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ABSTRACT

The insecticide toxaphene is unique in that it is a complex
mixture of at least 177 polychlorinated compounds.

An extraction

procedure that reproducibly isolates toxaphene from defibrinated
whole blood is described.

This column technique, which combines

extraction and cleanup in one step, is compared to other methods
with respect to toxaphene recovery and background interference.
Results obtained from multiple gas-liquid chromatographic peak
analysis of toxaphene in blood samples from bovine liver perfusion
experiments are discussed.
The roles of the bovine liver and rumen microflora in the
metabolism of toxaphene -were studied.

The electron capture detector

was used to monitor the appearance of toxaphene derived products and
the disappearance of toxaphene components.

Liver perfusion experiments

revealed that the bovine liver rapidly takes up toxaphene components
at different rates from blood followed by a rapid rate of partial
dechlorination.

In vitro rumen fluid studies demonstrated that rumen

microorganisms are effective in converting toxaphene components to
dechlorinated derivatives.

The liver perfusions and rumen fluid

incubations proved to be excellent sources of toxaphene metabolites.
In contrast, storage of toxaphene in depot fat gave no evidence of
toxaphene degradation.
ix

X

Feeding studies at two different toxaphene intake levels
revealed that milk was a major route of toxaphene excretion and both
rumen microflora and the liver were major sites of toxaphene metabolism
in the dairy cow.

Milk and depot fat were found to contain mainly

toxaphene components resistant to reductive dechlorination and
dehydrochlorination and gave evidence of only a few toxaphene derived
products.

Toxaphene feeding studies also showed that a compartmental

equilibrium was rapidly established between toxaphene in rumen fluid
and that excreted in milk.

CHAPTER 1

INTRODUCTION

Justification
Toxaphene is a -widely used insecticide in domestic agricultural
practice.

Its use as an insect control agent on crops and livestock

has been common for the past 30 years.

Little is known about its

persistence and fate in the environment (soil, water, wildlife, etc.).
Recently, toxaphene has been shown to be a carcinogen in rodents (l) and
mutagenic according to the Ames test (2).

Pesticide exposure in mammalian

or human populations is often estimated by monitoring the concentration
of the original compound and its metabolites in blood (3-5)«

Since

specific methods for the determination of toxaphene in blood have not
appeared in the literature, the suitability of procedures for the
determination of other chlorinated hydrocarbons was investigated.

The

simple hexane extraction procedure of Dale, Curley, and Cueto (3) and
the formic acid-hexane procedure of Dale, Miles, and Gaines (^) appeared
promising.
The metabolic fate of many chlorinated insecticides is known
with fair certainty.

However, very little information concerning the

transformation of toxaphene in the bovine has appeared in the literature.
In light of the public demand for low or zero tolerance levels of
insecticides in milk, milk products and meat, the need for extensive
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knowledge of the metabolism of toxaphene is readily apparent.

Since gas

chromatographic tracings of toxaphene extracted from milk are quite
different than those of "pure" toxaphene standards, it is possible that
alteration of toxaphene may be due to either metabolic action in bovine
organ systems or microbial rumen action or both.

A more thorough know

ledge of the metabolic pathway of toxaphene in the bovine could benefit
the feed, dairy, and beef industries.

Previous Work and Present Outlook
The efficiency and feasibility of two common extraction methods
for toxaphene appear to be highly controversial.

Dale et al. {k) found

that the formic acid-hexane method recovered 36$ more DDT-derived
compounds from human serum compared to the simple hexane method.

However,

in an interlaboratory collaborative study Stretz and Stahr (6) reported
that the formic acid-hexane method was far from quantitative.

Dale et al.

(3) concluded that the simple hexane method recovers only free (unbound)
insecticides.

These authors suggested that some insecticides may bind to

blood components.

The formic acid modification appears to release bound

DDT and its metabolites without degradation (^).

Also, the formic acid

modification overcomes severe emulsion problems inherent to the simple
hexane extraction method.

In a statistical examination of the experimental

variables involved in the simple hexane method, Bonderman et al. (7)
showed that by optimizing the experimental conditions, higher recoveries
of DDE could be obtained.

Prolonged storage of blood samples prior to

analysis was found to severely reduce DDE recovery.

The reduction was

felt to be due to the degradation of lipoprotein affecting the gas
liquid chromatography-electron capture detector (GLC-ECD) resolution
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and sensitivity.

Correlation of aging with mixing times showed that an

increase in the duration of mixing would increase DDE recovery which may
also indicate discrete lipoprotein binding.

In another study comparing

the two extraction methods, Franken and Luyten (8) found no significant
differences in the recoveries of DDT and DDE from human serum, provided
vigorous shaking and long mixing times were used in the simple hexane
method.
Recently, metabolic studies of toxaphene in the rat and in model
systems have been reported in the literature.

Toxaphene undergoes

extensive dechlorination in rats (9, 10) and by iron (il) protoporphyrin
systems (bovine reduced hematin and rat liver microsomes) under anaerobic
conditions (ll).

These studies have shown that about half of the C-Cl

bonds of toxaphene are cleaved yielding derivatives of shorter GLC
retention times with reduced ECD sensitivity.

However, metabolic studies

of the degradation of toxaphene components present unusual difficulties
because of the complex nature of the commercial insecticide.

The technical

mixture contains more than 177 polychlorinated derivatives evident by
chromatographic and mass spectrometric analyses (12).

Toxaphene

metabolites and degradation products axe not separated from initial
components in routine GLC-ECD analyses.
Recently, it has been shown that technical toxaphene contains
two components known as toxicants A and B which together contribute to
the major toxicity of toxaphene in mice, insects, and shrimp (13, 1^)»
Together the two toxicants make up about 10$ of technical toxaphene.
Metabolic studies of isolated and relatively purified toxicants A and
B in iron (ll) protoporphyrin systems have shown that the

degradative

products arise from reductive dechlorination, dehydrochlorination and
a combination of these reactions (ll).

These model systems may have

relevance to metabolic processes occurring in the intact animal.

Also,

it appears that toxicants A and B undergo essentially the same extent
of dechlorination as other components in technical toxaphene.

The TLC

detection of polar metabolites derived from toxicants A and B in rat
excreta (lO) may give credence to the unsupported statement of Conley (15)
that toxaphene is slowly detoxified by the bovine liver as indicated
by the presence of sulfate glucuronide conjugates in the urine.

Many

of these same types of studies need to be conducted to elucidate
toxaphene metabolism in the bovine.
By comparison the in vitro conversion of DDT to DDD by stagnating
bovine rumen fluid may explain the presence of certain DDD residues in
milk (l6).

If this is also true for toxaphene, then extensive dechlorin

ation of its components might be expected to cccur in microbial systems
under anaerobic conditions such as in bovine rumen fluid and sewage
sludge.

Furthermore, toxaphene is known to degrade extensively in soils

under anaerobic conditions (17) and Mirex, a cyclodiene chlorinated
insecticide,

undergoes reductive dechlorination at a geminal dichloro

group in sewage sludge (18, 19).

Objectives
The applicability of the two extraction methods to the determina
tion of toxaphene in bovine defibrinated whole blood (DWB) was investigated.
In view of the conflicting results obtained by various investigations
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of the two extraction methods, the development of an improved method
applicable to bovine DWB was also undertaken. This was accomplished
by testing the various extraction methods in terms of quantification,
reproducibility and toxaphene instrumental response with blood samples
from liver perfusion experiments.
The overall objective of the research was to elucidate some
aspects of bovine toxaphene metabolism.

This was accomplished by

investigating the detoxification process of toxaphene by rumen micro
flora, blood and liver and the effect of storage on toxaphene in animal
depot fat.

The capability of rumen microflora to metabolize toxaphene

was determined by _in vitro experiments.

Measurement of the effect of

storage on toxaphene in depot fat was carried out by i^i vitro studies.
The presence of detoxified toxaphene and its rate of detoxification in
blood and liver was conducted by perfusing the isolated tissues.
Correlations between rumen and liver toxaphene products with products
found in milk was also investigated by examining the milk of an intact
animal fed contaminating levels of toxaphene.

CHAPTER 2

LITERATURE REVIEW

Pesticidal Use
Toxaphene had been the most widely used chlorinated insecticide
in the United States until 1976 with an annual production of about 50
million pounds and a total usage of 1 billion pounds within the last
25 years (20).

It is produced in the United States by Hercules and

Tenneco Chemicals.

Toxaphene was used predominantly to control insects

on cotton but had considerable utility in the production of soybeans,
pasture and hay crops, corn, tobacco, small grains, vegetables and live
stock.

It had a particular advantage in that it could be used on seed

alfalfa, clover and certain vegetable crops without causing great damage
to bee pollinators (2l).
Toxaphene is rarely used alone for the control of insect pests
of cotton.

Certain chlorinated terpenes such as 2,6-dichlorocamphane are

synergistic with DDT, and the discovery of this synergistic action
between toxaphene and DIT (2:1 ratio) led to the development of formula
tions for use where resistance to one or the other of the constituents
developed.

The toxaphene-DDT mixture was found to be synergistic to

the chlorinated insecticide-resistant strains of boll weevils, thrips
and cotton fleahoppers which developed during the 1950's.

This combina

tion proved many times more toxic than either component alone and
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provided very effective and economical control of both cotton pests and
the tobacco budworm. The near total banning of DDT in the United States
in December of 1972 by the Environmental Protection Agency (EPA)
prompted the replacement of DDT with methyl parathion (except for
export and special limited usage).

However, the toxaphene-methyl

parathion mixture is not synergistic against resistant insects, but
simply additive; methyl parathion being by far the most toxic component
to insects.

The combination is also more persistant than methyl

parathion allowing applications to be made with less frequency than
methyl parathion alone.

Compared with toxaphene-DDT, a toxaphene-methyl

parathion mixture poses a much greater hazard to applicators and other
farm workers.

Coformulation of toxaphene with parathion combines the

activity spectra of both toxicants which is effective by stomach,
contact and fumigant action against aphids and other pests, some of
which are unaffected by toxaphene alone (21, 22).
As a mixture of compounds containing chlorinated bridged rings,
toxaphene is frequently classified with the cyclodienes, although its
origins are really quite different.

Nevertheless, the resemblance

seems to be reflected in the fact that cyclodiene-resistance extends
to toxaphene.

For instance, the efficiency of toxaphene towards cattle

tick and chigger infestations was visually short-lived when cyclodiene
(such as dieldrin and aldrin) resistance was already present (22).
Toxaphene residues on crops appear to disappear rather quickly; a field
study of the weathering of toxaphene residues on kale showed that after
l4 days only 1$ of the original residue of more than 100 ppm was still
present (23).

However, residues in soil and water have been found as
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long as 9 years after crop application in certain areas (24).

Presently

(1977) toxaphene has been placed on the EPA working list which considers
those pesticides that may be too hazardous to man or environment to allow
continued use.

The continued use of toxaphene as a pesticide looks very

doubtful.

Chemistry and Composition
The origin of toxaphene began in 19^ when Russian workers were
seeking agents to control body lice and found that the mild toxicity of
terpenes in terpentine could be greatly enhanced by chlorination (25).
The insecticidal properties of toxaphene were first described in 19^7#
and the product was first introduced by Hercules Powder Company in 19^8>
under the code name Hercules 3956 (26).

Its discovery was undoubtedly

the result of the intense interest in chlorinated cyclic hydrocarbons
generated by the earlier introduction of lindane and chlordane (22).
Toxaphene is commercially produced by the chlorination of the bicyclic
terpene camphene (i)(Fig. l) in carbon tetrachloride activated by
ultraviolet (UV) irradiation and certain catalysts to yield the final
product having a chlorine content of about 67-69$ by weight.

The product

consists of a very complex mixture of compounds with an overall average
elemental composition of C^QH-^QCIQ corresponding to a molecular weight
of 4l4.

It is an amber, waxy solid with a melting point range of

70-90* C and a water solubility of about 3 ppm at room temperature.
Chlorination-grade camphene is prepared by the isomerization ofcx-pinene,
a product derived from the Southern pine tree.

The photochemical

chlorination proceeds by a free radical reaction and occurs vigorously
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Synthetic route of toxaphene components (l-X) and structural identification of
several toxic components (XI-XV) in Technical toxaphene. (See text for nomen
clature of structures.)

and exothermic ally at first, but the final stages are difficult and
require heat.

However, toxaphene dehydrochlorinates on heating above

120° C or when exposed to UV light or strong sunlight.

Dehydrochlorination

is accelerated by alkalies and catalyzed by iron (21).

In general, poly-

chloroterpene insecticides are easy to prepare, but beyond that are the
most enigmatic of all organochlorines used for insect control.

Skeletal

rearrangements of the starting hydrocarbons occur readily yielding upon
chlorination overlap between the constituents of the various commercial
mixtures (toxaphene, strobane, polychlorocamphane, polychlorocamphenes,
etc.).

Basically these materials arise by chlorination ofcx-pinene or

camphene and the insecticidal properties of the products usually increase
with chlorine content.

Gas chromatographic (GC) analysis shows that

the higher chlorination products are complex mixtures and the possibility
exists that the insecticidal activity may reside in some relatively minor
constituent (22).
Toxaphene produced by Hercules is regularly bioassayed using
the housefly as a convenient test organism and is also subjected to
chemical and physical tests lot-by-lot during the manufacturing process
to insure uniformity and peak insecticidal activity (67-69$ chlorine
content).

Recently, eight Hercules toxaphene samples with production

dates ranging from 19^9 to 1975 were shown to be virtually identical
based on open tubular gas-liquid chromatography (GLC) with linear
electron capture detection (ECD) and were easily differentiated fi'om
12 samples of related chlorinated terpenes manufactured in the United
States and abroad (27).

Despite large composition differences between

some of the samples there was surprisingly little variation in their
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toxicity to mice and houseflies and the toxicity did not clearly correlate
with chlorine content or amount of components. This suggested that the
toxicity of such diverse samples may be due to many components which
could vary with manufacturing method or due to relatively minor components
not easily differentiated on examining such complex mixtures.
The isolation, identification and toxicity of the components in
toxaphene has remained an elusive task due to the large number of
derivatives present in the product.

It is known that chlorination of

camphene with molecular chlorine under temperature-controlled conditions
leads to a mixture of mono-, di-, and polychlorinated compounds (28, 29).
An intermediate (IA)(see Fig. l) is first produced from a CI attack
and then reacts to form the main product 2-exo, 10-dichlorobornane (il)
via a Wagner-Meerwein rearrangement (28-30).
intermediate

Stabilization of the cationic

state (IA) by hydrogen elimination to 8-chlorocamphene

(ill) and via 10-chlorotricyclene (IV) to 6-exo-chlorocamphene (V) is
possible which upon further chlorination can rearrange to produce
bornane derivatives (VT, VII) (29).

Therefore, the bornane compounds

II, VI, VII and the trichlorobornanes VTIIA or VIIIB, IX, and X derived
from 2-exo, 10-diehlorobornane (il) are assumed to be intermediates during
the production of toxaphene.

Examination of Technical toxaphene (Hercules)

fractions, obtained from silica gel column chromatography (SCC), by combined
GLC-aass spectrometric (MS) techniques revealsa complex mixture of more
than 177 polychlorinated derivatives, most of which conform to the
formulae C^qHqCI-^q, ^10^18
(12, 20, 31)•

an<^

^10^16 n^n v^ere

n

At least l/3 of the components are isomeric C^q^CI^q

derivatives while another l/3 consists of C10H11CI7 and C^oH^Cl^

12
derivatives (12).

Evidence indicates that the majority of c10Hl8_ncln

components are polychlorobornanes while the

Cl^derivatives are

likely to be polychlorobornenes or polychlorotricyclenes or both.

One

of the more toxic components has been isolated (13) and identified as
2,2,5-endo,6-exo,8,9,10-heptachlorobornane (Xl)(designated toxicant B)
by nuclear magnetic resonance (NMR) and X-ray crystallography (32).
In addition, a mixture of two octachlorobornanes (designated toxicant A)
•was isolated from toxaphene (13) but chromatographic attempts at separation
failed.

However, NMR studies of toxicant A indicate that the mixture

consists of the positional isomers 2,2,5-endo,6-exo,8,8,9,10-octachlorobornane
(XIl) and 2,2,5-endo,6-exo,8,9,9jl0-octachlorobornane (XIIl) which have been
many structural features in common with toxicant B (33)*

In comparison

to toxaphene itself, toxicants A and B are respectively lU-and 6-fold
as toxic to mice and ^t-and 2-fold as toxic to houseflies (13)' The two
toxicants each constitute 2 to 6 percent of Technical toxaphene which
are in relatively large amounts compared to many other components (20).
These two toxicants appear to contribute significantly to the mammalian
toxicity of commercial toxaphene and the stereo-chemical features they
have in common appear to be important in conferring high biological
activity.

Several additional components have been isolated and their

structures proposed based on NMR and MS using the bornane ring system
as a reference (31> 3^)«

One of the components was identified as

2-endo,3^3>5-exo,6-exo,8,9,10,10-nonachlorobornane (XIV) and has l;-fold
toxicity towards houseflies relative to toxaphene.

The presence of

the bornane ring system in a large proportion of toxaphene's constituents
has been supported by identification of bornane as the major bicyclic

hydrocarbon produced by reductive dechlorination of toxaphene with
triphenyltin hydride (12). The ring apparently originates through
rearrangement of camphene during the initial stages of chlorination,
since 2-exo,10-dichlorobornane was a major early chlorination product
of camphene. In fact, further chlorination of this intermediate
yields a product similar in GC profile to Technical toxaphene produced
directly from camphene (35)-

In addition, a chromatographically

homogenous fraction (designated toxic fraction A) isolated from both
Technical toxaphene (l^) and from a chlorination product of
2-exo,10-dichlorobornane (35) proved to be identical in composition

(36). Toxic fraction A was found to consist of two isomeric octachlorobornanes with proposed structures based on spectroscopic studies
(HMR and MS) very similar if not identical to the toxicant A of Casida
et al. (20).

In addition, controlled chlorination of 2-exo,10-dicbloro-

bornane (ll) provides a convenient source of heptachlorobornane (Xl) in
gram quantities (37)»

Recently, a component of Technical toxaphene has

been isolated and characterized that retains the ring structure of
camphene (38)*

This CiqHt t Cly component has the proposed structure

2,5,6-exo,8,8,9,10-heptachlorodihydrocamphene (XV) elucidated from
NMR, MS and X-ray diffraction studies and makes up 0.8 percent of
commercial toxaphene.

The derivative was found to be slightly less

toxic to houseflies than toxicant B, but much less toxic to mice than
toxicants A and B.

The data suggests that a difference in selective

toxicity to mammals and insects may exist between the polychlorobornanes and polychorocanrphenes.

Although conclusive evidence for the

presence of polychlorotricyclenes in toxaphene is not available, the

tricyclene ring structure is known to form in small quantities by
rearrangement of camphene during chlorination (29) and some tricyclene
may exist in chlorination-grade camphene (2l).

Methods of Residue Analysis
Residue analysis of toxaphene involves many different analytical
techniques and cleanup procedures depending on the nature of the sample
(21, 39, 4o).

Prior to 19&0, no analytical residue methods for pesticides

involved GC techniques (^l)j instead residue data were obtained by
conventional methods, e.g., spectrophotometry. The two methods of choice
for residue analyses of toxaphene until about 19&3 were:
determination and colorimetric spectrophotometry.

total chlorine

Both methods have

been utilized for the analyses of toxaphene residues in agricultural
crops and foods.

However, these methods suffer from non-specificity

(total chloride) and lack of sensitivity (total chloride and colorimetric).
Both methods require rigorous cleanup due to possible interferences
fjrom plant or animal extractives.

Since about 1963 toxaphene residues

in environmental and biological samples have been analyzed by GLC-ECD.
However, analysis of this complex mixture was often subject to inter
ferences from other pesticides such as DDT, DDE, Strobane, or chlordane
and from the very common polychlorinated biphenyls (PCB) which makes
extensive cleanup of the extract necessary before GC analysis.

Also,

cleanup of extracts was necessary to liberate toxaphene from fats,
oils and plant pigments which would otherwise affect the sensitivity of
the GLC-ECD analysis.

Due to extensive metabolism and degradation of

toxaphene by organisms and the environment, sample gas chromatograms
often cannot be compared to standard reference chromatograms for

quantitative and qualitative purposes.

Mammalian or human exposure

to chlorinated pesticides is often estimated by monitoring the levels
in blood.

However, specific methods for the isolation of toxaphene

from blood have not appeared in the literature.

Total Chlorine
A procedure for the determination of toxaphene residues in
animal fat and milk

fat involves combustion followed by amperometric

titration of the liberated chloride with silver nitrate (^2).

Sensitivity

was 5 micrograms of toxaphene. Another combustion procedure applicable to
toxaphene was published by Lisk (^3)«

The procedure involves combustion

of the sample in a Schoniger flask and spectrophotometric determination
of chloride by displacement of thiocyanate in the presence of ferric
ion.

Sodium reduction techniques are widely used for residue analysis

when the history of the sample is known so that any extraneous
chlorine-containing materials can be accounted for.

The sodium-liquid

ammonia technique for total chlorine described by Beckman et al. (Ml)
has been adapted for the determination of toxaphene in crop extracts and
cattle dips which involves automatic amperometric titration of chloride
with coulometrically generated silver ion.

Spectrophotometric
A method that develops a greenish-blue color by fusion of
toxaphene with dipbenylamine in the presence of zinc chloride and heat
(^5) has been applied in the determination of toxaphene residues on
kale (23} ^6) in a comparison study with GLC.
residue levels above 10 ppm.

Agreement was good at

Cyclodiene compounds such as chlordane

can interfere but this possibility does not normally raise serious
problems,

small quantities of plant waxes and pigments interfere

severely but can be eliminated by treatment of the plant extract with
cold concentrated sulfuric acid-fuming nitric acid mixture (46).

Cleanup Procedures
Two techniques recommended by the Food and Drug Administration
widely used to cleanup extracts for toxaphene residue analysis.
Adsorption chromatography on Florisil permits removal of plant pigments,
fats and some waxes.

The separation of toxaphene from a few chlorinated

hydrocarbon insecticides and most thiophosphate materials is accomplished
by elution with 6$ (v/v) diethyl ether in petroleum ether.

Extracts

containing fats and oils can also be separated from toxaphene by
chromatography on Celite 5^5 slurried with a 1:1 mixture of concentrated
sulfuric acid-faming sulfuric acid.

Elution with hexane recovers

toxaphene while the sulfonated fats and oils are retained on the column.
Bevenue, Erro, and Beckman (48) showed that after nitration of extracts,
DDT was removed as an interference in toxaphene residue analysis.
Kawano et al. (4-9) showed that treatment with the concentrated
sulfuric-fuming nitric acid mixture did not alter the analytical
characteristics of toxaphene.

Procedures for eliminating PCB inter

ference from chlorinated insecticide residues are available.

In a

procedure by Reynolds (50) PCB's along with DDE are eluted from
Florisil with 200 ml of hexane but DDD and p-p'-DDT required 250 ml of
20$ ethyl ether in hexane for complete elution.

Armour and Burke

(51) described a procedure that involved elution of PCB's from a
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silicic acid/Celite 5^5 column with 250 ml of hexane, "while DDT and its
analogs vere eluted with 200 ml of a mixture of 1$ acetonitrile plus
19$ hexane and 80$ methylene chloride.
to toxaphene (39)«

Both procedures were applicable

However, Bevenue and Ogata (52) were unable to

repeat the work of Reynolds which indicates that the activity of Florisil
must be monitored before use.

Also, Huckins, Stalling, and Johnson (53)

found that silicic acid contains PCB1s, di-2-ethyl-hexyl phthalate and
other contaminants which interfered with the Armour and Burke method.
Gel permeation chromatography (GPC) has recently been used as a
cleanup step in pesticide residue analysis and may be applicable to
toxaphene.

Stalling (5*0 described a GPC system that used Bio Beads

SX-3 and a toluene: ethyl acetate (1:3 v/v) solvent system to isolate
chlorinated pesticides and PCB's from plant lipid, animal feed, and
adipose tissue samples.

Johnson and coworkers (55) used chicken fat

spiked with several chlorinated insecticides to compare recoveries from
the above GPC system with the FDA system.

On the average, higher

recoveries were obtained via the GPC system.

Gas Chromatrography
GLC coupled with electron capture detection has been used
extensively for chlorinated pesticide residue analysis for many years.
Bevenue and Beckman (56) improved the identification of toxaphene by
eluting 3 major characteristic peaks after DDT on a 5$ QF-l/Chromosorb-W
column.

The detectability of toxaphene with an ECD is claimed to be

2 ng under ideal conditions, but 5-7 ng is more typical.

Gaul (57)

has recommended the triangulation of the last four peaks as a quantitative
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measurement of toxaphene in the presence of DDT.

Klein and Link (23, ^6),

Parr and Smith (17) and many others have used these methods to calculate
toxaphene residues on various crops and soil.

However, the last four

peaks of a toxaphene chromatogram are not always observed, especially
when toxaphene has been altered by metabolism and accurate measurement
of toxaphene residues is impossible when other insecticides are present
in the sample extracts.

In attempts to analyze complex mixtures of

pesticides, many authors have tried to modify the pesticide prior to GC
analysis in an effort to improve their resolution.

Archer and Crosby

(58) developed a method for the GLC-ECD determination of toxaphene in

milk, fat, blood and alfalfa hay.

The technique was based on the

partial dehydrohalogenation of toxaphene by treatment with hot
potassium hydroxide (KOH) in ethanol.

A single modified toxaphene

peak eluting at 3»50 ®in *<ras used for quantitative analysis and
qualitative identification.

This peak has a shorter retention time than

the modified peaks of DDT and its analogs commonly present in samples.
Recently, Thruston (59) described a GC-CI-MS (Cl-chemical ionization)
method using a specific ion monitoring (SIM) program for the identifi
cation and quantitation of toxaphene in synthetic mixtures.

Interferences

from DDT and its analogs and Arochlor 1260 were eliminated or minimized
and toxaphene could be easily distinguished from Strobane, a closely
related mixture of polychlorinated terpenes.

Environment, Toxicology and Metabolism
Several publications discuss the environmental effect and
toxicology of toxaphene (21, 60, 6l).

Toxaphene has been used in fish

eradication programs in various streams and lakes both in the United
States and Canada.

Upon restocking vith trout, salmon and catfish,

it was found that the fish accumulated several ppm of toxaphene in
their tissues as long as a year after the treated waters were considered
to be no longer toxic.

In two lakes, residues in aquatic plants reached

levels as high as 17 ppm and trout accumulated whole body concentrations
of up to l4 ppm several years after initial toxaphene treatment, and
some evidence of metabolism by plant and animal organisms was seen
(62).

Birds on refuges and lakes have died after toxaphene use and

monitoring studies indicate that toxaphene may be adsorbed to soil
particles and carried into rivers.
Research indicates that toxaphene "half-life" in soil may vary
from 3 to 10 years and, in water, up to 6 years (21).

Microbial

decomposition, photodecomposition and volatilization may account for
major losses from soil surface but this is not well documented.

Micro

organisms are probably responsible for decreasing the toxicity of
toxaphene to fish in systems containing gravel, sand and mud (63).
However, the extent to which toxaphene is degraded by soil microflora
is virtually unknown.

DDT is known to degrade readily to DDD via

reductive dechlorination in soils amended with a carbon or energy
source and incubated anaerobically (6U) and in studies with Aerobacter
aerogenes (65).

Extensive degradation of toxaphene takes place in soil

amended with alfalfa meal as an energy source under anaerobic conditions
(17).

Apparently, a rather large group of facultative and obligate

bacteria can cause this conversion under anaerobic but not aerobic
conditions.

There is some indication that toxaphene, like DDT,
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because of its slow rate of degradation, may persist and accumulate in
soils to undesirably high levels (66). Toxaphene can be transported
from soil surface to water-courses, dissolved in runoff water and
adsorbed on mineral and organic sediment.

Concentrations reported

from stream and lake water are usually less than 1/Ug/L; values for
bottom sediments may be several thousand times greater.
There is no evidence at this time of wide-spread occurrence of
toxaphene in the nation's waters comparable to the distribution of DDT
and dieldxin.

Little information is available about bioaccumulation of

toxaphene in aquatic life and of food chain involvement.

Toxaphene is

sufficiently persistent in the physical environment to be available, in
areas of regular usage, for biological accumulation if other critical
requirements are satisfied; namely, rates of uptake, metabolism and
excretion are favorable for accumulation.

A study in a lake where

toxaphene was applied for fisheries management suggests that biological
accumulation and transfer through the food chain to higher trophic
levels can occur under such conditions (67).
Acutely toxic doses of toxaphene produce effects that are typical
of the chlorinated hydrocarbon insecticides (15, 6l).

Toxaphene acts

on the central nervous system (CNS) to cause diffuse stimulation result
ing in hyperexcitability, salivation, vomiting, tremors, clonic convulsions
and then tetanic contractions of the skeletal muscles culminating in
death by respiratory failure if the dose is lethal.

Pentobarbital

and phenobarbital are used to alleviate convulsions and there is
complete recovery from nonlethal doses.

The basic mechanism responsible

for the toxicity cf toxaphene is unknown since no studies on this aspect
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of the toxicology of toxaphene have been reported.
The pharmacological actions of toxaphene and its mammalian
toxicity have been known for almost 20 years and its acute toxicity
has been measured in a number of species.

A comparison of the oral

and dermal-toxicity of several chlorinated hylrocarbon insecticides
in rats under standardized conditions (68) showed that toxaphene
resembles DDT in acute oral toxicity but it is more toxic by single
dermal dose application then DDT.
toxicity 0f toxaphene.

A number of factors influence the

The route of administration (oral or dermal),

the vehicle or solvent used for the tests (peanut oil, kerosene, dust,
xylene) and the species must be considered in evaluating the potential
hazard.

Information on the influence of these factors on the toxicity

of toxaphene has been obtained by compiling the acute toxicity data in
the literature (6l).
Assuming that man resembles the most sensitive experimental
species, the lethal dose for a 70 kg adult would be about 2 to 3*5 gThe fatal dose for a TO kg man was estimated to be from 2 to 7 g (15> 69)•
A few cases of accidental poisoning from ingestion of toxaphene occurred
during the early period of the practical use of toxaphene (70).

The

sensory threshold limit value for atmospheric levels of toxaphene has
been established at 0.5 mg per cubic meter of air (7l)«
The subacute toxicity of toxaphene was studied in small groups
of rats fed 50 and 200 ppm in the diet (72) for 6 to 9 months.

No

clinical signs of toxicity or inhibition of food consumption or growth
rate were produced.

There was no damage to the kidney or spleen but

livers of 3 of 12 rats that received 50 ppm level showed slight liver

changes.

Six of 12 rats feed 200 ppm shoved distinct liver changes.

A subacute toxicity study of dogs vas done in -which 2 dogs received
about 160 ppm for M+- days and 2 other dogs received the same dose for
106 days (73)*

There was occasional C1JS stimulation for a short time

after administration.

Degenerative changes in the kidney tubules and

liver parenchyma were seen.

Cattle and sheep were fed toxaphene at

concentrations as high as 320 ppm in the diet for 13^ and 151 days

(7U).

At the highest level (320 ppm), 2 steers showed CNS stimulation

with tremors.

There was no hematological or pathological changes in

the tissues.
In chronic feeding tests with rats, the dietary no effect level
for liver changes was 25 ppm; increasing levels above 50 PPm produced
effects ranging from increases in the smooth endoplasmic reticulum
(SER) to typical chlorinated hydrocarbon liver pathology (6l).

The

chronic toxicity of toxaphene has been studied in rats using the
conventional 2 year feeding period at levels of 25, 100 and U00 ppm
in the diet (75).

Only the liver showed significant changes at the 100

and ^00 ppm levels.

Dog livers are said to show evidence of "slight

degeneration" after 2 years on a dietary level of U0 ppm, while
monkeys suffered no signs of intoxication or tissue damage on 10 ppm
for 2 years (76).
A 3-generation reproduction study in rats indicated that dietary
levels of 25 and 100 ppm did not result in any differences between
control-and toxaphene-treated rats in reproductive performance, fertility,
lactation, litter size, viability or weanling body weights (77).
Administration of 25 ppm dietary toxaphene to mice did not result in

any observed effects on fertility or neonatal viability through 2
generations (78)*

Administration to rats and mice during gestation

at levels which cause maternal toxicity (13-15 mg/kg/day)(increased
maternal death and reduction in weight gain) caused some fetotoxic
effects in rats such as reduction in fetal veight and decreased skeletal
ossification.

In mice, the

rily significant fetal effect noted vas

incidence of encephaloceles at the highest dosage level (79)•
There is little information available on the mode of action of
toxaphene and its components.

Toxaphene can alter the toxicity of

drugs and other chemicals detoxified by hepatic microsomal enzymes
and can change steroid metabolism by inducing synthesis of hepatic
microsomal enzymes.

Dose response relationships for enzyme induction

by toxaphene were measured by feeding
for 13 weeks (80).

various dietary levels to rats

Marked induction of N-demethylase, O-demethylase and

EPN-detoxification enzymes occurred at 25 and 50 ppm toxaphene levels in
the diet.

Maximum induction occurred within the first 3 "weeks of the

feeding period at all levels that caused enzyme induction. At the end
of this time, activity was maintained at a constant elevated level until
feeding of-the pesticide was discontinued.

Four weeks after termination

of toxaphene feeding enzyme activity had returned almost to control
values.

The lowest dietary level of toxaphene that caused induction of

one or more of the 3 microsomal enzyme systems studied was 5 ppm.
In another study, a single oral dose of toxaphene (120 mg/kg) in rats
caused increased liver weight and hepatic microsomal enzyme activity
at from 5 to 15 days and a decreased plasma testosterone level at the
end of 15 days (8l).

Chronic toxaphene (2.U mg/kg/day for 1 to 6 months)

caused increased liver weight and microsomal enzyme activity but plasma
testosterone levels vere not affected. Thus, enhanced hepatic enzyme
induction apparently causes only a transient drop in circulating
testosterone followed by a return to normal levels.

It follows that

any effect of toxaphene on drug therapy in humans is most likely to be
seen in occupationally exposed people and it will appear mainly in
the form of reduced half-lives of biological activity unless the
biotransformation of the drug produces a metabolite of equal or greater
activity.
An investigation of the effect of toxaphene on beef heart
mitochondrial electron transport in vitro showed that both NADH-oxidase
and succinoxidase activities were inhibited at the 1.7>u.m/mg protein
level (82).

This demonstrated enzyme inhibition may have relevance

to the toxicology of toxaphene in the intact organism.

A single, acute

oral dose of 120 mg toxaphene/kg to rats caused a decrease in total
liver lactate dehydrogenase (LDH) and a shift in the liver LDH isoenzyme
spectrum (83).

However, the total serum LDH level did not change and

the isoform ratio changed insignificantly.

The oral administration of

2.k mg/kg/day for 1, 3> and 6 months caused a reduction in liver and

serum LDH activity and shifts in the isozyme spectrum occurred in both
liver and serum.

The authors concluded that toxaphene apparently does

not cause an increase in liver cell membrane permeability for LDH
isoenzymes.

The observed isoenzyme spectrum shifts in the blood serum

are either the result of changes in the biosynthesis of enzyme isoforms
by toxaphene or in the permeability for the isozymes of cells of
other tissues.

In addition, an oral dose of toxaphene (0.1 LD50) "to

rats decreased acid phosphatase and increased transaminases activities
in the liver (8U )„

+

+

Toxaphene was found to inhibit Na -K

2+

and Mg

(both oligomycin-sensitive and -insensitive) ATPases activity in
in vitro experiment in brain, kidney and gill tissues of the catfish,
Ictalurus punctatus (85).

Responses of the ATPases to toxaphene varied

from tissue to tissue and within the same tissue, the greatest inhibition
2+
occurring for oligomycin-insensitive Mg
ATPase in brain and gill tissues.

The authors concluded that this differential, sensitivity of ATPases
may be due to the different effects of the various components in
toxaphene on the various ATPase activities.
Information concerning the fate of toxaphene in mammalian
systems is scarce.

Recent metabolic studies in the rat and in model

systems indicate that toxaphene undergoes extensive dechlorination.

A

study involving ^ Cl-toxaphene in rats showed a considerable degree of
metabolism following an oral dose (9).

At the end of 9 days, 52.6$ of

the oral dose was excreted; approximately 37$ in the feces and 15$ in
the urine.

Upon extraction most of the radioactivity occurred in the

aqueous fractions of urine and feces as ionic chloride.

Less than

10$ of the dose was found in selected tissues and organs 1 day follow
ing the treatment.

Rats treated orally with ^Cl-toxaphene and each

of 7 SCC fractions of ^Cl-toxaphene of equal total chlorine content
excreted about 50-60$ of the
14 days (10, 20).

CI in urine and 30-^-0$ in feces within

Most of the

excretion, less than 0.7$ of the

Cl-toxaphene is metabolized before
CI appearing in urine and less

than 3$ in feces as unmetabolized toxaphene.

About 5$ of the administered

CI appeared in urine and 21$ to 2^$ in feces as partially dechlorinated

metabolites of toxaphene.

In each case, about half of the dose was

excreted as chloride ion determined as phenylmercuric

Cl-chloride.

Similar studies with "^C-labeled preparations of toxaphene and one
or both of two components of high mammalian toxicity, toxicants A and
B, established that the feces contained unmetabolized compound and
that the metabolites probably included acidic materials, products
111
derived by partial or complete dechlorination and
C-carbon dioxide.
The acidic metabolites could be mercapturic acids, terpene carboxylic
acids and their glucuronides and terpene alcohols as their glucuronides
or sulfates.

The tissues retained relatively low levels of

days after administration of

14

C-toxaphene or
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C several

lb

C-labeled toxicant B.

The structural features important for high toxicity to houseflies
and mice are present in only a few toxaphene components while those
conferring biodegradability appear to be shared by most if not all the
components.

Toxaphene was shown to react with bovine reduced hematin

in neutral aqueous medium to cleave about half of the C-Cl bonds,
yielding derivatives of shorter GLC retention times and of reduced
EC sensitivity (ll). This system converted toxicants A and B to
products formed by reductive dechlorination, dehydrochlorination and
a combination of these reactions.

Extensive metabolism of toxaphene

and toxicants A and B by rat liver microsomes required both NADPH and
anaerobic conditions, thereby suggesting that reduced cytochrome P-U50
acts as the reducing agent. These iron (ll) protoporphyrin systems
may serve as models for understanding how toxaphene degradation
proceeds under certain metabolic and environmental conditions.

Toxaphene residues can accumulate in the fat of man and

animals from ingestion and dermal absorption.
subacute intake, an

With any given rate of

equilibrium vith the exposure level is quickly-

achieved with no build up above this level and when the intake of
toxaphene is reduced or stopped elimination from the fat is quite
rapid (86).

Storage level of toxaphene is much lower and rate of

elimination is more rapid than with most other chlorinated hydrocarbon
pesticides.

In cattle and sheep the storage level in fat is l/h to 1/2

of the level in the feed.

Feeding toxaphene at 10 ppm in the diet of

sheep and calves for 28 days revealed no detectable storage in the fat
(87)-

Feeding at 25 and 100 ppm in the diet of cattle for 16 weeks

resulted in storage of 12 and 38 ppm in the fat, respectively.

Eight

weeks after feeding stopped, storage in the 100 ppm group diminished to
0.5 ppm (87).

Feeding of 5 calves and 6 sheep at a level of 100 ppm in

the diet for 16 weeks showed a storage level in the fat of 33 and- 22 ppm,
respectively" (88).

Feeding steers and sheep for ^ months at 25, 80

and 300 ppm in the test diet resulted in toxaphene levels in the fat of
25, 300 and 700 ppm, respectively.

Eleven weeks after termination of

feeding, the levels returned to preexposure values (7*0*
Consistent with the fat/storage properties of toxaphene in
livestock, transfer of toxaphene residues to milk follows the same
pattern (89).

Equilibrium with input is reached within about 1 week

and the ratio of toxaphene concentration in the feed to that in the
milk is about 100:1.
when exposure ceases.

Excretion of toxaphene in milk declines rapidly
Lactating dairy cows were fed 0 to 20 ppm toxaphene

in their daily rations for 77 days and milk samples were analyzed twice
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veekly (89).

After approximately the 28th day toxaphene residues

reached plateau levels, except at the 2.5 PPm feeding level which
plateaued after the 9th day and these tests confirmed previous findings
at higher feeding levels that toxaphene residues decline rapidly after
toxaphene feeding is terminated.

Uncontaminated milk was produced by

all but 1 animal within lU days after the animals were taken off
their respective toxaphene diets (less than 0.02 ppm based on kfti butterfat content).

In the feeding study involving higher levels, U groups

of 3 cows each were fed 20, 60, 100 and 1^0 ppm, respectively, in the
diet (90).

A rapid decrease in milk residue occurred 1 week after

feeding ceased to a level of 0.1 to 0.3 ppmj further decreases occurred,
but at a slower rate for animals fed more than 20 ppm.

In cows fed

hay for 16 "weeks vith toxaphene ranging from approximately 50 to ^10 ppm,
residues in the milk were found to be proportional to the amount in the
diet, with the average excretion ranging from 2.3 to 18.2 ppm (9l)«
When toxaphene was administered to cows continuously at increasing
daily doses ranging from 1.7 to 12 mg/kg/day, excretion was first
detected in milk at a daily dose of ^ mg/kg administered for 3 weeks
(88).

Excretion in milk increased to 7 to 8 ppm at a dose of 12 mg/kg/day.

When dosage was discontinued, the concentration in milk diminished
promptly.

CHAPTER 3

EXPERIMENTAL

Reagents

Adsorbents
Florisil. 60/100 mesh (Floridin Co.)
Celite 5^5. (Johns Mansville)
Sodium Sulfate. Anhydrous, granular AR grade (j. T. Baker
Chemical Co.)
Celite 5^5-sodium sulfate mixture. 1+1 by veight

Solutions
Formic acid. AR grade 88$ (J. T. Baker Co.).

Shake twice with

equal volumes of redistilled n-hexane shortly before use.
Potassium carbonate. Anhydrous, AR grade (j. T. Baker Chemical
Co.).

Shake 5$ (w/v) aqueous solution twice with equal volumes of

redistilled n-hexane before use.
Potassium oxalate. AR grade (Mallinckrodt Chemical Works)
5$ (w/v) aqueous solution.
Potassium dihydrogen phosphate. AR grade (j. T. Baker Chemical
Co.).
Potassium monohydrogen phosphate. AR grade (Mallinckrodt
Chemical Works).
Potassium hydroxide. Pellets, AR grade (Matheson Coleman and Bell).
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Phosphate buffer, pH 7.1. The aqueous buffer was prepared byadding O.O67 M potassium monohydrogen phosphate solution to U00 ml of
O.O67 M potassium dihydrogen phosphate solution until pH 7*1 "was
reached.

The yield was about one liter of solution.

Physiological saline. Prepared by dissolving 153 g sodium
chloride (AR grade, J. T. Baker Chemical Co.) in 8-10 L tap water at
37C-C shortly before use.
20# Potassium hydroxide (KOH)- Prepared by dissolving U.O g
KOH in 3.0 ml distilled water followed by addition of 17.0 ml absolute
ethanol.
Solvents n-hexane. Ethyl ether, petroleum ether, methanol, and
chloroform all redistilled in glass, suitable for pesticide analysis,
ethanol (Absolute U.S.P., U.S. Industrial Chemicals Co.).
Florisil Chromatographic Solvent System. 6# ethyl ether in
petroleum ether (6 + 9^+ hy volume).

Standards and Dosing Solutions
Standards of known purity were obtained as Technical toxaphene
(Hercules, Inc.); polychlorinated biphenyls (PCB's) (Aroclors 125^ and
12b2, Analabs Inc.); p,p'-DDT, p,p'-DDE, p,p'-DDD, and o,p'-DDT(D's)

(Geigy Chemical Corp.)
GLC analysis. Separate stock solutions of toxaphene, Aroclor
125^, and Aroclor 12^2 were prepared by dissolving 80.0 mg of toxaphene
and 10.0 mg PCB's in 100.0 ml (100 ml class A volumetric flasks)
redistilled n-hexane.

Aliquots were then diluted with redistilled

n-hexane to prepare working standards with concentrations of O.U, 0.8,
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and 1.6 ng/ul toxaphene and 0.1, 0.2, and 0.4 ng/ul PCB's. Stock solutions of the D's were prepared and diluted in a similar manner,
to yield mixed working standards vith concentrations ranging from 0.02
to 0.25 ng/ul.
Liver perfusion. The dosing solution vas prepared by dissolving
2.0 g Technical toxaphene in 100.0 ml absolute ethanol.

Toxaphene

2
was weighed onto a 30 mm aluminum foil, placed with forceps into a
ground glass bottle, and ethanol was added by pipet.

Dissolution was

accomplished by mixing for 20 min on an Eberbach shaker.

A 10.0 ml

glass hypodermic syringe was used to dose bovine DWB at 20 ppm toxaphene.
Fortified blood . Aliquots (0.5 ml) of toxaphene standards prepared
in absolute ethanol were pipetted into 40 ml glass tubes. Ethanol was
evaporated almost to dryness by applying a gentle stream of nitrogen.
Aliquots (10.0 ml) of bovine defibrinated whole blood (DWB) were added
to each tube and mixed thoroughly on a vortex mixer for 3 min.

Six

fortified blood samples ranging from 0.3 to 15 ug/ml of toxaphene were
prepared.

Prior to preparation of the fortified samples, the bovine

DWB was found to be free of toxaphene at the instrumental sensitivity
normally used for "the pesticide residue analysis.
Lactating dairy cow exposure. Dosing solution (10 and 100 mg/ml)
were prepared in 100$ peanut oil (Planters, containing no additives).

2
Technical toxaphene was weighed onto a 30 mm aluminum foil, placed
with forceps into a ^-00 ml beaker and 200 ml of peanut oil was added.
Dissolution was accomplished by mixing for 1 hr with a magnetic stir
bar. Aliquots (10.0 ml) were added to 1.5 ounce gelatin capsules
(Arizona Veterinary Supply, 1130 West Birchwood, Mesa, Az. 85202) and

sealed with Scotch tape.
lactating dairy cow

Daily administration of the bolus to the

was equivalent to 5 or 50 PPm in the ration at

a 20 Kg daily feed intake level.
Rumen fluid- Ethanolic dosing solutions were prepared from a
stock toxaphene solution (60 mg/lOO ml) to contain 60, 150, 300, and
600 ug/ml in Class A volumetric flasks.

The solutions were used to dose

rumen fluid at 2, 5, 10, and 20 ppm concentration levels.
Depot fat. Dosing solutions in peanut oil were prepared ftrom a
toxaphene stock solution (20 mg/lOO ml) to contain 50 and 200 ug/ml in
Class A volumetric flasks.

Dissolution of toxaphene was accomplished

with an ultrasonic vibrator (Cole-Parmer Instrument Co.).

The solutions

were used to dose depot fat samples at 5 and 20 ppm concentration levels.
Storage. Standards and dosing solutions were stored at

"to

insure that degradation of pesticides would not be caused by continuous
exposure to light and to avoid concentration of pesticides by solvent
evaporation.

Dosing solutions in peanut oil were first purged with

nitrogen to avoid oxidation of oil and then stored in a dark cabinet
at room temperature.

Miscellaneous
Antibiotic . Oxytetracycline, 98*2$ purity (Terramycin HCL,
Pfizer Parmaceutical Co.).
Gases . Carbon dioxide and nitrogen, 99+$ purity (Liquid Air
Inc.); Carbogen, U.S.P. (95$ 0^ + 5$ C0g, Liquid Air Inc.).

Apparatus

Perfusion Equipment
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A detailed description of the apparatus is given by Whiting (92)
and Whiting et al. (93).

Glassware
Chromatographic columns. Standard 350 X 22 mm id glass column
(Lab Glass Inc.) vith removable Teflon stopcock.
Separatory funnels. 60, 125} 250, and 2000 ml (RLmax)
Centrifuge tubes. Conical, graduated, ground glass stoppered,
12 and 50 ml (Pyrex).
Culture tubes. Plain, screw-capped with Teflon liners, 2b and
50 ml (Pyrex No. 9826).
Tissue grinders- Ground glasswith pestle, 30 ®1 (Kimax).

Gas Chromatograph and Accessories
Micro-Tek MT-220 equipped with a 10 mCi nickel-63 electron
capture detector operated in the DC voltage mode at 1T«5 V.

Column

packing was 1.5$ 0V-17/2.0$ 0V-210 on 100-120 mesh Chromosorb W(HP)
(Applied Science Laboratories, Inc.) contained in a glass U-tube
2m X 3mm id modified for on-column injection. Operating conditions were:
nitrogen carrier gas 50 ml/min at ^0 psi, detector 310°C, injection
port 230°C, column oven 21CPC.

The chart recorder (Westronics MT 2l)

was operated at 6.35 mm/min with a 1 nrv/25^ mm span.

Miscellaneous
Mixers. Delux

mixer (Scientific Products), Omnimixer (Sorvall

Inc.), Stir-plate (Thermo Electric Mfg. Co.).
Glass Wool . Prewahed with methanol, ethyl ether and n-hexane.

3^
Florisil Purification and Activation
Samples chromatographed on Florisil (60/100 mesh, Floridin Co.)
were found to contain impurities which seriously interfered with GLC-ECD
analyses of toxaphene.

These Florisil contaminants were tentatively

identified as polychlorinated biphenyls (PCBs).

Dale et al (3)

reported that Florisil contained interfering materials that became
apparent at the sensitivity required for their procedure and thus
abandoned its use.

PCBs as well as di-2-ethylhexyl phthalate have

been reported as interfering contaminants in silicic acid chromatography
of pesticides and PCBs (53)-

Therefore, the interfering materials in

Florisil were removed by extracting the adsorbent with solvents prior
to chromatographing blood samples.

This purification procedure

eliminated most contaminants from Florisil and resulted in unchanged
adsorbent activity.
Immediately upon receipt from the inanufacturer, the adsorbent
was transferred to 22 L glass bottles for long term storage.

A solvent-

washed glass wool plug was placed into a 2 L separatory funnel fitted
with a Teflon stopcock.

Florisil (500 g) was then slurried with 2 L

of methanol in the separatory funnel, the stopcock opened and the
methanol allowed to drain.

An additional 1 L of methanol was added

when the solvent level reached the Florisil surface. When methanol no
longer drained from the separatory funnel, 2 L n-hexane was added. Upon
completion of solvent percolation a mild vacuum was applied to remove
excess solvent.
The adsorbent was then transferred to a stainless steel pan
lined with clean aluminum foil, covered with a porous paper and placed
in a fume hood overnight for further solvent removal. After drying, the
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"crust" was broken with a glass rod and the Florisil was spread
uniformly to a depth of 2.5 cm for activation.

When completely free

of solvents the pan was heated in an air oven at l60°C for at least 2b hrs.
The adsorbent was then transferred to ground glass stoppered bottles
and stored indefinitely in the oven at lSO^C.
The solvent volumes in the Florisil purification procedure were
reduced by one-half if the prehistory of samples to be chromatographed
indicated toxaphene to be present in relatively high concentrations
(?5ppm).

However, in monitoring the presence of toxaphene metabolites

in blood samples, the unabbreviated purification procedure was used.
Florisil contaminants were found to especially interfere with early
GLC eluting dechlorinated toxaphene components.

Procedures

Liver Perfusion
Perfusion experiments were conducted with apparatus designed
and built for maintaining an isolated liver under controlled conditions
simulating the in vivo state (92, 93)•

All parts in contact with the

perfused organ and blood were constructed of glass to minimize pesticide
adsorption and catalytic degradation.

Adsorption by the small portion

of polyvinyl tubing in the peristaltic "heart" pump was considered
negligible.

The circulating perfusate temperature was maintained

at 37*0 ;+ 0.5"C with a large capacity water bath.

Carbogen was used to

oxygenate the venous blood which entered a glass column filled with marbles
to increase surface area.
kOO ml/minute.

Gas flow was regulated at approximately

Arterial blood was drawn from the glass "lung" by means
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of the peristaltic punrp.

A slight vacuum applied to the top of the

lung aided in "foam" removal. Periodically the blood from the foam trap
was reintroduced to the perfusate tank via a glass valve system.

Blood

flow was maintained at about 8 ml/sec.
Livers and blood were procured from bovine animals in the
University of Arizona experimental Beef and Dairy herds.

The number of

types of animals used and other pertinent data are presented in Table I.
Upon stunning the donor animal, blood from the jugular vein was collected
in plastic buckets and defibrinated by stirring with wooden paddles.
Bovine DWB was then passed through three cheesecloth filters (third filter
was surgical cotton over cheesecloth) to remove any remaining clots.
Prior to adding the perfusate to the tank, the volume of filtered blood
collected was recorded.

Bacterial action was retarded by adding 100 mg

oxytetracycline to the blood.
While the blood was being prepared, the liver was removed from
the animal, externally washed with 37° C saline, cannulated via the portal
vein and the hepatic vein clamped off.

Residual blood was removed by

internally rinsing the liver with 8-12 liters of physiological saline
solution at 37ttC, while gently massaging in the direction of blood flow.
During this operation as much extraneous fat, diaphragm and connective
tissue as possible was removed.

After allowing the liver to drain

briefly, the organ was attached to the- arterial side of the perfusion
chamber via the portal vein cannula.
A baseline blood sample was drawn from the venous side of the
liver after a stable blood flow vas achieved. The bload was then dosed
via the venous drain with a hypodermic syringe to give a toxaphene

Table I.

Animal No.

Experimental animals

Type

Experiment

Liver Wt. (Kg)

Length of Perfusion (min)

1

Beef Cow

Liver Perfusion

7-9

120

2

Beef Cow

Liver Perfusion

8.6

150

3

Dairy Calf

Liver Perfusion

l.k

120

k

Dairy Cow

Cow Exposure

—

5

Dairy Cow

Rumen Fluid

—

6

Dairy Cow

Rumen Fluid

...

U)

concentration of 20 ppm. Samples of bovine DWB were taken at 15 minute
intervals following the initial dosing until the end of the experiment.
Upon completion of the experiment the liver was immediately disconnected
from the perfusion apparatus, drained of blood, weighed and a sample of
the tissue was taken for future analysis.

Recovery of toxaphene and

effect of blood on toxaphene were determined by circulating dosed
blood only through the perfusion apparatus.

Dairy Cow Exposure
A lactating Holstein dairy cow from the University of Arizona
experimental Dairy herd (Table i) was dosed once daily for three weeks
by oral bolus containing Technical toxaphene in peanut oil.

Toxaphene

was administered at the 100 mg/day (equivalent to 5 ppm in daily ration)
level for the first ten days and at the 1 g/day (equivalent to 50 ppm
in daily ration) level for the remaining 11 days.

Milk samples for

pesticide and fat determinations were taken once daily at the afternoon
milking two days prior to dosing and 21 consecutive days during dosing.
Milk production was determined from both the morning and afternoon
milkings.

Rumen fluid samples were collected 2 hrs prior to the after

noon milking using a stomach tube, once prior to dosing and once again
seven days after the initial low level dosage and again five days after
the initial high level dosage.

At the end of the three week period,

muscle, milk, body fat and vital organ tissue samples were collected
from the slaughtered animal for analysis of toxaphene.

Rumen Fluid
Rumen fluid samples were collected by stomach tube 2 hours
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after morning feeding.

Samples were filtered through four layers of

cheesecloth into 500 ml glass jars, then transported to the laboratory
in styrofoam containers to prevent chilling.
At the laboratory the rumen filtrate was purged with COg to
maintain anaerobic conditions and then allowed to settle for a few
min.

Aliquots (12.0 ml) of the supernatant were added to 50 ml screw-capped

glass tubes containing 2.5 nil phosphate buffer (pH 7»l) and 0.5 ml
toxaphene dosing solution.

Tubes were then shaken for 1 min, degassed

vith (X>2 and immediately incubated at 38

0.5"C for 0 to 16 hours.

The toxaphene dosage level varied from 0 (control) to 20 ppm.

As a

control, boiled samples of filtered rumen fluid dosed with 5 PP®
toxaphene were also incubated for 20 hours.

Depot Fat
Perirenal fat from a freshly slaughtered steer was obtained
£rom a local slaughter house.

The fat was wrapped in alumimnn foil and

transported to the laboratory over ice.
Approximately 10 g portions of thinly sliced fat were accurately
weighed after the connective tissue was removed.

Tissue samples were

next transferred to omnimixer cups, immersed into a h2?C water bath,
blended for 15 min and then dosed with 1.0 ml aliquots of toxaphene
in peanut oil at 0 (control), 5 and 20 ppm levels.

The samples were

purged with N2 "to retard oxidation and mixed on the omnimixer for about
10 min at medium speed at U2^ C.

After mixing, 3A of the contents of

the cups were transferred to 50 ml glass tubes, purged with

securely

stoppered with screw-caps and incubated at 38 + 0.5°C for 2 to 18 hrs.

The remaining contents were frozen in aluminum foil for later analysis.
Approximately l/4 of the contents of each tube were taken at the end of
each incubation period, frozen in aluminum foil and the tubes were
repurged with

before returning to the incubator.

Storage
All milk, rumen fluid and tissue samples were frozen at -20" C
until they were later extracted by the appropriate method.

Extraction and Cleanup Methods

Sample Preparation
Blood, milk and rumen fluid samples were thawed by immersing
in a 38°C water bath.

Frozen tissue samples were finely minced with

a scalpel prior to weighing.

As much connective tissue as possible

was removed before maceration in a Dounce homogenizer.

Blood
Method 1 (Modification of the method of Dale et al. (3))«
Two ml of bovine DVJB plus 2 ml distilled water were pipetted into a
12 ml centrifuge tube and agitated on a Vortex mixer for 1 min.

Six ml

of n-hexane was added and the tube mixed for ^ min. The resulting gel-like
emulsion was centrifuged at 1800 rpm for 15 min.

An aliquot of the

solvent phase was transferred by Pasteur pipet into a second tube and
the volume was recorded.

When necessary, this fraction was concentrated

or diluted with n-hexane for subsequent GLC analysis.
Method 2 (Modification of the method of Dale et al. (b)). Two ml
bovine DWB plus 2 ml 88$ formic acid were pipetted into a 12 ml centrifuge

tube and agitated 1 min on Vortex mixer#

Six ml n-hexane was then added

and mixed vigorously for k min. Phase separation was achieved by
centrifugation for 3 min at 1800 rpm.

An aliquot of the solvent phase

was transferred into a second tube and the volume recorded.

This

fraction was then shaken with 1.0 ml 5$ potassium carbonate for 1 min,
an aliquot of the upper layer transferred into a third tube and volume
recorded (potassium carbonate treatment optional).

When necessary,

the extract was concentrated or diluted with n-hexane for subsequent
GLC analysis.
Method 3 (Column extraction method).

A 22 mm id chromatrographic

column fitted with a Teflon stopcock was prepared by inserting a washed
glass wool plug, pouring in 50 n® of prewashed activated Florisil and
then adding 13 mm dry 1:1 Celite 5^5-SO(iium sulfate mixture.
column was packed by gently tapping under mild vacuum.

The

The column

was rinsed with 80 ml 6$ diethyl ether in petroleum ether (eluant)
with the stopcock open until solvent level was even with top of packing.
Two ml of bovine DWB plus 2 ml 88$ formic acid were pipetted into a
beaker and swirled 1 min.

Dry Celite 5^5 (^-5 g) was added and slurried

thoroughly until the mixture appeared homogenous.

The slurry was then

transferred in small portions to the column using a beveled stainless
steel spatula.

The spatula and remaining slurry were then rinsed onto

the column with 2 X 5 ml portions of eluant.

After washing the column

walls with eluant, a 250 ml beaker was placed in the receiving position
and the stopcock was opened.

The column was tapped gently to release air

bubbles until eluant level was even with the slurry, then eluted with 100 ml
of the eluant at a flow rate of 2 or 3 drops per sec.

The eluate was

concentrated to a small volume on a ^0°C water bath with a gentle
stream of Ng flowing across the surface (in this step, it is important
that the contents are not evaporated to dryness).

The contents were

quantitatively transferred into a calibrated centrifuge tube with 3
successive n-hexane rinsings.

When necessary the sample was concentrated

or diluted with n-hexane to convenient volume for subsequent GLC
analysis.

Milk
Ten grams of thoroughly mixed milk was weighed directly into
a 250 ml separatory funnel, k ml of 5$ potassium oxalate and 25 ml of
methanol were added and shaken for 1 min.
was added and shaken for 1 min.
added and shaken for 2 min.

To this, 50 ml ethyl ether

Finally, 25 ml petroleum ether was

The mixture was allowed to stand for 10 min

for phase separation, the aqueous (lower) layer drained and discarded.
The solvent layer was drained directly into a 250 ml beaker and the
separatory funnel was quantitatively rinsed three tines into the beaker
with petroleum ether.

The beaker contents were evaporated on a ^0°C

water bath with a gentle stream of air until only milkfat remained.
A 22 mm id chromatographic column fitted with a Teflon stopcock
was prepared by first placing a washed glass wool plug in the bottom and
then 100 mm of pre-washed Florisil was added while gently tapping the
column under mild suction.

The column was rinsed with 120 ml of 6$

diethyl ether in petroleum ether

(eluant) with the column stopcock

open until solvent level reached the top of the column packing.

Milkfat

residue was then trensferred to the column by rinsing the beaker three
times with the eluant.

The column eluant was collected in a 250 ml

beaker with stopcock open until eluant level reached the"packing.

The

column was then eluted with 150 ml of the eluant with the flow rate
adjusted to 1 to 3 drops per sec.

The eluate was concentrated to approx

imately 3 ml in a 40"C water bath with a gentle stream of air.

Remaining

eluate was transferred to a graduated centrifuge tube with three successive
n-hexane rinsings.

When necessary the sample was concentrated or diluted

with n-hexane to a convenient volume for subsequent GLC analysis.

Animal Tissue
Prepared samples were weighed on aluminum dishes.

The following

amount was weighed for a given tissue:
Depot fat

-

300 "to 500 mg

Liver

-

750 to 1000 mg

Brain

-

1 to 1.25 g

Muscle

-

1.5 to 2 g

Kidney

-

1 to 1.5 g

Gonad

-

1 to 1.5 g

Lung

-

2 to 3 g

The tissue was transferred to a Dounce homogenizer tube.

The aluminum

dish was reweighed and the sample weight was recorded for future
calculations.

Five ml each of ethyl ether, n-hexane and methanol

was added to the sample and then grinding began.

As the solvent phase

began to load up with tissue fragments, it was poured into a 250 ml •
separatory funnel through a small glass funnel containing a washed
glass wool plug.

This step was repeated until all the sample was

ground and transferred.

All grinding surfaces were rinsed into the

separatory funnel with 5 ml of ethyl ether.

Seventy-five ml of

distilled water was added and the separatory funnel was shaken gently
for a few min to avoid emulsion and allowed to stand for 10 to 15 min.
If the emulsion became severe, the exterior of the separatory funnel
was warmed with hot tap water.

The lower (aqueous) phase was drained

and discarded; this process was repeated two more times.

The solvent

layer was drained into a 250 ml beaker along with one rinsing of the
separatory funnel with about 10 ml 1:1 ethyl/ether/n-hexane.

The

solvent was then -evaporated just to dryness in a ^0°C water bath with a
gentle stream of air (the sample was not allowed to remain in the water
bath beyond this point).

The remaining steps followed the milk clean-up

method.

Rumen Fluid
Hexane Extraction, Rumen fluid samples were extracted with 2 X
10 ml and 1 X 5 ml portions of n-hexane.

The n-hexane was added

directly to the incubation tube and shaken gently (to avoid emulsion)
for 3 min.
into a 50

For each extraction as much solvent as possible was transferred
graduated centrifuge tube.

This was then concentrated

or diluted with n-hexane to a convenient volume for GLC analysis.
Ether Extraction. Following the hexane extraction some samples
were extracted with 2 X 10 ml portions of ethyl ether.

After ethyl

ether was added, the tube was shaken gently for 3 min.

For each extraction,

as much solvent as possible was transferred to a small beaker.

After the

contents of the beaker were evaporated just to dryness in a U0°C water
bath with a gentle stream of air, the residue was transferred to a 12 ml
centrifuge tube with three successive n-hexane rinsings.

The sample
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was then concentrated or diluted with n-hexane to a convenient voltune
for subsequent GLC analysis.
Chloroform Extraction. Those samples subjected to the ether
extraction were then extracted with chloroform.

The rumen fluid was

transferred to a 60 ml separatory funnel with one 5
rinse.

distilled water

Fifteen ml chloroform were added, mixed gently for 2 min and

allowed to stand for 5 min.

The lower solvent phase was drained into

a 125 ml separatory funnel.

The extraction was repeated once.

The

combined extracts were washed with 20 ml of distilled water and shaken
gently.

The extract was then drained through a glass wool pledget into

a small beaker, evaporated just to dryness in a

water bath with a

gentle stream of air and transferred to a 12 ml centrifuge tube with
three successive n-hexane rinsings.

The sample was concentrated or

diluted to a convenient volume for subsequent GLC analysis.
Clean up. Liquid and plant pigment clean up of extracts was
accomplished by Florisil column chromatography using the standard milk
and tissue clean up method.
found to be necessary.

Only cleanup of the ether extracts was

In most cases, the hexane extracts were

sufficiently dilute to cause minimal interference from lipid and
pigment materials.

This was judged by very little loss in ECD

sensitivity upon repetitive injections and by the presence of few
interfering peaks.

Blanks
Reagent and sample blanks were incorporated into all extraction
and cleanup schemes to monitor the presence
and pesticides such as PCB's and DDE.

of interfering contaminants

The extraction and cleanup

methods did not separate toxaphene from PCB's and D's.

Milk Pat Determination
Official A.O.A.C. Method of Babcock (9^).

Laboratory Dehydrohalogenation of Toxaphene
Modification of the method of Crosby and Archer (95): Aliquots
(0.5 ml) of a toxaphene standard (UO ug/ml) were pipetted into 20 ml
screv-capped glass Pyrex tubes and the hexane solvent was evaporated
just to dryness in a gentle stream of air.

To each tube 2.0 ml of

freshly prepared 20$ KOH reagent vas added. The tubes were stoppered,
shaken, heated in a water bath at 50°C for 0, 0.5, 1 and 1.5 hrs,
cooled and 4.0 ml of distilled water was added to each.

The contents

of each tube was extracted with 6.0 ml hexane by shaking for 2 min.
Aliquots (5.0 ml) of the solvent layer were transferred to 12 ml
graduated glass tubes and, if necessary, the volumes were adjusted with
hexane for GLC-ECD analysis.

Gas Chromatopjraphic Analysis
Analysis of the extracts and diluted aliquots of the ethanolic
dosing solutions was performed by GLC-ECD under the conditions
described previously.

Prior to sample analysis, instrument stablization

and sensitivity were determined by standard injections.

The prevailing

detector sensitivity determined the range of suitable injection amounts
for the standard curve.

The linear regression of peak height vs amount

injected was computed to obtain a standard calibration equation.
Linearity was determined by the correlation coefficient.

Sample

solution and injection volumes were adjusted to -keep peak heights within
the calibration range.

Concentrations of the various compounds detected

were calculated using the calibration equation.
In most cases, the sum of the peak heights of five major
toxaphene peaks were used to compute one calibration equation to
represent total toxaphene injected (Fig. 2).

In addition, for the

toxaphene blood extraction study, peak heights of the five major
toxaphene peaks were used to generate five separate calibration equations
with each equation representing total toxaphene.

Peak heights for both

standards and samples were adjusted for changes in column temperature
and column flow rate during analyses by multiplying peak height by
peak retention time.

Peak retention times reported were the adjusted

retention times measured from the leading edge of the solvent peak.

Statistics
Linear regression analysis, standard deviation computations and
one way analysis of variance (ANOVA) were performed wherever applicable
on a programmable calculator (Texas Instruments SR-52).

CHAPTER 4

RESULTS AND DISCUSSION

Extraction of Toxaphene E^rom Blood
The simple hexane extraction procedure of Dale et al. (3)
was slightly modified (Method l) by adding 2.0 ml distilled water
to the bovine DWB to maintain constant aqueous volumes in the 3
extraction methods.

The addition of water was found to decrease

emulsification and to significantly increase toxaphene recovery.
The original formic acid/hexane extraction procedure of Dale et al. (4)
gave a large rising base line due to unidentified eluting compounds
which severely interfered with early eluting toxaphene peaks.

This

problem of background interference has been noted by other investigators
(6, 96).

Modifying the procedure (Method 2) by eliminating the potassium

carbonate treatment and replacing 97$ formic acid with 88$ formic acid
greatly reduced the early background interference.

Toxaphene is known

to undergo a time-related degradation.upon contact with strong alkali.
However, repeated injections of the extracts eventually lowered the ECD
response to toxaphene and, in time, degraded the quality of the
chromatograms (Fig. 2).

Brown color of the sample extracts (with or

without potassium carbonate treatment) indicated the presence of heme
or hemin.

The presence of high concentrations of nonelectron absorbers
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Gas chromatogrsms illustrating the five major toxaphene peaks
used for quantitation and comparing tvo extraction methods
for the determination of toxaphene in bovine perfusate during
liver perfusion at 15 and 120 min after dosing. (Top chromatogram represents Technical toxaphene standard. Extraction
method: 2-hexane-formic acid, 3-column.)
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(lipid, pigments, etc.) in the ECD can cause erroneous and anomalous
responses to low concentrations of strong electron absorbers (DDT,
toxaphene, etc.) such as peak enhancement, depression and distortion (97)«
All of the above phenomena has been observed in the complex toxaphene
chromatograms obtained from Method 2 extracts.
The above mentioned problems prompted the development of a
procedure for toxaphene that would extensively eliminate extraneous
materials from the extracts.

The column-extraction procedure (Method 3)

combines extraction and clean-up in one step.

The formic acid treat

ment was incorporated in this method because of its potential for
release of bound chlorinated hydrocarbons from blood constituents.
Clear, colorless extracts were obtained which showed no evidence of
anomalous or erroneous ECD response with repetitive injections (Fig. 2).
Optimization of the eluant volume was determined by elution profile
experiments.
Bovine DWB circulated through the perfusion apparatus without
a liver and collected 2 hrs after dosage with toxaphene was analyzed
by the 3 methods after being stored for 1+5 days.
analyzed by each method in triplicate.

Sample aliquots were

The chromatograms showed no

evidence of degradation of the added toxaphene by the blood.

Technical

toxaphene represents a complex mixture of at least 15 peaks under the GLC
conditions used.

For the purpose of this study, each of 5 major peaks

were used to represent total toxaphene (Fig. 2) and to compare the
methods as shown in Table II.

Comparison of the 5 peaks within each

method showed no significant difference between the recoveries.
Evidently the peak chosen for determination of total tox ajhene did not

Table II.

Comparison of peak recoveries and precisions of the three extraction methods for •
total toxaphene in bovine DWB circulated through perfusion apparatus without a liver

Peak R+ (min)

10.9

16.4

19.T

26.9

33-5

F(v= 4)a

15.65

16.22

16.16

15.62

16.91

1.329ns

o—

0.72

0.1+3

0.40

0.90

0.64

*o-R

4.62

2.67

2.48

5.76

3.78

16.51

14.86

15.69

15.92

15.73

I.05

0.U3

0.335

0.63

0.67

6.36

2.89

2.14

3.98

4.27

0.907ns

9.936*

1.600ns

0.149ns

3.246ns

Method

d
1

x3(/^M)

2

F(v= l)b

3

F(v= 2)C

23.19

22.65

0.15

0.18

0.65
61.8***

22.50

22.70

0.031

0.26

0.36

0.8l

0.14

1.17

1.58

256.2***

311.5***

70.8*-**

84.4***

22.^3

^Comparison of peaks within each method.
Comparison of methods 1 and 2 within each peak.
^Comparison of all three methods within each peak.
wean replicate recovery.

1.557ns

3.434ns

ns - not'significant (P>0.05)
*** - significant (P<O.OOl)
* - significant (P<0.05)

affect the results.

Comparison of the three methods for each peak

showed the recoveries to be significantly different.

However, recoveries

from methods 1 and 2 were not significantly different except for peak
Rt l6.h min.

It is apparent that method 3 (column extraction) gave

higher recovery of toxaphene. Table III presents the comparison of the
three replicates for each method based on the mean peak recovery.

The

data showed no significant differences among replicates within methods
2 and 3 "but replicates from method 1 showed significant differences.
This result may reflect lack of reproducibility in the mixing step due to
emulsification.

It is evident from the standard deviation (cr—) and

relative standard deviation ($> o—:data (Tables II and III) that method 3
is more reproducible than methods 1 and 2.

Also, method 3 appears to

extract about hO-b-b$i more toxaphene (Table III) than the other methods
and to have extracted all of the toxaphene present in blood (103.^76
mean recovery).
Liver perfused bovine DWB samples were analyzed by the three
extraction methods after being stored for 30 days.
of each sample were taken for the determinations.
evidence of metabolism by the liver.

Duplicate aliquots
GLC analysis showed

However, individual peaks could

not te used to represent total toxaphene because of different rates of
component uptake by the liver.

Therefore, the summation of peak heights

of the five selected major peaks

in the toxaphene chromatogram was

used to measure total toxaphene.

The data presented in Figure 3

represents the apparent concentration of total toxaphene found in
the perfusate at various times after initial dosage as determined by
each extraction method.

The decreasing perfusate concentration is

Table III.

Comparison of replicate recoveries and precisions of the three extraction methods for
total toxaphene in bovine DWB circulated through perfusion apparatus without a liver

Replicate
Method

1
2

Mean
3

F(v=2)a

16.71

6.712*

Oug/ml)

Mean
Recovery

—

1 X5 (yug/nl)
o-

2

3

15.33

16.29

?

16.11

73-4

0.57

0.705

0.285

O.58

2.6

3.7*+

M3

1.71

3.59

3.6

15.55

16.38

15.29

15.7^

71.7

0.61

O.85

0.68

0.465

2.1

3.93

5.16

U.U3

2.95

3-0

22.72

22.71

22.66

22.70

103.u

0.29

0.37

0.38

0.026

0.1

1.26

1.64

1.66

0.11

0.1

^Comparison of replicates within each method
Calculated by£(Method 3 - other Method)/
other Method| x 100
c
Mean peak recovery

2.51^ns

0.0318ns

Increase

U0.9

bk.2

ns - not significant (E>0.05)
* - significant (P<0.05)

5^

4.01
3.6£

• Method 1
A Method 2

3.2-

o Method 3

o>
13

2.8H

2.4
2.0
1.6
1.2-

0.8-

0.40

0

i
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Comparison of three extraction methods for the determination of
total toxaphene in liver perfusion bovine DWB. (Method: 1-hexane,
2-hexane-formic acid, 3-column.)

due to the continuous uptake of toxaphene-by the liver with time.
In general, greater recoveries were obtained ftom method 3 and the
recoveries increased with perfusion time relative to the other 2 methods.
The much lower recoveries with method 2 are at least partially due to
the anomalous ECD response effects of high concentrations of compounds
with low electron affinity, as previously discussed.

The 120 min sample

showed a k2.6$ increase in toxaphene recovery obtained by method 3
compared to method 1.

This compared favorably with the results

obtained with the 120 min sample from the circulating blood experiment
discussed previously (^0.9$ increase, method 3over method l).

The

results suggest that binding of toxaphene to blood constituents may
be occurring during the perfusion experiment (with or without a liver).
Method 3 "was superior in isolating toxaphene fl-om bovine DWB.
Recovery data of the fortified bovine DWB samples analyzed by
method 3 at 6 toxaphene levels (0-3-15 PPm) is presented in Table IV.
The sample concentrations found upon extraction were compared to the
concentrations before extraction by applying ANOVA to the percent
recoveries.

There were no significant differences between the recoveries,

neither when coinparing the five peak recoveries of each sample nor when
comparing the six sample recoveries of each peak.

The linear regression

plot of the concentration data in Table IV represented in Figure U gave
a correlation of 0.9999 and a mean percent recovery of 100.0JKL.8.

It is

apparent that the column extraction method is quantitative for the range
of concentrations studied.

Although fortifying blood with a pesticide

is not an absolute test of quantification of the pesticjde in in vivo
blood, it at least indicates the potential accuracy of the method.

Table IV.

Comparison of total toxaphene recoveries from fortified bovine DWB as determined
by method 3

/ug/ml
Before Extn.

o—

15.18
7.59
3.03
1.52
0.76
0.30

0.71
0.35
0.1U
0.071
0.035
0.01U

F(v^5)a
Peak R,
(min)
10.8
16.2
19.5
26.7
33.2
F(v«U)

$°~R

U.7
k.6
k.6
k.j
k.6
k.l

x^ pi g/ml
After Extn.

o—

15.03
7.67
3-03
1.55
0.77
0.29

0.99
0.1*5
0.11+
0.070
0.021
0.032

0.62^ns

Recovery
97.8
10^.6
100.6
99-8
97.5
1.86Uns

5-2
5-9
3.0
2.3
5-7

a
.
^Comparison of Peak
recoveries of each sample
Comparison of Sample $ recoveries of each peak
ns - not significant (PX).05)

$<r"ft

6.6
5.9
k.6
k-5

2.7
11.0

Mean #
Recovery

$°™R

98.9
100.9
99.8
102.1
101.T
96.8

2.3
l.k
1.5
3-2
3.7
11.2
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Linear regression of total toxaphene recoveries from fortified
bovine DWB as determined by column extraction method. (Corr.
coef. 0.9999; mean
recovery 100.0+1.8o—),
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Liver Perfusion
The components of Technical toxaphene eluted from the GLC
column in the general order of increasing degree of chlorination but
the column was incapable of resolving all of the components.

Metabolic

studies of toxaphene in the rat (10) and in iron (il) protoporphyrin
systems under anaerobic conditions (ll) have shown that upon dechlorination
toxaphene yielded derivatives of shorter GLC retention times (R ) with
reduced EC sensitivity and resulted in reduced EC response to toxaphene
components of longer R^.

In addition, due to the complex nature of

Technical toxaphene, metabolites formed by dechlorination fell within
the early GLC range of normal toxaphene components.
order to monitor the appearance

Therefore, in

of dechlorinated products and the dis

appearance of toxaphene components in the metabolic studies, chromatograms
were divided into three regions.
3-3 to h.6 min) and 2 (R

The EC responses of regions 1 (R^range

range 5.3 to 8.3 min) were used to determine
v

•the presence of dechlorinated derivatives and the response of region 3
(R^ range 11.0 to 33*5 min) for the determination of toxaphene components.
Region responses were computed by summing the peak heights of selected
peaks within a given region and were adjusted for injection volume,
dilutions and sample aliquot volume. Quantification of toxaphene was
accomplished by comparing the sum of the peak heights of five major
peaks (region 3) with Technical toxaphene standards as previously
described.

The breakdown of the chromatogram into three separate

regions was found to be feasible and illustrated metabolic trends.
The relative distribution of toxaphene and dechlorinated derviatives
in a sample was computed by dividing each region response by the total
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of the region responses.

These ratios were used to establish metabolic

trends and did not represent absolute fractions of the sample.
The perfusion apparatus performed well and similarly to the DDT
perfusion work of Whiting et al. (93)-

The possible incomplete removal

of blood clots during the saline rinse prior to connection of the liver
to the apparatus was assumed to be responsible for the occasional mottling
of a perfused organ.

Daring the experiment, blood color was in the expected

range being bluish-red on the venous side and scarlet on the arterial side.
The results of circulating blood through the perfusion apparatus
without a liver are presented in Tables V-VIII.

Without a liver connected

to the apparatus, Whiting et al. (93) noted that blood in the reservoir
underwent slow and incomplete mixing.

This was evident by the variability

in the responses of the regions and in the amounts of toxaphene from
one sample period to the next.
23-18 ppm.

The concentrations varied from 13.82 to

Recovery values ranged from 88 to 108$ with a mean of 100.9$>

(excluding the 30 roi*1 value) which compared favorably with the mean
recovery values of the column extraction study.

The upward trend in the

responses of the three regions was evidently due to the slow and incomplete
mixing of the blood.

The responses of the three regions were unlike

those obtained when the perfusate was circulated through a liver.

The

ratios of the three regions were very similar to the ratios of Technical
toxaphene (Tables VI and VII) and very different from those obtained
during actual liver perfusion.

These results indicated that iron

porphyrins released from blood cells during the defibrination process,
by mechanical actions of the peristaltic pump and during storage had little
or no effect on toxaphene.
The results of the perfusion experiments are shown in Figures 5-7
which represent the means of three experiments, all dosed at the same
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Table V.

Total toxaphene concentration (ppm) found in perfusate and
circulating blood with time

Time After
Dosing (min)

15
30
^5
60
75
90
105
120
150
Liver Wt
(Kg) b
Half-Life
(min)
Half-Life
(min)

Liver Perfusion
2
1
3

3.63
2.96
2.96
2.39
1.98
1.87
1.67
l.hk

3.72
3.^6
3-55
3.07
2.81
2.37
2.15
1.97
l.hl

7-11
6.19
5.00
i*.o8
4.13
3.82
3.26
2.7^

7-9

8.6

1.4

5.8

5.9

9.k

80.1

96.2

81.8

a-without a liver
b-early rate of decline
c-later rate of decline
d-Mean + SD

Circulating3
Blood

18.92
13.82
20.81
21.93
23.18
21.63
22.89
22.58

£
(7.0+2.0)
j
(86+<?)

Table VI.

Distribution of dechlorinated derivatives in perfusate, liver and toxaphene in circulating
blood (Region l)

Time After
Dosing (min)

15
30
^5
60
75
90
105
120
150

Response (mm/ul)
a
Liver Perfusion
Circulating
1
2
3
Blood

28
35
36
35
37
35
33
30
—

k8

hi

77
88
79
71
63
61
58
52

^3
^5
50
5^
52
50
^5
—

Ratio
Liver Perfusion
12
3

.082
•113
.112
.125
.1^5
.1^7
.150
.153

9h
91
103
113
115
Ilk
83
95

——

—

.lUl
.203
.226
.219
.215
.215
.221
.223
•235

.080
.091
.106
.125
.132
.133
.1^1
•139

a

Circulating
Blood

.055
.06k
.056
.059
.058
.059
.Olll
.0^8

Toxaphene Standard (n=12) (.055.+.008)
Liver
Tissue

a-without a liver
b-Means + SD

.305

.297

.293

Table VII.

Distribution of dechlorinated derivatives in perfusate, liver and toxaphene in circulating
blood (Region 2)

Time After
Dosing (min)

15
30
*+5
60
75
90
105
120
150

Response (mm/ul)
Liver Perfusion
Circulatinga
1
2
3
Blood

90
85
96
84
78
74
64
6l

100
112
112
111
102
88
85
79
68

137
132
124
121
125
121
111
99

Ratio
Liver Perfusion
12
3

.261
.274
•301
•301
.305
.307
•293
•311

399
316
420
421
457
458
483
450

.289
.296
.287
.308
.307
.303
.305
•304
.309

.268
.275
.289
.301
.308
.309
.308
•307

Circulating
Blood

.233
.223
.228
.221
.230
.236
.241
.229

(.230+.006).
Toxaphene Standard (n=12) (.247+..008)
Liver
Tissue

a-without a liver
b-Mean + SD

.322

.340

.331

Table VIII.

Distribution of toxaphene in perfusate, liver and circulating blood (Region 3)

Time After
Dosing (min)

15
30
^5
60
75
90
105
120
150

Response (mm/ul)
Liver Perfusion
Circulating
1
2
3
Blood

226
191
188
161
1U0
132
123
106
---

196
189
191
171
159
ihl
131
123
100

Ratio
Liver Perfusion
1
2
3

33^
30i+
259
230
229
218
198
179

1218
1007
1318
1371
IklQ
1368
Ihbl
lh23

.657
.613
.588
.575
.550
.5k 6
•557
.536

—

-----

--—

• 570
•501
J'87
•^73
.478
.482
.kjh
M3
.^56

.652
.635
.605
• 573
.561
.558
•551
.55^

a

Circulating
Blood

.712
.712
.716
•720
•712
.705
.718
•723

-----

(.715+.005).
Toxaphene Standard (n=12) (.698+.012)
Liver
Tissue

.373

.36^

.376

a-without a liver
b-Mean +. SD
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Fig. 5. Decline of total toxaphene from bovine liver perfusate after
dosing "with 20 ppm Technical toxaphene.
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Decline of toxaphene and appearance of toxaphene derived
products in perfusate of the isolated bovine liver.
(Region: 1,2-toxaphene products; 3-toxaphene)
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Metabolism of toxsphene by the isolated perfused bovine
liver and comparison vith circulating the perfusate
without a liver. (—vith liver;
without liver)

level.

The results of the individual perfusionsare given in Tables V-VTII.

Toxaphene decreased from 4.82 ppm at 15 min from dosing to 3«l8 ;ppm at
60 min and 2.05 PPm a"k 120 min.

The region responses (Fig. 6) showed a

steady decrease in region 3 with time while region 1 increased up to
^5 min, then decreased. Region 2 showed a slight increase in response
up to U5 min, then decreased with time.

The dcta indicates that the

bovine liver metabolizes toxaphene components (continuous decline in
region 3) producing partially dechlorinated derivatives (early rise in
regions 1 and 2) which appear to undergo further degradation (later
decline in regions 1 and 2).

However, interpretation of the later decline

in regions 1 and 2 is complicated by the presence of toxaphene components
which may also be undergoing degradation.

The observation that individual

peaks in region 3 declined at different rates suggests that toxaphene
components probably have large initial metabolic rate differences.
Comparing the ratio results (Fig. j) between perfusate with a liver
and circulating the blood without a liver showed that toxaphene metabolism
by the liver had already occurred 15 min after dosing.

The leveling off

of the three curves towards the end of the liver perfusion indicated
that the rate of decline of toxaphene components and metabolites ±Yom the
perfusate were roughly

the same 120 min after dosing.

The curve in

Figure 5 shows an early rapid rate of decline (0 to 15 min, 0 min not
showi(20 ppm))followed by a slower

rate of decline (15 to 120 min).

Evidently the bovine liver initially has a very rapid uptake of toxaphene
components followed by a slower rate of metabolism.

The early rapid rate

of decline has a half-life of about 7 min while the later rate of decline
has a half-life of about 86 min.

Witt et al. (98) demonstrated a

similar decline in DDT from the blood of a dairy cow given an intra
venous dose, i. e. a rapid rate of decline in the early part of the
process followed by a slower rate of decline in the later part of the
process.

The chromatograms of the liver tissue samples revealed a

dramatic increase in the early peaks in regions 1 and 2 which is reflected
by the ratios given in Tables VI-VIII. This suggests that the liver is
capable of accumulating or storing partially dechlorinated derivatives
and that their subsequent rates of degradation are slow.

Thus, it

appears that the bovine liver is capable of a very rapid uptake of
toxaphene components from blood and a rapid rate of dechlorination.
It was noted that the greater the size of the liver, the lower
the concentration of toxaphene found in the perfusate.

This was

reflected by the half-lives of the early decline of toxaphene from
the perfusates (Table V).

However, the half-life of the rate of later

decline appeared to be independent of the size of the liver.

Hence, the

variation in the toxaphene concentration in the perfusate was due to
differences in liver weights; that is the larger the liver the greater
the initial uptake of toxaphene.
Evidence by other workers indicated that toxaphene undergoes
extensive metabolic dechlorination in mammals.

Khalifa, Holmstead,

and Casida (ll) demonstrated that reduced bovine hematin and rat liver
microsomes under anaerobic conditions reductively dechlorinate toxaphene
components. Emdingsof Ohsawa et al. (lO) with orally dosed rats shoved
that 14 days after dosage most of the radiolabeled toxaphene components
•underwent rapid metabolic dechlorination before excretion as polar
metabolites and toxaphene components were found not to be persistent

materials in the tissues.

Both the reduced hematin system and rat

metabolism were found to cleave about half of the C-Cl bonds of
toxaphene and produced products of greater polarity and shorter
GLC-ECD R^. values.
of an oral dose of

Crowder and DincLal (9) reported that 52.6$
Cl-toxaphene in rats was excreted within nine

days, most of the radioactivity found in the urine occurred as ionic
chloride.

Uptake by blood and liver peaked at 12 hr followed by a

rapid decrease and less than 10$ of the dose remained in the tissues one
day after dosing.
and metabolism of

Pollock and Kilgore

(99) studied the excretion

lU
C-toxaphene with orally intubated rats and in in

vitro liver homogenates.

The results indicated differences in excretion

between some of the toxaphene components which could be due to the
metabolism of the various toxaphene components.

The authors suggest

that possible selective accumulation of specific components within
the parent mixture occurs.

Rumen Fluid Studies

Recovery of Toxaphene
The recovery of toxaphene from 0 and 16 hr incubations of
rumen fluid as determined by successive solvent extractions is presented
in Table DC.

The recovery from buffer fortified with 20 ppm of toxaphene

was complete after the three successive extraction steps.

However, the

recovery from rumen fluid at 0 hr was incomplete, indicating that
contact of the solvents with toxaphene was impeded by the sample matrix.
The chromatograms of the three solvent extractions for 0 hr were very
similar and almost identical to standard chromatograms.
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Table IX.

Successive solvent extraction recoveries of toxaphene from
O.O67M phosphate buffer and from bovine rumen fluid incubations.

a
,
Mean % RecoveryBuffer
0 Hr
l6 Hr

Extract

Hexane

76.9

37-6

10.1

Diethyl Ether

27.2

22.8

6.0

0.1

11.1

2.9

10k. 2

71.5

19.0

Chloroform
Total

a2 replicates
Initial toxaphene concentration - 20 ppm

Lower recoveries from rumen fluid were obtained at 16 hr than
at 0 hr (Table IX).

However, the 0 to l6 hr recovery ratios were

constant (3*8) for each solvent extraction step which ingplies that a
consistent fraction of toxaphene was extracted.

The chromatograms of

the three solvent extractions at 16 hr were very similar and showed a
striking increase

in detector response in regions 1 and 2 compared

to standard chromatograms.

Blank rumen samples incubated for 16 hrs

did not produce any interfering peaks in the chromato^rams of these
two regions.

In addition, chromatograms of hexane extracts of boiled

rumen fluid fortified with 5 PPm of toxaphene and incubated for 20 hrs
were almost identical to 0 hr chromatograms.

The recovery of toxaphene

from boil9drumen fluid was 35*8$, very close to the extraction efficiency
obtained from 0 hr samples (Table X).

The above data rules out the

possibility of incomplete extraction of toxaphene as an explanation for
the lower recoveries seen in 16 hr incubation samples and provides
evidence for rumen enzymic conversion of toxaphene to dechlorinated
products.
Hexane extraction efficiencies of rum^n fluid fortified with
various amounts of toxaphene at 0 hr are given in Table X.

Although

the recoveries were incomplete, the extraction efficiencies were
constant (35*8+0.8^) for the range of toxaphene concentrations employed
in this study.

Therefore, the hexane extraction procedure was used to

analyze the rumen fluid samples for ell incubation times.

Metabolism of Toxaphene
A series of incubationswas carried out over a time span from
0 to 16 hrs.

The recovery of toxaphene and the detector response of the

Table X.

Hexane extraction efficiencies of toxaphene from bovine rumen
fluid (0 hr) fortified with various amounts of Technical
toxaphene

Initial Cone, (ppm)

Mean $ Recovery3

2.0

3^-3

5.0

3^.6

10.0

36.7

20.0

37-6
b
35.8+1.6

a
,2 replicates
Mean + SD
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dechlorinated derivatives (regions 1 and 2 of the chromatograms) were
plotted on a semilogarithmic scale (Fig. 8).

The disappearance of

toxaphene was a straight line during the first ij- hrs, indicating a
first-order rate.

The rate of toxaphene disappearance during the first

b hrs was approximately 15$ per hr.

This corresponds to a half-life of

3.3 hrs.
The rate of toxaphene disappearance slowed after the first
U hrs.

This probably reflects inhibition of fermentation due to

substrate exhaustion and accumulation of end-products such as volatile
fatty acids.

The rate of appearance of dechlorinated products was

similar to the rate of disappearance of toxaphene.

The in vitro half-life

of p,p'-DDT disappeaiarce in rumen fluid has been reported to be 5-7 tirs
(lOO) which suggests that toxaphene is metabolized more rapidly than
p,p'-DDT by rumen microorganisms.
A series of incubations was carried out over an initial toxaphene
concentration range of 0 to 20 ppm for 2 hrs at 37°C.

The detector

response of toxaphene products per 2 hr (regions 1 and 2) were plotted
against the corresponding initial toxaphene concentrations at time 0
(Fig. 9)•

The 2 hr incubation time was chosen on the basis that it

reflects the linear portion of the toxaphene concentration vs time
curve (Fig. 8).

The detector response at time 0 was subtracted from

the corresponding detector response at time 2 hr for both regions of
the chromatograms for each point in Fig. 9»

Since toxaphene represents

a complex mixture of at least 177 components (20), the in vitro
metabolism of toxaphene probably involves a nultisubstrate system.
The picture is further complicated by the fact that dechlorinated
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products of toxaphene substrates become substrates themselves and are
further dechlorinated (ll).

Both regions in Pig. 9 have essentially-

reached a maximum velocity at around 10 ppm toxaphene, although the
sudden rise in response in region 1 from 10 to 20 ppm toxaphene may reflect
further dechlorination of accumulated products (region 2). Region 1 of
the chromatogram probably contains a higher percentage of products with
fewer chlorines than products in region 2, based on the shorter chromato
graphic retention times of the peaks in region 1.

A similar

GLC picture

of dechlorinated toxaphene products has been demonstrated in reduced
bovine hematin systems (ll).
The data in Fig. 9 was used to compile Lineweaver-Burk
reciprocal plots for toxaphene dechlorination (Fig. 10).

Calculations

made from the data shown in Fig. 10 established apparent Km values of lU
and 12 uM for toxaphene, based on regions 1 and 2, respectively.
These values were computed by converting ppm to uM using the overall
empirical formula C^QH^QCIQ of toxaphene which represents a molecular
weight of 4l^ and a chlorine content of 68$ by weight.

The dotted line

in Fig. 10 represents the composite plot of regions 1 and 2 and yielded
an apparent K
may yield

of 13yUm.

Although individual components of toxaphene

different K^s, the apparent

of 13 uM represents an overall

or generic affinity of toxaphene for the rumen enzyme system under the
experimental conditions used in this study.
These studies demonstrate that rumen microorganisms are effective
in converting toxaphene components to dechlorinatedderivatives.

The

extent to which the rates found in vitro can be applied in vivo is a
matter of conjecture.

Dietary factors which influence rumen retention

.09-

Region 1
Region 2

•7 .06-

1/V

03-

1/S
Fig. 10.

Lineweaver-Burk reciprocal plots of the data in Figure 9*
(
composite of Regions 1 and 2),
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time or nature of fermentation may be important in influencing the
differences.

However, gas-liquid chromatograms of hexane extracts

of rumen fluid from a laetating dairy cow exposed to a daily dietary
level of 50 ppm toxaphene for five days were found to be very similar
to the in vitro chromatograms with respect to peek retention times.
The conversion of toxaphene components to derivatives with
fewer chlorines has important implications.

The toxicity of these

dechlorinated products to the bovine is unknown.

However, bovine rumen

fluid has been shown to extensively dechlorinate heptachlorobornane XI
(Fig. l), one of the more toxic components of toxaphene to mice, houseflies
and goldfish, to yield 2-endo, 5-endo, 6-exo, 8, 9, 10-hexachlorobornane
and 2-exo, 5-endo, 6-exo, 8, 9, 10-hexachlorobornane (101, 102).

The

toxicity of heptachlorobornane XI to mice and houseflies is decreased
by this reductive dechlorination at the geminal dichloro group, especially
on conversion to the 2-endo hexachlorobornane derivative (lOl).

If

extensive dechlorination of the toxic components of toxaphene by the
rumen microflora decreases their toxicity to the bovine, it would
provide a significant detoxification mechanism which would presumably
be beneficial to the animal and the consuming public.

Likewise, rumen

microorganisms are very effective in converting the two major DDT
isomers to their corresponding less toxic DDD isomers (l6, 100).

Depot Pat Study
Incubations of 5 snd 20 ppm toxaphene in bovine perirenal
fat for 0 to 18 hrs at 38°C showed no evidence of metabolism.

In all

cases, the sample chromatograms were nearly identical to a standard
chromstogram with respect to peak retention times, peak shapes and region
ratios.
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Dairy Cow Exposure Study

Toxaphene Excretion in Milk
The results of the analysis of toxaphene in milk samples taken
during the feeding experiments at two daily dietary levels of toxaphene
are shown in Fig. 11.
content.

All calculations -were based on a hfy milk fat

There was no evidence of toxaphene in the milk two days

prior to dosing and on the first day of dosing (0 time).

The milk from

control animals during the three week experimental period was found to
contain less than 0.02 ppm toxaphene.

The ration feed was analyzed for

toxaphene during the three week period and prior to the dosing experiments
and only trace levels were present.
At the 5 ppm daily dosage level, toxaphene excretion in the
milk increased at a rate of 0.02 ppm/day (Fig. ll) and reached a plateau
level of 0.083+.Oil PPm (Table XI) four days after commencement of dosing
(Fig. ll). This plateau level represents an equilibrium with the exposure
level and the ratio of toxaphene intake to the plateau excretion in milk
was 60:1 (Table Xl).

This is in excellent agreement with Zweig et al.

(89) who reported a plateau excretion level of 0.076J+.046 ppm (based on
b^> milkfat content) which represents an intake to milk excretion ratio
of 66:1 (Table XI) for a 5 PPm toxaphene feeding study.
One day after the initial administration of the 50 PP® dosage
level, the excretion of toxaphene in the milk rose from 0.092 ppm to
O.lf-U ppm (Fig. ll).
in excretion for a

This represents approximately a five fold increase
ten fold increase in toxaphene intake.

After this

initial surge, the toxaphene excretion in milk increased at a rate of
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Fig. 11. Excretion of toxaphene in milk from a lactating dairy cow exposed to daily doses of
Technical toxaphene. (Each data point represents mean of two replicates).
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Table XI.

Plateau excretion levels of toxaphene in milk of lactating
dairy cows given 5 PPm Technical toxaphene in the daily diet

Commencement of
Plateau (Day)

Plateau Level
(ppm)

nC

^
i/E

U

0.083+.011b

7

60

GLC-ECD

28

0.07&+.0l+6b

10

66

Cotlove
Total
Chloride

.fBased on
fat content
°Msan +_ SD
Number of pleteau days
Intake to plateau milk, excretion ratio

Detection
Method

Ref.

(89)
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0.08 ppm/day (Fig. 11) which represented a four fold increase over the
rate of excretion at the 5 ppm intake level. Ten days after commence
ment of the 50 ppm daily dosage, the concentration of toxaphene in the
milk was 1.16 ppm and the excretion had not reached a plateau level
(Fig. ll). This failure to reach a plateau level was expected since
Claborn et al. (90) showed that toxaphene excretion levels in milk
reached a maximum within four weeks after feeding started in 20-1^0 ppm
toxaphene feeding studies.
The effect of toxaphene on milk production is shown in Figure 12.
The total milk production increased by approximately 3 lbs by the end of
the 5 PPm daily dosage level and by the end of the 50 ppm daily feeding
level the milk production increased by approximately another 1 lb.

It

appears that milk production was slightly stimulated by the toxaphene
feeding regimen.

Rumen Fluid
Rumen fluid samples collected prior to the feeding experiments
yielded no detectable toxaphene.

Seven days after commencement of the

5 ppm feeding level, O.CA-6 +. .006 (SD) ppm (triplicate samples) toxaphene
was found in the rumen fluid while 0.29 +..03 (SD) ppm (5 replicate
samples) was found five days after the initial 50 ppm feeding dosage.
The two feeding levels yielded remarkably similar toxaphene milk
excretion to rumen ratios (1.9 for the low feeding level and 2.0 at the
high feeding level) suggesting a compartmental type equilibrium is
established presumably via blood transport.
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Fig. 12. Effect of daily intake of toxaphene on the daily milk production of a lactating dairy cow.
(Milk production mean of morning and afternoon railkings).
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Tissue Analysis
At the end of 21 consecutive dosage days, the animal was sacrificed
approximately 20 hrs after the last toxaphene feeding.

The distribution

of toxaphene in various tissues is presented in Table XII. The greatest
concentration was found in depot fat (perirenal) followed by milk and
liver, respectively.
amount.

Brain tissue did not concentrate an extraordinary

The order of toxaphene concentration on a total tissue lipid

basis is also given in Table XII.

The greatest concentration, based

on lipid content, was found in milk and liver followed by muscle, depot
fat and lung tissues, respectively.

Brain tissue again had the least

concentration.
The data suggests that milk is a major route of toxaphene
excretion while liver is a major site of toxaphene metabolism.

Muscle

and, surprisingly, lung may be minor sites of toxaphene metabolism.
Mammalian lung tissue is known to have daug-metabolizing capabilities.
The high concentration found in depot fat is a reflection of the high
solubility of the hydrocarbon-nature of toxaphene in oils and fat.

Comparison of Chrooatograms
GLC-ECD chromatograms of the in_ vitro studies are given in
Figure 13*

Treatment of toxaphene with KOH resulted in the formation

of derivatives with shorter R . These derivatives have been shown by
infrared spectral analysis to be a result of dehydrochlorination (58).
Depot fat (8 hr incubation with toxaphene) gave a GLC pattern almost
identical to that of the Technical toxaphene standard with all of the
toxaphene components clearly evident and with the same peak ratios.
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Table XII.

Tissue

Distribution of toxaphene in the tissues of a lactating
dairy cow sacrificed after administration of Technical
toxaphene in the daily diet at 5 PP® for ten days and 50 PPm
for eleven days

Concentration8
(ppm)

Lipid3
Content($)

•L
Cone entration
(ppm)

Depot Fat

4.13

92.5

4.46

Milk

1-13

7.2

15.69

Liver

O.58

4.14

14.01

Gonad

0.31

Lung

0.24

5.46

4.40

Kidney

0.18

5-93

3.04

Muscle

0.17

1.72

9.88

Brain

0.l4

59-1

37-8

^2 replicates
Based on lipid content, ppm X 100/$ Lipid

0.52

0.37
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Gas chromatographic analysis of toxaphene and of toxaphene
derived products in the blood, milk, depot fat, liver and
ruraen fluid of the bovine after in vitro and in vivo
administration of Technical toxaphene. (Top chromatograms
represent Technical toxaphene standard and arrows denote
presence of p,p^-DDE)
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The rumen fluid (8 hr incubation) and liver perfusion (2 hr) chromatograms
are very different than that of toxaphene itself.
chromatogram

The rumen fluid

shows the presence of many peaks with shorter R

evident in toxaphene.

not

These early peaks also appear in the liver

perfusion chromatogram but are not as extensive as in rumen fluid.
The early peaks are probably a result of dehydrochlorination, as suggested
by the KOH chromatogram and reductive dechlorination of toxaphene components.
However, some toxaphene components appear to be resistant to dechlorination
and dehydrochlorination since peaks of longer R-^ do coincide with toxaphene
peaks, although the peak shapes are different and these peaks are
virtually nonexistent in the KOH chromatogram.

The rumen fluid and

liver perfusion chromatograms are somewhat different with respect to
peak shapes and peak ratios which suggests that rumen microflora
metabolize toxaphene components differently than liver or the liver may
be capable of further metabolism of toxaphene metabolites.
Chromatograms of the in vivo studies are presented in Figure 13«
The milk and depot fat chromatograms are very similar and both show some
evidence of accumulation of toxaphene-derived products (peaks with
short R.J-).

Both rumen fluid (five days after initial high level

toxaphene exposure) and liver chromatograms contain peaks that are
similar to peaks found in the milk chromatogram.

The liver perfusion

and liver tissue chrmatograms have many peaks in common but peaks with
shorter R

are in different ratios, suggesting differences in rates of

partitioning of the toxaphene derived products into the blood.
Based on the chromatographic data, both rumen microflora and
liver tissue are capable of metabolizing toxaphene components.

Toxaphene

components that are resistant to dechlorination and dehydrochlorination
and a few toxaphene derived products appear in the milk and depot fat
of the animal.

The majority of toxaphene derived products do not

appear in the milk and depot fat presumably as a result of poor
partitdomrginto the blood and further metabolism by the liver.
Recently, heptachlorobornane XI (Fig. l), one of the more
toxic components of toxaphene, has been shown to undergo reductive
dechlorination at the ring gemirial dichloro group to yield 2-endo,
5-endo, 6-exo, 8, 9> 10-hexachlorobornane and 2-exo, 5~endo, 6-exo, 8,
9, 10-hexachlorobornane in the following systems:

photolysis in hexane

solution with UV light; reduced hematin in both glacial acetic acid-Nmethyl-2-pyrrolidone and in neutral aqueous solution; bovine rumen fluid;
sewage primary effluent; rat liver microsomes under anaerobic conditions
with NADPH; rats and houseflies in vivo (101, 102).

In addition, 2, 5-en<3-°>

6-exo, 8, 9, 10-hexachloroborn-2, 3-ene, a dehydrochlorination product
of this heptachlorobornane, was found in the reduced hematin system
and in rats and houseflies in vivo (101, 102).

The authors stated

that the low recoveries of these three metabolites from the in vivo
rat and housefly experiments indicate that these derivatives undergo
further metabolism in addition to direct excretion or the metabolic
attach at the geminal dichloro group is only one of the initial detoxication
mechanisms involved.

Open tubular GLC-ECD analyses (101, 102) of liver,

fat and feces of rats orally administered toxaphene shoved rapid loss
of components XI, XII, and XIII (Fig. l) and other components of
similar chromatographic properties.

As in the bovine experiments

previously outlined, the chlorinated hydrocarbons were similar in GLC

characteristics to toxaphene itself only in the rat fat whereas rat
liver and feces contained toxaphene derived products of greatly reduced

Rt (101, 102).
It is likely that reductive dechlorination is one of the initial
steps in the metabolism of each of these components and others with
geminal dichloro groupings.

This structural specificity and the available

knowledge concerning the potency of polychlorobornane metabolites
suggest that metabolic reductive dechlorination of the geminal dichloro
substituent and dehydrochlorination are likely to detoxify many toxaphene
components or initiate a series of metabolic events leading to their
detoxification.

A combination of reductive dechlorination at geminal

dichloro groups, dehydrochlorination, and oxidation of carbon substituents
probably contributes to the extensive metabolism noted for toxaphene
components in rats (10, 103)•

CHAPTER 5

CONCLUSIONS
A method for the determination of toxaphene in bovine BWB is
described.

The method combines extraction and cleanup in one step

and is more precise and accurate than previously reported methods.
The method appears to release toxaphene without degradation and GLC-ECD
interference from lipids protein and heme materials is minimized.

Due

to the method's inherent extraction efficiency (i.e. blood-celite slurry
maximizes solvent contact), problems of mixing duration, emulsion formation
and binding of pesticides to blood constituents

are

minimized.

In

addition, the method may be applicable to other pesticides in whole
blood.
It has been demonstrated that any one of five major peaks in
the gas-liquid chromatogram can be used to quantify toxaphene in blood
if the sample chromatogran resembles the standard and if interfering
contamination and pesticides are not present.

The presence of contaminants

in Florisil which can interfere in the quantification of toxaphene and a
purification procedure to eliminate most of the contaminants from the
adsorbent are reported.

In blood samples that showed evidence of

metabolism, the summation of the peak heights of the five major peaks
in the chromatogram was found to be more representative of toxaphene
due to different rates of component uptake by the liver.
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Toxaphene analysis by GLC-ECD presents a complex but
reproducible chromatogram with at least 15 peaks accounting for more
than 90$ of the total EC detector response.

Some or all of these

components were detected in the milk, depot fat, rumen fluid and liver
tissue of the treated animal but new EC-sensitive products, presumably
chlorinatedtjydrocarbons, also appear in these samples.

Many or most of

these peaks probably represent metabolites of toxaphene components.
Liver perfusion experiments reveal that the bovine liver is
capable of a very rapid uptake of toxaphene components from blood
followed by a rapid rate of dechlorination.

The liver appears to

accumulate these partially dechlorinated products with a subsequent
slow rate of further degradation.
In vitro rumen fluid studies demonstrate that rumen microorganisms
are effective in converting toxaphene components to dechlorinated
derivatives.

An apparent ^ value of 13 uM was determined under the

experimental conditions used in this study which represents an overall
or generic affinity of toxaphene for the rumen microflora enzyme system.
In contrast, jin vitro studies of toxaphene in perirenal depot fat show
no evidence for toxaphene metabolism.
The in vivo studies show that milk is a major route of toxaphene
excretion and rumen microflora and the liver are major sites of toxaphene
metabolism in the bovine.

Toxaphene components resistant to reductive

dechlorination and dehydrochlorination and a few toxaphene derived
products appear in milk and depot fat of the animal.

The majority

of toxaphene-derived products do not appear in milk and depot fat
presumably as a result of slow partitioning intoihe blood and further

metabolism by the liver.

Differences in the rumen fluid and liver

c.hromatograms suggest that rumen microflora metabolize toxaphene
components differently than liver.

The chemical nature and toxicological

properties of these compounds in liver and rumen fluid are not known.
Likewise, the role of the mammary gland in the metabolism of toxaphene
is unknown.
The toxaphene feeding study (5 ppm daily intake) confirms earlier
reports that toxaphene excretion in milk reaches an equilibrium with
input within one week and the ratio of toxaphene concentration in the
feed to that in the milk is approximately 60:1.

Also, a conrpartmental

type equilibrium between milk excretion and rumen fluid levels is
rapidly established at both the 5 and 50 ppm toxaphene daily intake
levels.
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