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Introduction 

Toxaphene is a complex nuxture mainly consisting of polychlorinated bomanes (CHBs, 76%), 
bomenes (18%) and bomadienes (2%) and other chlorinated and non-chlorinated hydrocarbons 
with an average elemental composition of CioHioCU [1]. This organochlorine pesticide was 
widely used in insect control on cotton, vegetables, grain and soya bean crops, and in the control 
ofthe extemal insects on livestock [2]. In the early 1980s, the use of toxaphene was restricted in 
the USA, Canada and some European countries because of its toxicity, environmental 
persistence and bioaccumulating capabihties [3]. 
The analysis of toxaphene is difficuh due to the complexity of the mixture (more than 670 
compounds). The components elute over a wide range of GC retention tunes and are not 
completely resolved even by high resolution GC. Additionally, interference from many other 
organochlorine compounds can cause problems in chromatographic separations. Moreover, the 
composition and pattem of toxaphene in environmental samples is different from those of 
commercial toxaphene nuxtures due to the extensive environmental and metaboUc 
transformations and atmospheric transport of certain congeners, [4] which fiirther complicates 
toxaphene quantification. Capillary gas chromatography coupled with electron-capture detection 
(ECD) and electron-capture negative ion mass spectrometry (ECNI-MS) in selected ion 
monitoring mode are the two most commonly used techniques for the analysis of toxaphene in 
biological and environmental samples and they are recognized as being a sensitive and specific 
methods but are susceptible to various interferences [5]. However, the ionization of CHB 
congeners is affected by ECNI conditions giving a range of responses that can lead to false 
negative results [6]. High resolution mass spectrometry (HRGC/HRMS) has been also appUed to 
the characterization of toxaphene nuxture [7] and in environmental samples [8]. 
In the present work Tandem mass spectrometry (HRGC/EI-MS/MS) [9], on muhi-reaction 
monhoring (MRM) mode, have been also appUed for the characterization of polychlorobomanes 
in technical toxaphene. The ionization conditions, coUision energy and coUision gas pressure 
(Xe) have been optimised. Precursor and Product-Q ion experiments were carried out in order to 
determine the El fragmentation pathways of the polychlorobomanes and to choose the specific 
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parent/products ion transitions for the MRM experiments. A comparative study of the use of 
these techniques for the analysis of toxaphene is discussed. 

Materials and Methods 
Chemicals 
Toxaphene was purchased from Chem-Service (West Chester, PA, USA), a standard solution 
USL 421, a mixture of four CHB congeners: Parlar No 26, 32, 50 and 62 was obtained from 
Promochem (Wesel, Germany) and Toxaphen 22 components Mix 2, from Dr.Ehrenstorfer 
(Augsburg, Germany). 

Higb resolution gas chromatography-Tandem mass spectrometry 
HRGC/EI-MS/MS analyses were performed on an AutoSpec-Q hybrid (EiBE2qQ) mass 
spectrometer (VG Instioiments, Manchester, UK) witii an OPUS 2.0 data system interface and 
DEC VAX 3100 M38 Workstation for data processing coupled with a Hewlett-Packard (Palo 
Alto, CA, USA) model 5890 Series II gas chromatograph. A DB-5 (J&W Scientific, Folsom, 
CA, USA) fiised-silica capiUary column (60m x 0.25 mm I.D., 0.25 pm film thickness) was used 
with hehum as the carried gas at a Unear velocrty of 30 cm/s. The temperature programme was 
from 9 0 ^ (held for 3 min) to 200"C (held for 1 min) at 20°C/niin, and then from 200°C to 
300°C (held for 5 min) at 2.5°C/min, using the spUt-less injection mode during 1 min. 
For the EI-MS/MS mode, the instrument was caUbrated with perfluorokerosene (PFK) by the 
selected dissociation of PFK precursor ions and tiie monitoring of product-Q ions on a 
quadrupole analyzer.The product-Q ions spectra were obtained by selecting the precursor ion by 
MSI with a resolution of ca. 1,000. The precursor ion coUided with xenon (3.16x10"* mbars) in 
the coUision cell (rf-only quadrupole collision ceU, q) and Q was scanned at 2 s/scan over the m/z 
range between 50 and 450. For precursor ions spectra, the product-Q was selected in the MS2 
with a unit resolution and the magnetic field was scanned at 2 s/decade. Muhi-reaction 
monitoring mode were used selecting the Parent/Product-Q ions specific of each homologue 
group, previously detemiined in the fragmentation studies. 

Results aod Discussion 

Initial experiments were conducted to optimize the EI parameters using the standard solution 
USL 421, which containing the chlorobomanes Parlar No. 26, 32, 50 and 62. The optimized 
parameter were: source temperature 160''C, electron energy 35 eV and trap curtent 500 pA. The 
EI+ mass spectra obtained in this conditions aUowed to increase the abundance ofthe fragment 
ions at higher mass, hi aU cases, no molecular ions were observed and the [M-CHCI2]* , [M-Cl-
3HC1]', fragment ions were the most abundant ions for Parlar No. 26 and 32, respectively, and 
[M-C1-2HC1]" was the most abundant ion for Parlar No. 50 and 62. 
EI-MS/MS experiments were carried out in order to optunize the conditions for the recording of 
the precursor and product-Q ions for each homologue group using a toxaphene standard. 
InitiaUy, experiments were conducted to optunize the coUision energy and colUsion gas pressure 
in the colUsion-mduced dissociation ceU by maximizing the formation of tbe product ions from 
the precursor ions of each homologue group.The optimal conditions for coUision energy and 
collision gas pressure were obtained at 35 eV and 3.16x10"* mbars. HRGC/MS/MS experiments 
were used to determine the precursor/product-Q ions specific of each homologue group.The 
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Figure 1 Selected MRM-Q transitions of each CHB homologue for the mainly pathway 
fragmentations of polychlorobomanes. 

precursor ions spectra of individual chlorobomanes showed three mainly pathway of 
fragmentation: lost of Cl and HCI, retro Diels-Alder and lost of CHCI2 and CH2CI (figure 1). As 
an example, the profile of MRM-Q transitions obtained for the Hepta-CHBs are given in figure 
3. As can be seen, the mainly fragmentation pathways ofthe precursor ions to give the selected 
fragment ions were by retro Diels-Alder and succesive loss of HCI. 
As can be seen the selected transitions for each homologue group showed a high selectivity and 
sensibiUty for the lost of CHCI2 and CH2CI and for retro Diels-Alder fragmentation, while for the 
lost of Cl and HCI the specificity ofthis transition was very low. 

ORGANOHALOGEN COMPOUNDS 
Vol. 35(1998) 227 



r^iJ..^,. 

mji340*- k- m/z 305* 
2 . U I 
>.aK« 

2.M< 

1.7K 

l . 3 l ( 

l . i l l 

i . isa 

.7.SIS 

.3.019 

.2.315 

11 00 10:00 23:00 34:00 3<:00 31:00 30:00 32:00 14:00 3(:00 31 

".1 . 
10 

10 

M 

St 

40 

10 

10. 

». 
1* 

0 

..A.^lJLjitiijLhjA*! 

-CjHj 'Kn, 

,MiiilUi.MiiliiL..i....... \.. 
00 aeloo 3a!oo i4!oo adoo ailoo soieo si lo* j i ioo M-OO 3I!OO toioo 43 

3.1l« 

. l . l « ( 

.1.<I< 

.1.411 

l . i l * 

.».1BS 

. f . l iS 

2.us 

o.ou 
00 r n a 

JJjJJilJivi^^ ,, 
[w >a:0« 34:00 >«:tC l lrOf JO:M )2:«) 34:00 Jf:*« Ji:O0 

m/2 340*.̂  • m/z 291* 

^<.3t4 

3.7I( 

3.1t( 

4.4I( 

. J . IK 

3.311 

3.Sit 

t . t s t 

i .xtc 

C.tfS 

40:00 42:09 TO 

Figure 2 MRM-Q traces for heptachloroboraanes of toxaphene rmxture. Pathway 
fragmentations of: (a) lost of Cl, (b) Retro Diels-Alder and (c) lost of CHCI2. 
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