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Abstract 

Channel cat f ish ,  Ictalurus iounctatus, measuring 150 (+5) mm 
were exposed continuously to d ie ldr in  for  70 days to dete~ine 
i f  equi l ibr ium between d ie ldr in  uptake and el iminat ion was 
reached by muscle t issue. Fish exposed to 13 parts per t r i l l i o n  
(pptr) d ie ldr in  reached equi l ibr ium in 56 days, f ish exposed to 
27 pptr  d ie ldr in  were near equi l ibr ium af ter  56 days, and f ish 
exposed to 49 pptr d ie ldr in  did not reach a balance between 
uptake and el iminat ion af ter  70 days of exposure. 

Evidence of th is  study showed that balance between uptake 
and el iminat ion was reached in less time at lower exposure levels 
than at higher levels. 

INTRODUCTION 

In lowa, farmers have used large amounts of  aldr in to control 
rootworm and other corn insects for a number of years. Between 
1961 and 1965, aldr in was applied to lowa soi ls  at annual rates 
of 5.0 to 6.5 mi l l ion pounds; during 1968 through 1973, an es t i -  
mated 2.0 mi l l ion pounds of a ldr in per year were used on lowa 
soi ls  (personal communication, Harold J. Stockdale, Extension 
Entomologist, Department of Entomology, lowa State Univers i ty ,  
Ames, Iowa, 1973). 

Evident ly,  th is pest ic ide in the form of d ie ld r in ,  is f inding 
i t s  way in to surface waters of the state.  Dieldr in concentrations 
up to 1600 ppb (mg/kg) have been found in the edible portion of 
channel cat f ish (ICtalurus punctatus) (MORRIS and JOHNSON, 1971), 
exceeding by more than 5 times the permissible concentration of 
d ie ldr in  in food allowed by the Food and Drug Administrat ion. 
Catfish tested from many r ivers consistent ly contained greater 
concentrations of d ie ldr in  than did small cat f ish from lowa streams. 
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A f i e l d  study by BULKLEY et a l .  (1974) indicated that  d i e l d r i n  
levels in channel ca t f ish  muscle were seasonal. According to t h e i r  
study, d i e l d r i n  levels  in ca t f i sh  increased w i th in  a few weeks 
a f te r  the peak of the corn p lant ing  season. Ev ident ly ,  ag r i cu l t u ra l  
a c t i v i t y  played a role in determining the leve l  of d i e l d r i n  in 
cat f ish muscle. 

MACEK et a l .  (1970) reported that  DDT and d i e l d r i n  levels were 
dose-dependent and that f i sh  exposed to 1 ppm per week of  d i e l d r i n  
reached equ i l i b r ium a f te r  140 days. Thei r  study fu r the r  estab- 
l i shed tha t  some organs reached d i e l d r i n  equ i l i b r ium before other 
organs, and in each instance equ i l i b r i um was dose-dependent. Skel- 
e ta l  muscles reached equ i l i b r ium in 28 days of  exposure to I ppm 
in food in t h e i r  study wi th rainbow t rou t .  

The channel ca t f ish  was used in th i s  study because of i t s  
importance as one of Iowa's most sought -a f te r  sports f i sh .  This 
study attempted to determine, under laboratory condi t ions,  i f  
equ i l i b r ium between uptake and e l im ina t ion  of  d i e l d r i n  was depend- 
ent on the level  of  exposure. 

MATERIALS AND METHODS 

Channel ca t f ish  measuring 150 (+5) were obtained from a 
commercial f i sh  c u l t u r i s t .  Fish were maintained in aquaria con- 
ta in ing  45 l i t e r s  of water and fed a d ie t  of commercially pe l le ted 
food obtained from Astra Pharmaceutical Products, Inc . ,  Worcester, 
Mass. The contents and analyses of the d ie t  are reported in 
SHANNON (1974). 

Water from the Iowa State Un ivers i ty  wel l  was maintained at 
21+1 C and was dechlor inated before enter ing the tanks (SHANNON 
1974). 

Chemicals used for  ex t rac t ions  contained less than 10 parts 
per t r i l l i o n  (pptr)  to ta l  pest ic ides and were considered su i tab le  
for  pest ic ide determinat ions. A l l  apparatus was washed and pre- 
r insed with petroleum ether or hexane before use. The technical  
d i e l d r i n  used was obtained from Shell Chemical Company and con- 
tained not less than 87% of 1,2,3,4,10,10 hexachloro-6, 7-epoxy- l ,  
and not more than 13% of i n s e c t i c i d a l l y  act ive re la ted compounds 
(SHELL CHEMICAL CORPORATION, 1959). 

D ie ld r in  was dissolved in acetone before mixing with water. 
Tr i ton X-IO0, an organic so lvent ,  was used to reduce loss of 
d i e l d r i n  from so lu t ion  (SEBA, 1970). The acetone and Tr i ton  
X-IO0 levels (25 ppm and i ppm, respect ive ly )  were kept wel l  below 
the le tha l  concentrat ions for  ca t f i sh .  A 50% propor t ional  d i l u t e r ,  
which del ivered I l i t e r  at 5 concentrat ions,  was used to meter the 
various d i e l d r i n  concentrat ions in to  i nd i v i dua l  tanks (MOUNT and 
BRUNGS, 1967). A complete change of  water occurred every 6 hr.  
Uncontaminated water, which t r iggered the d i l u t e r  system, flowed 
through tank i contain ing control  f i sh .  Fish in tank 2 were 
exposed to 49 ppt r  of d i e l d r i n ;  tank 3 contained f i sh  exposed to 
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27 pptr of d ie ld r in ,  and in tank 4 the f ish were exposed to 13 pptr 
of d ie ldr in .  The f ish in tanks 5 and 6, containing 8.5 and 4.0 
pptr of d ie ldr in ,  respectively, died of unknown causes before the 
experiment was completed. Three samples of two fish each were 
taken from each tank every 2 weeks for  70 days. Di lut ion ratios 
for  the water d ie ldr in solutions were based on gas chromatographic 
analyses of weekly samples. 

Samples of water from the tes t  chambers were analyzed accord- 
ing to methods described by the U.S. ENVIRONMENTAL PROTECTION 
AGENCY (1971). Water samples of 1 l i t e r  were extracted by mixing 
with 120 ml of 15% diethyl ether in hexane in a 3-1 i ter  separatory 
funnel. The mixture was shaken vigorously for 1 min and allowed 
to separate into layers. The aqueous layer was extracted a second 
time with 100 ml of hexane. The two hexane layers were combined 
and f i l t e red  through a 50-mm column of anhydrous sodium sul fate.  
The f i l t r a t e  was evaporated to 1 ml before a sample was injected 
into the gas chromatograph. 

Catfish dorsal muscle samples were analyzed according to the 
guidelines of the U.S. DEPARTMENT of HEALTH, EDUCATION and WELFARE 
(1970). For analysis, 10 g of dorsal muscle tissue were ground with 
350 ml of 35% d i s t i l l e d  water-acetoni t r i le  solut ion in a Waring 
blender for i0 min. The samples were f i l t e red  through f luted 
No. 40 Whatman f i l t e r  paper. The f i l t r a t e  (260 ml) was transferred 
to a 1-1i ter  separatory funnel to which was added i00 ml of petro l -  
eum ether and shaken vigorously for 2 min. D is t i l l ed  water (600 ml) 
and a saturated saline solution (10 ml) were added to the samples 
and mixed thoroughly by vigorous tumbling action for 15 sec. The 
layers were allowed to separate, and the aqueous layer was dis- 
carded. The solvent layers were gently washed with two lO0-ml 
portions of water. The washings were discarded, and the solvent 
layers each were f i l t e red  through a 50-mm column of anhydrous sod- 
ium sulfate into a lO0-ml graduated cyl inder. The volume of each 
was recorded. 

The samples were f i l t e red  through a 115-mm column of F l o r i s i l ,  
which was topped by a 25-mm column of anhydrous sodium sul fate.  
Dieldrin was eluted from the column with 200 ml of 15% diethyl 
ether in petroleum ether following 200 ml of a 6% mixture of 
diethyl ether and petroleum ether. The two mixtures were collected 
in separate flasks and evaporated to I0 ml. The samples were then 
ready for in ject ion into the chromatograph. 

A Beckman GC-5 gas chromatograph was used to ident i fy  and 
quantify the d ie ldr in levels. An electron capture detector was 
used with a helium flow rate of 80 mm/min, a temperature of 180~ 
and an attentuation of 2 x 10 +3 on the 5% OV-210 column. A 4% 
SE-3/6/QF-1 column was used as a qua l i ta t ive  check with a gas 
flow rate of 120 mm/min, a temperature of 200~ and an attenuation 
of 2 x 10 +3. 
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Per iodical ly  throughout the study, known levels of a ldr in 
were added to samples of f ish muscle and water before chemical 
extract ion was started. The port ion of aldr in recovered in 
the extract ion process ranged from 83 to 90%, with an average 
of 85%. Dieldr in extract ion e f f ic iency was assumed s imi la r ,  even 
though the aldr in added was not incorporated wi th in  the muscle 
cel ls as was d ie ldr in .  

RESULTS AND DISCUSSION 

Fish exposed to 49 pptr of d ie ldr in  for the 70day test  
period continued to accumulate d ie ldr in  l inear ly  throughout the 
exposure period (Table I ) ,  Figure 1). Af ter  70 days, d ie ldr in  
concentration in this test  group was s i gn i f i can t l y  greater 
(p=O.01) than the d ie ldr in  level observed af ter  56 days of 
exposure. Catfish exposed to 27 pptr of d ie ldr in  accumulated a 
mean d ie ldr in  total  of 39 ppb af ter  56 days and 48 ppb af ter  70 
days of exposure. The trend in accumulation was s t i l l  upward, 
although the difference between levels at 56 and 70 days was not 
s t a t i s t i c a l l y  s ign i f i can t .  Fish exposed to 13 pptr of d ie ld r in  
contained a mean concentration of 29 ppb af ter  56 days and 31 ppb 
at the end of the 70-day test  period. These levels also were not 
s i gn i f i can t l y  d i f fe rent .  Because this study dealt only with 
equi l ibr ium between uptake and el iminat ion of d ie ld r in ,  other 
factors,  such as growth, were not noted. 

TABLE 1. 

Mean levels of d ie ldr in in dorsal muscle of 150 mm channel 
catf ish exposed to d ie ldr in  for 70 ~ays. Concentration in ppb 
(standard deviation in parentheses) . 

Exposure Time (days) from beginning of exposur 9 
level 0 14 28 42 56 70 

0 7(1) 4(1) 4(1) 4(2) 4{ ~2 4(1) 
49 pptr 7(1) 45(11) 57(5) 84(10) 130(14) 164(11) 
27 pptr 7(1) 20(4) 29(1) 38(4) 39(10) 48(6) 
13 pptr 7(1) 9(2) 13(3) 19(7) 29(3) 31(3) 

a 

All values based on 3 samples of 2 f ish each. 
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Experimental evidence indicates that  exposure to a cyclo-  
diene insec t i c ide  (such as d i e l d r i n )  resu l ts  in an upper l i m i t  
of accumulation in b io log ica l  systems, and th is  level  is dependent 
on the level of exposure (BROOKS, 1971; MACEK et  a l . ,  1970). My 
study upheld th i s  idea. Fish exposed to 13 ppt r  of d i e l d r i n  
reached a balance between uptake and e l im ina t ion  in dorsal muscle 
in 56 days of exposure. Catf ish exposed to 27 ppt r  were very near 
the state of balance between d i e l d r i n  uptake and e l im ina t ion  in 
muscle t issue by 56 days. Catf ish exposed to 49 ppt r  of d i e l d r i n  
s t i l l  were accumulating d i e l d r i n  l i n e a r l y  at the end of  the 70-day 
tes t  period; hence, equ i l i b r ium was not reached during the tes t  
period at th is  exposure leve l .  

Under natural  cond i t ions,  i t  also seems that the level  o f  
d i e l d r i n  found in cat f ish muscle is dependent upon the level  of 
d i e l d r i n  in t he i r  environment. D ie ld r in  levels at a given time in 
the environment could determine whether f ish  w i l l  continue d i e l -  
dr in uptake l i n e a r l y  from the water, e l iminate d i e l d r i n  at a more 
rapid rate than d i e l d r i n  is taken up, or i f  equ i l i b r ium between 
uptake and equ i l i b r ium is establ ished.  Seasonal f l uc tua t ions  in 
d i e l d r i n  concentrat ions in water and cat f ish  muscle were noted by 
BULKLEY et a l .  (1974). D ie ld r in  concentrat ions in Des Moines 
(Iowa) River water increased a few weeks a f te r  a ld r in  was appl ied 
to the so i l  during p lan t ing  season. The d i e l d r i n  level  decreased 
in the water a few weeks l a te r .  The same trend was evident  in 
d i e l d r i n  concentrat ions found in ca t f i sh  muscle. Hence, f l uc tua -  
t ions in exposure levels is one fac tor  determining equ i l i b r ium 
between d ie l d r i n  uptake and e l im ina t ion .  Evidence of th is  study 
showed that  balance was reached in less time at lower exposure 
levels than at higher levels .  
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