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RESEARCH REPORTING SERIES

Research reports of the Office of Research and Development, U.S. Environmental
Protection Agency, have been grouped into nine series. These nine broad cate-
gories were established to facilitate further development and application of en-
vironmental technology Elimination of traditional grouping was consciously
planned to foster technology transfer and a maximum interface in related fields.
The nine series are:

1. Environmental Health Effects Research
Environmental Protection Technology
Ecological Research
Environmental Monitoring
Socioeconomic Environmental Studies
Scientific and Technical Assessment Reports (STAR)
Interagency Energy-Environment Research and Devetopment
“Special” Reports

9. Miscellaneous Reports
This report has been assigned to the ENVIRONMENTAL HEALTH EFFECTS RE-
SEARCH series. This series describes projects and studies relating to the toler-
ances of man for unhealthful substances or conditions. This work is generally
assessed from a medical viewpoint, including physiological or psychological
studies. In addition to toxicology and other medical specialities, study areas in-
clude biomedical instrumentation and health research techniques utilizing ani-
mals — but always with intended application to human health measures.
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This document is available to the public through the National Technical Informa-
tion Service, Springfield, Virginia 22161.
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DISCLAIMER

This report has been reviewed by the Health Effects Research
Laboratory, U.S. Environmmental Protection Agency, and approved
for publication. Approval does not signify that the contents
necessarily reflect the views and policies of the U.S. Environmental
Protection Agency, nor does mention of trade names or commercial
products constitute endorsement or recommendation for use.
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FOREWORD

The many benefits of our modern, developing, industrial society
are accompanied by certain hazards. Careful assessment of the relative
risk of existing and new man-made environmental hazards is necessary
for the establishment of sound regulatory policy. These regulations
serve to enhance the quality of our environment in order to promote the
public health and welfare and the productive capacity of our Nation's
population.

The Health Effects Research Laboratory, Research Triangle Park,
conducts a coordinated envirommental health research program in toxicology,
epidemiology, and clinical studies using human volunteer subjects.

These studies address problems in air pollution, non-ionizing

radiation, environmental carcinogenesis and the toxicology of pesticides
as well as other chemical pollutants. The Laboratory participates in

the development and revision of air quality criteria documents on
pollutants for which national ambient air quality standards exist or

are proposed, provides the data for registration of new pesticides or
proposed suspension of those already in use, conducts research on
hazardous and toxic materials, and is primarily responsible for providing
the health basis for non-ionizing radiation standards. Direct support

to the regulatory function of the Agency is provided in the form of
expert testimony and preparation of affidavits as well as expert advice
to the Administrator to assure the adequacy of health care and surveillance
of persons having suffered imminent and substantial endangerment of

their health.

As part of its overall mission, the U.S. Envirommental Protection Agency
is concerned with the effects of pesticides on mammals including man. One
area of specific concern is the composition and toxicology of toxaphene. The
following report deals with analytical methodology for determining toxaphene
composition, preparation and identification of major toxaphene components
including those most toxic on an acute basis, and the metabolic fate and
mutagenic activity of certain toxaphene components.

F. G. Hueter, Ph. D,
Acting Director,
Health Effects Research Laboratory
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PREFACE

The Federal Insecticide, Fungicide, and Rodenticide Act designates
the Environmental Protection Agency as the govermnmental body responsible
for the safety of all pesticides used in the United States. More recently,
the Federal Environmental Pesticide Control Act (PL 92-516) strengthened

EPA's regulatory responsibilities in the area of pesticides to include intra-

as well as inter-state commerce.

To be federally registered, a pesticide must be determined to not be
hazardous to health or to the environment when used according to its labeling
restrictions. Thus, relative to the new law as well as to specific directives
included in Public Law 93-135, 1973, EPA now is conducting a thorough review
of the implications of using alternate chemicals for pest control, including
older registered pesticides. The University of Califormia at Berkeley is
contributing to these goals through studies on toxaphene composition and

toxicology. This report summarizes and discusses the findings on toxaphene.
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2,5-endo,6-§§9,8,9,10—hexachlorobornan—2,3—ene in the triphenyltin hydride
and reduced hematin systems and in each of the organisms examined. Reduced
hematin and the tin hydride system also convert the heptachlorobornane to
2,5-endo,8,9,10-pentachlorotricyclene. Fat from chickens and mammals treated
orally with toxaphene contains products similar in GLC characteristics to
toxaphene 1itself whereas liver and feces contain toxaphene~derived products
of greatly altered GIC properties.

Toxaphene preparations and related chlorinated terpenes are mutagens
in the histidine-requiring Salmonellas typhimurium assay. The most potent
mutagenic components, which are not identified, reside in the polar fractions
on crystallization or column chromatography.
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ABSTRACT

The composition and metabolism of toxaphene are examined to aid in
understanding the conditions under which this major insecticide can be most
effectively and safely used. The consistency of composition of toxaphene
and related chlorinated terpenes are evaluated by open tubular column GIC
analyses with an EC detector. Each of 8 toxaphene samples manufactured by
Hercules from 1949 to 1975 shows the same 29 major peaks and in almost
identical ratios. About 85% of the total peak area is accounted for by these
29 peaks which individually vary from 1 to 8% of the total. The 8 toxaphene
samples from Hercules are easily differentiated by open tubular columm GILC
from 12 samples of related chlorinated tﬁrpenes frgg other manufacturers in
the United States and abroad and from [l Cc]- and [°°Cll]toxaphene prepared by
Hercules. A more detailed analysis of toxaphene composition is provided by
open tubular column GLC of toxaphene components in each of 5 TIC regions
which are precisely defined by the use of selected fluorene marker dyes.
Despite large composition differences between some of the samples, there is
surprisingly little variation in their mouse IP and housefly topical LD5O
values.

Five major toxaphene components [2,2,5-endo,6-ex0,8,9,10-heptachloro-
bornane (I) and its 3-exo-chloro-, 8-chloro-, 9-chloro- and 10-chloro-
derivatives] collectively account for up to 23% of the GIC-EC properties of
chlorinated technical grade camphene (i.e., toxaphene insecticide) and up to
349 of those of chlorinated 2-ex0,10-dichlorobornane. Chlorination of 2-exo,
10-dichlorobornane provides a convenient source of which on further
chlorination gives the indicated octachlorobornanes and the 5-exo-chloro-
derivative of [ plus two nonachlorobornanes, one with the introduced chlorines
at C-8 and C-10 and the other with these chlorines at the 3-exo-position and
at C-10. On dehydrochlorination‘;_yields two hexachlorobornenes and the 3-
exo-chloro derivative ofig’gives one heptachlorobornene and one hexachloro-
bornadiene. The toxicity to mice, houseflies and goldfish of the octa-
chlorobornanes formed by introducing chlorine substituents into [, relative
to I itself, generally decreases in the order: 9-chloro > 8-chloro > no added
chlorine (i.g.‘;) > 3-exo-chloro, 5-exo-chloro or 10-chloro.

Heptachlorobornane I undergoes reductive dechlorination at the geminagl-
dichloro group to yield 2-endo,5-endo,b6-ex0,8,9,10-hexachlorobornane and 2-
exo,5-endo,b-ex0,8,9,10-hexachlorobornane in the following systems: photolysis
in hexane solution with UV light; triphenyltin hydride in hexane containing
2,2'-azobis(2-methylpropionitrile); reduced hematin in glacial acetic acid-
N-methyl-2-pyrollidone; bovine rumen fluid; sewage primary effluent; rat
liver microsomes under anserobic conditions with NADPH as the critical co-
factor; houseflies, chickens, guinea pigs, hamsters, rabbits, mice, rats and
monkeys in vivo. This heptachlorobornane is also dehydrochlorinated to give




CI-MS
DMF

DMSO

GIC
GLC-CI-MS
IP

NMgO

PB

TIC
36 or tR

ABBREVIATIONS

chemical ionization-mass spectrometry

dimethylformamide
dimethylsulfoxide

gas-liquid chromatography

GLC coupled with CI-MS
intraperitoneal

lethal dose for 50% of the animals
nuclear magnetic resonance
piperonyl butoxide

ratio for distance moved by compound to that moved

by developing solvent on TIC.
developments

thin-layer chromatography

GLC retention time

ultraviolet light
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3Rf refers to three TIC



ILLUSTRATIONS

Open tubular colum GIC analysis of the toxaphene standard and
related chlorinated terpenes. The 29 peaks making up = l% of

the total peak area in the toxaphene standard are designated by
numbers as in Table 1. The same numbers designate peaks in the

other samples with identical T_ values to those in the toxaphene
standard. Additional peaks ing up = 1% of the total peak

area in the related chlorinated terpenes are designated by

asterisks. No additional components are eluted at times later

than those indicated . ¢ v ¢ ¢« ¢ ¢ ¢« v ¢ ¢ ¢ 4 o o ¢ o« o s o o o 7

Open tubular column GIC analysis of the toxaphene standard and
fractions g-g obtained from this standard by TIC. The 29 peaks
making up 2 1% of the total peak area in the toxaphene standard
are designated by numbers as in Table 1. The same numbers
designate peaks in the TIC fractions with identical Tr values
to those in the toxaphene standard. Additional peaks making

up = 1% of the total peak area in the TIC fractions are
designated by asterisks. ERach peak is designated only for

the TIC fraction in which it appears in maximum amount. The
first major peak in each chromatogram (Tr 25.9 min) is aldrin
used as an internal standard. ©Structures are given for
toxaphene components 8-Cl-J plus 9-Cl-I, (peak 16), I (peak 9),
and a nonachlorobornane (peak 27) (see also Table 1) . « « ¢« « . . . 9

Conversion of camphene and 2-ex0,l10-dichlorobornane to 2,2,5-
endo,6-ex0,8,9,10-heptachlorobornane (I) and several octa- and
nonachlorobornanes, hexa- and heptachlorobornenes, and a
hexachlorobornadiene « « « +v o o o =« « o & o = o « o o o o o 14

Chromatography of I and its chlorination products on a silicic
acid column (265 g7 developed with hexane. The elution
position of two unidentified nonachlorobornanes is designated

by ? . . . . . . . . . L) . . - . * o o o . LY . . . . e o 17
Conversion of heptachlordbornane‘érto various hexachlorobornane,
hexachlorobornene, and pentachlorotricyclene derivatives. . . . 30
Chromatography oflg_and its reaction products with reduced

hematin on a silicic acid column developed with hexane . . . . 30
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10.

Open tubular column GIC analysis of toxaphene and of toxaphene-
derived products in fat, liver and feces of rats 72 hr after
oral administration of toxaphene. The 29 arabic numerals
refer to toxaphene components present in greater than 1%
amounts as designated in Section I. The chromatographic
positions of toxaphene components I (peak 9) and 8—Cl:£

plus 9-C1-I (peak 16) and of metabllites LI-Iy of hepta-
chlorobornane I are designated by structural formulae.

Letter designé%ions (A-D) refer to toxaphene-derived products
in liver, some or all of which may be toxaphene components.
Asterisks designate interfering materials of biological
Origin v v v v v @ o 4 e v e e b e s e s e e e e e e e

Open tubular column GIC analysis of toxaphene and of toxaphene-
derived products in the fat of chickens and mammals 72 hr

after oral administration of toxaphene. The 29 arabic numerals
refer to toxaphene components present in Z 1% amounts as
designated in Section I. The chromatographic positions of
toxaphene components J (peak 9) and 8-Cl-J plus 9-Cl-J (peak 16)
are indicated. Asterisks designate interrering materials of
Piological OTIigIN o o o o o o o & o ¢ o o« s ¢ o o s 4 s s 4 o s

Open tubular column GIC analysis of toxaphene and of toxaphene-
derived products in the liver of chickens and mammals 72 hr
after oral administration of toxaphene. The 29 arabic numerals
refer to toxaphene components present in & 1% amounts as
designated in Section I. The chromatographic positions of
toxaphene components J (peak 9) and 8-C1l-1, plus 9-Cl-Z (peak 16)
are indicated. ILetter designations (ﬁﬂﬂj refer to toxaphene-
derived products in liver, some of which may be toxaphene
components. Asterisks designate interfering materials of
biological origin . . ¢« v . v v ¢ 4 v vt e et e e e e e

Open tubular columm GIC analysis of toxaphene and of toxaphene-
derived products in the feces of chickens and mammals 72 hr
after oral administration of toxaphene. The 29 arabic numerals
refer to toxaphene components present in = l% amounts as
designated in Section I. The chromatographic positions of
toxaphene components I (peak 9) and 8-C1l-J plus 9-Cl-L (peak 16)
and of metabolites II-IV of heptachlorobornane ] are indicated.
Asterisks designaté“fﬁ%gffering materials of biological
OFIZINM v v v v 4 4 o o o o & « 4 4 o e e e e e e e
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INTRODUCTION

Toxaphene is produced by chlorination of camphene to yield a chlorine
content of 67-69% and an overall composition approximating clOHlOClB
(Buntin, 1951). 1In contrast to most pesticides, toxaphene is not a single
major chemical entity but rather is a complex mixture of related chlorinated
terpenes. About 60-70 million pounds of this insecticide are used each year,
in large part combined with methyl parathion for cotton pest insect control.
The cumilative use of toxaphene since it was introduced by Hercules Inc. in
the late 1940's exceeds one billion pounds. Several other companies in the
United States and abroad have produced and marketed similar insecticides
prepared by chlorination of camphene and related terpenes. Knowledge of the
metabolic and environmental fate of toxaphene has developed rapidly in recent
years with associated advances in identification of components and improve-
ments in analytical procedures.

The purpose of the present investigations is to define the composition,
structure-activity relations, and the metabolic and environmental fate of
toxaphene. The studies are described in four sections as indicated below.

Section I focuses on the composition of toxaphene and related

chlorinated terpenes. Food and feed containing residues of toxaphene and
related materials are regulated on the basis of tolerances derived from
analytical data using methods developed for toxaphene (Guyer et al., 1971;
Zweig and Sherma, 1972) and from dietary no-effect levels in chronic feeding
studies with toxaphene from Hercules (Lehman, 1965). These residue methods
and toxicology data are only suitable for use with materials that closely
approximate the composition of Hercules toxaphene. It is therefore important
to intercompare the composition of toxaphene samples manufactured by Hercules
since the 194%0's and of related commercial materials. Toxaphene is a complex
mixture of at least 177 components revealed by a combination of liquid
adsorption columm chromatography followed by GILC-CI-MS analysis on a packed
colum of the resulting fractions (Holmstead et al., 197hk). An improved
procedure for separation and quantitative analysis of toxaphene components
is needed to critically intercompare the composition of toxaphene samples
and related materials. This section gives an open tubular column GIC
method for toxaphene analysis and applies this procedure to 8 samples of
toxaphene manufactured by Hercules from 1949 until 1975, to 12 samples f
toxaphgne -like materials from other manufacturers, and to samples of [ cl-
and [3°Clltoxaphene. It also evaluates a TLC-GLC method for more complete
separation and analysis of toxaphene components and the effect of composi-
tion on the acute toxicity of toxaphene-like materials.

Section II deals with the relation of structure to biological
activity of toxaphene components. Two of its most toxic components are



2,2,5-endo, 6- £X0, 8,9,10~heptachlorobornane compoundn;) and a mixture of

the 8-chloro and 9-chloro derivatives afi% (referred to here as 8-C1l-I and
9-C1-], respectively) (Casida et al., 1974; Khalifa et al., 1974; Matsumura
et al., 1975; Palmer et al., 1975; Seiber et al., 1975; Turner et al. , 1975).
A probable precursor for these toxicants is 2-exo , 10~ dichlorobornane, a major
product at an early stage in chlorination of camphene (Jennings and
Herschbach, 1965; Richey et al., 1965). This dichlorobornane has been used
to prepare trichlorobornsnes as models for identification of toxaphene
components (Parlar et al., 1977) and to obtain a product from which the
mixture of 8-013; and 9-Cl-I can be isolated by TIC and preparative GLC
(Nelson and Matsumura, 1975). Section II gives a procedure for chlorination
of 2-ex0,10-dichlorobornane to prepare(;_on a gram scale and to obtain 3-exo-
Cl-L, T Additional octa- and nonachlorobornanes, hexa- and heptachlorcbor-
nenes, and a hexachlorobornadiene are obtained on chlorination or dehydro=~
chlorination of [ or dehydrochlorination of 3—959—011;; These products are
identified by NMR and MS and used in comparative toxicity studies to deter-
mine the relationship of chemical structure and biological activity.

Section III examines the metabolism and envirommental degradation of
toxaphene and its components. Toxaphene undergoes rapid dechlorination in
rats (Casida et al., 197h4; Crowder and Dindal, 197k; Ohsawa et al., 1975)
and is metabolized in houseflies (Hoffman and Iindquist, 19557 and in a
cotton leafworm enzyme preparation (Abd El-Aziz et al., 1965, 1966). No
toxaphene metabolite other than chloride ion was identified in these studies,
in large part because of difficulties in examining such a complex mixture
of polychlorobornanes and other materials (Holmstead et al., 1974). One
toxaphene component, heptachlorobornane L, constitutes up to 8% of the
technical grade insecticide (Palmer et al., 1975; see Section I)

and four octachlorobornanes, each derivable by addition of one chlorine
atom to [, make up an additional ~ 15% of toxaphene (Matsumira et al.,
1975; Turner et al., 1975; see Sections I and I1). Heptachlordbornane‘L
has relatively high biological activity and is one of the most easily iso-
lated components of toxaphene. It is therefore a suitable model compound
for use in studies to gain an understanding of reactions involved in
detoxication of several polychlorobornane components of toxaphene. An
aqueous reduced hemgtin system degrades this heptachlorobornane to un-
identified products by reductive dechlorination and dehydrochlorination,
and it also dechlorinates many other toxaphene components (Khalifa et al.,
1976). Section III considers the degradation and metabolic chemistry of
heptachlorobornaneq%_in several systems, selected to emphasize reductive
dechloringtion reactions, and the nature of toxaphene-derived products in
a variety of organisms.

Section IV is a preliminary report on the mutagenic activity of toxaphene
and some of its components. Toxaphene is a purported carcinogen in rats
and mice (National Cancer Institute, 1977) and a related polychloropinene
preparation is reported to give chromosomal sbberations in humans (Samosh,
1974). The mutagenic activity of toxaphene and related insecticides and
some of their components was therefore examined to expand the available
knowledge on potential side effects from use of this insecticide.



SECTION I

COMPOSITION OF TCXAPHENE AND REIATED CHLORINATED TERPENES

MATERTALS AND METHODS

Samples. Charles L. Dunn (Hercules Inc., Wilmington, Del.) provided
the following samples: standard toxaphene and toxaphene batches manufactured
by Hercules in 1949, 1954, 1957, 1960, 1963, 1970, and 1975; [L4c Jtoxaphene
(1.35 mCi/g) and [3601]toxaphene (43.6 WCi/g) prepared by Hercules; Hercasa
product from the Hercules owned plant at Managua, Nicaragua; two samples
from Vicksburg Chemical Co. (Vicksburg, Miss.); two samples from Bison
Chemical Co. and one from Sonford Chemical Co. (each at Fort Natchez, Texas);
one sample from Procida (Paris, France). Strobane T-100 was supplied by
Roy T. Gottesman (Tenneco Chemicals, Piscataway, N.J.). Kenneth R. Hill
(Agricultural Environmental Quality Institute, United States Department of
Agriculture, Beltsville, Md.) provided four samples:Flit & Fontaine manu-
factured in South Africa; Melipax manufactured in the German Democratic
Republic; two East European samples (light and dark) from one producer in
Fastern Europe but of different manufacturing periods. One of the Vicksburg
samples and the Bison and Sonford samples were obtained as 90% solutions in
xylene, from which the solvent was removed under reduced pressure. The
Melipax sample was provided as a 9-10% dust from which the desired material
was recovered in 7% yield on extraction with hexane. The physical properties
of the samples were as follows: yellow viscous liquid - Flit & Fontaine;
yellow-brown and black viscous liquids ~ East European light and dark,
respectively; white waxy solid - [lhc]toxaphene; yellow or yellow-brown waxy
solids - the remaining samples. FElemental analyses of these samples were
carried out by the Department of Chemigtry, University of Califormia,
Berkeley, Calif.

The following three toxaphene components were used as chromatographic
standards: J, - 2,2,5-endo,6-ex0,8,9,10-heptachlorobornane (Palmer et al.,
1975); 8-Ci-I plus 9-C1l-1 - mixture of 2,2,5-endo,6-ex0,8,8,9,10-octachloro-
bornane and %,2,5-endo,6%ex0,8,9,9,10-octachlorobornane (Matsumura et al.,
1975; Turner et al., 19757?_2~endo,3,3,5—359,6-exo,8,9,lO,lO-nonachloro-
bornane (for structure see Figure 2 given later) (Anagnostopoulos et al.,

1974).

Chromatography

Open tubular column GIC. The Hewlett-Pacéard Model 5830A gas chromato-
graph was used with a linear electron capture O3Ni detector with extended
dynamic range and an open tubular column (0.25 mm i.d. x 30 m) coated with



SE 30 (4 mg/ml). The operating conditions were: injection temperature 210°C;
oven temperature maintained at 170°C for 60 min followed by programming from
170 to 200°C at 0.5°C/min and finally a constant temperature of 200°C for 30
min; detector temperature 255003 split ratio 1:120; helium carrier gas and
argon-methane (95:5) makeup gas for the detector; 1 ug sample injected in

2 @l hexane. An on-line computer provided the ty of each peak and its
normalized area as percentage of the total peak area from the chromatogram.

The linear electron capture detector used provided excellent propor-
tionality of the amount of compound injected (examined with component I and
aldrin) to peak area over the entire range of peak areas involved in e
present study. This linear response also appears to hold for most if not
all of the other GIC peaks on chromatography of toxaphene.

TIC and TIC-GLC. Silica gel 60 chromatoplates (20 x 20 cm, 0.25 mm
layer thickness, EM Laboratories, Inc., Elmsford, N. Y.) were spotted with
500 ug of standard toxaphene divided equally among 11 spots and, in addi-
tional spots, with 1 ug/spot of the appropriate fluorene marker dyes. The
chromatograms were developed three times in the same direction with hexane
saturatgd with DMF. Gel regions from the toxaphene chromatograms correspond-
ing in “R, values (Stahl, 1969) to the appropriate marker dyes (detected by
their yellow color or UV-absorbing property) were scraped free from the
glass support and extracted with acetone. The acetone was evaporated to
dryness, the residue redissolved in 300 Ml acetone, and a 2 yl aliquot of
the extract, fortified with aldrin as the GIC marker, was analyzed by open
tubular column GIC.

Bioassays. Male albino mice (18-20 g, Horton Laboratories Inec.,
Oakland, Calif.) were treated IP with the test sample dissolved in DMSO
using 100 yl of DMSO per mouse. Adult female houseflies (Musca domestica
L., SCR susceptible strain, 3-4 days after emergence, 18-20 mg) were treated
topically on the dorsum of the abdomen with acetone solutions of the test
sample, using 1 ul of acetone per fly. The 24-hr ID 0 values are based on
8-12 mice for each dose and a 1l.4-fold dose differenglal and 70 flies per
dose and a 2-fold dose differential.

RESULTS

Open Tubular Column GIC and TIC-GIC Analysis of Hercules Toxaphene
Standard. Open tubular column GIC of standard toxaphene reveals 29 peaks
(Figure 1) that individually msake up 1.0 to 8.L4% of the total peak area
and collectively account for about 88% of the total peak area (Table 1).
The contribution of each of these peaks to the total peak area is highly
reproducible on repeated analyses (Table 1).

Several of these open tubular column GLC peaks consist of multiple
components as shown most clearly by combined TIC-GIC analysis (Figure 2).
The five TIC fractions were selected with garker dyes to recover the precise
TIC regions of componentli_(TIC region b, “R. 0.35-0.39, bifluorenylidene
marker), of components 8-Cl-I plus 9-C1l-T CIEC regionf%a 3R, 0.45-0.49,
benzylidenefluorene marker); and of regions above, be 5 ahd between those
of components [ and 8-Cl-I plus 9-Cl-I. GIC analysis of the TIC fractions

L
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Figure 1. Open tubular column GLC analysis of the toxaphene
standard and related chlorinated terpenes. The 29 peaks making
up = 1% of the total peak area in the toxaphene standard are
designated by numbers as in Table 1. The same numbers designate
peaks in the other samples with identical T, values to those in
the toxaphene standard. Additional peaks making up = l% of the
total peak area in the related chlorinated terpenes are
designated by asterisks. No additional components are eluted

at times later than those indicated.
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Figure 2. Open tubular column GLC analysis of the toxaphene
standard and fractions a- € obtained from this standard by

TLC. The 29 peaks maklng up = 1% of the total peak area in
the toxaphene standard are designated by numbers as in

Table 1. The same numbers designate peaks in the TLC fractions
with identical Ty values to those in the toxaphene standard.
Additional peaks making up z 1% of the total peak area in the
TLC fractions are designated by asterisks. Fach peak is
designated only for the TIC fraction in which it appears in
maximum amount. The first major peak in each chromatogram

(Ty 25.9 min) is aldrin used as an internal standard.
Structures are given for toxaphene components 8-Cl-I plus
9-C1-1 (peak 16), I (peak 9), and a nonachlorobornane (peak 27)
(see also Table 1).



reveals that several peaks from the toxaphene standard consist of two or
more components since GIC peaks of similar or identical ty values appear

in different TIC regions which are not adjacent to each other (Figure 2).

Some of these multicomponent peaks are as follows: L, 5, 2, 12 l)+ }2, A%
21, 22, 2o and 29. On an overall basis, the TIC-GIC analy31s of the toxaphene
standard serves to detect more than Th components as unigque and relatively
major peaks (designated by numbers and asterisks in Figure 2).

The proportion of the standard toxaphene componentsg, that appeag in the
five TIC regions is not known. However, studies with [1#C]- and [3°c1]-
toxaphene establish a fairly similar radiocactivity distribution for the five
TIC regions and that the acetone extraction procedure recovers 99-100% of
the radicactivity from the gel in each of the TIC regioms.

Open Tubular Column GIC Analysis of Various Hercules Toxaphene Samples.
The seven samples manufactured from 1949 to 1975 are not distinguishable by
open tubular column GIC, each showing the same 29 major peaks and in almost
identical ratios to those observed in the toxaphene standard (Table 1).

Open Tubular Column GIC Analysis of Related Materials. Very similar
results were obtained with each of the two samples designated as Vicksburg,
Bison, and East European so only the average results are presented for
these materials. Some of the samples (Strobane T-100, Hercasa, and [36c1]-
toxaphene) are very similar to Hercules toxaphene whlle others (Procida,
Melipax, East Furopean, and [ hC]toxaphene) are considerably different
(Figure 1, Table 1). Several GIC peaks appear in 2 1% amount in samples
other than those manufactured by Hercules in the United States but are
minor or almost absent in Hercules toxaphene. These components, designated
by asterisks in Figure 1, are useful in recognizing samples originating
from a particular manufacturer. Another criterion which is adequately
reproducible and characteristic in comparing various samples is the time
requlrgd for 25 and 50% of the total peak area to elute. On this basis,
the [ C1l]toxaphene most closely reproduces the Hercules toxaphene samples
(Table 1).

Other Criteria for Intercomparison of Samples. An almost identical
elemental composition, approximating CjpHjpClg, is obtained with each of
the Hercules toxaphene samples, and with Strobane T-100 and the Hercasa
sample (Table 1). The other samples are less heavily chlorinated, ranging
from 61.0 to 64.9% in chlorine content.

The biocassay results are of little value in differentiating between
the various samples. However, the East European samples are slightly less
toxic and the Melipax and Procida samples are distinctly less toxic than
the others.

DISCUSSION
Open tubular column GLC has been used previously for determination of
the purity of toxaphene components (Khalifa et al., 1974) and for gquali-

tative analysis of toxaphene composition (Seiber . et al., 1975). In the
present investigation, this method is optimized for quantitative analysis
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of toxaphene and related materials. Particular attention is given to five
factors: a suitable column as to length and liquid phase; the lowest possi-
ble bemperature to minimize thermal decomposition of the components; a
suitable temperature program to maintain a constant baseline and reasonable
overall time for analysis; an electron capture detector linear over the
range of amount of individual peaks to be analyzed; an on-line computer

to normalize the peak areas and provide precise t, values. The standard
toxaphene reveals the following numbers of peaks exceeding the indicated
percentages of the total peak area: 29 peaks at the 1% discriminating level,
51 pesks at 0.3%, 66 peaks at 0.1%, and 104 peaks at 0.03%.

The TIC-GLC method provides a more cowmplete analysis than GLC alone of
components in toxaphene and related materials. The two major GILC peaks
(9 and }_@) in Hercules toxaphene contain components I and 8—Cl-; plus 9-Cl-
1, respectively. Marker dyes were sought for the precise TIC positions of
these components in a TLC system that provides near optimal separation of
toxaphene components. After examining many TIC systems (mostly based on
Khalifa et al., 1974 ) and potential marker dyes, benzylidenefluorene was
selected as the marker for components 8—Cl:;jplus 9-Cl-J and bifluorenyli-
dene for component I in the hexane~DMF system. The fact that the marker
dyes cochromatograpﬁ'with components 8—Cltl,plus 9-C1l- andn;;in the hexane-
DMF system does not mean that they are necessarily use on the same basis
with other chromatographic conditions. Thus, on three TIC developments with
hexane, the corresponding markers fall 0.05-0.15 3R, units below the posi-
tions of these components, individually or with theSe components in mixture
with the normal toxaphene constituents. Although two-dimensional TIC
(hexane x 3 and then hexane-DMF x 3) provides better separation of toxaphene
components than one-dimensional development, this two-dimensional procedure
negates the use of the marker dyes to exactly locate components 8—Cltg'plus
9-Cl-1, and ‘I'

The present methodology is not adequate for quantitative analysis of
each individual component in toxaphene and related materials. Thus, some
of the GIC peaks including contain maltiple components so quantitative
analysis by open tubular column GIC alone overestimates the amount of
component I in toxaphene. This problem is not completely overcome by the
TIC-GIC method in the case of camponent L. Also, there is no evidence that
the same components are present in each GIC peak over the wide range of
samples analyzed although TIC-GIC analyses should be suitable to evaluate
this point.

Criteria useful in critically intercomparing toxaphene and related
materials are the GLC peaks exceeding 1% of the total peak area, the percent
of GIC peaks4g,and‘£§‘since they reflect major components that vary con-
siderably among the samples, and the time reqguired for elution of 25 and
50% of the total GIC peak area. Based on each of these criteria, the
samples of Hercules tcxaphene are essentially identical with each other
even though they were manufactured at intervals over a period of 26 years.
Thus, residue and toxicology data obtained with any one of the Hercules
samples are probably applicable to any of the other Hercules samples but
not necessgarily to certain of the remsining chlorinated terpenes examined.
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The toxicity of the toxaphene samples and related materials to mice
and houseflies does not clearly correlate with their chlorine content, with
the amount of components (including I and 8-Cl-I plus 9-Cl-I) appearing in
GIC peaks Q or 16, or with the amount of any individual GIC peak. This
suggests that ﬁﬂg;toxicity of such diverse samples may be due to many com-
ponents which could vary with the manufacturing method or that i1t is due to
relatively minor components not easily differentiated on examining such
complex mixtures.

Methodology is now avallable to distinguish between toxaphene and

related materials. These procedures may be useful in evaluating the chemical
and environmental degradation of these insecticides and their residues.
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SECTION II

RELATION OF STRUCTURE TO BIOLOGICAL ACTIVITY OF TOXAPHENE COMPONENTS

MATERTALS AND METHODS

Chromatography. The composition of reaction mixtures and the purity
of individual products were determined by open tubular columm GIC (see
Section I), assuming the same response for each component with the electron-
capture detector. TIC utilized 20 x 20 cm silica gel 60 F-254 chromato-
plates of 0.25 mm layer thickness (EM Laboratories) for analysis and silica
gel F-254 chromstoplates of 0.5 mm layer thickness (EM Laboratories) for
product isolation on a 5-10 mg scale. The products on the chromatoplates
were detected by spraying with diphenylamine (10% w/v) in acetone and
irradiating with UV light. Column chromatography utilized silicic acid
(AR-100 mesh, Mallinckrodt Inc., St. Louis, Mo.; column length ~ 10 times
the diameter) packed in technical grade hexane or hexane saturated with DMF
and developed with the same solvent under 7-9 1lb of N, pressure to increase
the elution rate. In most cases, bifluorenylidene (~ 10 mg) was added as
a marker dye (see Section I), since it elutes in almost the same position as

j&

Spectroscopy and Elemental Analyses. 2360 MHz NMR spectra were obtained
on the Bruker HXS-360 spectrometer at the Stanford Magnetic Resonance
Laboratory. 90 MHz spectra were run on the Perkin-Elmer R-32 spectrometer.
CI-MS and GILC-CI-MS determinations utilized the Finnigan Model 1015D mass
spectrometer as previously described (Holmstead et al., 197h) but with iso-
butane as the ionizing gas. Samples for elemental analyses were prepared by
evaporating hexane solutions and drying at pump vacuum for 14 hr,

Bioassays. Procedures for determining the 24-hr ID 0 values with male
albino mice, sdult female houseflies and goldfish were ag previously report-~
ed (see Section I; Turner et al., 1975) except that the volume of water
for the goldfish was 3 liters rather than 4 liters. In synergism studies,
PB was applied topically to the houseflies at 250 ug/g 30 min prior %to the
chlorinated hydrocarbon or administered ip to the mice at 150 mg/kg one hr
prior to the test compound. The carrier solvent for PB was 1 Wl acetone for
the houseflies and 50 @l DMSO for the mice.

EXPERIMENTAL PROCEDURES

Synthesis routes used to obtain the various chlorinated hydrocarbons
are illustrated in Figure 3 which also gives the compound designations.
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I and 3-exo-Cl-I from Chlorination of 2-exo,l0O-Dichlorobornane. 2-exo,
10-Dichloroborniane (52 g) (Richey et al., 1965) containing up to 25% 2-exo,
10,10-trichlorobornane (Parlar et al., 1976a, 1977) was dissolved in CCl
(1 liter) which was then heated to boiling to drive out O, and cooled under
ly. Chlorine was bubbled into the solution at ~ 0°C, the“amount added being
determined by weight gain. Stirring the solution under a sunlamp resulted
in rapid HCLl evolution (probably with some loss of Cl,) and disappearance of
the yellow color within a few min. GIC monitoring reVealed that addition
of 105.5 g Cl, gave the optimal yield of T (12%) (Table 2). Half of the
product mixture was combined with the marker dye and chromatographed on a
silicic acid column (1 kg) with hexane. Details on this column chromato-
graphic procedure are given in Section III. Elution of the yellow dye and
L began after 10.6 liters of hexane had been eluted and was essentially
complete after an additional 3.8 liters of hexane. The crystals obtained
on concentration of the fractions weighed 1.2 g (2.5% yield of I from 2-exo,
10-dichlorobornane) after washing with hexane and 0.7 g after recrystalliza-
tion from hot acetone (> 98% pure I; mp 222°C).

In a second preparation, pure 2-exo,lO-dichlorobornane (20 g) was
chlorinated as above, using 52 g Cl,, yielding 6% I, 4% 3-exo-Cl-I and 19%
8-C1-I plus 9~Cl-I (Table 2). Frac%ions from chrdﬁgtograpﬁ§~és above con-
taini®g 65-71% }’?r'ere processed in the usual mamner to obtain 220 mg L.

Those containing 22-259% 3-ex0-Cl-I were concentrated, and on standing yield=
ed crystals which were washed with hexane and recrystallized from hot ace-~
tone to give 3-exo-Cl-7, (220 mg, > 98% pure, mp > 240°C). Fractions contain-
ing 44-55% of 8~Cl-1 plus 9-C1-I were combined (7.2 g) and rechromatographed
on a silicic acid column (265 g7 with DMF-saturated hexane as eluent to
yield 8-Cl-J plus 9-Cl-J in ~ 70% purity.

Octa- and Nonachlorobornanes from Chlorination of I. A solution of I
(1.63 g5 99% pure) in CCL, (100 ml) was heated to boilillg, cooled and - T o=
stirred under N,. To this solution was added Cl, (0.2 g) in CCl), previous-
1y boiled and s%ored under N,. On stirring the solution under a sunlamp,
the Cl, color disappeared wi%hin 3 min. Conversion of‘;_was 30% to the
products shown in Table 2. Most of the unreacted”;_and a small portion of
3-ex0-Cl-1 were removed as crystals on recrystallization of the chlorina~
tion pro&ﬁbt mixture from hexane and then acetone. Chromatography of the
supernatant from recrystallization on a silicic acid columm (265 g) with
hexane separated the octachlorobornanes and two of the nonachlorobornanes
as shown in Figure 4. The fractions richest in each component were
combined. The 5-exo-Cl-T obtained (25 mg; 70% purity containing 9%

2% 8-c1-; plus 9-Cl-I and 14% 10-Cl-1) was not further purifiable by TIC

or recrystallization. BEarly fractions of the mixture of 8-Cl;L,and 9~C1l-7
were found to be > 90% 8-C1-I (NMR). Recrystallization of one fraction gave
relatively pure 8-Cl- (23 1g; < 2% 9-Cl-I; 5% 3-ex0-C1-1). The last
fractions of the 8-CI-] and 9-C1-I mixture gave aE‘8-01-1:9-01-;_ ratio of
1:1.5 but they were already rich in 10-Cl-I. The next éIﬁting portion was
used to obtain 10-Cl-7 after recrystallization from hot hexane (32 mg; 98%
purity). The small amount of 3-ex0,10-Cly~I obtained (12 mg) was > 86%
pure (containing no I, 8-Cl~I or 9-Cl-1) and was not further purified.
8,10~C1 -1 from this preparation (22 mg) was combined with that from another
prepara%ion and subjected to recrystallization from hot hexane, further

o e
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TABLE 2. PRODUCTS FROM CHLORINATION OF CAMPHENE, 2-exo,l0-DICHLOROBORNANE

AND HEPTACHLOROBORNANE L.

Hepta- and octachlorobornanes

Compound or mixture analyzed and 5-exo-
elemental composition of mixture, % 1 3-exo-Cl-L  CI-L 8-Cl-L 9-Cl-L 10-Cl-L
GLC tg, min
(peak no. designation)®
Individual polychlorobornanes 63.8 (9) 79.4 (14) 95.8 82.2 (16) 82.2 (16) 90.7 (23)
Composition, %
:Chlorination of tech. grade camphene® 8 3 <1 5 3 4
© C, 28.7;H, 2.4;Cl, 68.9
! (CnoHlo.OCls.l)
)Chlorination of 2-ex0,10-dichlorobornane 12 2 <1 5 3
C, 30.90; H, 2.62; Cl, 66.68
(CIOH10.1C17.3)
C, 27.43; H, 2.15;Cl, 70.27 6 4 <1 12 7 5
(Con9.3Cls.7)
Chlorination of [ 70 4 2 11 5 6
C, 29.03; H, 2.67; Cl, 67.92
(C,oH,1,Cl, )
No elemental analysis 22¢ 12 1 27 13 13

a

C

d

Procedure described in Section I. The identity of 3-exo-Cl-I withlik_and
of 10-C1-I with 23 is based on GIC cochromatography and the TLC-GLC method
of Section I. Additional tg values (min) for four nonachlorobornanes are
104.0 for 3-ex0,10-C1,-1, 107.6 for 8,10-C1,-1 and 102.7 and 104.4 for two
unidentified compounds.

Based on GLC analysis. The yilelds of };and possibly some other components
include other materials not adequately separated by GLC, particularly in
the chlorination products of tech. grade camphene and 2-ex0,10-dichloro-
bornane. The 8-Cl-I plus 9-Cl-I content is based on GLC and their ratio
on NMR (Turner et é;:, 1975 fof‘%oxaphene; this study for the chlorination
products of 2-exo,l0-dichlorobornane and.}).

Data for standard toxaphene from Section I.

Additional components are 3-ex0,10-C1l,-I (2%), 8,10-Cl,-I (5%) and two
unidentified nonachlorobornanes (2 and 3%). These nonachlorobornanes also
appear in small amounts on chlorination of I to 30% conversion but they
are not detected (< 1%) in toxaphene or in the chlorination products of
2-ex0,10-dichlorobornane.
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purification by preparative TIC with hexane and another crystallization (>
75% purity containing no J, 8-Cl-I or 9-Cl-1).

Hexa- and Heptachlorobornenes and a Hexachlorobornadiene from Dehydro-
chlorination of I and 3-exo-Cl-I. A solution containing L (143 mg; > 90%
purity) and KOH 1~ 2 g) in ethafiol (70 ml) was held at 25°C for 28 hr,
yielding I (10%) and two dehydrochlorination products [90%; I-HC1(5,6) and
};Hc1(3,§7 in a 2.4:1 ratio]. The GIC t, values (min) at 200°C isothermal
are 20.2 for I, 11.6 for J-HC1(3,2) and §O.5 for I-HC1(5,6). Their TIC
Rf values wiﬁﬁghexane for development are 0.08 for‘iy 0.12 for‘;;HCl(B,E)
and 0.19 forA;;HCl(5,6). Water was added to the residue after ethanol
evaporation, and the hexane-soluble products were purified by TLC as above
or by chromatography on a silicic acid column (36 g) with hexane. The
column separation yieldedu;;HCl(5,6) (39 mg) eluting in fractions from 370-
480 ml total volume and J-HC1(3,2) (31 mg) in the 620-780 ml region. Re-
crystaliization from hot hexane gave';;HCl(3,2) in 95% purity, while re-
crystallization from a small volume of hexane gave I-HC1(5,6) in > 98%
purity. On dehydrochlorination of I by dissolving it in n-propylamine and
holding for several days, the product mixture consisted of 10% I and 90%
Z-HC1(5,6) plus I-HCL(3,2) in a 6:1 ratio. Both of the dehydroonlorination
products, when exposed to air and light, became discolored by a brown,
hexane-insoluble material.

3-ex0-C1l-I (51 mg) in ethanol (4O ml) containing KOH (250 mg) reacts
rapidly (> 99% in 1 hr) to give 3-exo-Cl-I-HC1(5,6) (> 97%) and 3-exo-Cl-I-
2HC1 (1%). The GIC tR values at 200°C isothermal are 25.1, 12.7, and 7.3 min,
respectively, for 3-exo-Cl-1 and its mono- and didehydrochlorination pro-
ducts. After preparative TIC with hexane (Rf 0.17 for 3-exo0-Cl-] and 0.26
for both dehydrochlorination products), 3-exo-Cl-I-HCL(5,6) was recrystalliz-
ed (> 99% purity) from a 2:1 mixture of tetramethylsilane and hexane, the
tetramethylsilane serving to reduce the solubility in hexane. On treatment
with more concentrated KOH, 3-exo-Cl-I-HC1(5,6) eliminates another HCl to
give 3-ex0-Cl-I-2HC1l. This hexachlorobornadiene was also obtained directly
from 3-exo-C1-T (10 mg) on treatment with KOH (~ 100 mg) in ethanol (3 mi)
for one hr (> 99% conversion). Several such preparations were combined
and subjected to preparative TIC to obtain 3-exo-Cl-I-2HC1 [17 mg; oil; 95%
with 5% 3-exo-Cl-I-HC1(5,6)]. A brown impurity, remGvable by preparative
TIC, was formed on exposure of its CClu solutions to light and air.

RESULTS AND DISCUSSION

Preparation of Polychlorobornanes and Polychlorobornenes. On photo-
chlorination, camphene and 2-exo,l0-dichlorcbornane yield relatively large
amounts of I and its 3—exo-Cl:8:Cl, 9-C1, and 10-Cl derivatives (Table 2).
This is thé*First report of 3-exo-Cl-T, and 10-Cl-I as toxaphene components.
Since all these octachlorobornanes, along with 5-exo-Cl-I, are also formed
on photochlorination cﬁ'j;(Table 2), it appears likely that4£ is their major
precursor in both toxaphene and chlorinated 2-ex0,l0-dichlorobornane.

There is remarkable selectivity in chlorination of 2-exo0,10-dichloro-~
bornane to I, since this product is one of 943 isomers derivable by addition
of five chlorine atoms to the dichlorobornane. Considerable site selectivity
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also exists in photochlorination of I, i.e., C-8 > C-9 = C-10 = C-3 > C-5.
The two endo hydrogens (H-3N and H—Gﬁj and the bridgehead hydrogen (H-k)
appear not to be substituted at all. The greater resistance of position
5-exo to substitution relative to position 3-exo may be due to the de-
activating effect of the 5-endo chlorine or to steric protection of this
site by chlorines at positions 5-endo, 6-exo, and 8, as observed in com-
parison of a space-filling model with the crystal structure of (Palmer
et al., 1975). The 3-endo position of I is considerably protected by the
two endo chlorine astoms, and the 6-endo position is almost completely
occluded by these chlorine atoms and the one on C-10. Studies on norbor-
nane also indicate that the bridgehead hydrogen is very unreactive, pre-
sumably because the dihedral angle at the bridgehead does not lend itself
to stabilization of a radical, and that the endo positions are substituted
less readily than the exo positions, possibly because of steric effects on
chlorine approaching the radical (Kooyman and Vegter, 1958; Poutsma, 1969;
Walling and Mayahi, 1959).

Chlorination of 2-ex0,10-dichlorobornane with GIC monitoring of the
product composition provides a convenient source of ] on a gram scale. At
an optinwj.ga content of 12%, about one-fifth of this amount can be isolated
pure by a single column chromatography, followed by recrystallization. The
easiest products to isolate are [ and 3-exo~Cl- because of their low solu-
bility in hexane, acetone, and some other solvents relative to most toxaphene
components. On chlorination of the dichlorobornane to a higher chlorine
content, the amount of T is reduced to 6% and that of 3-exo-Cl-I 8-C1-7, and
9-C1- is multiplied by a factor of 2 to I (Table 2). Chromatography of this
product yields a mixture containing 70% 8-Cl-I and 9-Cl-J, but recrystalliza-
tion does not provide further purification. fﬁus,chlorination of 2-¢x0,10-
dichlorobornane provides convenient access to I and 3-exo-Cl-T but not to
the other individual octachlorobornanes. Fortunately, direct chlorination
of I yields 8-01.; and 9-Cl-], in a purity such that 8-Cl-I can be obtained
by chromatography and recrystallization. In addition to The five identified
octachlorobornanes and two identified nonachlorobornanes which are eagily
separated by column chromatography, two unidentified nonachlorobornenes are
also formed, but they are not separated by this chromatographic technigue
(Table 2, Figure 4).

Dehydrochlorination of‘;,and 3-g§g-Cli£'with KOH or propylamine yields
polychlorobornenes. An alternative dehydrochlorination of either compound
via the equivalent of a Wagner-Meerwein rearrangement might give cis and
trans isomers of two 8-chlorocamphene derivatives. An analogy for this
rearrangement is the dehydrochlorination of 2-exo,l0-dichlorobornane with
dimethylaniline (Jennings and Herschbach, 196577— However, the NMR spectra
of the dehydrochlorination products of and 3-exo0-Cl-I are not appropriate
for the B8-chlorocamphene derivatives which would Tesul® from such a re-
arrangement. The preponderance of HCl elimination from the 5,6 positions
of L over the 3,2 positions is expected from the greater acidity of the
S-exo-hydrogen over the 3-exo-hydrogen, due to the electron-withdrawing
properties of the 5-endo-chlorine. The 5-exo-hydrogen is more easily re-
moved than the 6-endo-hydrogen. This is predictable from the almost
exclusive exo-cils dehydrochlorinalions observed in trans-2,3-dihalonor-
bornanes (LeBel et al., 1964). ILacking an exo hydrogen in position 2 or 3,
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3-ex0-Cl-I can form a 2,3-olefin only by some mechanism other than exo-cis
dehydrocﬁibrlnatlon, and less than 1% of such a product is obtained in the
initial dehydrochlorination. With more concentrated base, however, the mono-
dehydrochlorination product from 3-exo-Cl-I undergoes further loss of HCl to
form a hexachlorobornadiene.

Chromatographic Properties. Consistent chromatographic patterns
related to the number of chlorine atoms are evident for I and its poly-
chlorobornane derivatives on a silicic acid column (FiguTe 4) and on open
tubular column GIC (Table 2). With the silicic acid column, the sequence
of elution is four nonachlorobornanes first, then five octachlorobornanes,
and finally the heptachlorobornane (J). The GIC ty values of these bornane
derivatives decrease in the same sequence. In addition, the GIC ty values
decrease further in the sequence of two heptachlorobornenes, two hexachloro-
bornenes, and one hexachlorobornadiene. These patterns are probably restrict-
ed to compounds within a closely related serieg, since many exceptions are
evident in the variety of components in toxaphene (Casida et al., 1975;
Holmstead et al., 1974).

Identification of New Compounds. Mass spectrometry confirmed that the
major products of chlorination of 1 are Ci10Hy0Clg and C OH Cl. compounds
and that base treatment of I and 3-exo-Cl-I leads initially tg ClOHlOCl6 and
Cl H Cl derivatives, respectively. In CI-MS with methane as the ionizing
gas, ;aphene components generally give no M + 1 ions, but instead have
their hlghest masses at M~Cl (Holmstead et al., 1974). In the present study
using isobutane as the ionizing gas, the identified products from chlorina-
tion of J conform to this rule, as do‘g;HCl(B 6) and 3-exo-Cl-I-~HC1(5,6).
However, -HC1(3,2) gives a weak molecular ion (m/e 340) and a “weak M-1 ion
(m/e 33972es well as the base peak at m/e 305 (M-C1l). The fragmentation
patterns of I-HC1(5,6) and I—HCl(3 2) are almost identical in other respects,
with major fragment ions at _/e 305, 304, 269, 24k, 209, 195, 173, 159, and
125. 3-ex0-C1-JI~2HCL has a molecular ion at m/e 338 and an M+l ion at m/e
339, as well as prominent fragment ions at m/e 303, 302, 267, 266, 231, and
193.

NMR spectroscopy, employed previously to assign the structures of 8-Cl-
I and 9-C1~I (Matsumura et al., 1975; Turner et al., 1975), also proved
useful in s¥ructural a331gnments for the new compounds in the present study
(Table 3). The structure of each compound, except the dehydrochlorination
products of 3-exo-Cl-I, is readily evident from the number and coupling
patterns of protons at low and high fields. However, some difficulty is
encountered in resolving and assigning all the resonances, particularly the
chloromethyl and chloromethylene protons. Determining the spectra in
several different solvents and in some cases at 360 MHz allowed the chemical
shifts of protons incompletely resolved in CClu solution to be estimated.

These structural assignments proceeded from the assumption that the
bornane skeleton of 2-exo0,10-dichlorobornane and I does not undergo any
rearrangement on chlorination. Wwhile rearrangement during photochloring-
tion is reported for bicyclic compounds with considerably strained three-
and four-membered rings, it is not expected in less strained systems
(Poutsma, 1969) such as bormane derivatives. The resemblance of observed

20



psnuTquo)
( ¥ued) *99TBUTS = § ‘syuesuod BurTdnoo

PoZBIaA® IO PSYBTNOTBO j0u ‘suotqexedss QUTT DPoAIOEQO JUSSFIASI SISQUWNU 289Y3 ‘UCTRETAWTS Jo3nduwod
£q pouT®IqQO dI9M SqUBYSUOD BuTTdNOd YoTym X0F T-1n-0Xe-§ I0F #~H pue ‘XE-H ‘NE-H XoF 3deoxd

‘2 =G €9 28 paarosax Arsgetdmodur sxe ¢(2H mauxv Q219 38 39TQNOP ® oy 3deOXs ‘saduvu

-OS8I I9Y30 9YL °£4°9Q 38 9-H pus €E €9 38 syexdde y=H ¢'od ur 9g% ul sxe pejeTnguy BIVP BYY
*6-0 UO YOTUM PuUB Q=D UO ST SUOQOId JO 498 YOTUM PSUTERJI80S® 3q J0U PTNOD 3]

*X9YJ0 YOBd 09 PeTdncd ST ‘aeasmoy ‘ated PTETJUMOR Ayl
*SOTYTSUSJUT SUTT SATLBTSI JO JUOWRJINSBOW UGTM Padsaoqul soTaTmdmy asnwdeq peudrsse 0u 21w 988Ul

*6=D X0 @=D O3 peudisss
8I0j9J9Y3 aa8 Pue (FUTTANOD PUOQG-INOF PUS TBUTWSE) SISTQNOP JO SJITYNCP JOUTHSTP 8% xeedde agay

*ATRILTQI® 348 SJUSWUITES® IBIYT,

.mmwo UT UNJI SB8M UYOIUM HommLmVHo:mmm-m 103 qdooxs ‘MrpD UT eueTIeTAY3LWNEI}8q WOXF PTOTJUMODR UKl

Yy o ¥

! ! y L1 L
b $T1 w3l g'z'er A g8 'S 11 21 We'l *
21 21 R AN A g3l 6T S8 s yf € gt
811 eel S 1'gel gl $51 21 9'e 14 v'r . 5
s %1 vl 4 gt TereY gv'ep %'g'p Ll Ll
y$ Y1~ el ¥g ‘1~ Wel~ g q'9 g o 8
xm \ €1 :N.ﬁ ~ ! :ﬂ 4 .n .m ﬂ.o 2'e 901 n.Od
Z1~ 71~ 21~ Zl~ Zl~ Z1~ § gy oy et gl
ot gl g'g'g1 (3 S’z 'sl R A 9y 9'y'gy 9'y - 8
. FSumsuo) dujdnog
9t'g 9v'e €8¢ 2299°€ 299L°€ olS'E 8L 80'8 ;_o:w.)_;,.;u.,.n
86'r 96'€ 01'F 0a%L'Y P 2280} S1'9 1% L'y (9'GNOH~"T ) avu-g
18°% 86°¢ 2201°F L0 VTV S A0 7 g0'9 €68 0a'e 9% !
e 80°'% 2262 WHBLE 208y 2:2L8'8 00'y 68’y 82'¢ 789
0L9 qT'g (47 ¥6'9 39'S ¥0'9 e~ o0rg~ bg'e
88'9 PYA 4 24 2a8L'Y 266°¢ vy gL'y INN4 iz'y
18'9 299'% a1 2827 ATV 28'¢ 99'p e §0'¢ ge'e
plS'¥ pEF°Y plEy P92’} »98'F P90'% 8L'9 q1¢ InR RY'S
Ql9P 9Le 2PY'Y 9P WGLT Ol ve'g Loy gL' 0%y
IS [FO1WPYD . e
901 v01 a6 vg ag ug (N)y X9 v Xle NE& punaBIng
$U0104{
ANEI CYNEOEOHOTHOVYXEH

q

B

V NV ‘ SENANMOSOMOTHOVIAEH NV ~VXHZH ‘ SENVNNOSONMOTHOVNON QNV -VIOO ‘-VIJEH JO0 VHIDEIS WIN 't HIEVI



- 19710 yowe 09 SurTdnoo ZH £~ MOYS PTNOM LoY] SNOUOIYOOST F0U aI9M 8989Yq JT LTqBumSadg .

*$qUBLSUOCD JUTTANOO JO JUSWAJNSBOW 91BINOOE MOTTB 09 popuedxse qou seM unajdosds ZHW 09t SUL
"£Q°E puB G9°CQ e °osoyy o4 Sse (ZH MHzmv JISY30 UYoBO 09 PaTdnoo axe g/*f Pue LG°EQ 9B S90UBUOSSI Y[

¥
*XG-H £q peamosqo |
‘SutTdnoo ZH €T-gT opnIour 03 ydnous PwOIJ Jng 238TIUTS .

*PBOJ
pBOJY q

(penutquop) € TIAVL

22



coypling constants in the new com%ounds to analogous coupling constants in
I %%almer et al., 1975) supports thelr proposed bornane skeletons. A

‘Héparture from the coupling patterns of JI, however, is the absence of some
long-range coupling between protons on the bridge chloromethyl groups -8
and C-9. In I, each of the chloromethyl group protons, in addition to
geminal coupling, shows ~ 1.8 Hz four-bond coupling across the bridge to one
other proton. The fact that none of these protons shows long-range coupling
to two protons suggests the importance of the relative conformations of the
chloromethyl groups in [ (Palmer et al., 1975). It is thus not surprising
that addition of chlorine to the molecules should alter these conformations
and thus the long-range coupling. Addition of chilorine is less likely to
affect angles of protons attached to the relatively rigid six-membered ring
of bornane, and thus four-bond coupling of H-3X to H-5X, as observed in

1s expected in related compounds which contain both of these protons.

10-C1-1 has a singlet at & 6.81, indicating the presence of one di-
chloromethyi’group. Two of the three possible isomers with one dichloro-
methyl group are already identified (8-Cl-J and 9—le%?, so the dichloro-
methyl group in the third isomer must be C-10. The absence of long-range
coupling to this dichloromethyl proton is in accord with this structure.

The coupling constants of the ring protons are essentially the same as in I.
Although H-5X is isochronous with chloromethyl group proton 9b, its distine-
tive coupling pattern can be observed in the 360 MHz spectrum, and it can

be decoupled from H-3X, H-U, and H-6N. Several resonances of this compound
are broad, probably reflecting long-range coupling: 6N and 8b are brosdened
doublets, while 8a (and probably the obscured 9b) appears as a broad singlet.

3-exo-Cl-T was examined in several solvents and solvent mixtures, but
complete resolution of the resonances was not achieved in any individual
spectrum; a benzene-CHCL, mixture (2:1) gave the best resolution. The C~3 =7 =
methylene group is not present, since there is only a single proton resonat-
ing at high field (a doublet, H-4), compared with three in”}; If the
remaining H-3 were exo, H-U4 would be an apparent triplet (cverlapping doub-
let of doublets), rather than a simple doublet, since it would be coupled
t0 both H-3X and H-5X; the absence of long-range coupling to H-5X also
indicates that H-3X 1s lacking. Irradiation of H-5X collapsed the doublets
for H-L4 and H-6N to singlets. In this compound, only one proton on C-8 is
coupled to one on C-9.

5-ex0-Cl-1 was the most difficult of these octachlorcbornanes to
identify, because neither the three protons at higher field nor the six
chloromethyl group protons are fully resolved, even at 360 MHz. After
identification of 3-exo-Cl-I, 8-Cl-J, 9-Cl-J, and 10-Cl-I, however, there
remain just four positions‘zg—endo, k 5-exo, and 6-endo) to which a
chlorine can be added to I. Only addition of chlorine to position 5-exo
would yield a compound with three protons at higher field (H-3N, H-3X, and
H-Ut) and an isolated singlet at & 5.78 (H-6N). Support for the structure
was obtained by computer simulation of the complex multiplets for the three
upfield protons as they appear in two different solvents, CCl) and benzene,
using the same set of coupling constants, but different chemical shifts.
As expected, H-3X lacks the four-bond coupling to H-5X anticipated
if the latter proton remained in the molecule.
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8,10-C1,_~I has resonances of two dichloromethyl group protons, one of

which has 2 ﬁz coupling to one of the protons of the remaining chloro-
methyl group. This must be four-bond coupling, indicating that the chloro-

methyl group and coupled dichloromethyl group are on the bridge. Thus,
8,10-C1.-1 is related to 10-Cl- -1 in the same way in which 8-Cl- -1 or 9-Cl- I
is relaftéd to I, so the ass1gnment of the dichloromethyl group to Cc-8 or
C-9 is similar to its earlier assignment in 8-Cl-I and 9-Cl- ;; In the
latter two compounds, relative to I, there is significant deshielding of
the 3-ex0 or 5-exo proton to which the dichloromethyl group is syn, without
significant change in the chemical shift of the exo proton to which it is
anti (Matsumura et al., 1975; Turner et al., 1975). In benzene solution,
where this effect is seen most dramatlcally, protons 3X and 5X of 8,10- C12 j;
are shifted downfield 0.05 and & 0.58 ppm, respectively, relative to theif?
chemical shifts in 10-Cl-I; thus, the dichloromethyl group must be c-8,
i.e., syn to the 5-exo proton. In 8,lO—C121;w H-L4 resonates 0.75 ppm down-
field of its chemical shift in 10-Cl-I, and this effect also has an analogy
in the chemical shift of H-L4 of 8—Cl{ifand 9-C1-7 relative to J.

3-ex0,10-Cl -L has an NMR spectrum similar to that of 3-exo-Cl-1 in
that both have a doublet for H-4 as the single proton at high field, “indicat-
ing that chlorine has been added to position 3X. The broadness of the
dichloromethyl proton might suggest that it is on C-8 or C-9 with small four-
bond coupling, but this is not likely, since H-U4 is not significantly shifted
downfield relative to H-U of 3-exo- Cl.;geas noted above in compounds with C-8
and C-9 dichloromethyl groups. As in 10- ~C1l-], other resonances (H-8a and
H-9b) are broad. The resonances of H-5X, although isochronous with those of
chloromethyl proton 8b at & k.73, are apparent in the 360 MHz spectrum;
absence of coupling of H-5X to a 3~-exo proton is confirmed by an IRKDOR
experiment involving monitoring the resonances of H-L or H-6N.

The dehydrochlorination products of I have either one proton L;;Hcl‘
(3,2)] or three protons [J-HC1(5,6)] at High field. Thus the methylene
group at C-3 of I is preserved 1n‘;_HCl(5 6) but not in I-HC1(3,2). The
vinyl proton cf;;}KHKS ,6) appears as a singlet. If it TWere at C- 5, it
would be expected to show 3 to 4 Hz coupling to H-4, as H-3 does in J-HCl-
(3,2). The broadness of H-4 and H-6 suggests small allylic coupling in

-HC1(5,6). 1In comparison with I, protons 3N in I-HC1(5,6) and 6N in
I-HC1(3,2) are shifted considerably to higher fiéld. This effect is probab-
Yy due to decreased deshielding by chlorine atoms on C-2 and C-5 in ], which
are lost or repositioned on formation of the double bond; this chemical
shift change is not expected to arise from mere introduction of the double
bond into the bornane system (Jackman and Sternhell, 1969).

3-ex0~Cl-I- HC1(5,6) has a vinyl proton, indicating that the double
bond is in pos1t10n 5,6 rather than 2,3. Although this vinyl proton
is coupled to H-l, the observed coupling of 1.2 Hz (confirmed by a de-
coupling experiment) is more likely to be allylic J than viecinal J
(see above). The broadness of the resonances for H-4 and H-6 in the »2
analogous‘;;HCl(5 6) is attributed to small allylic coupling. The re-
maining endo proton (H-3N), like those of the dehydrochlorination products
of_}? resonates at higher field than in its saturated precursor.
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3-g§97C112:2HCl also has a single vinyl proton coupled to the bridge-~
head proton, and here the coupling constant is increased to 1.7 Hz. The
protons of the three chloromethyl groups fall in the range of & < 0.4,
Although a 360 MHz spectrum in CgD separated the protons on ¢-8 and C-9,
those on C-10 were isochronous and thus appeared as a singlet.

Relationship of Chemical Structure and Biological Activity. Toxaphene
is moderately toxic to mice and houseflies and highly toxic to goldfish
(Table 4). The synergist PB increases its housefly toxicity but not its
mouse toxicity. Compound‘g‘(> 98% purity) is less toxic to mice than toxa-
phene, but with PB-treated mice it is more toxic than toxaphene, as a
result of the 7.9-fold synergism. The previous finding that j;is more toxic
than toxaphene to mice (Khalifa et al., 197hk) suggests the presence of a
minor impurity (< 10%) of high toxicity in the sample used in the earlier
studies. This impurity is not removed by column chromatography or prepara-
tive GIC, but is minimized on recrystallization. With houseflies, in the
presence or absence of PB, and with goldfish,‘;;is 1.6 to 7 times as toxic
as toxaphene. Addition of a chlorine atom at the 3-exo or 5-exo position
generally reduces the toxicity of I to each species. A large toxicity in-
crease results in introducing the B-chloro substituent into i, except with
houseflies in the presence of PB. The mixture of 8-Cl-J and 9-Cl-I is 1.2
to 2.0 times as toxic as 8-Cl-I alone, so 9-Cl-I is as much as four times
as toxic as 8-Cl-I. Introduct¥on of chlorine a% C-10 greatly reduces the
toxicity of T andits 3-exo-chloro- and 8-chloro derivatives. The toxicity
of‘i:and 3—g§g—Cl:;_is reduced by dehydrochlorination, particularly when
the olefin is formed at the 5,6 position. Three of the samples assayed
(5-ex0~-Cl-I, 3-ex0,10-C1l,-I, and 8,10-012-;) were of only moderate purity
(70 - > 86%3. It is not known to what extent the reported potency values
for these compounds are due to the assigned structures as opposed to im-
purities. However, it is clear that each of these compounds is of low
toxicity relative to I, 8-C1-7, and 9-C1-J.

In general, the potency of compounds formed on introducing one
chlorine substituent into I decreases in the order: 9-chloro > 8-chloro
> none > 3-exo-chloro or Sfégg—chloro or 10-chloro. It appears that PB-
sensitive mechanisms detoxify [ more readily than its 8-chloro- and 9-chloro
derivatives.
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TABIE L.

BIOLOGICAL ACTIVITY OF HEPTACHLOROBORNANE I AND RELATED OCTA- AND

NONACHLOROBORNANES, HEXA- AND HEPTACHLOROB@FNENES, AND A HEXA-

CHLOROBORNADIENE
LD,,24h
Mouse ip, mg/kg Housefly topical, ug/g Goldfish,
Compound Purity, % -PB +PB -PB/+PB -PB +PB -PB/+PB ppb
Comparison Standard
 Toxaphene 47 42 1.1 18.0 9.5 1.9 20
. Heptachlorobornane
| i >98 75 9.5 7.9 11.5 2.4 4.8 2.9
‘ Octachlorobornanes
} 3-exo-Cl-L >98 >100 >100 18.5 3.2 5.8 43
I 5-exo-Cl-L 70 ~24 ~28 ~0.9 26 7.5 3.5 13
8-Cl-I >93 3.3 3.1 1.1 5.5 2.2 2.5 11
i 8-Cl-I (57%) >92 2.5 1.9 1.3 3.1 1.9 1.6 0.55
+ 9-Cl-1 (43%)
10-Cl-L 98 >100 48 >2.1 80 34 2.4 36
Nonachlorobornanes
3-ex0,10-Cl,-L. >86 95 65 1.5 >100
8,10-Cl,-1, >75 60 22 2.7 44
Hexachlorobornenes
JL-HCI(3,2) 95 36 11 3.3 27
. IT~-HCK5,6) >98 ~65 ~50 ~1.3 225 85 2.6 >100
I
Heptachlorobornene
| 3-exo-Ch-L- >99 >100 >100 105 35 3.0 >100
E HCl(5,6)
! Hexachlorobornadiene
3-exo-Cl;] -2HCl1 95 105 29 3.6 >100
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SECTION IIT

METABOLISM AND ENVIRONMENTAL DEGRADATION
OF TOXAPHENE AND ITS COMPONENTS

MATERTALS AND METHODS

Analyses

The composition of reaction mixtures and the purity of individual
products were determined by open tubular column GIC using conditions identi-
cal to those in Section I for studies on toxaphene and its metabolites
whereas in analyses of heptachlorobornane.;‘and its reaction products the
column temperature was isothermal at 200°C. To assist in quantitation in the
latter investigations, mirex was used as an internal standard with correc-
tions for differences in detector response for mirex and other products
under consideration.

The sulfuric acid-celite column procedure of Zweig and Sherms (1972)
was used for cleanup of biological samples prior to GIC. The colum (2 x
20 cm) was packed with 2 g celite 545 powder (Sargent-Welch Scientific Co., %wa””'“'—ﬁ
Angheim, Calif.), then with a sulfuric acid-celite mixture prepared by
thorough blending with a mortar and pestle of 10 g celite with 10 ml of a
1:1 (v/v) mixture of concentrated sulfuric acid (98.6%) and fuming sulfuric
acid (115%). The following solutions were then added to the column in
sequence, allowing the solvent each time to completely enter the column: 10
ml hexane; 2 ml biological extract in hexane containing 5 {g mirex; three
portions of 2 ml each of hexane; 100 ml hexane. Once the biological extract
campletely entered the celite columm, the total eluate was collected up to
a volume of 100 ml. This procedure elutes all toxaphene components without
detectaEle alteration in their ratios (GLC). It provides > 98% recovery
with [l Cltoxaphene and essentially quantitative recoveries of the hepta-
chlorobornane, hexachlorobornane and hexachlorobornene derivatives discussed
later (Figure 5); however, the acid treatment decomposes the pentachloro-
tricyclene derivative.

TIC involved the use of bifluorenylidene and benzylidenefluorene as
marker dyes (See Section I). Components or derivatives of [17#CJltoxaphene
and unlabeled toxaphene were detected by radioautography and the diphenyl-
amine reagent (See Section II), respectively.

Spectroscopy and elemental analyses were carried out as in Section II.
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Chemicals

Sources for the chemicals used were the same as in Sections I and II
except as noted below.

Heptachlorobornane I was obtained by chromatographing a mixture of
crystallized toxaphene 5 g, obtained in 61% yield as a white crystalline
material on crystallization from isopropanol) and bifluorenylidine (10 mg)
(a yellow marker dye for the elution position of J) in hexane (25 ml) on
a 7 x 100 cm column containing 1 kg of silicic acid packed with hexane. The
column was developed with hexane under 20 psi N, pressure. FElution of the
yellow dye and I (GLC monitoring) began after 16 1liters of hexane had been
eluted and was ?%sentially complete after an additional 1.25 liter of hexane.
Heptachlorobornane J, (360 mg, 1.03% yield; > 99% purity) was obtained on
evaporation of this 1.25 liter of eluent to 2 ml, washing the resulting
crystals several times with ice cold hexane to remove traces of the yellow
dye and recrystallization twice from hexane.

Hexachlorobornene IV [the same as I-HC1(3,2) in Figure 3] from dehydro-
chlorination of heptacﬁfg}obornane';_w{%h ethanolic KOH and 8~C13L (see
Section II) from chlorination of I were obtained as reported in Section II.

Reactions of Heptachlorobornane I

Photolysis. Heptachlorobornane_;,At 1.3 x lO_3M in hexane was irradiat-
ed with UV light (A > 220 nm; 450 watt medium pressure lamp with quartz fil-
ter; Conrad-Hanovia, Inc., Newark, N.J.) using GIC to monitor the reaction.
The major product was isolated as with the hematin reaction (see below) for
examination by NMR and GLC-CI-MS.

Triphenyltin hydride. A mixture of heptachlorobornane_;!(SO mg, 0.21
mmol), triphenyltin hydride (120 mg, 0.34 mmol; prepared from triphenyltin
chloride and LiAlH, according to Kuivila and Beumel, 1961) and 2,2'-azobis-
(2-methylpropionitrile) (AIBN) (2 mg) in hexane solution (100 ml) was re-
fluxed for 3 hr. The products were analyzed by GILC, then isolated by column
chromatography (see below) for examination of the three major components by
NMR and GIC-CI-MS. Each of these products was contaminated with ~ 10%
triphenyltin chloride even after chromatographic purification.

Reduced hematin. A preparative scale reaction was carried out by the
general procedure of Wade and Castro (1973) as follows. A solution of
hematin (500 mg, 0.79 mmol) in 500 ml of glacial acetic acid-N-methyl-2-
pyrrolidone (1:1) was mixed with washed (glacial acetic acid and ether) iron
powder (50 mg) in a one liter round bottom flask. Argon was flushed through
the flask for a few min to displace the air and the mixture was then sub-
jected to magnetic stirring for 1 hr, resulting in a color change for the
solution from brown to red indicating the presence of reduced hematin. Hepta-
chlorcbornane I (280 mg, O.74 mmol) in 250 ml of glacial acetic acid-N-
methyl-2-pyrrdfidone (1:1) was then added through a dropping funnel and the
reaction wag allowed to proceed under argon with continuous stirring for
72 hr at 25°C. The products were extracted into hexane (500 ml x 4) which
was then washed twice with each of water, saturated NaHCO3 and saturated

28



NaCl and dried over anhydrous MgSO, . Evaporation of the hexane gave 220

mg crude product (~ 86% yield considering the degree of dechlorination)
which was chromatographed on a silicic acid column (2.5 x 4O cm) with hexane
as the eluting solvent and pressure as above. GIC analysis of relevant
fractions revealed heptachlorobornane I, four major products (LI-L) and an
unknown (Figures 5 and 6). The first eluting compound is an unidentified
ClOHllCl5 derivative (GLC-CI-MS) which, although in very minor amount, is
not separable by GIC from compound V. Compounds III and IV are easily obtain-
ed pure by evaporating the hexane fFom fractions SF > 80%?5hrity and re-
crystallizing from hexane. Compound Y, is essentially pure in the last
fractions eluted. Compounds J and JI] when present in the same fractions
are separated by first crystallizing ] from hexane and then crystallizing
323? When compounds‘%giand are present in mixtures, compound‘;;;,is
removed first on crystallization from hexane then [ is recrystallized from
hexane. Selective crystallization is not appropriate to separate mixtures
afég; and IY. The amount and purity of each product were as follows: 1I-25
mg, > 90%; LLI-106 mg, > 99%; Iy-28 mg, > 99%; Y-10 mg, > 99%. Structures
of these compounds were assigned by NMR and CI-MS.

The reaction rate was monitored (GIC) in a small scale reaction involv-
ing 3 mg heptachlorobornane J, 15 mg hematin, 2 mg iron powder and 25 ml
total reaction volume but otherwise as above.

Bovine rumen fluid. Rumen fluid from a fistulated cow at the University
of Californis at Davis was used immediately after filtration through four
layers of cheese cloth to remove large particles. Heptachlorobornane
(66 ug) in ethanol (1 ml) was added to the fresh fluid (~ 50Q ml) completely
£illing a flask which was then stoppered and incubated at 37 C. The reaction
mixture was acidified to pH ~ 1 by adding sulfuric acid and extracted with
ether containing mirex (5 Mg, internal standard). The ether was dried
(Mgsoh), evagporated and the resulting residue was dissolved in hexane (2 ml)
and subjected to cleanup on the fuming sulfuric acid-celite column prior to
GIC analysis.

Sewage primary effluent. The incubation and analysis procedures used
for the rumen fluid were also employed with the primary effluent (anaercbic)
from the sewage treatment process (Richmond Field Station, University of
California, Richmond).

Rat liver microsame-NADPH system. Reaction mixtures in 0.1M pH 7.4
phosphate buffer (2 ml) consisted of rat liver microsomes (4 mg protein),
NADPH (O or 3 mg) and heptachlorobornane I (10 pg) added last in ethanol
(50 M1). After one hr incubation at 37°C in air or argon with shaking, each
mixture was extracted with hexane (5 ml x 3) containing mirex (5 Mg, internal
standard) and the extract was subjected to cleanup and analysis as in the
rumen fluid studies.

In Vivo Studies

Treatment of chickens and mammals and analyses of their feces and
tissues. The following test animals were used: female white leghorn chickens
(1.1-1.5 kg) and male rabbits (478-610 g) from Western Scientific Supply Co.
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Figure 5. Conversion of heptachlorobornane 1 to various hexachloro-

bornane, hexachlorcbornene, and pentachlorotrlcyclene
derivatives.
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Figure 6. Chromatography of‘g_and its reaction products with reduced
hematin on a silidlc acid column developed with hexane.
Conditions are given in the text.
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(West Sacramento, Calif.); male Swiss-Webster mice (18-20 g), male albino
Sprague-Dawley rats (150-165 g), male Hartley guinea pigs (224-260 g), and
male hamsters (70-85 g) from Simonsen Laboratories, Inc. (Gilroy, Calif.);
male long-tailed monkeys (Macaca fascicularis) (~ & kg) (colony born and

handled at the Primate Research Center, University of California, Davis).

Chickens, mice, rats and monkeys received either toxaphene (~ 13 mg/kg)
or heptachlorobornane‘;,(~ 3 mg/kg) using soybean oil as the administration
vehicle and rinse for the stomach tube. Hamsters, guinea pigs and rabbits
received the same mg/kg dose as above but the compounds in soybean oil were
applied to lettuce which was quickly consumed by the animals. Feces were
collected in each case for 72 hr then the toxaphene-treated animals, except
the monkeys, were sacrificed for removal of the liver and a sample of fat.
Liver and fat samples were removed in sejarate experiments from rats 7 hr
after treatment with heptachlorobornane{;, These tissues were also obtained
by biopsy at 72 hr after treatment of monkeys with toxaphene and heptachloro-
‘bornane ;;

An additional study with rats involved administration of compounds
and (3.1 mg/kg each) or a mixture of compounds 4L and LIL (0.95 and
0.52 mg/kg, respectively) as above, collecting the 0-72 hr feces.

The fat, liver and feces, as appropriate, were extracted with acetone
(~ 10 ml/g; containing a total of 5 Mg mirex as internal standard in studies
with heptachlorobornane';j, the acetone evaporated and the products in hexane
solution were subjected to cleanup on the sulfuric acid-celite column and
GIC analysis.

Treatment and analysis of houseflies. Adult female houseflies (Musca
domestica L., SCR susceptible strain, 3-L days after emergence, 18-20 mg5
were treated topically on the abdomen with heptachlorobornsne I (4.5 ug/g)
in acetone. After 24 hr the flies and their feces were extradted with ace-
tone containing mirex (5 Mg) and subjected to cleanup and GIC analysis.

Bioassays

Procedures for determining the 2L4~hr ID 0 values using adult female
housetlies (with and without PB) and goldfish were as in Section IT.

RESULTS

Identification of New Compounds. The products under consideration and
their designations are shown in Figure 5. Compounds I-J are crystalline materials
that are partially resolved by TIC and completely by GLC (Table 5). They
vary in sensitivity of detection by EC depending on the number of chlorines
?nd, wit? Lf and I1I, the configuration of the chloro substituent at C-2
Table 5).

Each of compounds -y was isolated from the reduced hematin system in
sufficient amount for identification by MMR and CI-MS. Compound wa.s
identical in all respects with an authentic standard [I-HC1(3,2) of Section
II)] so its structure is not considered further here.
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The CI~MS data provide the elemental compositions of compounds_;%al
(Table 5). TUnder CI conditions saturated chlorobornanes give no [M+1]* peak
but instead give [M-C1]™ as the base peak (Holmstead et al., 197h; see
Section IT). Hexachlorobornanes IJ and LI conform to this relationship.

In contrast, hexachlorobornene and pentachlorotricyclene‘X_give small
[M+1]" peaks with [M-C1]t and [M-Hc1]" as the base peaks, reSpectively.

The structural assignments for compounds_gﬂ; j;g; and Y are based on
NMR spectral data given in Table 6. FEach compound contains six chloromethyl
group protons with the typical geminal coupling of ~ 12 Hz observed with
heptachlorobornanetg;

The assignment of the bornane skeleton for compounds I] and is based
on the resemblence of their observed coupling constants to the analagous
coupling constants of heptachlorobornane I. Compounds and III each give

signals for six ring protons, establishiﬁgathat they are formed by reductive
dechlorination. The similarity of coupling patterns of protons 4, 5 and 6

in compoundslgaégg_reveals that‘;'undergoes reductive dechlorination at the

2 position to form [[ and [LII. The new proton on C-2 of IJ and can be
assigned as endo or exo by its coupling with the protons on C~3. In this
ring system, syn coupling is typically larger than anti (Williamson, 1963).
The C-2 proton in JJ is assigned to the exo position since it is coupled with
the 3-endo proton with a coupling constant of 5.0 Hz and with the 3-exo pro-
ton with a coupling constant of 10.5 Hz. In compound III, the coupling con-
stant of the proton on C-2 with H-3N (9.0 Hz) is larger than that with H-3X
(4.7 Hz), so this isomer must have H-2 in the endo position. The relative
chemical shifts of H-5X and H-6N in compounds I~III are consistent with these
assignments. In I, as in J, H-6N is farther Qowntield than H-5X whereas in
III H~6N has been shifted to considerably higher field by introduction of the
endo proton at C-2. Changes in the long-range coupling of protons on the
geminal chloromethyl groups with eddition or removal of chlorine atoms on

the ring have been observed before (see Section II).

Compound Y, does not retain the bornane skeleton and instead i1s assigned
a tricyclene structure to accomodate the ClOHllCl composition and the NMR
spectral features. There are five ring protons, a$ in J, but two chlorines
are removed. The absence of any vinylic proton (see Section II) and the
presence of a single proton at higher field (8 1.94) are consistent with
a cyclopropane ring formed on elimination of chlorine atoms at positions 2
and 6. Suitable literature data do not appear to be available for the
coupling patterns in tricyclene derivatives, and unfortunately the spectrum
of ¥ is inadequate for accurate measurements of the smell coupling constants
involved (~ 1.3 Hz). However, the coupling constants of the ring protons
are considerably different from those of bornane derivatives J- . The
geminal coupling of the protons on C-3 is reduced from 16.2 Hz in L to 12.0
Hz in V, and long-range coupling appears to be introduced between H-4 snd
H-6. ﬁﬁe geminal protons on C-3 have similar small (~ 1.3 Hz) coupling with
H-4, as expected in a tricyclene derivative, where they are symmetrical with
regard to H-4. The same small coupling is also evident for H-L with H-5.

The structures of hexachlorobornanes and are confirmed by
X-ray crystallography (Wong et al., 1978) but suitable crystals of penta-
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chlorotricyclene‘z,have not been obtained for ¥-ray examination.

Products from reaction of heptachlorobornane [ in other systems are
identified or tentatively identified by comparison with the standards from
the reduced hematin system and with authentic hexachlorobornene‘;y,(see
Section II) using GIC cochromatography in each case. Supporting NMR and
GIC-CI-MS evidence is available on lildentifications in the following cases:'EE
from photolysis; Egch,from the triphenyltin hydride system. i

Reaction Products of Heptachlorobornane 1 in Various Chemical, Photo-
chemical, and Metabolic Systems. Quantitative data on the products fram
reaction of heptachlorobornane I in various systems are given in Table 7.
These data are based on at least three analyses in each case and standard
errors are reported when three to five independent experiments were involved.

Photolysis of heptachlorobornane‘;,in hexane irradiated with UV light
proceeds rapidly and gives only two products detected by GIC-EC, hexa~

chlorcbornanes and [ in a ~ 0.12 ratio. The major products with tri-
Phenyltin hydride are hexachlorobornanes andigg,in similar ylelds, and
there are small amounts of hexachlorobornene and a compound tentatively

identified as pentachlorotricyclene V. Reduced hematin gives excellent
yields of products [LL-Y with minimai*ﬁifficulty in their isolation. The
reaction proceeds rapidly at 25°C (tl o= ~10 min) and the product ratio does
not significantly change during the céurse of the reaction, with hexachloro-
bornanes 1L and appearing in a ~ 3.8 ratio. Bovine rumen fluid and
sewage primary effiuent form only two products detected by GIC-EC after
cleanup, i.e., hexachlorobornanes‘gél,and IL in a ~ 2.4 ratio. The con-
version rate is rapid in rumen fluid (%, ;o= ~ 2 hr)and significant in sewage
primary effluent considering that it laCks the more potent degrading organ-
isms of sewage sludge.

Rat liver microsomes do not metabolize heptachlorobornane I unless
fortified with NADPH. They apparently carry out different reactions under
aercbic and anaerobic conditions in the presence of cofactor. The identi-
fied products under anaercbic conditions are hexachlorobornanes Q;EL and LI
in a 2.0 ratio, but these compounds are not detected on incubation in air
where metabolism of‘i;proceeds at a greater rate.

Metabolites of Heptachlorobornaneﬁéf Rats treated with this heptachloro-
bornane contain moderate levels of the parent compound and low levels of
metabolitesfglch in the fat and low levels of each of these compounds in
the liver (Table 8). A monkey treated with heptachlorobornane I at 3.0 mg/kg
contains the following ppb levels of [, JEL,;EEL.and.;y; respectively, in
tissues at 72 hr: 255, O, O and O in fat; 50, O, 450 and O in liver.

Metabolite yields in feces are given in Table 9. BRach species examined
excretes metabolites_%;:;ﬁ; Chickens excrete large amounts of [ whereas
mice, guinea pigs and rabbits excrete intermediate amounts and rats, hamsters
and monkeys excrete little or no unmetabolized compound. Metabolite IV is
minor relative tO{;;,and.;}Q;in each species. The ylelds of I + LII are
highest with rabbits and monkeys, intermediate with chickens, rats and guinea
pigs, and lowest with mice and hamsters. The ratio of metabolites III/II
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TABLE 8. AMOUNT OF HEPTACHLOROBORNANE L AND ITS METABOLITES IN FAT AND
LIVER AT 7 AND 72 HR AFTER ORAIL ADMINISTRATION OF }' TO RATS AT

3.1 mg/keg
Ppb® Metabolite
Tissue Time, h 1 11 I v ratio, 111/11
Fat 7 453 + 285 817 14+ 13 15+ 9 1.8
72 335+ 44 13: 5 34:8 1422 2.6
Liver 9 86+ 4.1 59+1.9 10.2+ 2.3 3.4+ 0.9 1.7
72 17.3 £+ 11.7 2.0 0.6 9.2:17.0 0.8t 0.6 4.6

a Average and standard error based on experiments with 3 rats at 7 hr and
5 rats at 72 hr.
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is nearly constant (1.0-1.4) for all species except rats where metabolite
11 definitely predominates.

Studies with rats reveal that the yields noted for metabolites‘;;,and

are minimal values. Thus, when rats are administered either hekachloro-
bornane [ or JLI their feces contain the administered compound as the only
GIC-EC detectable product. On administering a mixture of hexachlorobornanes

and IT], the feces excreted within 72 hr contains 45-47% of the un-

metabolized compounds and no metabolites are detected by GIC-EC. These
findings clearly establish that reductive dechlorination at a geminal di-
chloro group is a major pathway in metabolism of heptachlorobornane4£,in rats,
other mammals and chickens.

Houseflies treated with heptachlorobornane [ contain more hexachloro-
bornane than its isomer JII (Table 7). The relatively high yield of
hexachlorobornene ;y,suggests that dehydrochlorination may be more important
in housefly than in mammalian or chicken metabolism of J.

Products Derived from Toxaphene in Fat, Liver, and Feces of Rats.
Pigure 7 compares the GLC~-EC pattern of toxaphene with those of toxaphene-
derived products in fat, liver, and feces 72 hr after oral administration of
toxaphene, The pattern of products in fat is similar to that of toxaphene
itself although there are minor changes, e.g., reduced importance of peaks
16 (8-C1l-I + 9-C1-7) and 24 relative to 9 (containing J). The liver chromato-
gram is characterized by: peaks corresponding to each of the 29 designated
toxaphene components, the major one appearing at the position of 9 (other
criteria not used to confirm identity as ;); a large change in ratio for
peaks 9 and 16; four major late-eluting peaks (A~D), some or all of which
are possibly toxaphene components undergoing slow metabolism and selective
concentration; appearance of a new peak between those designated as 26 and
27; a major peak at ~ 40 min (the general position of hexachlorobornane I
or III - possible identity with this hexachlorobornane not further examined).
The patterns of fat and liver chromatograms at 7 hr are intermediate be-
tween those of toxaphene and the corresponding 72-hr samples. The feces
shows peaks corresponding to each of the 29 designated toxaphene components
but in contrast to the tissues there is a predominance of short t, compounds.
Peaks 9 and 16 are barely detectable with feces and three of the major peaks
correspond to compounds I t;Eﬁ(metabolites of heptachlorobornane ;J.

TIC-GIC, evidence is available thatq;; are present in feceg of rats
receiving [luC]toxaphene orally. The acetone-soluble metabolites include
compounds at the origin on TIC as well as materials spread over the normal
broad TIC region for toxaphene. Cleanup on the sulfuric acid-celite column
removes the materials at the origin on TIC and subsequent TLC-GILC reveals
compounds [-IY each at its expected TIC position (Table 5; see Section I).

Products Derived from Toxaphene in Fat, Liver and Feces of Other
Mammals and Chickens. The fat of each species gives a GIC product pattern
very similar to that of toxaphene with each of the 29 designated toxaphene
components clearly evident although with some alterations in peak ratios
(Figure 8). The liver chromatogram patterns differ with each species and
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Figure 8.
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vary from relatively few major peaks (chicken, rat and monkey) to many major
peaks (the other species) (Figure 9). Several products retained for 72 hr
in liver give gsimilar t, values in two or more species (A -U)., 1t

is not established which of the designated liver peaks ar® to¥aphene com-
ponents and which are metabolites. The feces chromatograms differ greatly
depending on the species with chickens and guinea pigs showing the closest
similarity to toxaphene and rats and monkeys the largest difference (Figure
10). This relationship parallels in the most part the amount of unmetaboliz-
ed heptachlorobornane ‘I‘ excreted by each species (Table 9). Fecal products
chromgtographing in the positions of metabolites 11 and JJ are detected
with monkey and several of the other species (Figure 10) but their identity
is not confirmed by other analytical methods.

Degradation of 2,2,5-endo,6-ex0,8,8,9,10-0Octachlorobornane (8-C ‘3’2
by Reduced Hematin. ThlS oc'tac‘!ﬂorm'nane reacts rapidly with reduced
hemagtin in a small scale reaction to give five major products. Two of these
have t, values similar to hexachlorobornane III and hexachlorobornene IV and
a third chromatographs as anticipated for a?ﬁ‘e?tachlorobornane. The o¥ers
have shorter tR values. Heptachlorobornane ‘I’ is found in < l% anount.

Biological Activity. Heptachlorobornane T is more toxic than its
metabolites or derivatives IIE to houseflies a.nd goldfish (Table 5). A
greater loss in toxicity occurs on tricyclene formation (X) or removing the
exo chlorine at C-2 to form LI than on removing the endo chlorine or on de-
hydrochlorination to give pasy a.ndﬂ, respectively. FEach of the products
is probably metabolized by a microsomal cytochrome P-450 system in houseflies
since they are synergized by PR.

DISCUSSION

Figure 5 gives the metabolic and chemical pathways established for
heptachlorobornane I. In most cases examined, the major reaction is reduc-
tive dechlorination at the geminal dichloro group yielding isomeric hexa-
chlorobornanes and 1 but in some systems there is also dehydrochlorina-
tion to hexachlorobornene IV and formation of pentachlorotricyclene Y.

Photochemical reductive dechlorination of I leads preferentially to
the product with chlorine at the 2-endo position,“i.e., hexachlorobornane
Il However, there are large amounts of unidentified products which are
not detected by the usual GLC-EC method. Similar findings are reported in
the photochemistry of 2-endo,3,3,5-exo, 6-exo 8,9,10,10-nonachlorobornane
(Parlar et al., 1976b). Trlphenyltln hydrlde gives more % than L] and also
yields some hexachlorcbornene Ay and possibly pentachlor icyclene L It
is likely that a radical intermediate is involved in these photochemical
(Parlar et al.,1976b) and tin hydride (Kuivila, 1968) reductive dechlorina-
tions of J to LI and ‘]‘:’I“I'

Reduced hematin provides a convenient system to study the various
dechlorination reactions since it rapidly gives LI-Y in high yields and the
products are more resistant to reaction than starting heptachlorobornane 1.
A radical intermediate is likely to be involved in reductive dechlorina-
tion of I to hexachlorobornanes LI and IIT (Wade and Castro, 1973). Tri-

L2



Figure 9.

TOXAPHENE 80 Tvs-ci-n
24
4

23 5 6

s 5 :
4
Se 'c:‘")/z“ * ‘ﬂ?, 1 ?

t

P AL ~ T Wwe
M‘ CHICKEN
J},j T
O O N S ~°_M—J%‘JL,
» GUINEA P16 , v
| b 1 MJt
’H&fmjum »\’\ Mmm Vi JM L
HAMSTER
w
§ L ? o M
& \ﬂ-{\ Mww - I\.‘ ~ WW
5 “,”“M o
8 [
¥ ' ) ]
M«M@}MM !
R D MOUSE 1 F

e

J‘—rﬁk*mfg

MINUTES

Open tubular column GIC anslysis of toxaphene and of
toxaphene-derived products in the liver of chickens
and mammals 72 hr after oral administration of
toxaphene. The 29 arabic numerals refer to toxaphene
components present in & 1% amounts as designated in
Section I. The chromatographic positions of toxaphene
components I (peak 9) and 8-Cl~£ plus 9~C1l-T (peak 16)
are indicated. Letter designations (A-U refer to
toxaphene-derived products in liver, some of which may
be toxaphene components. Asterisks designate interfering
materials of biclogical origin.

Page 43



TOXAPHENE '/P'Cl:;:9~cl- n

'I:I, nn' n
TRy w8 =
23 56 23 a2 Y
! .
CHICKEN 4 B,
X L} ®
\\ 2, 'éu L4
o ]wi\ lzu“_r?ﬁ“, 12\7?,
! b i - R
b e
GUINEA PIG 'I"

. o : "
i) SR L
~ PR LSRRI LW
DT P TS - ey A

g i !‘ v oo 5, [ 2055
g MW‘U&JN&M}‘I ! I. R/J Tr lw"wH ’*’JJM
é RABBIT ' .
e x . .
] [wwm‘;.:.\bw')} 3« k{'f/‘ W @UJ\W&\Q_{’W
e, : .
| TR LS 2P )
it Bl
RAY x

i
e
;
F
f

g

- J*L‘ ST

v L O

Tk

Figure 10, Open tubular column GIC analysis of toxaphene and of
toxaphene-derived products in the feces of chickens
and mammals 72 hr after oral administration of
toxaphene. The 29 arablc numerals refer to toxaphene
components present in Z 1% amounts as designated in
Section I. The chromstographic positions of toxaphene
components 5, (peak 9) and 8-Cl-I plus 9-Cl-T (peak 16)
and of metabolites JJ-IV¥ of heptachlorobornane J are
indicated. Asterisks designate interfering materials
of biological origin.

Page Lk



cyclene formation to give J may also proceed via the same radical intermediate
whereas dehydrochlorination to‘gx probably involves a different pathway.
Reduced hematin reacts with octachlorcbornane 8—011;,to give products formed
by both reductive dechlorination and dehydrochlorination (this study; Khalifa
et al., 1976). It also acts in agueous medium to cleave about half of the
carbon-chlorine bonds in toxaphene (Khalifa et al., 1976).

The finding of extensive reductive dechlorination of heptachlorobornane
ps in bovine rumen fluid and sewage primary effluent suggests that this and
other toxaphene components may undergo significant reductive dechlorination
in the bovine rumen prior to absorption and in microbisl systems under anae-
robic conditions.

Metabolism of heptachlorobornane [ by rat liver microsomes requires
NADPH but proceeds by a different mechanism in air, where the products are
not identified, than in an inert atmosphere, where hexachlorobornanes II and
I are the major products. It was therefore of considerable interest™®o
?%%& hexachlorobornanes and in the feces of chickens and six mammalian
species orally administered heptachlorobornane ], The hexachlorobornane
ratio (;I;[;l) is similar in the fat, liver and feces of rats to that found
in the microsomal system, indicating that reductive dechlorination in vivo
may occur in the liver microsomes. This ratio also is similar to those found
in the hematin, bovine rumen fluid, and sewage primary effluent reactions,
suggesting similar mechanisms of reductive dechlorination in each case on
reaction with reduced porphyrins. Chickens, guinea pigs, hamsters, rabbits,
mice and monkeys give more similar amounts of LI and than observed in
rats and these in vitro systems. In contrast, houseflies give a greatly
different ratio of hexachlorobornanes and II, possibly due to varying
rates in their further metabolism rather than to different mechanismg in
their formation since synergist studies suggest the involvement of cytochrome
P-450 in detoxification of heptachlorobornane‘g,and its derivatives.

Metabolite identification is more difficult following administration of
toxaphene compared to an individual toxaphene constituent because of the
likelihood that many toxaphene components undergo reductive dechlorination
and dehydrochlorination to products that fall within the same GIC tr range.
However, some findings with toxaphene itself are of interest. The liver of
several specles contains an unusual proportion of toxaphene-derived products
of very high ty values appropriate for heavily chlorinated compounds. The chroma-
tographic pattern of the rat fecal products is characterized by short tg
campounds, suggesting extensive degglorination, a conclusion supporting
previous studies with [1%C]- and [°°C1l]toxaphene (Ohsawa et al., 1975). The
rat fecal products appear to include metabolites IlfgaLOf heptachlorobornane
I. Similar observations are available for five other mammalian species and
Thickens although the proportion of fecal products vary greatly with some of
the species. It is desirable to develop a GIC-EC system for monitoring
toxaphene exposure by analysis of tigsues and excreta, but this requires a
better understanding than currently available on the changes in component
ratios and introduction of new compounds on metabolism.

Ls



SECTION IV

MUTAGENIC ACTIVITY OF TOXAPHENE AND SOME OF ITS COMPONENTS

MATERIALS AND METHODS

Samples of Hercules toxaphene manufactured in various years (see Section
I) or of toxaphene components or fractions and samples of related chlorina-
ted terpenes from other manufacturers (see Section I) were dissolved in
DMSO and added to cultures of the TA100 histidine-requiring
mutant strain of Salmonella typhimurium (Ames et al., 1975). Potency is
expressed as revertants per mg of test chemical.

RESULTS AND DISCUSSION

Mutagenic Activity of Toxaphene and Related Chlorinated Terpenes.
Toxaphene manufactured by Hercules from 1949 to 1975 has a mutagenic potency
averaging 728 revertants/mg and ranging from 310 to 1270 revertants/mg (Table
10). This potency range is similar to that for other samples of related
chlorinated terpenes from various manufacturers (Table 10).

Other (bservations. Preliminary studies were made on the nature of the
mutagenic components in standard Hercules toxaphene (Table 11). Hepta-
chlorobornane I has no significant mutagenic activity. Crystallization of
toxaphene from isopropanol concentrates the mutagenic activity in the mother
liquor fraction but does not completely remove mutagenic agents from the
crystalline portion. Passage of toxaphene in hexane through a celite column,
with or without fuming sulfuric acid, removes some of the mutagenic activity,
thereby decreasing its overall potency. A highly mutagenic fraction (> 17,000
revertants/mg) is obtained on chromatographing toxaphene on celite or silicic
acid columns using various solvents, with methanol for final elution of the

mutagenic fraction. The identity of the mutagens in toxaphene has not been
established.
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TABLE 10. MUTAGENIC ACTIVITY OF HERCULES TOXAPHENE AND RELATED CHLORINATED

TERPENES IN THE TA100 HISTIDINE~-REQUIRING MUTANT STRAIN OF
SATMONELLA TYPHIMURIUM

Revertants/ Revertants/
Sample mg Sample mg
Hercules toxaphene by year Related chlorinated terpenes
1954 310 Procida 230
1969 530 Vicksburg A 380
1973 575 Vicksburg B 620
1957 685 Hercasa 394
1949 725 Flit & Fontaine 4ho
1970 Ths Fast European dark L65
1960 750 East European light 580
1975 760 Strobane T-100 515
1974 930 Melipax 635
1963 1270 Sonford gl5
Bison A 1530
Bison B 420

TABLE 11. MUTAGENIC ACTIVITY OF HERCULES STANDARD TOXAPHENE AND ITS
FRACTIONS IN THE TA100 HISTIDINE-REQUIRING MUTANT STRAIN OF
SATMONELLA TYPHIMURIUM

Revertants/

Sample ng
Heptachlorobornane }_ < 30
Standard toxaphene 550
Crystallization of toxaphene

Crystalline fraction 116

Mother ligquor 950
Colum chromatography of toxaphene,

methanol fraction > 17,000
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RECOMMENDATIONS

The findings provide a portion of the needed information on toxaphene
composition and toxicology but there are continuing research needs in several
aspects of the overall problem. The open tubular column GIC method can be
further perfected by coupling it with CI-MS for peak analysis. It is evident
that further toxaphene components can be prepared and identified for toxicological
evaluation. The metabolism studies deal with only one major toxaphene component
and provide only partial information in this case on its metabolism and
environmental fate. These studies should be continued using mammals, plants,
soils and various environmental systems. Mutagenic components in toxaphene
should be further defined and possibly identified and ways and means sought

to remove them from the commercial insecticide.

Difficulties in defining the composition and toxicology of toxaphene
illustrate the dilemma created when complex and poorly-defined mixtures of
polychlorohydrocarbons are introduced into the environment in enormous amounts.
While alternatives are being developed to minimize dependence on chemicals for
pest management, it is preferable where possible to use pesticides whose
structures and metabolites are well characterized and which have short-~half

lives and target organism specificity.
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