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Analysis of Pesticide Contaminants in Food

Jong-Gyu Kim
Department of Public Health, Keimyung University, Taegu 704-701, Korea

o

XL
ME B

?::;

&

TFizoto| B4

T

Al et Aledshate et 2Endsket

Increasing Public Concern

Pesticide residue is probably one of the fastest
growing problems in regard to environmental con-
tamination. Pesticide use in agriculture in this cen-
tury has produced certain benefits, including a
decrease in crop waste and an increase in crop
yields and food quality. However, pesticide use
also creates problems of having effects on the envi-
ronment and remaining in food chain. The pres-
ence of pesticide residue in food, water, and soil
has aroused public concern over potential health
hazards. Despite information provided by national
and private level agencies suggesting that food
is safe, consumer groups worldwide are demand-
ing assurance as to the safely of agricultural prod-
ucts.

Pesticide Analysis

1. Accuracy is important

In order to check levels of pesticides, food pro-
cessors and regulatory agenicies utilize a variety
of analytical methods. Because pesticide residues
are normally found at low levels, assay procedures
must be highly accurate and sensitive to ensure
that all pesticides, metabolites, and breakdown
products are detected.

Such procedures fit into one of two categories;
single-residue analysis and multi-residue analysis.
The single-residue methods (SRMs) measure a

*ol W& g ets) 3 PRIl 9
22411993 2. 19)el A =2 £

90

single pesticide and often its metabolites and are
used less frequently and viewed as less desirable
than multi-residue methods (MRMs). MRMs are
preferred because they help us minimize the cost
of assessing food safety, and environmental im-
pact.

2. Sample prepartion

Anaiytical methodology has been developed for
extraction of pesticide residues in a variety of
food samples using liquid-liquid partition and col-
umn chromatography prior to qualitative and
quantitative analysis by gas chromatography (GC)
or high-performance liquid chromatography
(HPLC). Cleanup techniques have been focused
on he separation of pesticides from lipids which
interfere analysis. The ordinary cleanup metods
that have been adopted, such as the Association
of Official Analytical Chemists (AOAC) methods
and the Japanese official methods, are based on
acetonitrile-hexane partition or dichloromethane
extraction and adsorption chromatography. Al-
though the majority of the lipids are removed by
the partition technique, the lipid removal remains
a problem.

This sample cleanup approach is also time con-
suming and often results in losses of compounds.
This problem should be overcome by developing
alternatives to these laborious sample prepara-
tions.

3. Separation and quantitation
Several types of chromatography have been uti-
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Fig. 1. 16 chlorinated pesticides separate in 20 min-
utes.

lized for the determination of pesticides, including
thin-layer chromatography (TLC) for qualitative
screening, and GC and HPLC for quantitative
analysis.

Historically, most methods for pesticides have
utilized GC. Compound-specific detectors such as
electron capture (organochlorines) and nitrogen-
phosphorus (organophosphates) afforded sensitiv-
ity and specificity for the typical pesticides of
the 1960s and 1970s. The new pesticides of the
1980s and 1990s, however, are less amenable to
GC.

The advantage of HPLC is its ability to separate
a wide polarity range of compounds at room tem-
perature. Its weakness has been the lack of specif-
ic and sufficiently sensitive detectors for pestici-
des, though adaptation of post-column reactions
with highly sensitive fluorescence detectors is
supporting the proliferation of HPL.C methods for
pesticide residue.

One method that has been approved for regula-
tory use is the method for N-methylcarbamates.
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Fig. 2. Organophosphorus pesticides.

N-methylcarbamates are insecticides with wide-
spread use and varying degrees of mammalian tox-
icity. The method is a first-action official method
of (AOAC) and is based on a method developed
by Richard Krause. A chromatogram of the N-
methylcarbamates in the MRM is shown in Fig. 3.

Crisis : The Sampling Bottleneck

1. Sample cleanup

One limitation of any residue analysis from food
is the time required for sample preparation. Ana-
lytical methods for pesticides usually require cost-
ly high-purity halogenated solvents and time-con-
suming liquid-liquid extractions and evaporation
steps. Also halogenated solvents used in the pro-
cedures need to be disposed of in an environmen-
tally acceptable manner. Methods that can result
in shorter analytical procedures and lower reagent
consumption without compromising quantitative
requirements would be desirable.

Faced with too many samples, scientists and
researchers are convinced that faster preparation
and analytical methods are needed. Although

Korean Journal of Environmental Health Society, Vol. 19(1)



92 Jong-Gyu Kim
s
Casbamale Anolysis Column Kodel 470 [uonescence Detecior <
G.39x 15cm 339w ex A/445 nn e & 8
Waler/Methonol / Acetonmile -1
Complex gradient 4.00 4 —Fs
0 25 ppb Standards =
\ 400 il Iulccllou VYolume —_
2 5 10 ng of each analyle on columi w 3001 =
3 s 78 1 = £
4 V- Alhcorh solfoxide =] T
2 - Alihcors sullone - =
0 I - Oxanyl T 2.00 4 5
4= Methomyl o 7 =
5 . 3 ydioxycarboluran ~
6 - Akhcarh x
7~ Propoxr
8~ Corlotran 1.001
R ! _h 9 - Carboryl
- = e vt 10 - | Nophtho! | J
- 11— AMuthiocab
Q 5 10 15 20 min 0.00 .y ' . - . .
0.00 0.50 1.00 1.50 2.00 2.50 3.00
Source : Millipore Corporation X 10! minutes
. . Systemn: Waters Carbamate Analysis System
Fig. 3. LC separation of 25 ppb standards. Sample: 10 ui Lealy Green Vegetable Extract
Column: Walers Carbamate Analysis Column (3.9 mm x 15 cm)
Mobie Phase: Waler/Methanol/Acetoniriie Gradient
Flow: 1.5 mUmin,
- Waters 420 Fi
GC/MS and HPLC methods are faster today than D e Eaan . conce Detactor
~ - - 5 1A 2 e E
ever before, even faster analytical methods are 455 nm Emission

needed.

2. Faster sample cleanup

Solid-phase extraction is seen as a way to re-
duce analysis time, solvent consumption and over-
all costs in pesticide analysis. Fig. 4 depicts a veg-
etable simply extracted in acetonitrile and salt
water, dried, reconstituted in methanol and passed
across a Cy3 Sep-pak cartridge. The procedure
is rapid and can be adapted to HPLC or GC analy-
sis.

3. State of the art: Rapid and direct field test-
ing

The function of a sample preparation is to re-
duce the range of components in the mixture to
a manageable number, so that the analytical meth-
od and detector have a chance for accuracy. De-
tection specificity has been a key factor in the
successful history of GC for pesticide analysis, but
it has become less useful as newly developed pes-
ticides exhibit greater thermal lability due to pes-
ticide manufacturers recongnizing that degrada-
tion in the environment is a key to safety. The
ideal analytical method would be less instrument-
intensive and have a detection mechanism suffi-
ciently specific that any pre-analysis preparations
would be limited to simple dissolution and filtra-
tion.

Immunoassay methods, developed initially for
used in high volume clinical chemistry labs like

Source : Millipore Corporation

Fig. 4. HPLC carbamate pesticide analysis.

those found in hospitals, are ideal candidates for
use in crop screening for pesticides. Much like
human fluids and tissues, plants and fruits are
highly complex mixtures that contain trace chemi-
cals that must be monitored. The situation is
much analogous to therapeutic drug monitoring
in hospitals. Millipore has developed such meth-
ods for environmental use.

In practical use, the sample solution is introduc-
ed into a tube which was previously coated with
an immobilized enzyme that is specific in its reac-
tion to the target compounds. The enzyme re-
mains immobilized in the container after the sam-
ple solution is discarded, and a second reagent
is added which will react with available (not
bound with target compounds) enzyme to form
a colored solution. The solution is read manually
by comparison to color charts or is read in a spec-
trophotometer. Greater color intensity is equiva-
lent to low target compound presence, conversely
the absence of color indicates a high concentration
of the target compounds. In biochemical terms,
the target compound competes with the enzyme
conjugate for immobilized antibody sites. Some
commercially available kits containing highly spe-
cific antibodies to pesticides have been introduced
and are a possible tool for screening samples.
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Determination of pesticide residue by the com-
bination of solid phase extraction, immunoassay
kits, GC, and LC are the current state-of-the art
in pesticide analysis.

Future Prospects

GC will remain the leader in pesticide residue
analysis. However, the current generation of pes-
ticides are readily biodegradable and thermally la-
bile compound, the type of analytes more amena-
ble to HPLC. Developments in HPLC technology,
including more selective and sensitive detectors
will help the present problems. Capillary electro-
phoresis (CE), a rapidly emerging technology, is
already in use in pesticide research laboratories
and may have a place in the residue labs as well.
Solid phase extraction with highly reproducible
sample recovery and rapid analytical tests by im-
munoassay will displace some current procedures.
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