Malaysian Journal of Chemistry, 2005, Vol. 7, No. 1, 049 - 056

Deter mination of Organophosphorous Pesticide Residues
In Selected Fruits by Gas Chromatography - M ass Spectrometry

Guan H. Tan and Ngat N. Tang
Department of Chemistry, University of Malaya
50603 Kuaa Lumpur, Maaysia

Abstract : A multiresidue method for the determination of eight organophosphorous (OP)
pesticide residues in selected Malaysian fruits is described. Residues are extracted from samples
with 5% ethanol in ethyl acetate (v/v) and cleaned up by a Florisil column with 80 ml of 40%
diethyl ether in petroleum ether (v/v). Analysis is performed by gas chromatography - mass
spectrometry (GC-MS) using the selected ion monitoring (SIM) mode. Pesticides are positively
confirmed by retention times and ion ratios. Recoveries were determined by spiking 4 matrices
(papaya, Carica papaya; honeydew melon, Cucumis melo var. saccharinus, guava, Psidium
guajava and belimbing, Averrhoa carambola) with target OP pesticides. Their recoveries ranged
between 71% and 126% with coefficient of variations of 1.5% — 14.5%. Limits of detection ranged

from 0.02 — 0.15 mg kg'1 depending on the pesticide.

Key words: Organophosphorous pesticide residues, gas chromatography — mass spectrometry,
fruit.

Abstrak : Suatu kaedah berbilang-residu untuk penentuan lapan pestisid organofosforus(OP) di
dalam empat buah-buahan di Malaysia adalah laporkan. Residu pestisid OP diekstrak daripada
sampel-sampel dengan 5% etanol / 95% etil asetat dan diikuti dengan pembersihan menerusi turus
Florisil dengan 80 mL 40% dietil eter dalam petroleum eter sebagai eluen. Analisis dilakukan
dengan menggunakan kromatografi gas — spektrometri jisim (GC-MS) dengan cara pemantauan
ion terpilih (SIM). Pestisid-pestisid dikenalpasti menerusi masa penahanan dan nisbah ion yang
dipilih. Perolehan semula ditentukan dengan cara penambahan pestisid OP kepada 4 jenis buah-
buahan ( betik, Carica papaya, honeydew melon, Cucumis melo saccharinus , jambu batu,
Psidium guajava , dan belimbing, Averrhoa carambola). Perolehan semula yang ditentukan adal ah
di antara 71% dan 126% dengan angkali variasi dalam lingkungan 1.5% - 14.5%. Had pengesanan
yang didapati adalah di antara0.02 — 0.15 mg/kg tertakluk kepadajenis pestisid.
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I ntroduction

All pesticides are potentially toxic — some are
classified as probable human carcinogens,
neurotoxics and endocrine (hormone) system
disrupters. In recent years, with increasing concern
over pesticide residues in food, the link to the
possible health risk in the daily diet has been raised.
Fruits and vegetables are essentia to a nutritious and
heathy diet; however, the health benefits are
compromised by consistent contamination with
pesticide residues.

Gas chromatographic (GC) methods are common
methods for analysis of pesticide residues. The GC
separation and detection methods use various
selective and senditive detectors such as electron-

capture detector (ECD);™* nitrogen-phosphorus
detector (NPD);** and flame-photometric detector

(FPD)>® according to different classes of

pesticides. These methods require multiple injections
of each sample and dua-column confirmation of
positive analytes. Confirmation of residues need to be

performed by GC-MS."®

The traditiona role of GC-MS as a secondary
confirmation role has now been replaced as a primary
screening tool in recent years. GC-MS offers
simultaneous detection and confirmation of any

pesticide that can be volatized.>™ In general, mass
spectrometry is a universal detection system but is
not as sensitive as the element-specific detectors.
However, a study has been carried out by GC-MS
using the SIM mode for the analysis of chlorinated
pesticides, which approaches the sensitivity obtained

by an ECD.*
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The present study describes the optimization of
the GC parameters for high performance MS analysis
and use of the optimized GC-MS system for the
simultaneous detection and confirmation of eight OP
pesticides in selected Ma aysian fruits.

Experimental
1. Reagentsand Apparatus

1.1. Solvents — Ethanol, ethyl acetate, methanol,
diethyl ether, petroleum ether, AR grade
reagents, from J.T. Baker, Inc.

1.2. Sodium sulfate — Anhydrous, from Fuka
Chemie AG.

1.3. Florisil — Pesticide residue grade, from Sigma
Chemical Co.

1.4. Pesticide standards — diazinon, parathion-
methyl, malathion, chlorpyrifos, phenthoate,
prothiofos, profenofos and ethion  were
obtained from AccuStandard Inc., Ct, USA.

15. GC-MS system — A Hewlett-Packard (HP)
system 6890 series gas chromatograph coupled
with a HP model 5972A quadrupole mass
spectrometer; cross-linked 5% phenyl methyl
siloxane capillary column (HP-5MS, 30m x
0.25mm id x 0.25nm film thickness). GC
operating conditions were as follows. initia
temperature 40°C (1 min hold), increased at

20°C min™ to 210°C, then increased at 1.5°C
min® to 215°C (4 min hold); injector
temperature 240°C; carrier gas Helium

(99.999%), flow-rate 1.3 ml min™; ion
source temperature 270°C; operated in the
splitless mode; purge off time 1 min; injection
volume 1 ml nomina. M S operating conditions
were: solvent delay 6 min; electron-impact
(El) mode ionization voltage 70 eV using
selected ion monitoring (SIM); dwell time for
each ion 100 ms. Data acquisition and
processing were provided by a Vectra VL 5/90
Series 3 Computer equipped with a HP
G1030A ChemStation data system.

1.6. Samples — Papaya, Carica papaya; honeydew
melon, Cucumis melo var. saccharinus; guava,
Psidium guajava and belimbing, Averrhoa
carambola, purchased from retail markets.

2. Optimization of Parametersfor Splitless
I njection

To improve instrumental performance of a GC-
MS system, numerous splitless parameters need to be
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optimized for the best splitlessinjection, i.e. injection
port temperature, purge off time, column flow and

interface  temperature.®"®  Pesticide standard

solutions were used to test the performance of the
GC-MS instrument using the full scan mode (m/z 50
— 400 am.u.). The optimum parameters used for this
experiment are listed in Table 1.

3. Sample Extraction and Clean-up

Samples of fruits were cut into small cubes,
chopped and thoroughly blended using a food
processor. A 30-g sample was weighed into a Mason
jar and an appropriate volume of spiking solution of
the standard pesticide was added. 60 g of anhydrous
sodium sulfate was added into the Mason jar. The
sample was then extracted with 150 ml of 5% ethanol
(v/v) in ethyl acetate in an ultrasonic bath for 10 min.
The extract solution was then decanted through a
filter funnel fitted with a Whatman No. 1 filter paper
into a round-bottomed flask. 100 ml of 5% ethanol
(v/v) in ethyl acetate was used to rinse the Mason jar
and decanted through the filter funnel into the round-
bottomed flask. The filtrate was then evaporated to

dryness by arotary evaporator.”

The round-bottomed flask was then rinsed three
times with 1-2 ml of petroleum ether. The extract was
then transferred quantitatively to a Florisil column
and eluted with 80 ml of 40% diethyl ether in
petroleum ether (v/v). The e€uate was then
evaporated to dryness with a rotary evaporator. The
round-bottomed flask was then rinsed 2 — 3 times
with 5 ml of methanol and the washings were
collected in viasfor the GC-MS analysis.

Results and Discussion
1. ldentification and Quantification

Five fragment ions for each pesticide were used
in the SIM analysis for identification. These ions
were selected by monitoring ions in the full-scan
spectrum. The mass fragment ions are as listed in
Table 2. Two of theions were then chosen in the data
processing — one as the target ion and the other as the
gualifier ion. The target ion is used for quantitation.
Pesticides in the sample extract were identified
according to their retention times and ion ratios. The
ratio of the qualifier ion to the target ion must be
within the expected limits when compared with those
of the standards.

Typical chromatograms of an unspiked (control)
honeydew melon extract and a spiked honeydew
melon extract are as shown in Figures 1 and 2. The
chromatogram of the control sample is free from
interference except for phenthoate.
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Table 1: Optimum parameters of GC-MS

Parameters Values
Injection port temperature 240°C
Purge off time 1min
Column HP-5MS phenyl methyl siloxane,
30m x 0.25mmid x 0.25 m film
thickness
Column head pressure 1.5 bar
Column flow 13ml min?*
Oven temperature 1 (initial) 40°C
Hold time 1min
Rate 1 20°C min™
Oven temperature 2 210°C
Hold time Omin
Rate 2 1.5°C min™
Oven temperature 3 (fina) 215°C
Hold time 4min
Interface temperature (MS) 270°C

Table2: List of organophosphorous pesticides studied and their characteristic mass fragment ions

Pesticides Molecular mass Mass fragment ions (nvV2)
Diazinon 304 304, 199, 179, 152, 137.
Parathion-methyl 263 263, 233, 125, 109, 79.
Malathion 330 285, 173, 127, 125, 93.
Chlorpyrifos 349 314, 286, 199, 197, 97.
Phenthoate 320 320, 274, 246, 125, 121.
Prothiofos 344 309, 267, 162, 113, 63.
Profenofos 372 339, 337, 208, 206, 139.
Ethion 384 384, 231, 153, 125, 97.

Abundance :
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Figurel: Totd ion chromatogram of control honeydew melon extract.
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Figure 2 : Tota ion chromatogram of the honeydew melon extract spiked at 0.25 to 0.5 mg kg™ of OP

pesticides. Peaks :

(1) Diazinon, (2) Parathion-methyl, (3) Maathion, (4) Chlorpyrifos, (5)

Phenthoate, (6) Prothiofos, (7) Profenofos and (8) Ethion.

Figures 3 and 4 illustrate a typical example of
how target and qualifier ions were chosen in a sample
extract when there are interfering peaks from co-
extractives. The single ion chromatograms of nm/z
274, 320, 246, 121, 125 were extracted from the total
ion chromatograms (TIC) in Figures 1 and 2. In
Figure 3, it is shown that there is no matrix
interference for m/iz 274 and 320, thus, they are
chosen as the target and qualifier ion respectively
which could be easily integrated resulting in good
quantitation.

Standard calibration using a four-point external
standard was performed before quantitative analyses
of the sample extracts. The peak area for each
pesticide was used to process sample data. The
coefficient of correlation (r) of the pesticides were in
the range of 0.994 — 1.000.

The limits of detection (LODs) of pesticides
were estimated from sample matrices with the
minimum detectable quantities being estimated from
the signal-to-noise ratio (S/N) of peak-to-peak level
of at least 3. The LODs arereportedin Table 3.

Table 3 : Limits of Detection

Estimated limits of detection (mg kg™)

Pesticides Papaya Honeydew Guava Belimbing
melon
Diazinon 0.02 0.02 0.03 0.03
Parathion-methyl 0.15 0.15 0.15 0.15
Malathion 0.03 0.03 0.03 0.03
Chlorpyrifos 0.02 0.02 0.02 0.02
Phenthoate 0.06 0.03 0.06 0.06
Prothiofos 0.03 0.03 0.03 0.03
Profenofos 0.15 0.15 0.15 0.15
Ethion 0.06 0.06 0.06 0.06
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Figure 3 (a — €) : Extracted single ion chromatograms of the characteristic ions of Phenthoate in control
honeydew melon extract.
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Figure 4 (a — e) : Extracted single ion chromatograms of the characteristic ions of Phenthoate in spiked
honeydew melon extract.

2. Recovery Study kg™ for methyl parathion and profenofos). Three

Recoveries of eight OP compounds were rﬁphcata .Of each f?]rtlflcatlon level \.Nere;: preparg?(gg
obtained at two levels of fortification, i.e. 0.25 mg t IS experiment. The Mean Tecoveries from spix
1 1 1 fruit samples are shown in Table 4. The recoveries
kg™ and 1.0mg kg™ (05mg kg™ and 2.0 mg for both fortification levels are similar, i.e. 71% -
126% for the lower level and 79% - 120% for the
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higher level. For the higher fortification levd, it is
noted that the recoveries of OP compounds for
papaya extract were between 85% - 105% which is
considered optima recovery. The recoveries of the
other three sample matrices-honeydew melon, guava
and belimbing- were between 75% - 120% which is
within acceptable range. For the lower fortification
level, the recoveries of OP compounds for papaya
extract were not as good as the higher level, i.e.
between 78% - 126% which is very similar to the
recoveries of the other three matrices.

Some compounds gave better recoveries in certain
matrices than in others. For example, for the 1.0 mg

kg'l fortification level, recoveries of ethion are

100% from papaya, 120% from honeydew melon,
103% from guava and 79% from belimbing. Of the
eight OP compounds tested, diazinon gave consistent
recoveries (83% - 103%) across the four matrices
while the recoveries of the other seven compounds

Determination of Organophosphorous Pesticide Residues in
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vary considerably (71% - 126%). It appears that the
papaya matrix had a bigger effect on malathion and
phenthoate recoveries, the guava matrix had a bigger
effect on profenofos recovery while the belimbing
matrix had a bigger effect on malathion and ethion

recoveries, a the 0.25 mg kg'l fortification level

which may explain the relatively high recovery (>
120%). This phenomenon of higher recoveries in
certain matrices could be probably due to what Erney

et al™ described as a “matrix — induced
chromatographic response enhancement”. This can
lead to higher than 100% recovery for the pesticide.

The coefficients of variations (CV) of the
recoveries were between 1.5% - 14.5%. Some
compounds have high CV's — these are due, to alarge
extent, inconsistent extraction for different sample
matrices.

Table 4 : Recoveries of OP pesticides from spiked fruits.

Spiking Recovery, % (CV %, n=3)
levels
Pesticides (mg kg'l) Papaya H(;;lg;gdnew Guava Belimbing
Diazinon 0.25 92 (14.0) 83 (2.6) 88 (9.8) 87 (13.7)
1.0 99 (2.9) 92 (4.6) 84 (5.6) 103 (4.0)
Parathion-methyl 0.5 78 (1.8) 93 (4.7) 81 (8.7) 77 (13.4)
20 95 (4.2) 113 (4.9) 103 (2.6) 86 (3.1)
Malathion 0.25 126 (4.3) 97 (12.6) 113 (8.6) 126 (2.0)
1.0 105 (7.7) 120 (2.4) 120 (3.2) 107 (2.3)
Chlorpyrifos 0.25 113(8.7) 81(8.7) 84 (12.1) 98 (14.5)
1.0 85 (3.0) 93 (4.7) 89 (2.1) 85 (3.4)
Phenthoate 0.25 126 (2.9) 93(9.7) 86 (1.5) 114 (8.0)
1.0 103 (8.0) 120 (3.0) 99 (3.7) 87 (2.5)
Prothiofos 0.25 97 (5.4) 82 (8.5) 77 (4.7) 93 (10.7)
1.0 90 (2.4) 102 (2.4) 96 (2.7) 79 (4.4)
Profenofos 05 75(5.2) 119 (7.5) 124 (11.7) 71(5.1)
20 97 (7.2) 107 (2.8) 113 (2.9) 97 (1.9)
Ethion 0.25 107 (4.5) 85(9.3) 86 (9.8) 123 (9.0)
1.0 100 (2.5) 120 (6.4) 103 (3.7) 79 (21)
Conclusion provides simultaneous confirmation, which is an

The GC-MS method described here effectively
provides for quantitative recovery of the eight OP
pesticides studied in selected Malaysian fruits. It

obvious advantage over the traditional GC analysis
with element-specific detectors. From the CV, good
reproducibility is obtained which can be applied to
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the analysis of other fruits and vegetables. However,
recovery studies must be obtained in every matrix
when applying the method to different crop samples.
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