
Accumulation and Elimination of Dieldrin 
in Muscle Tissue of Channel Catfish 1 

Larry R. Shannon 
Iowa State University 

11 Science Hall II 
Ames, Iowa 50011 

Abstract 

Dieldr in accumulation and el iminat ion in muscle t issue of 
channel cat f ish ( Icta lurus punctatus) from water and food was 
determined in the laboratory. Twenty-eight-day exposure of f ish 
150-225 mm and 350-400 mm long to 75 parts per t r i l l i o n  ( n g / l i t e r )  
d ie ldr in  resulted in the larger cat f ish consistent ly accumulating 
more d ie ldr in  than the smaller f i sh .  Af ter  28 days of e l iminat ion,  
d ie ldr in  levels in both size groups were nearly equal. 

Catfish exposed to 2 ppm (mg/kg) d ie ldr in  through the i r  diets 
accumulated s i gn i f i can t l y  more d ie ldr in  in muscle than did f ish 
exposed to 75 pptr in water. When f ish were exposed to d ie ldr in  
both in food and water, d ie ldr in  from both sources contributed to 
the to ta l  d ie ldr in  load. 

Large catf ish accumulated more d ie ldr in  from food and water 
than did smaller cat f ish.  Af ter  28 days of e l iminat ion,  levels 
of d ie ldr in  were not s i gn i f i can t l y  d i f fe rent  in muscles of 150-225 
mm and 350-440 mm catf ish exposed via both food and water. 

Introduct ion 

The pathway by which f ish accumulate pesticides has been a 
matter for debate by researchers for  some time. For example, 
Chadwick and Brocksen (1969) invest igated the rates of accumulation 
of d ie ldr in  from water and food by selected f ish and f ish food. 
They, concluded that  most d ie ldr in  found in the f ish tissues came 
from water. Murphy (1971) also found that guppies accumulated 
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d ie l d r i n  in t he i r  t issues more e f f i c i e n t l y  from water than from 
food. In contrast ,  MACEK and KORN (1970) suggested that  the food 
chain may be the major source o f  DDT residues in f i sh ,  whereas 
KLEINERT et a l .  (1968) stated that  f i sh  may pick up ch lor inated 
hydrocarbon pest ic ides e i t he r  by eat ing contaminated food or by 
d i rec t  absorption from water v ia the g i l l s .  

MURPHY (1971) sought to determine i f  body size played a role 
in rate and amount of DDT uptake. He found that small mosquito 
f ish accumulated DDT from aqueous so lut ions fas ter  than did large 
mosquito f i sh .  According to MACEK and KORN (1970), DDT uptake 
from water by 150-mm brook t rou t  was s u f f i c i e n t l y  slow to be of  
minor importance in accounting fo r  the residues of  DDT in great 
lakes salmonids. My study was conducted to determine i f  body 
size plays a role in the uptake from water and food and e l imina-  
t ion of d i e l d r i n  by the edible por t ion of channel cat f ish 
( I c ta lu rus  punctatus).  

Mater ials and Methods 

Channel ca t f ish  were obtained from two sources, but f ish 
from only a s ing le source were used in each experiment. Catf ish 
of  various sizes were col lected from the Des Moines River below 
Fraser, lowa, by means of  bai ted hoop nets and e lec t ro f i sh ing  
gear. Other f ish  were obtained from a com~rc ia l  f i sh  c u l t u r i s t .  
Fish were acclimated fo r  two weeks in 380-1i ter  tanks and fed an 
uncontaminated d ie t  of Salmon Grower P49 obtained from Astra 
Pharmaceutical Products, I nc . ,  Worcester, Mass. (SHANNON, 1974). 

Water from the lowa State Un ivers i ty  well  was dechlor inated 
before i t  entered the tanks (SHANNON, 1974). Water temperature 
was maintained at 22+i~ 

Chemicals used for  ex t rac t ions contained less than 10 parts 
per t r i l l i o n  (pptr )  t o ta l  pest ic ides and therefore were su i tab le  
fo r  pest ic ide determinat ions. A l l  apparatus was washed and pre- 
r insed with e i the r  petroleum ether or hexane. 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-I ,  4, 4a, 5, 6, 7, 8, 8a-octahydro-1, 4-endo,exo-5, 8- 
dimethanonaphthalene (HEOD) and not more than 13% of  i n sec t i -  
c i da l l y  act ive re la ted compounds (SHELL CHEMICAL, 1959). The 
aqueous so lu t ion of  d i e l d r i n  was prepared by d isso lv ing  d ie ld r i n  
in acetone before being mixed wi th water or food. Tr i ton X-IO0, 
an organic solvent ,  was used in addi t ion to acetone in the water- 
exposure experiments to reduce loss of  d ie ld r i n  from so lu t ion .  
SEBA (1970) found that d ie ld r i n  c r y s t a l l i z e d  out of  so lu t ion and 
adhered to the wal ls o f  the container when tested in acetone alone 
but that  e f fec t  was reduced in the presence of  Tr i ton X-IO0. The 
acetone and Tr i ton X-IO0 levels (25 ppm and I ppm, respect ive ly)  
were kept well below the le thal  concentrations fo r  f i sh .  
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To assure continuous exposure of the desired d i e l d r i n  level  
to the ca t f i sh ,  biweekly water samples were taken from the tanks. 
Samples of  water from the tes t  chambers were analyzed according to 
methods described by the U.S. ENVIRONMENTAL PROTECTION AGENCY 
(1970). Concentration of the d i e l d r i n  so lu t ion  was checked by gas 
chromatographic analyses. 

A d i e l d r i n  so lu t ion  of 75 ppt r  was prepared for  both exper i -  
ments reported here. The desired d ie ld r i n  concentrat ion was 
obtained by using a s ing le d i l u t e r  system to cont inuously meter 
the appropriate level o f  d i e l d r i n  in to  the tes t  chamber. The 
d i l u t e r  system was constructed of glass held together by s i l i c o n  
rubber. 

The d ie t  was prepared by thoroughly blending the commercial 
pe l le ts  wi th d i e l d r i n  dissolved in acetone and corn o i l .  Final 
d i e l d r i n  concentrat ion in the food was 2 ppm. The acetone was 
allowed to evaporate from the food mixture,  which was then 
frozen and fed to the f ish  once da i ly  at the rate of 3% body weight. 
Food not t reated with d i e l d r i n  was prepared and stored in the same 
manner. On the basis of f i e l d  observations from the Des Moines 
River, these levels of  d i e l d r i n  in food and water were considered 
the maximum concentrations to which channel ca t f i sh  would be 
exposed in Iowa streams (BULKLEY et a l .  1974). In each exper i -  
ment, three samples of 2 small f i sh  each and three samples of  I 
large f ish  were taken each sampling per iod. Fish were fasted fo r  
24 hr before each experiment. 

Catf ish dorsal muscle samples were analyzed according to the 
guidel ines of the U.S. DEPARTMENT OF HEALTH, EDUCATION AND WELFARE 
(1970). For analys is ,  10-40 g of dorsal muscle t issue were ground 
with 350 ml of 35% d i s t i l l e d  w a t e r - a c e t o n i t r i l e  so lu t ion  in a 
Waring blender for  10 min. The samples were f i l t e r e d  through 
f lu ted  no. 40 Whatman f i l t e r  paper. The f i l t r a t e  (260 ml) was 
t ransferred to a i - l i t e r  separatory funnel ,  to which was added 
I00 ml of  petroleum ether,  and shaken v igorously  fo r  2 min. 
D i s t i l l e d  water (600 ml) and a saturated sa l ine so lu t ion  (10 ml) 
were added to the samples and mixed thoroughly by vigorous tumbling 
action fo r  15 sec. The layers were allowed to separate, and the 
aqueous layer  was discarded. The so lvent  layers were gent ly washed 
with two lO0-ml port ions of water. The washings were discarded, 
and the organic solvent  layers each were f i l t e r e d  through a 50-mm 
column of anhydrous sodium su l fa te  i n to  a lO0-ml graduated cy l inder .  
The volume of each was recorded. 

The sample extracts were f i l t e r e d  through a 127-mm column of  
F l o r i s i l ,  which was topped by a 25-mm column of anhydrous sodium 
su l fa te .  D ie ld r in  was eluted from the column wi th 200 ml of 15% 
d ie thy l  ether in petroleum ether fo l lowing 200 ml of  a 6% mixture 
of  d ie thy l  ether and petroleum ether.  The two mixtures were 
col lected in separate f lasks and evaporated to i0 ml. The samples 
were then ready for  i n jec t i on  in to  the chromatograph. 
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A Beckman GC-5 gas chromatograph was used to i d e n t i f y  and 
quant i fy  the d i e l d r i n  leve ls .  An electron capture detector was 
used with a helium flow rate of  80 m~ per min, a temperature of 
180~ and an at tenuat ion of  2 x 10 +3 on the 5% OV-210 column. 
A 4% SE-3/6/OF-1 column was used as a q u a l i t a t i v e  check wi th a 
gas flow rate of 120 mm per min, a temperature of  200 C, and an 
at tenuat ion of  2 x 10 +3 . Per iod ica l l y  throughout the study, 
known levels of a ld r in  were added to samples of  f i sh  muscle and 
water before chemical ex t rac t ion  was star ted.  The por t ion of  
a ld r in  recovered in the ex t rac t ion  process ranged from 83 to 90%, 
wi th an average of  85%. D ie ldr in  ex t rac t ion  e f f i c iency  was 
assumed s im i l a r ,  even though the a ld r in  added was not incorpor-  
ated w i th in  the muscle ce l ls  as was d i e l d r i n .  

D ie ldr in  ex t rac t ion  e f f i c i ency  was al@~ determined by 
water-exposing channel ca t f ish  to i0 ppb C • - d i e l d r i n  for  6 hr 
(SHANNON, 1974). Stock meshes of  cat f ish  muscle containing 
d ie ld r i n  levels of 519+31 and 53.6+2.8 ppb were then prepared. 
Stock-mesh d i e l d r i n  leve ls  were det-ermined by d i rec t  counting 
of  t issue samples as ou t l ined  by GAKSTATTER and WEISS (1967). 

Three repl icates of muscle t issue containing d ie ld r i n  levels 
of 5,190 ng, 1,072 ng, 107.2 ng, and 53.6 ng were prepared by 
varying sample sizes from the two stock meshes to cover the 
range o f  amounts in sample sizes of  I0 to 40 g of  t issue and 
concentrat ions encountered in th is  study. Ext ract ion of d i e l d r i n  
from the cat f ish  t issue was performed in the same manner as was 
employed in the other experiments. True a l iquots of these 
sample ext racts  were placed in s c i n t i l l a t i o n  v ia ls  containing 
15 ml of BBOT s c i n t i l l a t i o n  cockta i l  for  counting on a Packard 
Tri-Carb S c i n t i l l a t i o n  Counter. Quenching was corrected for  by 
in te rna l  s tandard izat ion.  

c l 4 - d i e l d r i n  recovery from ca t f i sh  muscle ranged from 59.4% 
to 117.0%, wi th an overa l l  mean of 84.2% recovery. An increase 
in percentage recovery was noted with u t i l i z a t i o n  of larger gram- 
sample sizes contain ing greater d i e l d r i n  concentrat ions. Data 
presented in th is  study were not corrected fo r  percentage 
recovery. 

Three tanks were used to expose tes t  f i sh .  Fish in one tank 
were exposed to 75 ppt r  d i e l d r i n  in water; f i sh  in a second tank 
were exposed to 2 ppm d ie ld r i n  in food, f ish  in a t h i r d  tank were 
exposed to d i e l d r i n  in both food and water at concentrat ions of 
2 ppm and 75 pptr ,  respect ive ly .  A s i m i l a r  tank contained control  
f i sh .  Water f low through each tank replaced the volume every 
12 hr.  

Background samples were analyzed to determine the d ie ld r i n  
concentrat ions in f ish  muscle before exposure. Test samples were 
then taken at the end of 7, 21, and 28 days during the uptake 
experiment, and for  7, 14, 21 and 28 days fo l lowing 28 days of 
exposure during the e l im inat ion  experiment. 
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Results and Discussion 

Uptake from Water and Food 

This experiment was designed to determine i f  d i e l d r i n  uptake 
would va~  in cat f ish of d i f f e ren t  size exposed to d i e l d r i n  in 
food and water. Catf ish of two length groups (150-225 mm and 
350-400 mm) obtained from the Des Moines River were exposed to 
d ie ld r i n  in food, in water, and in food and water fo r  28 days. 
No d i e l d r i n  was detected in water of the tank in which f i sh  were 
fed food contain ing 2 ppm d i e l d r i n .  

Average d ie ld r i n  content of muscle t issue before exposure 
was 14 ppb for  small and 39 ppb for  large ca t f i sh .  A f te r  28 
days of exposure, the small ca t f i sh  contained 544 ppb d i e l d r i n  
resu l t i ng  from food exposure, whereas cat f ish  in the same size 
group exposed in water contained 175 ppb d i e l d r i n  (Table I ) .  The 
di f ference was s i g n i f i c a n t  at the 0.01 level of  p robab i l i t y .  
Other ca t f i sh  in th is  size group exposed to d i e l d r i n  both in food 
and water contained 898 ppb d i e l d r i n ,  which was a s i g n i f i c a n t l y  
greater concentrat ion (P=O.OI) than at ta ined by f i sh  exposed to 
d i e l d r i n  e i the r  in food or in water alone. 

Large cat f ish  exh ib i ted  a pat tern of d i e l d r i n  uptake s imi-  
l a r  to that  of the smaller ca t f i sh .  A f te r  28 days o f  exposure, 
the large cat f ish contained 274 ppb d i e l d r i n  from water exposure, 
1,243 ppb from food exposure, and 2,418 ppb from both food and 
water exposures. These di f ferences among the large cat f ish  were 
also s i g n i f i c a n t  at the 0.01 level of  p robab i l i t y .  In a l l  three 
methods of exposure, large cat f ish  accumulated greater concentra- 
t ions (P=O.01) in muscle t issue than did small ca t f i sh .  The 
reason larger  cat f ish accumulated greater d ie ld r i n  concentrat ions 
could be explained by a study by BUEKLEY et a l .  (1974). Their  
study indicated that  larger f i sh  have a greater capacity fo r  
accumulation and retent ion o f  d i e l d r i n  because of greater f a t  
content. 

Channel cat f ish accumulated d i e l d r i n  in muscle t issue both 
from water and from food exposure. At concentrat ions of  d i e l d r i n  
tested, more d ie ld r i n  was accumulated from food than from water. 
This re la t i onsh ip ,  under natura l  condi t ions,  would undoubtedly 
change as the re la t i ve  concentrat ions of d i e l d r i n  in food and 
water changed. When f ish  were exposed to d i e l d r i n  in both food 
and water, however, more d i e l d r i n  accumulated in muscle t issue 
than when f ish  were exposed to d i e l d r i n  in j us t  food or water 
alone. These data agree wi th the suggestions of  MACEK and KDRN 
(1970), who claim that  the food chain may be the major source 
of DDT in f i sh ,  and also wi th KLEINERT et a l .  (1968) who found 
that  f ish  may accumulate ch lor inated hydrocarbons from contami- 
nated food or by absorption v ia g i l l s .  
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TABLE 1. 

Mean concentration (ppb) of  d ie ldr in  in dorsal muscle of 
channel catf ish exposed to 75 pptr in water and 2 ppm in 
food. Standard deviation is in parentheses. 

Time Idays) from beginnin 9 of exposure 
7 21 28 

Control 
150-225 mm 10(2) 12(4) 10(2) 
350-400 mm 24(4) 18(4) 13(3) 

Water 
150-225 mm 45(17) 81(10) 175(34) 
350-400 mm 74(18) 179(24) 274(12) 

Food 
150-225 mm 179(11) 506(28) 544(28) 
350-400 mm 246(10) 796(37) 1243(103) 

Food and water 
150-335 mm 303(26) 606(38) 898(93) 
350-400 mm 280(5) 1199(35) 2418(374) 

Elimination Following Exposure 

Mean d ie ldr in  contents before exposure were s imi la r  in small 
and large catf ish (34 and 38 ppm, respect ively) .  At the end of 
a 28-day exposure period, small f ish contained 176 ppb d ie ldr in  
from water exposure, 287 ppb from food exposure, and 365 ppb from 
water plus food exposure (Table 2). Large cat f ish contained 185 
ppb d ie ldr in  af ter  bath exposure, 302 ppb af ter  food exposure, 
and 634 ppb from bath plus food exposure. Concentrations were 
not s i gn i f i can t l y  d i f fe ren t  between large and small f ish exposed 
to d ie ldr in  in food and in water. By the end of the el iminat ion 
period, differences were not s i gn i f i can t  between large and small 
f ish from water, food or food-and-water exposure. Concentrations 
in water-exposed f ish in both length groups had decreased to 
levels found in control f i sh .  Thus, d ie ldr in  concentrations af ter  
exposure in food and in water decreased at a s imi la r  rate among 
small and large f i sh ;  large f ish exposed in food plus water, how- 
ever, i n i t i a l l y  showed more rapid lowering of d ie ldr in  concentra- 
t ions than did small f i sh .  

Elimination of d ie ldr in  was fastest  from bath exposure. 
S l igh t l y  over 50% of the d ie ldr in  was eliminated from catf ish 
muscle af ter  14 days, and by the end of 28 days, the d ie ldr in  
level was comparable to that found in the control f ish and those 
exposed via water. Small and large f ish exposed via food con- 
tained more than four times the concentration of d ie ldr in  at the 
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end of 28 days than did those f ish exposed via water only. Cat- 
f ish exposed to d ie ldr in  through d ie t  and bath retained more than 
s ix  times the d ie ldr in  retained by f ish exposed via water, and 
approximately 50% more than those exposed via food. 

TABLE 2. 

Mean concentration (ppb) of d ie ldr in  in dorsal muscle of 
channel cat f ish for 28 days af ter  exposure to 75 pptr in water 
and 2 ppm in food. Standard deviation is in parentheses. 

Time (days) from end of exposure period 
0 7 14 21 28 

Control 
150-225 mm 34(3) 28(2) 28(4) 18(3) 21(1) 
350-400 mm 38(6) 29(6) 35(5) 21(9) 28(6) 

Water 
150-225 mm 176(12) 152(11) 78(5) 47(6) 24(4) 
350-400 mm 186(6) 162(18) 84(6) 59(7) 28(4) 

Food 
150-225 mm 287(19) 217(7) 168(13) 152(18) 108(23) 
350-400 mm 302(19) 229(6) 184(11) 142(27) 109(19) 

Food and water 
150-225 mm 365(19) 241(9) 217(8) 195(23) 172(28) 
350-400 mm 634(130) 358(18)221(18) 194(18) 170(9) 

The results of this study agree with those of  GRZENDA et 
al. (1971) who found that goldfish los t  about 50% of the 
accumulated d ie ldr in  wi th in two weeks fol lowing exposure 
through the i r  d iet .  In summary, large and small catf ish are 
able to accumulate d ie ldr in  from both food and water sources, 
and the rate of uptake is dependent upon the level and source 
of exposure. Furthermore, the rate of eTimination is determined 
by the source of the d ie ldr in .  Dieldr in accumulated via water 
is more easi ly  eliminated than that accumulated via food. 
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