBATH METOJIM Xpomatorpadii B
TOHKOMY IIapi COpOeHTY 1 ra3opinuHHy Xxpomarorpadito. L{i MeToan MaloTh BEMKY PO3AUIbHY 3/1a-
THICTh, BUCOKY UYTJIMBICTH 1 IIBUAKICTh PO3IiIEHHS. BUKOpHUCTaHHS METO1y Ta30PiIMHHOI XpoMa-
torpadii a1 KiTbKicHOTO BU3HAa4YeHHS 2,4-J] eKCTparoBaHoi 3 MPOJOBOIBYOI CHPOBHHHU JIaB 3MOTY
BCTAaHOBUTH TOPIT YyTJIUBOCTI, AKUK cTaHOBUTH 0.01 MKT B mpooi.

Knwouoei cnosa: xnopoBMiCHI MIECTHIINIH, TIPOJIOBOJIbYA CHPOBHHA, XpoMaTorpadis.
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XPOMATOTPA®UYECKUN AHAJIN3 XJIOPCOJEPKAIIAX MECTUIUI0OB
B ITPOJJOBOJIbCTBEHHOM CBIPBE

B pabote 1o pe3ynbTaTam SKCIIepUMEHTATLHBIX UCCICIOBAHHA MPUBEICHBI METOIMKU Ka4ecT-
BEHHOTO M KOJMYECTBEHHOTO OIPEACNICHUS XJIOPCOJEpIKaIlero nectuuuaa — 2,4-muxiopodeHoKCH-
YKCYCHOM KUCTOTHI (2,4-]1) B IpOI0BOJILCTBEHHOM ChIphe. [IpeioxkeHo UCTonbp30BaTh METOIbI XpOMa-
Torpaduu B TOHKOM CJIO€ COPOCHTA M Ta30’KUIKOCTHYIO XpoMaTorpaduio. ITH METOIbI UMEIOT BBICO-
KYIO Pa3JelbHYI0 CIIOCOOHOCTD, YyBCTBUTEILHOCTh M CKOPOCTh pasfeieHus. Vcronp3oBaHue MeTo/a
Ta30KHIKOCTHOM XpoMaTorpaduu Juisi KOJIMIECTBEHHOTO ompeaeneHust 2,4-J1, 3KCTparupoBaHHOTO W3
MIPOJIOBOJIbCTBEHHOT'O CHIPhSI MO3BOJIMJI YCTAHOBUTH TOPOT YYBCTBUTENLHOCTH, KOTOPBIM COCTaBIISIET
0.01 Mkr B TIpO0e.

Knroueswie cnosa: Xnopcoaepxaniye mecTHIH/IBL, TPOIOBOILCTBEHHOE ChIPbE, XpoMaTorpadus.
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