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Abstract

A gas chromatography–tandem quadrupole mass spectrometry multi-residue method for the analysis of 19 organochlorine pesticides in fats
and oils has been developed. Gel permeation chromatography was employed to remove lipid material prior to GC–MS/MS analysis. Average
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ecoveries of the pesticides spiked at 10 and 50�g kg−1 into fish oil, pork fat, olive oil and hydrogenated vegetable oil were typically in
ange 70–110% with relative standard deviations generally less than 10%. Calculated limits of detection are between 0.1 and�g kg−1

nd results obtained for the analysis of proficiency test materials are in good agreement with assigned values. The higher selec
C–MS/MS compared to electron capture detection and GC–MS in selective ion monitoring mode allowed unambiguous identifi
onfirmation of all the target pesticides at low�g kg−1 levels in fats and oils in a single analysis.
rown Copyright © 2005 Published by Elsevier B.V. All rights reserved.
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. Introduction

Regulations governing permitted levels of persistent or-
anic pollutants such as organochlorine pesticides (OCPs)

n food products are becoming increasingly stringent in re-
ponse to an increased awareness of the toxic hazards they
ose to humans[1]. Since these analytes do not readily de-
rade in the environment and are lipophilic, with a tendency

o bioaccumulate, they can be found at high concentrations in
atty foods, especially meats and fish. Current UK maximum
esidue levels (MRLs) for these analytes in animal products
re set between 0.02 and 1 mg kg−1 on a fat basis[2]. Due to

he mounting concerns about the effects of these pollutants
n international treaty restricting the use of persistent organic
ollutants, including OCPs, came into force on 17 May 2004

3]. In order to enforce the regulations, improved analytical

∗ Corresponding author. Tel.: +44 1904 462000; fax: +44 1904 462111.
E-mail address:r.fussell@csl.gov.uk (R.J. Fussell).

methodologies with adequate confirmation of identity
limits of quantification need to be available.

Methods of analysis for OCPs in fatty matrices inv
ably involve a clean-up step, usually gel permeation c
matography (GPC)[4,5] and/or solid-phase extraction (SP
[6]. GPC is relatively effective at removing fats and oils
is applicable to a wide range of OCPs, but a further
clean-up step is often required to remove any remaining
and other matrix components. Although the use of a fu
SPE clean-up step provides cleaner extracts, it can als
sult in low recoveries for some OCPs and, in addition,
increase in time and solvent usage makes this option
desirable.

The majority of methods for the determination of OC
involve gas chromatography coupled with either elect
capture detection (ECD)[5,7,8] or mass spectrometry (M
[8]. The former technique does not provide unequiv
confirmation of identity and is often subject to ma
interferences, thus MS detection, usually in selected
monitoring (SIM) mode, is the preferred method of choic
021-9673/$ – see front matter. Crown Copyright © 2005 Published by Elsevier B.V. All rights reserved.
oi:10.1016/j.chroma.2005.01.040
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many monitoring laboratories. Although GC–MS in the SIM
mode is necessary to provide adequate quantification at the
low levels required, confidence in the confirmation of identity
is reduced if one or more of the selected ions are affected by
matrix interferences. The use of high-resolution GC–MS can
allow better selectivity, but sector instruments are complex
and expensive and the accuracy of the measuredm/z values
in time-of-flight MS (TOF-MS) instruments are strongly
influenced by the signal intensity and can decrease both at
low and at high signal intensities[9]. Alternatively, MS/MS
with triple quadrupole or ion trap instruments can also be
employed to achieve a high level of selectivity and low
detection limits. Garrido Frenich et al.[7] reported that the
use of GC ion-trap MS/MS overcame the problems arising
from interferences that occurred with GC–ECD and as a con-
sequence showed better sensitivity for the determination of
OCPs in serum. Serrano et al.[10] employed ion-trap MS/MS
for the analysis of low levels of organochlorine pesticides in
fatty materials but a similar evaluation of tandem quadrupole
MS/MS for the determination organochlorine pesticides
in fatty matrices does not appear to have been previously
reported.

The main aim of this work is to evaluate the capability
of tandem quadrupole mass spectrometry (GC–MS/MS) for
the unequivocal confirmation and accurate quantification of
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connected to a 232 automated sample processor, incorpo-
rating a 401 dilutor fitted with a 1 ml sample loop (Gilson,
Villiers-le-bel, France). Two Envirosep-ABC columns,
60 mm× 21.2 mm I.D. and 350 mm× 21.2 mm I.D. (Phe-
nomenex, Macclesfield, UK) were connected in series, and
cyclohexane–ethyl acetate (1:1, v/v) was used as mobile
phase at a flow rate of 5 ml min−1. A centrifugal evaporator
(Jouan, Tring, UK) was used for concentration of GPC
extracts.

2.3. GC–MS/MS conditions

Splitless injections (4�l) were performed with a splitless
time of 1.5 min and the injector temperature set at 250◦C.
The GC temperature program was 100◦C for 1.5 min fol-
lowed by a 20◦C min−1 ramp to 200◦C (held for 6 min),
10◦C min−1 ramp to 260◦C (held for 1 min) and a final ramp
of 10◦C min−1 to 280◦C (held for 2.5 min). The total GC run
time was 24 min, with 3.5 min between injections to allow for
cool-down (1.75 min), stabilization (0.5 min), and injection
(1.25 min).

The tandem quadrupole instrument was operated in elec-
tron ionisation (EI) mode. The MS/MS detector interface
temperature was set at 200◦C, source temperature at 300◦C
and detector voltage at 1600 V. The filament was switched
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CPs at low�g kg levels in fatty matrices without the ne
or a SPE clean-up following GPC.

. Experimental

.1. Chemicals and reagents

Pesticide reference standards (purity >98.0%) were
hased from Qmx (Thaxted, UK) and LGC-Promochem (Te
ington, UK). Hexane, ethyl acetate and cyclohexane (an

cal reagent grade) were all purchased from Fisher Scie
Loughborough, UK).

Individual stock standard solutions (1000�g ml−1) were
repared in hexane. Working standard mixtures in hex
ontaining 1�g ml−1 of each OCP, were prepared for use
piking solutions.

.2. Apparatus

Determination was performed using a Varian GC–MS
em comprising of a CP-3800 gas chromatograph with a
njector, a CP8400 autosampler and a 1200 triple quadru

S (Varian, Walnut Creek, CA, USA). Data acquisition a
rocessing were performed using a Varian Star worksta
ersion 6.20. A fused-silica capillary column (VF-5ms ph
0 m× 0.25 mm I.D., 0.25�m film thickness; Varian) pro

ected by a CarboFrit insert (Restek, Bellefonte, PA, U
n the GC liner was used for all analyses.

The GPC system was comprised of a model
igh-performance liquid chromatography (HPLC) pu
n after 7.5 min, approximately 1 min before the elution
he first peak of interest. The MS/MS conditions in the m
iple reaction monitoring (MRM) mode are given inTable 1.
elium (99.997% purity) at a flow-rate of 1 ml min−1 was
sed as carrier and argon (137 kPa) as the collision gas
C–MS/MS system was calibrated weekly using perfl

otributylamine.

.4. Samples

Samples of pork fat, fish oil, hydrogenated vegetabl
nd olive oil (organically-produced) were used as blanks

or the preparation of spiked samples and matrix-mat
alibration standards.

.5. Extraction procedure and clean-up

A 1.25 g portion of the sample was weighed into a v
etric flask (10 ml) and adjusted to volume with GPC mo
hase (ethyl acetate–cyclohexane, 1:1, v/v). For estim
f recovery, samples were spiked with 12.5 or 62.5�l of a
tandard solution containing 1�g ml−1 of each OCP, to pro
ide spiked concentrations equivalent to 10 or 50�g kg−1

or each OCP in the sample. An aliquot of the extract (1
as cleaned-up by GPC, collecting the fraction eluting

ween 14.5 and 24.5 min. The GPC fraction was concent
o near dryness using a centrifugal evaporator, and�-HCH
dded (equivalent to 50 ng ml−1 in the final extract) as an in

ernal standard and the extract then solvent exchange
exane (1 ml).
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Table 1
Summary of MRM transitions selected for analysis of OCPs in EI mode

Pesticide Peak
number

tR (min) Time segment
(mina)

First transition
m/z

CE/V Second transition
m/z

CE/V Quantification
ions

�-HCH 1 8.46 7.50–8.70 219 > 147 30 219 > 183 10 183
Hexachlorobenzene 2 8.56 284 > 214 40 284 > 249 30 249

�-HCH 3 9.05 8.71–10.20 181 > 145 30 219 > 183 10 183
�-HCH 4 9.21 181 > 145 30 219 > 183 10 183
�-HCH (IS) 9.97 181 > 145 30 219 > 183 10 183

Heptachlor 5 11.31 10.21–11.80 272 > 237 20 274 > 239 40 237

Aldrin 6 12.77 11.81–13.20 263 > 191 40 293 > 257 10 191 + 257

Oxychlordane 7 14.20 13.21–14.65 187 > 123 10 185 > 149 20 123 + 149
Heptachlor epoxide (trans) 8 14.36 253 > 217 40 289 > 253 10 217 + 253

Chlordane (trans) 9 15.01 14.66–15.20 373 > 264 40 373 > 266 30 266

Chlordane (cis) 10 15.41 15.21–15.70 373 > 264 40 373 > 266 30 266
�-Endosulfan 11 15.44 241 > 206 20 195 > 125 20 206

p,p′-DDE 12 16.07 15.71–16.50 246 > 176 40 318 > 246 30 176
Dieldrin 13 16.25 263 > 193 40 277 > 241 10 193 + 241

Endrin 14 16.85 16.51–16.95 263 > 191 40 281 > 245 20 191 + 245

�-Endosulfan 15 17.10 16.96–17.50 241 > 206 20 195 > 160 20 160 + 206
p,p′-TDE 16 17.19 235 > 165 30 235 > 199 30 165
o,p′-DDT 17 17.25 235 > 165 30 235 > 199 30 165

Endosulfan-sulfate 18 18.22 272 > 235 30 272 > 237 40 235
p,p′-DDT 19 18.15 17.51–22.00 235 > 165 30 235 > 199 20 165

IS: internal standard.
a A scan time of 0.3 s data point−1 was employed for all analysis.

2.6. Method performance

The accuracy and precision of the method were assessed
by the analysis of five replicate recoveries at two spiking
levels (10 and 50�g kg−1) for each sample type (2.4). In
addition to recovery spikes, 10 proficiency test samples (all
hydrogenated vegetable oil) were analysed. Matrix-matched,
multi-level calibration curves, which bracketed the samples,
were used for quantification and all results were calculated
using peak area and�-HCH internal standard to correct for
volumetric errors.

3. Results and discussion

3.1. Optimisation of MS/MS transitions

From full scan spectra, the most intense higher mass pre-
cursor ions were selected for the development of the MRM
method. For most of the analytes these were the base peak
ions in the mass spectra, but in some cases higher mass ions
of lower intensity were selected to minimise the possibility
of matrix interferences. Fragment ions withm/z ratios <150
were generally disregarded if other ions were available. Fol-
lowing the selection of these precursor ions, product ion spec-
tra were acquired by collision induced dissociation with argon
g (CE)
v and
t ursor

ion. For example, the precursorm/z219 for the OCP�-HCH
gave intense transitions form/z 219 > 145 and 219 > 147 at
CE 30 V and form/z219 > 183, at CE 10 V (Fig. 1). In gen-
eral the CE that gave the most intense response was chosen
for each MRM transition; in the above case the transitions
m/z219 > 147 (CE 30 V) andm/z219 > 183 (CE 10 V) were
selected. In some cases, for example,cis-chlordane andtrans-
chlordane, the same precursor ion was selected for both tran-
sitions due to the lack of other suitable ions.

3.2. Optimisation of the GC–MRM method

The gas chromatographic conditions were optimised
to give adequate separation ofp,p′-TDE and o,p′-DDT

F rated
f n
h

as. Precursor ions were examined at collision energy
oltages of 10, 20, 30 or 40 V (potential on quadrupole 2)
he most intense product ions were selected for each prec
ig. 1. Plots of abundance vs. collision energy for fragment ions gene
rom the precursorm/z219 for�-HCH using a 1�g ml−1 OCP standard i
exane (n= 3).
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(Rs = 0.70). This critical pair produces the same fragment
ions, thus necessitating good chromatographic resolution.
However, using the same chromatographic conditions the
structurally similar chlorinated methanoindene pesticides,
cis-chlordane and�-endosulfan, co-eluted. It was observed
thatcis-chlordane fragment ions contributed (5–25%) to the
response for 13 different MS/MS transitions evaluated for
�-endosulfan. No contributions fromcis-chlordane were ob-
served for five other�-endosulfan MS/MS transitions (all
product ions of precursor ionm/z 339) evaluated but none
of these were considered suitable because the abundances
were too low.cis-Chlordane contributed approximately 10%
of the overall response to the 241 > 206�-endosulfan MS/MS
transition selected for this work. The MS/MS transitions se-
lected forcis-chlordane were not affected by co-elution with
�-endosulfan. Since completing this study, the use of a more
polar column, e.g. 50% phenylpolysiloxane was found to im-
prove resolution betweencis-chlordane and�-endosulfan, as
well asp,p′-TDE ando,p′-DDT, thus minimising any poten-
tial errors.

In EI mode, the HCH and DDT groups of pesticides
demonstrated higher signal-to-noise ratios than the endo-
sulfan group, endrin, dieldrin, oxychlordane and heptachlor
epoxide. Based on the elution profile, the MRM acquisition
method was divided into as many time segments as possible
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t ansi-
t ade-
q rest.
E um
o ).

d to
d was
v er of
d was
s 0
d The
o ignal-
t oints
( f
6 x-
i the
m for
p also
p and
h ts, ar
a ween
1

3

tan-
d ared
i t ef-
f s in
f in

Fig. 2. Response and RSDs for peak area as a function of the number of data
points, for endrin using a 50�g kg−1 matrix standard (n= 5 for each data
point).

fatty matrices. This may be because of difficulties in obtain-
ing samples, which do not contain traces of these ubiquitous
environmental contaminants. In this work, low levels ofp,p′-
DDE andp,p′-TDE were detected in the fish oil (Fig. 3) and
pork fat used as blanks.

The relative response for solvent standards compared to
matrix standards was found to be dependent on the priming
of the inlet system injections with matrix blank (minimum
of five injections). With a CarboFrit insert in the injection
liner and no priming, the response for matrix standards was
consistently higher than the response for solvent standards.
Subsequent priming of the inlet system with blank matrix
extracts prior to injection of solvent standards reduced the
differences in the relative responses. However, the priming
effect was found to be inconsistent for certain analytes, partic-
ularly p,p′-TDE ando,p′-DDT, thus calibration curves were
constructed using matrix matched calibration standards. This
observation was assumed to be due to the solvent reactivating
of the active sites in the injector rather than matrix enhanced
GC degradation of the analytes observed by Foreman[12].
This is supported by the fact that the calibration curves for
all analytes were generally linear over the range of interest,
0.75–30 ng ml−1 (6–240�g kg−1 equivalent), with correla-
tion coefficients >0.980. The only exceptions wereo,p′-DDT
and endosulfan-sulfate, which gave poor calibration in the
o a-
t
i ruled
o

3

ve a
s s de-
t du-
p from
t nge
n order to obtain the maximum signal for pesticides that g
he lowest response. The number of transitions (200 tr
ions allowable per segment) was restricted to maintain
uate sensitivity at the low analyte concentrations of inte
ach segment contained a minimum of two and a maxim
f four transitions (i.e. one or two analytes per segment

The scan time, which can be approximately correlate
well time (scan time divided by number of transitions),
aried to determine the relationship between the numb
ata points and the signal-to-noise ratio. The scan time
et at 1.5–0.2 s data point−1 to provide between 4 and 3
ata points for analyte peak widths of approximately 6 s.
ptimal number of data points for peak area and hence s

o-noise ratio was found to be between 15 and 20 data p
scan time of 0.3 s data point−1 for an analyte peak width o
s) as shown inFig. 2. This equates to dwell time of appro

mately 75 ms per transition, which is much higher than
inimum of 15 ms permitted by the software. The RSDs
eak area as a function of the number of data points are
lotted inFig. 2. The results demonstrate that low RSDs
ence acceptable precision in peak area measuremen
lso obtained when chromatographic peaks contain bet
5 and 20 data points.

.3. Calibration

Calibration was evaluated comparing calibration s
ards prepared in solvent with calibration standards prep

n matrix extracts. Matrix suppression and enhancemen
ects are well documented in the analysis of pesticide
ruits and vegetables[11] but not for the analysis of OCPs
e

live oil matrix probably due to incomplete removal of m
rix in the GPC clean-up step (see Section3.5) and in this
nstance matrix enhanced GC degradation cannot be
ut.

.4. Limits of detection (LODs)

The LOD, defined as the amount injected which ga
ignal equivalent to three times the baseline noise, wa
ermined experimentally by combining the averages of
licate measurements for hydrogenated vegetable oil

wo different days. The LODs for the OCPs are in the ra
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Fig. 3. MRM chromatograms of (a) blank hydrogenated vegetable oil, (b) blank fish oil sample and (c) 6 ng ml−1 (50�g kg−1) OCP fish oil standard. Peak
identification numbers are detailed Table 1 (IS refers to the internal standard).

of 0.1–2.0�g kg−1 (Table 2), based on the summed inten-
sities of the two transition ions for each analyte except�-
endosulfan which was based on one single transition,m/z
241 > 206. The limit of quantification of 6�g kg−1 for all an-
alytes was based on a lowest calibrated level of 0.75 ng ml−1.
At 6 �g kg−1 the response for two individual MS/MS transi-
tions was sufficient for confirmation of identity of all analytes
of interest.

3.5. Method recoveries and selectivity

The method was validated for the four representative ma-
trices by analysis of spiked samples at two levels (10 and
50�g kg−1). The mean recoveries were generally in the range
70–110%, with relative standard deviations (RSDs) between
1 and 18% (Table 2), except HCB,o,p′-DDT andp,p′-DDT in
olive oil andp,p′-DDE in pork fat. Thus, the European Union
Guidelines[13] for method validation were satisfied for most
of the analyte-commodity combinations analysed. The high
RSD value (31%) forp,p′- DDE at 50�g kg−1 in pork fat
is difficult to explain since acceptable results were obtained
for p,p′-DDE at 10�g kg−1 in all matrices. The absence of
results for HCB (both levels),o,p′-DDT and endosulfan sul-
fate (10�g kg−1) in olive oil was subsequently attributed to a

drift in GPC elution times which was caused by fluctuations
in the mobile phase flow rate. The low flow rate meant that
HCB (the last pesticide to elute) eluted outside of the collec-
tion window and was therefore lost to waste. The low flow
rate would have also resulted in elution of higher amounts of
lipid in the GPC fraction, which appears to have affected the
calibration ofo,p′-DDT and endosulfan sulfate. Despite the
technical problem with the GPC experienced with the anal-
ysis olive oil, the high response and selectivity provided by
GC–MS/MS ensured that additional clean-up of GPC extracts
was not generally necessary.

The MRM chromatograms for blank hydrogenated veg-
etable oil and fish oil samples show very few peaks originat-
ing from matrix, making the peaks corresponding to target
analytes clearly visible (Fig. 3). By contrast, the GC–ECD
and GC–MS (operated in SIM) analysis of the same blank
fish oil extracts both contained peaks that interfered with the
target analytes at the 10�g kg−1 spiking level (Table 3). The
same spiked extract analysed by GC–MS/MS showed no ma-
trix interference and permitted quantification of all the OC
pesticides at this level.Fig. 4 illustrates specific examples
of interferences to the detection of heptachlor by ECD and
MS–SIM compared with interference-free chromatogram ob-
tained for MS/MS at the 10�g kg−1 level.
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Table 2
Summary of mean recoveries (%), relative standard deviations (RSD, %, in parentheses) and LOD’s obtained by GC–MRM analysis of OCPs in samples of
oils and fatsa

OCP Spiking level (�g kg−1) LODb (�g kg−1)

Hydrogenated vegetable oil Olive oil Pork fat Fish oil

10 50 10 50 10 50 10 50

�-HCH 89 (6) 91 (2) 78 (9) 92 (7) 88 (8) 78 (5) 86 (7) 85 (2) 0.5
Hexachlorobenzene 87 (6) 84 (6) – – 66 (16) 75 (3) 74 (5) 80 (3) 0.4
�-HCH 89 (7) 102 (4) 84 (9) 98 (3) 92 (8) 86 (1) 85 (10) 90 (2) 0.1
�-HCH 88 (7) 95 (1) 72 (6) 90 (4) 85 (4) 80 (2) 88 (5) 87 (2) 0.1
Heptachlor 93 (4) 102 (2) 77 (7) 81 (14) 79 (10) 80 (1) 80 (5) 85 (3) 0.5
Aldrin 91 (9) 99 (9) 79 (10) 87 (7) 73 (18) 77 (5) 90 (13) 84 (2) 1.2
Oxychlordane 93 (6) 101 (3) 83 (13) 101 (7) 87 (7) 88 (5) 97 (5) 90 (2) 0.3
Heptachlor epoxide (trans) 88 (6) 101 (8) 74 (6) 96 (7) 80 (11) 86 (5) 96 (9) 92 (7) 1.4
Chlordane (trans) 93 (5) 103 (3) 88 (12) 102 (6) 89 (4) 86 (4) 93 (10) 93 (2) 0.5
Chlordane (cis) 116 (4) 105 (4) 78 (3) 100 (7) 91 (11) 91 (5) 79 (8) 91 (5) 1.8
�-Endosulfan 109 (7) 89 (5) 63 (13) 89 (5) 84 (7) 86 (2) 103 (2) 86 (2) 0.7
p,p′-DDE 84 (6) 101 (3) 80 (4) 105 (4) 79 (5) 70 (31) 80 (6) 93 (4) 0.1
Dieldrin 80 (13) 104 (5) 83 (15) 97 (6) 101 (14) 83 (5) 93 (9) 92 (5) 2.0
Endrin 70 (18) 102 (5) 83 (17) 93 (7) 88 (9) 86 (5) 81 (18) 88 (9) 1.8
�-Endosulfan 94 (7) 100 (5) 65 (12) 97 (8) 88 (12) 86 (3) 94 (12) 89 (9) 1.3
p,p′-TDE 83 (7) 95 (2) 95 (5) 114 (6) 96 (4) 89 (2) 95 (4) 87 (2) 0.1
o,p′-DDT 73 (9) 106 (2) – 104 (5) 87 (9) 84 (3) 84 (8) 85 (1) 0.1
p,p′-DDT 81 (5) 107 (2) 79 (12) 108 (3) 92 (10) 90 (3) 86 (8) 89 (1) 0.1
Endosulfan-sulfate 94 (7) 96 (4) – 111 (15) 64 (30) 87 (6) 65 (7) 94 (4) 1.0

a Mean of five determinations.
b Averages of duplicate measurements on two different days for hydrogenated vegetable oil.

In order to maintain the selectivity and overall integrity
of the data, retention times have to be reproducible so that
analytes do not elute outside their specified time windows.
This is particularly important where analytes elute close to
one another but are in separate time windows, e.g. endrin

Table 3
Comparison of the capability of MS–SIM and ECD to provide sufficient (+)
and insufficient (–) selectivity for the 19 OCPs at the 10�g kg−1 level

Pesticide SIM ECD response

Ion 1 Ion 2

Hexachlorobenzene + + +
�-HCH + − +
�-HCH − − +
�-HCH + + −
Heptachlor − − −
Aldrin + − +
Oxychlordane − + +
Heptachlor epoxide − − +
Chlordane (trans) + + −
Chlordane (cis) + + +
�-endosulfan + − +
p,p′-DDE + + +
Dieldrin − − +
Endrin − − +
o,p′-DDT + + +
p,p′-TDE + + +
�

p
E

N

(peak 14,Fig. 3), in segment 9 and�-endosulfan (peak
15), in segment 10. The time between elution of these an-
alytes was approximately 0.167 min. For a typical validation
batch consisting of 15 injections of fish oil extracts, retention
time repeatability standard deviation was between 0.015 and
0.020 min.

3.6. Application

The method developed was applied to 10 food analysis
and performance assessment scheme (FAPAS)[14] profi-
ciency test materials of hydrogenated vegetable oil containing
known concentrations of OCPs. FAPAS is an interlaboratory
comparison as defined by the international organisation for
standardisation (ISO Guide 43-1:1997 E). The participating
laboratory’s reported result for an analyte is assessed with the
best estimate of the “true” value of the analyte. Subsequently,
the laboratory’s performance is compared by generating a z-
score, which relates the error associated with a result to a
target standard deviation, derived from the proficiency test
round. Thus, based on a normal distribution only about 1 in
20 results will be outside two standard deviations from the
mean, therefore a z-score of±2 is considered “satisfactory”.
The results for the ten samples analysed and the correspond-
ing data as provided by FAPAS show very good agreement
f -
u ich
a b-
o rial.
-Endosulfan − + +
,p′-DDT + + +
ndosulfan-sulfate − − +

ote:MS/MS provided sufficient selectivity for all OCPs at this level.
or all residues detected (Table 4). In addition, all of the val
es are well within the specified “satisfactory” range, wh
re values obtained at±2 z-scores, including all of the la
ratories (>30) taking part for that particular test mate
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Fig. 4. Comparison of selectivity between (a) ECD, (b) SIM and (c) MS/MS for heptachlor at 10�g kg−1 in fish oil. Chromatograms of the corresponding
blank extract and a higher level matrix standard are provided for contrast and identification.

Table 4
GC–MRM results for proficiency test materials with the corresponding assigned values

Test material Analyte GC–MS–MS results (�g kg−1) Assigned value (�g kg−1) Satisfactory range (�g kg−1)

1 Endrin 31.9 44.8 25.1–64.5
�-Endosulfan 35.8 37.8 21.2–54.4
�-Endosulfan 56.6 71.4 40.0–102.8

2 �-HCH 47.8 40.0 22.4–57.6
p,p′-TDE 22.9 34.9 19.5–50.2

3 Heptachlor 23.5 29.3 16.4–42.1
Heptachlor epoxide (trans) 41.2 44.9 25.2–64.7

4 �-HCH 17.7 24.6 13.8–35.4
p,p′-DDE 59.6 56.6 31.7–81.4
Dieldrin 23.2 22.8 12.8–32.9

5 �-HCH 31.4 37.1 20.8–53.5
Oxychlordane 43.4 42.5 23.8–61.2
Chlordane (trans) 65.5 69.7 39.0–100.4

6 Chlordane (cis) 36.5 32.4 18.2–46.7
�-Endosulfan 25.0 26.0 14.6–37.4

7 �-HCH 19.0 23.9 13.4–34.4
Heptachlor 71.0 89.3 50.0–128.6
Endosulfan-sulphate 48.0 48.9 27.4–70.4

8 �-HCH 53.0 63.4 35.5–91.3
Chlordane (trans) 42.3 43.9 24.6–63.2
Chlordane (cis) 46.3 45.4 25.4–65.4
p,p′-DDT 63.5 90.6 50.7–130.4

9

1

N

�-HCH 21.2
Dieldrin 53.7

0 �-HCH 148.7
Hexachlorobenzene 73.4
�-Endosulfan 34.2
�-Endosulfan 25.0

ote:Assigned values provided by FAPAS.
27.8 15.6–40.0
54.4 30.5–78.4

161.5 93.5–229.5
84.1 47.1–121.1
45.0 25.2–64.8
24.3 13.6–35.0
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Fig. 5. MRM chromatograms for dieldrin at 23.2�g kg−1 (a and b) in
proficiency test material 4, and�-endosulfan at 35.8�g kg−1 (c and d)
in proficiency test material 1 (seeTable 4). Transitions are given on the
chromatogram.

Typical chromatograms obtained using the MS/MS method
are illustrated by dieldrin at 23.3�g kg−1 in sample 4 and
�-endosulfan at 35.8�g kg−1 in sample 1 (Fig. 5).

4. Conclusion

GC–MS/MS provides excellent selectivity and limits of
detection, allowing simultaneous confirmation of identity and
quantification of OCPs at low levels in fats and oils. The
method is rapid and robust; permitting more than 400 injec-
tions of GPC fractionated oil samples, with daily replacement
of the liner but without any maintenance of the GC column
or ion source. The technique should be applicable to a much
larger range of analytes in a range of more complex food
commodities and is the subject of ongoing research.
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