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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
recoveries of the pesticides spiked at 10 ang.§@g* into fish oil, pork fat, olive oil and hydrogenated vegetable oil were typically in the
range 70-110% with relative standard deviations generally less than 10%. Calculated limits of detection are between Qub &gd' 2.0
and results obtained for the analysis of proficiency test materials are in good agreement with assigned values. The higher selectivity of the
GC-MS/MS compared to electron capture detection and GC-MS in selective ion monitoring mode allowed unambiguous identification and
confirmation of all the target pesticides at Ipwg kg~* levels in fats and oils in a single analysis.
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1. Introduction methodologies with adequate confirmation of identity and
limits of quantification need to be available.

Regulations governing permitted levels of persistent or-  Methods of analysis for OCPs in fatty matrices invari-
ganic pollutants such as organochlorine pesticides (OCPs)ably involve a clean-up step, usually gel permeation chro-
in food products are becoming increasingly stringent in re- matography (GPO},5] and/or solid-phase extraction (SPE)
sponse to an increased awareness of the toxic hazards thef6]. GPC is relatively effective at removing fats and oils and
pose to humanfl]. Since these analytes do not readily de- is applicable to a wide range of OCPs, but a further SPE
grade in the environment and are lipophilic, with a tendency clean-up step is often required to remove any remaining lipid
to bioaccumulate, they can be found at high concentrations inand other matrix components. Although the use of a further
fatty foods, especially meats and fish. Current UK maximum SPE clean-up step provides cleaner extracts, it can also re-
residue levels (MRLSs) for these analytes in animal products sult in low recoveries for some OCPs and, in addition, the
are set between 0.02 and 1 mgRwn a fat basi§2]. Due to increase in time and solvent usage makes this option less
the mounting concerns about the effects of these pollutantsdesirable.
an international treaty restricting the use of persistentorganic  The majority of methods for the determination of OCPs
pollutants, including OCPs, came into force on 17 May 2004 involve gas chromatography coupled with either electron-
[3]. In order to enforce the regulations, improved analytical capture detection (ECO%,7,8] or mass spectrometry (MS)

[8]. The former technique does not provide unequivocal

confirmation of identity and is often subject to matrix
* Corresponding author. Tel.: +44 1904 462000; fax: +44 1904 462111, interferences, thus MS detection, usually in selected ion
E-mail addressr.fussell@csl.gov.uk (R.J. Fussell). monitoring (SIM) mode, is the preferred method of choice in
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many monitoring laboratories. Although GC-MS inthe SIM connected to a 232 automated sample processor, incorpo-
mode is necessary to provide adequate quantification at therating a 401 dilutor fitted with a 1 ml sample loop (Gilson,
low levels required, confidence in the confirmation of identity Villiers-le-bel, France). Two Envirosep-ABC columns,
is reduced if one or more of the selected ions are affected by60 mmx 21.2mm [.D. and 350 mm 21.2mm |.D. (Phe-
matrix interferences. The use of high-resolution GC-MS can nomenex, Macclesfield, UK) were connected in series, and
allow better selectivity, but sector instruments are complex cyclohexane—ethyl acetate (1:1, v/v) was used as mobile
and expensive and the accuracy of the measovedalues phase at a flow rate of 5 mlniid. A centrifugal evaporator

in time-of-flight MS (TOF-MS) instruments are strongly (Jouan, Tring, UK) was used for concentration of GPC
influenced by the signal intensity and can decrease both atextracts.

low and at high signal intensiti¢8]. Alternatively, MS/MS

with triple quadrupole or ion trap instruments can also be 5 3 Gc—MS/MS conditions

employed to achieve a high level of selectivity and low

detection limits. Garrido Frenich et 4l/] reported that the Splitless injections (1) were performed with a splitless

use of GC ion-trap MS/MS overcame the problems arising time of 1.5 min and the injector temperature set at 50
from interferences that occurred with GC-ECD and as a con-Tpe GgC temperature program was T@for 1.5min fol-

sequence showed better sensitivity for the determination of joyeq by a 20C min~t ramp to 200C (held for 6 min),
OCPsinserum. Serrano etfdl0] employed ion-trap MS/MS  19°C min—1 ramp to 260 C (held for 1 min) and a final ramp
for the analysis of low levels of organochlorine pesticides in ¢ 10°c min—1to 280°C (held for 2.5 min). The total GC run
fatty materials but a similar evaluation of tandem quadrupole tjme was 24 min, with 3.5 min between injections to allow for
MS/MS for the determination organochlorine pesticides ¢qol-down (1.75min), stabilization (0.5min), and injection
in fatty matrices does not appear to have been previously (1 o5 min).
reported. _ _ 3 The tandem quadrupole instrument was operated in elec-
The main aim of this work is to evaluate the capability {on jonisation (EI) mode. The MS/MS detector interface
of tandem quadrupole mass spectrometry (GC-MS/MS) for (e mperature was set at 200, source temperature at 360
the unequivocal confirmation and accurate quantification of 5,4 detector voltage at 1600 V. The filament was switched
OCPs atlowug kg™ levels in fatty matrices withoutthe need o after 7.5 min, approximately 1 min before the elution of
for a SPE clean-up following GPC. the first peak of interest. The MS/MS conditions in the mul-
tiple reaction monitoring (MRM) mode are givenTable 1
Helium (99.997% purity) at a flow-rate of 1 ml mih was

2. Experimental used as carrier and argon (137 kPa) as the collision gas. The
) GC-MS/MS system was calibrated weekly using perfluo-
2.1. Chemicals and reagents rotributylamine.

Pesticide reference standards (purity >98.0%) were pur-
chased from Qm(Thaxted, UK) and LGC-Promochem (Ted-
dington, UK). Hexane, ethyl acetate and cyclohexane (analyt-
ical reagent grade) were all purchased from Fisher Scientific
(Loughborough, UK).

Individual stock standard solutions (10@9 mi—1) were
prepared in hexane. Working standard mixtures in hexane,

containing Jug mi~1 of each OCP, were prepared for use as
spiking solutions. 2.5. Extraction procedure and clean-up

2.4. Samples

Samples of pork fat, fish oil, hydrogenated vegetable oil
and olive oil (organically-produced) were used as blanks and
for the preparation of spiked samples and matrix-matched
calibration standards.

2.2. Apparatus A 1.25 g portion of the sample was weighed into a volu-
metric flask (10 ml) and adjusted to volume with GPC mobile
Determination was performed using a Varian GC-MS sys- phase (ethyl acetate—cyclohexane, 1:1, v/v). For estimation
tem comprising of a CP-3800 gas chromatograph with a 1177 of recovery, samples were spiked with 12.5 or §2.5f a
injector, a CP8400 autosampler and a 1200 triple quadrupolestandard solution containinguly mI~* of each OCP, to pro-
MS (Varian, Walnut Creek, CA, USA). Data acquisition and Vide spiked concentrations equivalent to 10 ogkg*
processing were performed using a Varian Star workstation, for each OCP in the sample. An aliquot of the extract (1 ml)
version 6.20. A fused-silica capillary column (VF-5ms phase, Was cleaned-up by GPC, collecting the fraction eluting be-
30mx 0.25mm 1.D., 0.2%.m film thickness; Varian) pro-  tween 14.5and 24.5min. The GPC fraction was concentrated
tected by a CarboFrit insert (Restek, Bellefonte, PA, USA) to near dryness using a centrifugal evaporator, &tCH
in the GC liner was used for all analyses. added (equivalent to 50 ng mi in the final extract) as an in-
The GPC system was comprised of a model 307 ternal standard and the extract then solvent exchanged into
high-performance liquid chromatography (HPLC) pump hexane (1ml).



K. Patel et al. / J. Chromatogr. A 1068 (2005) 289-296 291

Table 1
Summary of MRM transitions selected for analysis of OCPs in EI mode
Pesticide Peak tr (min) Time segment  First transition ~ CE/V Second transition  CE/V Quantification
number (min?) m/z m/z ions
a-HCH 1 846 7.50-8.70 219>147 30 219>183 10 183
Hexachlorobenzene 2 .55 284>214 40 284>249 30 249
B-HCH 3 905 8.71-10.20 181>145 30 219>183 10 183
v-HCH 4 921 181>145 30 219>183 10 183
3-HCH (IS) 997 181>145 30 219>183 10 183
Heptachlor 5 1B1 10.21-11.80 272>237 20 274>239 40 237
Aldrin 6 1277 11.81-13.20 263>191 40 293>257 10 191+ 257
Oxychlordane 7 120 13.21-14.65 187>123 10 185>149 20 123+149
Heptachlor epoxidetians) 8 1436 253>217 40 289>253 10 217+253
Chlordane tfans) 9 1501 14.66-15.20 373>264 40 373>266 30 266
Chlordane ¢is) 10 1541 15.21-15.70 373>264 40 373>266 30 266
a-Endosulfan 11 184 241>206 20 195>125 20 206
p.p’-DDE 12 1607 15.71-16.50 246>176 40 318>246 30 176
Dieldrin 13 1625 263>193 40 277>241 10 193+241
Endrin 14 1685 16.51-16.95 263>191 40 281>245 20 191+245
B-Endosulfan 15 120 16.96-17.50 241>206 20 195>160 20 160 +206
p.p’-TDE 16 1719 235>165 30 235>199 30 165
o,p-DDT 17 1725 235>165 30 235>199 30 165
Endosulfan-sulfate 18 132 272>235 30 272>237 40 235
p.p-DDT 19 1815 17.51-22.00 235>165 30 235>199 20 165

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

2.6. Method performance ion. For example, the precursm¥z 219 for the OCRx-HCH
gave intense transitions fon'z 219> 145 and 219> 147 at

The accuracy and precision of the method were assessedCE 30V and fomV/z 219 > 183, at CE 10 VKig. 1). In gen-
by the analysis of five replicate recoveries at two spiking eral the CE that gave the most intense response was chosen
levels (10 and 5Q.gkg~1) for each sample type (2.4). In  for each MRM transition; in the above case the transitions
addition to recovery spikes, 10 proficiency test samples (all mz219> 147 (CE 30V) andvz 219 > 183 (CE 10V) were
hydrogenated vegetable oil) were analysed. Matrix-matched,selected. In some cases, for exampigchlordane anttans
multi-level calibration curves, which bracketed the samples, chlordane, the same precursor ion was selected for both tran-
were used for quantification and all results were calculated sitions due to the lack of other suitable ions.
using peak area ariHCH internal standard to correct for

volumetric errors. 3.2. Optimisation of the GC—MRM method

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

3. Results and discussion

3.1. Optimisation of MS/MS transitions

5+07 1
From full scan spectra, the most intense higher mass pre-
cursor ions were selected for the development of the MRM 8 4+07 |
method. For most of the analytes these were the base peak § . ::z:
ions in the mass spectra, but in some cases higher mass ions 3 1 —+—183
of lower intensity were selected to minimise the possibility < 2+07 1 \
of matrix interferences. Fragment ions witliz ratios <150 —
were generally disregarded if other ions were available. Fol- ; ; ;
lowing the selection of these precursor ions, product ion spec- 10 20 30 40

trawere acquired by collision induced dissociation with argon Collizion:snengy /)

gas. Precursor ions were examined at collision energy (CE) Fig. 1. Plots of abundance vs. collision energy for fragment ions generated

voltages of 10, 20, 30 or 40 V (potential on quadrupole 2) and from the precursomiz 219 fora-HCH using a jug mi~ OCP standard in
the mostintense productions were selected for each precursorexane 6= 3).
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(Rs=0.70). This critical pair produces the same fragment e AcaRSD % — BOG6
ions, thus necessitating good chromatographic resolution. —&— Area

However, using the same chromatographic conditions the 61 = Lo T L g
structurally similar chlorinated methanoindene pesticides, e N

cis-chlordane andw-endosulfan, co-eluted. It was observed T 1400000
thatcis-chlordane fragment ions contributed (5-25%) to the & 4 . m <
response for 13 different MS/MS transitions evaluated for Q , . 1300000 %
a-endosulfan. No contributions fronis-chlordane were ob- % 37 = &
served for five othen-endosulfan MS/MS transitions (all 54 1200000
product ions of precursor iom/z 339) evaluated but none

of these were considered suitable because the abundance 1+ fARAae0
were too lowcis-Chlordane contributed approximately 10% o

of the overall response to the 241 > 20@ndosulfan MS/MS 4 4 5 a8 10 15 20 a0
transition selected for this work. The MS/MS transitions se- Data points

lected forcis-chlordane were not affected by co-elution with

a-endosulfan. Since completing this study, the use of a more Fig. 2. Respons_e an_d RSDs for peak areaas a function of the number of data
polar column, e.g. 50% phenylpolysiloxane was found to im- points, for endrin using a 50g kg~! matrix standardr(=5 for each data
prove resolution betweasis-chlordane and-endosulfan, as point).

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 POTK fat used as blanks.
method was divided into as many time segments as possible 1he relative response for solvent standards compared to
in order to obtain the maximum signal for pesticides that gave Matrix standards was found to be dependent on the priming
the lowest response. The number of transitions (200 transi-Of t_he '_nl,et s_ystem |qject|ons with .m_atrlx b_Iank (m”_"um
tions allowable per segment) was restricted to maintain ade-Of five injections). With a CarboFrit insert in the injection

quate sensitivity at the low analyte concentrations of interest. IN€r and no priming, the response for matrix standards was
Each segment contained a minimum of two and a maximum consistently higher than the response for solvent standards.

of four transitions (i.e. one or two analytes per segment).  Subsequent priming of the inlet system with blank matrix
The scan time, which can be approximately correlated to extracts prior to injection of solvent standards reduced the

dwell time (scan time divided by number of transitions), was differences in the relgtlve responses. Hovyever, the priming

varied to determine the relationship between the number of effectwas found to be inconsistent for certain analytes, partic-

data points and the signal-to-noise ratio. The scan time was{!a"y P.p’-TDE ando,p’-DDT, thus calibration curves were
set at 1.5-0.2s data poirt to provide between 4 and 30 constructed using matrix matched calibration standards. This

data points for analyte peak widths of approximately 6 s. The observation was assumed to be due to the solvent reactivating
optimal number of data points for peak area and hence signaI-Of the active sites in the injector rather than matrix enhanced

to-noise ratio was found to be between 15 and 20 data pointsGC degradation of the analytes observed by Forefhah

(scan time of 0.3 s data poirit for an analyte peak width of This is supported by the fac_t that the calibration curves for
6'5) as shown iffig. 2 This equates to dwell time of approx- all analytes Welre generally Ilnlear over the range of interest,
imately 75ms per transition, which is much higher than the 0-75-30ngmit= (6-240ugkg™" equivalent), with correla-
minimum of 15 ms permitted by the software. The RSDs for tion coefficients >0.980. Thg only exceptions V‘_’e’@fDDT

peak area as a function of the number of data points are alsoar_1d endosulfan-sulfate, which Qa"e poor calibration in the
plotted inFig. 2 The results demonstrate that low RSDs and ©livé 0il matrix probably due to incomplete removal of ma-
hence acceptable precision in peak area measurements, af&X in the GPC clean-up step (see Secti®) and in this
also obtained when chromatographic peaks contain betweer'Stance matrix enhanced GC degradation cannot be ruled
15 and 20 data points. out.

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 levelpgf -

DDE andp,p’-TDE were detected in the fish offig. 3) and

3.3. Calibration 3.4. Limits of detection (LODS)

Calibration was evaluated comparing calibration stan-  The LOD, defined as the amount injected which gave a
dards prepared in solvent with calibration standards preparedsignal equivalent to three times the baseline noise, was de-
in matrix extracts. Matrix suppression and enhancement ef-termined experimentally by combining the averages of du-
fects are well documented in the analysis of pesticides in plicate measurements for hydrogenated vegetable oil from
fruits and vegetablgd 1] but not for the analysis of OCPsin  two different days. The LODs for the OCPs are in the range
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Fig. 3. MRM chromatograms of (a) blank hydrogenated vegetable oil, (b) blank fish oil sample and (c) 6 r{§énlg kg~1) OCP fish oil standard. Peak
identification numbers are detailed Table 1 (IS refers to the internal standard).

of 0.1-2.0ugkg™! (Table 2, based on the summed inten-
sities of the two transition ions for each analyte except
endosulfan which was based on one single transitioa,
241> 206. The limit of quantification of g kg~ for all an-
alytes was based on a lowest calibrated level of 0.75 ng.ml
At 6 ng kg1 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
50ug kg~1). The mean recoveries were generally in the range

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

70-110%, with relative standard deviations (RSDs) between analytes clearly visibleHig. 3). By contrast, the GC-ECD

1and 18%Table 9, except HCBo,p’-DDT andp,p’-DDT in
olive oil andp,p’-DDE in pork fat. Thus, the European Union
Guidelineq13] for method validation were satisfied for most
of the analyte-commodity combinations analysed. The high
RSD value (31%) fop,p’- DDE at 50ugkg™! in pork fat

is difficult to explain since acceptable results were obtained
for p,p/-DDE at 10pg kg1 in all matrices. The absence of
results for HCB (both levelsh,p’-DDT and endosulfan sul-
fate (10n.g kg1) in olive oil was subsequently attributed to a

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 1@ kg~! spiking level TTable 3. The
same spiked extract analysed by GC-MS/MS showed no ma-
trix interference and permitted guantification of all the OC
pesticides at this leveFig. 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 1ag kg 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 o
oils and fat8

ocP Spiking levelgg kg1) LODP (ugkg™1)

Hydrogenated vegetable oil Olive oil Pork fat Fish oil

10 50 10 50 10 50 10 50
a-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
B-HCH 89 (7) 102 (4) 84 (9) 98 (3) 92 (8) 86 (1) 85 (10) 90 (2) 0.1
v-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 epoxidetians) 88 (6) 101 (8) 74 (6) 96 (7) 80 (11) 86(5) 96 (9) 92 (7) 14
Chlordaneifans) 93 (5) 103 (3) 88(12) 102 (6) 89 (4) 86 (4) 93 (10) 93 (2) 0.5
Chlordane ¢is) 116 (4) 105 (4) 78 (3) 100 (7) 91(11) 91(5) 79 (8) 91 (5) 1.8
a-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
B-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

a8 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 (peak 14,Fig. 3), in segment 9 an@-endosulfan (peak
of the data, retention times have to be reproducible so that15), in segment 10. The time between elution of these an-
analytes do not elute outside their specified time windows. alytes was approximately 0.167 min. For a typical validation
This is particularly important where analytes elute close to batch consisting of 15 injections of fish oil extracts, retention
one another but are in separate time windows, e.g. endrintime repeatability standard deviation was between 0.015 and
0.020 min.

Table 3
Comparison of the capability of MS—SIM and ECD to provide sufficient (+)
and insufficient () selectivity for the 19 OCPs at theutfkg ! level

3.6. Application

The method developed was applied to 10 food analysis

Pesticide SlM— ECD response and performance assessment scheme (FARA&) profi-

lon1 lon 2 ciency test materials of hydrogenated vegetable oil containing
Hexachlorobenzene + + + known concentrations of OCPs. FAPAS is an interlaboratory
a-HCH + + comparison as defined by the international organisation for
V:g: N N * standardisation (ISO Guide 43-1:1997 E). The participating
ﬁeptachlor B B B laboratory’s reported result for an analyte is assessed with the
Aldrin n _ ¥ best estimate of the “true” value of the analyte. Subsequently,
Oxychlordane - + + the laboratory’s performance is compared by generating a z-
Heptachlor epoxide - + score, which relates the error associated with a result to a
gE:g:gZ:ggi;s) : : N target standard deviation, derived from the proficiency test
a-endosulfan + B + round. Thus, based on a normal distribution only about 1 in
p,o’-DDE + + + 20 results will be outside two standard deviations from the
Dieldrin - + mean, therefore a z-score#if is considered “satisfactory”.
Endrin - - + The results for the ten samples analysed and the correspond-
O'p:'_'?DD; : : : ing data as provided by FAPAS show very good agreement
g’i—ndosulfan B + + for all residueg d(.atectec'l”féblelz.é). In anition, all of the val-.
p,p/-DDT + + + ues are well within the specified “satisfactory” range, which

+

Endosulfan-sulfate - - are values obtained at2 z-scores, including all of the lab-
Note:MS/MS provided sufficient selectivity for all OCPs at this level. oratories (>30) taking part for that particular test material.
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E Heptachlor 3004 272.0>237.0
Heptachlor . 119 m/z 274 E Heptachlor
. - 3 (20.0eV
45000 10 ug kg ] 250 ¢ )
9 10 ug ko 2003
] Mg kg E
] 1504
] 7 3 10 pg kg™
40000 E J 1003
5 ) 50 —————
i 3 90
35000 , 553m/z274
£ € 507 2 god
S 30000 - 3 E =
3 8 453 Blank é
© = 40 70 Blank
25000 3.5—2 EMM
T msz 274 3
20000 - 6 100 1000 5
15000 - 3
500 3 50 g kg
50 pg kg™ E
i/
10000 T T T UL LA B T
15 1.75 1.2 113 114 115 116 1.1 1.3 1.5
Time Time Time

Fig. 4. Comparison of selectivity between (a) ECD, (b) SIM and (c) MS/MS for heptachloreg kg~ 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 resulisgkg™1) Assigned valuey(g kg1) Satisfactory rangeug kg1)
1 Endrin 319 448 25.1-64.5
B-Endosulfan 3B 378 21.2-54.4
a-Endosulfan 56 714 40.0-102.8
2 a-HCH 478 400 22.4-57.6
p,p-TDE 229 349 19.5-50.2
3 Heptachlor 23 293 16.4-42.1
Heptachlor epoxidetians) 412 449 25.2-64.7
4 v-HCH 177 246 13.8-35.4
p,p’-DDE 596 56.6 31.7-81.4
Dieldrin 232 228 12.8-32.9
5 v-HCH 314 371 20.8-53.5
Oxychlordane 431 425 23.8-61.2
Chlordane fans) 65.5 697 39.0-100.4
6 Chlordaneis) 36.5 324 18.2-46.7
a-Endosulfan 29 260 14.6-37.4
7 B-HCH 190 239 13.4-34.4
Heptachlor 710 893 50.0-128.6
Endosulfan-sulphate 1 489 27.4-70.4
8 y-HCH 530 634 35.5-91.3
Chlordane fans) 423 439 24.6-63.2
Chlordane ¢is) 46.3 454 25.4-65.4
p,p-DDT 635 906 50.7-130.4
9 a-HCH 212 27.8 15.6-40.0
Dieldrin 537 544 30.5-78.4
10 a-HCH 1487 1615 93.5-229.5
Hexachlorobenzene Y23 841 47.1-121.1
a-Endosulfan 3L 450 25.2-64.8
B-Endosulfan 29 243 13.6-35.0

Note:Assigned values provided by FAPAS.
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Fig. 5. MRM chromatograms for dieldrin at 2.2kg~! (a and b) in
proficiency test material 4, anfl-endosulfan at 35.8gkg! (c and d)
in proficiency test material 1 (s€kble 4. Transitions are given on the
chromatogram.

Typical chromatograms obtained using the MS/MS method
are illustrated by dieldrin at 23;8gkg! in sample 4 and
B-endosulfan at 35.8g kg~ 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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