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INTRODUCTION 

The mode of action of toxaphene (chlorinated camphene 
containing 67-69~0 chlorine) is poorly understood. The high 
susceptibility of fish and diseovery of resistant strains have 
encouraged research in this area. Although there is information 
on toxicity and residues�87 there bas been little work done to 
quantify actual uptake of toxaphene from the aquatic medium. 

Uptake and excretion of related insecticides have been in- 
vestigated in mosquito fish. FERGUSON et al. (1966) demonstrated 
the existence of processes of uptake and excretion for endrin, 
but did hot quantify these processes. The major source of end- 
rin uptake was contaminatedwater rather than accumulation through 
the food chain. Endrinwas also released into the water by 
contaminated fish which indicated some type of excretion mech- 
anism. 

WELLS and YARBROUGH (1972 , 1973) and YARBROUGHandWELLS 
(1971) studied retention of DDT, aldrin, dieldrin, and endrin 
in resistant and susceptible mosquito fish. Using radioactive 
tagging, they demonstrated that cell membranes of resistant 
fish bind more insecticide than membranes of susceptible fish. 
These results suggested that resistance is in part the result 
of a membrane barrier in resistant fish. 

Quantification of the amount of toxicant actually absorbed 
is important for investigations into the mode of action of these 
insecticides. The present research was undertaken to quantify 
the uptake of toxaphene by mosquito fish and relate these data 
to the toxicity syndrome. 

METHODS AND MATERIALS 

Experimental Animals: Gam~usia affinis (Baird and Girard) 
were obtained fron~ a sewage oxidation pond located on Oracle 
Road, 0.6 ~~3 es N. of River Road�87 Tucson�87 Pima County, Arizona. 
Fish were stored in ll5 1 poly-trash cans and maintained in the 
laboratory in aged tap water for 24 hours prior to testing. 
Mean weight (_+ S.I~) of the fish was 1o082 _+ 0~ gros. An LC50 
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at 24 hours of 860 ppb was determined for the population. At 
2 ppm, the LT50 was 12 hours; however, 8 hours was selected as 
the optimum period for uptake and excretion experiments since 
mortality increased rapidly after 8 hours at this concentration 
making excretion experiments difficult. 

Ex~erimental Desi~�9 Two ™ I aquaria were set up with aged 
tap water. To each was added 36Cl-toxaphene (42~Ci/gm; Hercules�87 
Inc.) in 2.44 ce acetone to produce suspensions containing 2 ppm 
of toxaphene. A solvent control test at this rate of acetone 
resulted in 0% mortality after 48 hours. Fifty G. affinis were 
introduced to each aquarium at 0800 and sampled hourly for 8 
hours. Each sample eonsisted of lO fish which were rinsed with 
fresh tap water and frozen individually in glass vials forsub- 
sequent extraction. The experiment was duplicated. At the time 
of sampling, the toxicity stage exhibited by each fish was noted. 
The toxicity syndrome had been determined earlier and divided 
into 5 characteristie stages in fish exposed to a lethal concen- 
tration. 

In the manner aboie�87 the same number of fish were exposed 
for 8 hours to 2 ppm 3 Cl-toxaphene. Following exposure�87 all 
fish were transferred to 5 1 aquaria containing tmtreated, aged 
tap water. At the rime of transfer�87 dead fish were removed�87 
rinsed�87 and frozen; a sample of iO fish were also collected and 
frozen at transfero S~mples were taken every hour until all 
fish were removed. Toxicity stages were recorded at the rime 
of sampling. This experiment was duplicated. 

To correlate the amount of toxaphene residue with toxicity 
s~~K0toms�87 Go affinis were placed in aquaria containin~ 2 ppm 
3b~~Cl-toxap~enœ S---amples were taken during the next i0 hours so 
that 10 fish were sampled at eaeh of the 5 toxicity stages. 
The samples were ™ in tap water and frozen. 

Anal~tical Procedures: To extract the sorbed radio-labelled 
toxaphene and toxaphene related (TR) residues�87 fish were ground 
in 40 ml redistilled acetone. The extract was filtered, evapo- 
rated to dryness�87 redlssolved in 0.25 ml distilledwater and 
0.25 ml hexan%and scintillation fluor added. Emplou an 
internal standard�87 extraction of fish resulted in a recovery 
rate of 96.01 • 5.28%; 96% recovery was used in the calcula- 
tions. 

To partia3_ly characterize the composition of radioactive 
fish extract�87 34 treated fish were ground in 400 ml acetone. 
Following evaporation to dryness, the extract was partitioned 
in lO0 ml distilled water and lO0 ml hexane. Both fractions 
were divided into lO ml aliquots and these were evaporated to 
dryness, redissolved in 0.25 ml distilled water and 0.25 ml hex- 
ane, and prepared for radioassay. 

Toluene-based fluor (5 gin PPO and 0.06 gin POPOP/liter 
toluene) and Bray's solution (60 gin naphthalene�87 lO ml methanol�87 
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20 ml ethylene glycol�87 4 gin PPO and 0.2 gin POPOP in I i dioxane) 
were employed in the radioassayso Samples were counted on a 
dual channel (Nuclear-Chicago Model 6822) liquid scintillation 
spectrophotometer. Quench was corrected using the external stand- 
ard method. Radioactivity was interpreted in terres of the 
specific activity of toxaphene; however, this may give somewhat 
misleading values since not onl~ toxaphene but probably metabo- 
lires of toxaphene containing ~~ were present in the axtracts. 

RE$ULTS AND DISCUSSION 

Uptake of 36Cl-toxaphene and TR residues was a linear 
function and directly proportional to the length of exposure 
(Fig. 1). Since fish were processed whole in these experiments�87 
�8 was impossible to determine what portion of these res�8 
had been absorbed into particular organs and what portion was 
simply adsorbed on the scales and fins. 

In the excretion experiments~ analysis of data resulted in 
statistically nonsignificant excretion equations. Calculation 
of confidence intervals about individual points indicated that 
ai the 0.05 level, there was no significant difference in body 
load over rime. Therefore�87 there was no indication of excretion 
of toxaphene and TR residues during the first 6 hours following 
exposure. 
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Figure i. Uptake of 36Cl~~oxaphene and ~q residues in OE. 
affinis exposed to 2 ppm j Cl-toxaphene. Regression anal- 
ysis resulted in a linear uptake equation y = 0.00068 + 
0.00058(x) which was significant at the O.O1 level. 
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Partitioning of fish extracts revealed that 88.7% of 36Ci 
was recover~d from the nonpolar fraction. This represented 
0.586 ~~m 3 Cl-toxaphene and TR residues per gm of fish. Re- 
covery ~ates, however, for the procedure using extracts of fish 
and a 3 Cl-toxaphene standard, averaged 87.6%. Thus, there 
was apparently minimal metabolic alteration in the toxicant 
during the 8 hour period. Dehydrochlorination bas been reported 
as a method of toxaphene metabolism in rats (OHBAWA et alo 1975). 
If this were the case in fish�87 36CI would be expected fo appear 
in %he water fraction. One might also expect fish fo excrete 
chloride. The excretion data show no evidence of excretion 
within 6 hours which corresponds with the lack of toxaphene 
metabolism during this period. FERGUSON et al. (1966) found 
no evidence of matabolic or chemical alteration of endrin in 
G. ai'finis. 

Observation of the toxicity syndrome and characterization 
of a graded sertes into 5 stages was a subjective process. 
Interpretation of toxicity symptoms without a knowldege of the 
mode of action of toxaphene is impossible although certain 
behavior may suggest physioiogical correlates. The f�8 stage 
of the toxicity syndrome was recorded as apparently healthy fisho 
The second stage�87 and the most difficult to assess�87 ~as when 
fish began to swim ai the surface perpendieularly to the side 
of test containers. S~imm~ at the surface is normal in water 
with low ox~gen content and is also the normal feeding position 
for G. affinis. Normal, fish�87 however, retreated from the surface 
when the aquarium was approachedwhereas poisoned fish remained 
at the surface. Subsequent toxicity stages were all n~rked by 
rapid gill ventilation which further suggested respiratory 
involvement. The third stage was characterized by fish swim- 
ming paraliel to the side of aquaria�87 but with a loss of equi- 
librium as evidenced by sinking of the posterior end so that 
fish attempted fo swim up towards the surface. Finally�87 fish 
lost their ability to maintain their normal dorso-ventral ori- 
entation and rolled fo the side. At stage 4�87 fish sank to the 
bottom and were prostrate with rapidly ventilat�8 gillso Ai 
this stage�87 there was oeeasional darting behavior. Death (stage 
5) was identified by the cessation of gill movements. 

Average body load of 36Cl-toxaphene and TR residues at 
each toxicity symptom is shown in Figo 2~ By the rime fish 
exhibited the first toxicity response fo toxaphene (stage 2)�87 
they had already sorbed 90.3% of the average fatal residue. 
Fish which were characterized as normal (stage i) had accumulated 
35% of the fatal residue. 

Average residue per gin of fish and toxicity symptoms exhib- 
ited at each hour are shown in Table i. Fish progressed through 
toxieity symptoms at approximately the saine rate until the eighth 
bout. This is where mortality increased rapidly and it was pos- 
sible fo examine differences in body load of fish w�8 identical 
exposure rimes�87 but ~hieh exhibited different toxicit~ symptoms. 

584 



T
A
B
L
E
 i

 

3
6
C
i
-
T
o
x
a
p
h
e
n
e
 
a
n
d
 
TR

 
r
e
s
i
d
u
e
s
 
(
~
/
g
m
 
fi

sh
) 

a
n
d
 
t
o
x
i
c
i
t
y
 
s
y
m
p
t
o
~
~
 
e
x
h
i
b
�9
 

at
 
e
a
c
h
 
h
o
u
r
i
n
 

G.
 
a
f
f
i
n
i
s
.
 

E
x
p
o
s
u
r
e
 
to

 
t
o
x
a
p
h
e
n
e
 
o
c
c
u
r
r
e
d
 b

e
t
w
e
e
n
 
h
o
u
r
s
 
1-

8.
 

F
o
l
l
o
w
i
n
g
 
e
x
p
o
s
u
r
e
,
 
f
i
s
h
 w

e
r
e
 

t
r
a
n
s
f
e
r
r
e
d
 
t
o
 
u
n
t
r
e
a
t
e
d
 
a
g
e
d
 
t
a
p
 w

a
t
e
r
 
a
n
d
 
s
a
m
p
l
e
d
 b

e
t
w
e
e
n
 
ho

ur
s 

9-
14

. 
E
a
c
h
 
v
a
l
u
e
 
r
e
p
r
e
s
e
n
t
s
 

!
0
 
fi

sh
. 

~o
xi

ci
ty

 
}{
ou
rs
 

S
t
a
g
e
 
.
.
.
.
.
.
 E
x
D
o
s
u
r
e
 
fo

 
2
D
p
m
 
3
6
C
l
-
t
o
x
a
D
h
e
n
e
 .
.
.
.
.
.
.
.
.
.
 

1 
2 

3 

0.
3_
I 

0
.
2
0
 

0
.
2
5
 

4 
5 

6 
7 

8 

0.
68

 

0
.
6
1
 

0
.
4
2
 

0
.
4
3
 

0
.
4
9
 

0
.
5
4
 

i
0
 

ii
 

0
.
6
6
 

0
.
6
1
 
0
.
5
7
 

0
.
6
3
 

1
2
 

1
3
 

0
.
7
5
 

0
o
7
1
 

0
~
 

0 
~ 

14
 

0
.
5
2
 



0.7 
u~ 

o.6 

H 
0.5 

N'-" O.4 

0 . 3  

~ o.2 

t O . 1  
r_) 

l 2 4 5 

I 

I Il i 

3 

TOXICITY STAGE 

Mean body burden of 36Cl-toxaphene and TR residues Figure 2. 
in G. affinis at each stage of the toxicity syndrome. Tox- 
iclty stage 1 is apparently healt~~ fish; 2�87 3�87 and 4 repre- 
sent progressively greater toxicity response. Stage 5 is 

death. 

Where more than one toxicity symptom was exhibited, the mean 
body load was different for fish showing dioEerent symptoms, and 
the amount of residue present was consistent with the severity 
of the symptom. Sinee exposure rime was equal for all fish, 
different body loads at various toxieity stages appear to reflect 
differences in rates of uptake. 

Data presented here show that the onset of toxicity symptoms 
varies within any given population, and that the onset of particu- 
lar toxicity symptoms is directly proportional fo body load. 
Thus within this population, differences in toxicity response 
appeared tobe due to different body loads rather than to differ- 
ent tolerances of a particular toxieant level. 

SUMMARY 

The toxicity syndrome of toxaphene to G. affinis was 
divided into 5 stages, and the residue level at each stage was 
determined. By the rime fish were exhibiting the first toxi- 
city response (stage 2), 90o3~ of the mean fatal residue level 
had been sorbed. Regression analysis indicated that sorption 
of texaphene is a linear function with respect to time. Excre- 

tion was hot observed following an 8 hour exposure to 2ppm 
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toxaphene. Metabolic alteration of toxaphene duri~~ the experi- 
ments appeared fo be minimal. Differences in individual mortality 
appeared go be due fo differences in uptake rather than differences 
in ability fo tolerate particular body loads of toxaphene. 
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