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ABSTRACT 

Toxaphene is extracted from soil by standard procedures using Soxhlet or sonication methods. The extract is fractionated by 
high-performance gel permeation chromatography (HPGPC), which separates toxaphene from the bulk of co-extractives including 
polychlorinated biphenyls. This HPGPC fractionation has broad application to many problems of environmental analysis. A solid- 
phase extraction cleanup tiith silica gel further removes any polar components present in the collected fraction. Determination of 
toxaphene is accomplished by electron-capture negative ion mass spectrometry (ECNI-MS) aft& introduction by capillary gas chroma- 
tography. Levels down to 100 pg/kg in soil are obtainable. Brief mention is made of high-resolution ECNI-MS carried out at a 
resolution of 10 000. 

INTRODUCTION 

Toxaphene is a multi-component mixture of 
chlorinated terpenes, primarily based on the Cl0 
structure of bomane [l-5]. Hundreds of individual 
compounds make up the commercial pesticide. Al- 
though toxaphene is now limited in use, interest in 
its analysis continues because of its persistence and 
widespread transport in the environment [4,6-lo]. 

Current US Environmental Protection Agency 
(EPA) methodology (SW-846) [ 111 consists of elec- 
tron ionization mass spectrometry (MS) and gas 
chromatography (GC)-electron-capture detection 
methods (8270 and 8080) [1 11, both of which are 
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greatly affected by interferences such as polychlor- 
inated biphenyls (PCBs), chlordane and other pesti- 
cides. Swackhamer et al. [4] published an electron- 
capture negative ion (ECNI) method that was selec- 
tive and lowered detection limits for toxaphene in 
fish. Their work was based, in part, on previous 
studies indicating the advantages of negative ion 
approaches [2,3,12]. Currently, no negative ion 
methods are recommended in SW-846, despite re- 
cent’ examinations that suggest the technique is use- 
ful [13-l 51 when due caution is exercised [16]. 

In our work, the negative ion approach is extend- 
ed to soil matrices with the use of high performance 
gel permeation chromatography (HPGPC) [ 17,181 
and solid-phase extraction cartridges [ 19,201. Re- 
sults obtained with high-resolution ECNI-MS 
[2 I.221 at a resolution of 10 000 are briefly discussed 
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for spiked soils for which extensive data are avail- 
able, the average recovery was 85% f 10% (7 de- 
terminations). At the 1.0 and 0.1 mg/kg levels the 
recoveries were similar but are based on fewer de- 
terminations. 

High-resolution ECNI-MS 
Although a variety of soils were analyzed in de- 

veloping the ECNI-MS methodology, potential ex- 
ists in environmental analysis for unexpected diffi- 
culties or interferences. A high-resolution ECNI- 
MS determination could present an alternative or 
tiered approach that would give the analyst a more 
selective determinative technique without having to 
resort immediately to further sample cleanup. 

In the early stages of this work, high-resolution 
ECNI-MS was examined to explore its ability to 
eliminate interferences caused by the reaction of ox- 
ygen with PCBs and the potential interference 
posed by polychorinated diphenyl ethers (PCDPEs) 
[4]. High-resolution ECNI-MS at 10 000 resolution 
can eliminate responses from oxygen-containing 
ions that are isobaric in nominal mass with tox- 
aphene ions regardless of whether they arise from 
PCDPEs or from oxygen reactions with PCBs (e.g. 
m/z 342.8646 for C12H40C1337C12 and 342.8962 
for C10H11C1537C1). 

Potential also exists for the presence of m/z 
342.8776 from C10H&1437C1 in toxaphene, which 
would require a resolution of about 26 000 to re- 
solve from the interfering ion. Studies of ratios of 
toxaphene standards to PCBs of l:O, 1: 10, 1: 100 
and 1:lOOO at resolutions of 1000, 5000, 10 000 and 
15 000 were made. Results indicated that a resolu- 
tion of 10 000 was sufficient to give reliable quanti- 
tations in the presence of PCBs. 

Despite these apparent advantages, high-resolu- 
tion ECNI-MS has not been widely adopted, even 
though reports of its applications [21,22] and cali- 
bration procedures [22] have appeared. Some addi- 
tional effort by instrument manufacturers may be 
necessary to deal with arcing and beam instability 
problems. 

NOTICE 

Although the research described in this article 
has been funded wholly or in part by the US Envi- 
ronmental Protection Agency through contract No. 
68-CO-0049, it has not been subjected to Agency 
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review. Therefore, it does not necessarily reflect the 
views of the Agency, and no official endorsement 
should be inferred. Mention of trade names or com- 
mercial products does not constitute endorsement 
or recommendation for use. 
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