Sample preparation and analysis

DETERMINATION OF COMPOUNDS OF TECHNICAL TOXAPHEN BY USING
GC/ECNI-MSMSIN THE SELECTED REACTION MONITORING MODE

Gaul S, Kapp T, Vetter W

! Institute of Food Chemistry (170b), Universitytdbhenheim, Garbenstr. 28, D-70599 Stuttgart, Geyman

Introduction

Toxaphene (Camphechlor, Melipax) has been usedmifiian-ton scale as a pesticide since 1946is formed
by the photochlorination of camphene which yields080 compounds of technical toxaphene (CTTS).
Because of its persistence in the environment,bfbaccumulative behavior of selected CTTs alongh it
toxicity to fish and higher animals, toxaphene wasned in many countries some twenty years*adgothe
environment, the complex technical mixture is digantly changed. Despite the resulting shifts in the CTT
patterns of environmental samples, the controloodfand environmental samples for CTT residueilisast
important task. Therefore, sensitive and selealigtection methods are required. The most widelg usethod
is GC/ECNI-MS in the SIM mod&Recently, GC/EI-MSMS methods were developed astenpial alternative
to GC/ECNI-MS. The introdution of bench top trigjeadrupoles enables also the use of GC/ECNI-MSM&. T
technique was recently proved to be suitable ferdétermination of PBB%In this study we investigated for the
first time the possibilities of a GC/ECNI-MSMS methfor the selective and sensitive determinatio@oTs.

Materials and M ethods

Samples and Chemicals: Toxaphen-Mix 3 (Dr. Ehrenstorfer, Augsburg, Gergaeonsisted of 1 ng/pL of 2-
endo-,3-ex0,5-endo,6-ex0,8,8,10,10-octachlorobornane (B8-1413, P-26gnds-,3-ex0,5-endo,6-ex0,8,9,10,10-
octachlorobornane (B8-1414, P-40)e®-,3-endo,5-€x0,8,9,9,10,10-octachlorobornane (B8-1945, P-41), 2-
€x0,5,5,8,9,9,10,10-octachlorobornane (B8-2229, P-242)5,5,8,9,9,10,10-nonachlorobornane (B9-10262F-
and 2endo-,3-ex0,5-endo,6-ex0,8,8,9,10,10-nonachlorobornane (B9-1679, P-50).tho solution of these six
congeners a calibrated solution o&@-,3-endo,5-€x0,9,9,10,10-heptachlorobornane (B7-1453; ¢ = 6.88 [0y
and 2endo-,3-ex0,5-endo,6-€x0,8,8,9,10-octachlorobornane (B8-1412; ¢ = 4.4 nyiuds added and diluted to a
final concentration of ~10 pg/uL.
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Figure 1. structuresof important CTTsstudied in this presentation

GC/ECNI-M S. GC/MS measurements were performed with a CP-38D@dapled to a 1200 triple-quadrupole
MS system (Varian, Darmstadt, Germany). Helium&a® used as carrier gas at a flow rate of 1.0 mi./fie
injector and transfer line temperatures were s2b@t°C and 280 °C, respectively.

The GC analysis were performed with a Factor Fou™5ms column (30 m x 0.25 mm i.d. x 0.25 pum d
Varian). The GC oven temperature program starte80atC (hold time 3.0 min), which was then rais¢®a
°C/min to 110 °C (hold time: 0.33 min) and finalBt, 20 °C/min to 270 °C (hold time 24.0 min). Tlo¢at run
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time was 60 min. Injections were performed in &g mode (split opend after 2 min). A constanwftate of 1
mL/min was used throughout the measurements. Aesbldelay of 5 min was applied.

The electron energy was set at 70 eV and the fireenission current was set at 150 pA. The ion @our
temperature was maintained at 200 °C. Methane 29 wged as the reagent gas at approximately 815 Tor
GC/ECNI-MS-SIM experiments were carried out by noring m/z 340.9, 341.9, 342.9, 343.9 for heptachloro
bornanes,m/z 374.9, 375.9, 376.9, 377.9 for octachloro bornamesl m/z 410.8, 411.8, 412.8, 413.8 for
nonachloro bornanes, corresponding with the resgefi-ClI]” ions of the chlorobornanes determined. The
detector was set at 1200 V and the scan rate wasyules per second, respectively. The SIM peakhwichs

set at 0.5 u.

GC/ECNI-MSMS-SRM experiments were carried out ushmgon 4.5 as the collision gas at a pressure o6 ~1
mTorr. GC/MS parameters were identical with GC/EGMNS-SIM except for the scan rate which was set at 5
cycles per second. In the single reaction monitp(®RM) mode, the most abundant isotope peak diMk€El]”
were used as precursor ions, respectively, usirgsmanges of 3 u. Consequenttyz 342.%1.5 was used as
precursor ion for heptachlorobornane¥z 376.%1.5 was used for octachlorobornanes awizl 412.8:1.5 for
nonachlorobornanes. The product ions wete36 orm/z 72 at width ranges of 3 u. Thereafter, the masges
monitored are not mentioned for reasons of sintglicthe collision voltage was set at 6 V whafz 36 was
measured and was set at 9 V when 72 was measured. The detector voltage was sé0at\L.

Results and Discussion

The GC/ECNI-MS-SIM methods are usually based ondétermination of the [M-Cljfragment ion except for
B9-1025 ([M-HCI-CIJ) which was not included in this study. The SIM arhatogram of the standard mix
showed the known elution pattern. Due to the sbB&5 like column, B8-1414 and B8-1945 co-elut&dglre
2).
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Figure 2: GC/ECNI-M S-SIM chromatogram (TIC) of the CTT standard mixture

GC/ECNI mass spectra are mostly composed of theC[Malong with the Clas well as Gl and/or HCf
fragment ions Figure 3). The former ([M-CI]) was considered as a suitable precursor ion whelea latter
ones were thought of being suitable product ionMBMS. Different collision voltages were tested footh
SRMs. The best S/N ratio was obtained with coliisimltages of 6 V and 9V for the product ian& 36 and
m/z 72, respectively. Both SRMs led to the sensitiggedtion of the target compoundSdur e 4). Howevernz

72 was superior tovz 36 due to the following reasons. First, the Vargg00/1200 MSMS system showed a
background signal for chlorine isotopes which coualnt be eliminated by the supplier. This inavoigabl
contaminant in the Varian system limited the scirggerof the chloride ion in GC/ECNI-MS owing to aghi
noise level. Moreover, aromatic contaminants suciP@Bs give response for the chloride ion but potdl,
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and HC}.® Therefore, the latter will provide a higher seiléty compared taw/z 36. The SRM chromatograms
(Figure 4) of the standard showed a similar pattern compaifdGC/ECNI-MS-SIM Figure 1).
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Figure 3: GC/ECNI mass spectrum of B8-1412
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Figure 4: GC/ECNI-M SM S-single reaction chromatograms of the bornane standard solution. (a) SRM
[M-CI]" > m/z72 and (b) SRM [M-CI]" — m/z 36 (see text for details)
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Under the conditions applied, the S/N of GC/ECNIMSSRM was superior to GC/ECNI-MS-SIM in most
cases (exceptions: B8-2229, SRz 376-nm/z 36 and B8-1412, SRMVz 376-nVz 72, Table 1). The S/N
factor between GC/ECNI-MS-SIM and GC/ECNI-MSMS-SRahged from 0.7 to 3.57@ble 1). It appears that
higher sensitivity in GC/ECNI-MSMS was particulartyptained for lower chlorinated compounds. However,
more CTT congeners need to be analyzed for vetiifica

Table 1: S/N ratios of theinvestigated CTTs by GC/ECNI-M S-SIM and GC/ECNI-M SM S-SRM detection

GC/ECNI-MS GC/ECNI-MSMS

CTT SIM SRM [M-CIf > m/z36  SRM [M-CI] > m/z 72
B7-1453 7.4 15.2 24.0
B8-1413 5.3 8.4 10.0
B8-1412 3.8 7.0 3.3
B8-1414/B8-1945 17.9 31.3 33.3
B8-2229 4.6 3.2 5.6
B9-1679 4.9 6.4 12.0

Conclusions

In this study we used for the first time GC/ECNI-MS in the selected reaction monitoring mode for the
determination of toxaphene. Our initial experimemgicate that GC/ECNI-MSMS-SRM sensitivity may be
higher compared to conventional GC/ECNI-MS SIM. Hwoer, the method provides a much better selectivity
for toxaphene. For instance, it is known that thespnce of minute amounts of oxygene will produtefacts
from PCBs that display the same ions as screenethdyGC/ECNI-MS-SIM determination of toxapheife.
Using GC/ECNI-MSMS-SRM this problem can be overcobyeusingm/z 72 as the product ion since this
fragment ion is not formed for PCB<-uture research needs to determine the reproditiciof the method.
Furthermore, suitable internal standards need tadéetified and incorporated in a method dedicatedhe
guantifiaction of CTTs in food and environmentamgdes. Although these problems need to be solves, t
present results support the idea that GC/ECNI-MSBR34 can be an interesting alternative to the GC/ECN
MS-SIM determination of toxaphene in food and emwinental samples.
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