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Polychlorinated hydrocarbons  used as pes t ic ides  and as indust r ia l  
chemica l s  have been recognized  as being ecological ly  significant  c o m -  
pounds s ince they a r e  metabol ica l ly  quite r e c a l c i t r a n t  and thus tend to 
accumula te  in va r ious  global e c o s y s t e m s  (ABBOTT et al.  1966; JENSEN 
et al.  1969; RISEBROUGH et  al.  1968). Genera l ly  the higher t rophic  
level  o r g a n i s m s ,  such as b i rds ,  f ish,  and some  m a r i n e  and t e r r e s t r i a l  
an ima l s ,  contain i n c r e a s e d  concent ra t ions  of chlor inated hydroca rbons .  
Studies have indicated that  some  f ish taken f r o m  the Grea t  Lakes  
p o s s e s s  ch lo rohydroca rbon  pes t ic ide  r e s idue  concentra t ions  in excess  
of 5.0 p p m - - t h e  i n t e r i m  admin i s t r a t i ve  l im i t  for  DDT in food se t  by the 
United States Food and Drug Admin is t ra t ion  (FDA) (HENDERSON et  al .  
1969; POFF and DEGURSE 1970; REINERT 1970). Recently,  po lych lo r -  
inated biphenyls  (PCBs) usual ly  identified as Aroc lo r  and the pes t ic ide  
m i r e x  ~ have been identified in Lake Ontario fish (KAISER 1974). 

F i sh  taken f r o m  Lake E r i e  have a lso  been  found to be con tamin-  
ated with PCBs, DDT and d ie ldr in  (KELSO and FRANK 1974). Lake  
Michigan and Lake  Super ior  sa lmonoid  f ish have  l ikewise  been  r e p o r t e d  
to contain DDT and die ldr in  (KLEINERT e~t a l .  1968). 

Since Lake  Super ior  is North A m e r i c a ' s  l a r g e s t  ol igotrophic l ake  
containing a s izab le  f i she ry  of lake t rou t  (Salvelinus namaycush) ,  the 
p r e s e n t  study was  made  to d e t e r m i n e  the extent  of ch lo rohydrocarbon  
contaminat ion in these  f ish taken f r o m  this r e l a t ive ly  i so la ted  lake.  
Data accumula ted  should offer  an insight  as to the p r e s e n t  s ta tus  of the 
chlor inated hydroca rbon  concent ra t ions  in lake t rout  f ished c o m m e r c i a l l y  
and as  p a r t  of a s po r t s  f i shery .  

1 A r o c l o r - - R e g i s t e r e d  t r a d e m a r k ,  Monsanto Co . ,  St. Louis,  Mo. 

2Mi rex - -Dodecach lo rooc t ahyd ro -1 ,  3, 4 -me theno -2H-cyc lobu t a  (c, d) 
pentalene.  
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Mate r i a l s  and Methods 

Mate r i a l :  Lake t rou t  used w e r e  net ted in Lake  Super io r  dur ing  the 
s u m m e r  of 1971. Nett ing loca t ions  were :  1) about 2 mi l e s  E of Rock 
Harbor  Light ,  Is le  Royale  and 2) about 15 mi les  SSW of Car ibou 
Is land.  The loca t ions  a r e  app rox ima te ly  140 mi les  apa r t .  F i sh  w e r e  
wrapped  in a luminum foil and f rozen  (-10~ until used for ana ly s i s .  

Ventra l  abdominal  t i s sue ,  15-20 g (musc le  and adipose)  taken f rom 
an a r e a  loca ted  between the pelvic  and pec to ra l  f ins,  was m a c e r a t e d  with 
excess  sodium sul fa te  and ex t r ac t ed  th ree  t imes  with pe t ro l eum e ther ,  
in g l a s s  cent r i fuge  tubes.  The pe t ro l eum e ther  was decanted into a f lask 
and was evapora t ed  at  r oom t e m p e r a t u r e  under a hood. The f i sh -o i l  
ex t r ac t ed  was weighed and the ch lo rohydroca rbon  r e s i d u e s  were  r e m o v e d ,  
f rom 3-5 g, by ex t rac t ion  into 200 ml .  a ce ton i t r i l e .  The a c e t o n i t r i l e  was 
suct ion f i l t e r ed  and the r e s i d u e s  pa r t i t i oned  into 100 ml.  pe t ro l eum e the r ,  
fol lowing shaking with 600 ml .  d i s t i l l ed  wa te r  and 10 ml. sat .  NaC1 in a 
s e p a r a t o r y  funnel. The p e t r o l e u m  e the r  l a y e r  was washed twice with 
100 ml.  por t ions  of d is t .  wa te r  (UNITED STATES DEPARTMENT OF 
HEALTH, EDUCATION, AND WELFARE 1971). 

F l o r i s i l  column ch roma tog raphy  was used to clean the pe t ro l eum 
e ther  ex t rac t .  The pe t ro l eum e ther  e x t r a c t  was p a s s e d  through a 125- 
175 X 22 mm ac t iva ted  F l o r i s i l  column using 200 ml. of a 6~ ethyl e ther  
--94~c pe t ro l eum e ther  e luant  (UNITED STATES DEPARTMENT OF 
HEALTH, EDUCATION, AND WELFARE 1971). The e luate  was con-  
cen t r a t ed  to app rox ima te ly  5 ml s ,  using a Kuderna-Dan i sh  concen t r a to r  
and the PCBs w e r e  s e p a r a t e d  f rom the ch lo rohydroca rbon  pes t i c ides  by 
column ch romatography  on a 3% water  deac t iva ted  s i l i c i c  a c i d - C e l i t e  
545 column (ARMOUR and BURKE 1970). 

The s f l i c ic  a c i d - C e l i t e  545 column was f i r s t  e luted with 225 ml .  
of pe t ro l eum e the r  (this e lua te  contains  PCBs) and then with 200 ml. of 
a c e t o n i t r i l e  -hexane -me thy lene  ch lo r ide  (1:19: 80) (this e luate  contains 
ch lo rohydroca rbon  pe s t i c i de s ) .  Both e lua tes  we re  concent ra ted  with a 
Kuderna-Dan i sh  concen t r a to r  and with flowing N^ to l e s s  than i ml.  and 

2 
di luted to volume,  in a 10 ml .  v o l u m e t r i c  f lask ,  in benzene.  The s a m p l e s  
w e r e  then s t o r e d  in a m b e r ,  g l a s s  s toppe red  bot t les  a t  4~ until analyzed 
for r e s i d u e s  by g a s - l i q u i d  ch roma tog raphy .  

A F&M Model 402 High-ef f ic iency  gas  ch roma tog raph  containing a 
6' x 1 /4"  g la s s  U column of (1:1) 15% QF-1 and 10% DC-200 on 80-100 
mesh  Chromosorb  W-HP and a H 3 e l ec t ron  cap tu re  de tec to r  was used for  
a n a l y s i s .  Ins t rumenta l  p a r a m e t e r s  were :  in jec t ion  por t ,  210; column,  
190; and de t ec to r ,  200 C with a 95% argon-5% methane flow r a t e  of 60 
m l / m i n .  A Honeywell Model 16 r e c o r d e r  was used at  a cha r t  speed of 
1/4"  p e r  rain. 
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Reagents :  Pest icide and Aroc lo r  s tandards  w e r e  obtained f rom the 
Pest ic ides  & Toxic Substances  Effects  Labo ra to ry ,  National Envi ronmenta l  
R e s e a r c h  Center ,  R es ea r ch  Tr iang le  Park,  NC, USA. Organic solvents  
used were  F i she r  pes t ic ide  g rade  pe t ro l eum e ther ,  methy lene  chlor ide ,  
ace toni t r f le ,  hexanes  and benzene.  F i she r  r e agen t  (AR) g rade  sodium 
sulfate,  Celi te  545 and ethyl e ther  w e r e  used.  Silicic acid was I00 mesh ,  
Mall inckrodt ,  AR. F lo r i s i l  was  60/100 PR, Flor id in  Co. ,  Berkeley 
Springs,  W. Va. 

Recove r i e s  of p, p ' - D D T  and Aroc lo r  1254 f rom sal ted f ish t i s sue  
s amples  we re  99~c and 85~c r e spec t ive ly .  Reagent  blanks pa s sed  through 
the en t i r e  analyt ical  p r o c e d u r e  produced no detec table  peaks  identified as 
chlor inated hydrocarbons  upon ana lys i s  by gas  ch romatography .  

Resul ts  and Discuss ion  

The phys ica l  c h a r a c t e r i s t i c s  of the lake t rout  used for  ana lys i s  a r e  
l i s ted  in Table  1. Sexual ly  i m m a t u r e  f ish could not be  eas i ly  sexed.  The 
fish used w e r e  grouped into two age c l a s s e s  for  s ta t i s t ica l  c o m p a r i s o n s  
even though m o r e  accu ra t e  age de te rmina t ions  w e r e  made.  

TABLE 1 

Physical  C h a r a c t e r i s t i c s  of 
20 Lake Super ior  Lake  Trou t  Analyzed 

Cha rac t e r i s t i c  M e a s u r e m e n t  

Sex 

Age 

Length Range: 
Mean: 

Weight Range: 
Mean: 

Per cent f i sh-  Range: 
oil ex t rac ted  Mean: 

6 male ;  9 female ;  5 sexual ly  i m m a t u r e  

13 l e s s  than 8 y e a r s  old; 7 g r e a t e r  than 
or  equal to 8 y e a r s  old 

16.5"  (42.0 cm) to 31 .1"  (78.5 era) 
22 .9"  (58.0 era) 

1.25 lb (569 g) to 22.02 lb (10,000 g) 
5.71 l b  (2597 g) 

10.6 to 51.7 
30.9  

All fish t i s sue  ex t r ac t s  produced gas  ch romatograph ic  peaks  
co r respond ing  to some  ch lo rohydrocarbon  pes t ic ide  and /o r  polychlor ina ted  
biphenyl (PCBs as Aroc lor )  s tandard .  The gas ch romatograph  was s tand-  
a rd ized  for a number  of ch lo rohydrocarbon  pes t i c ides  and the Aroc lo r s  
1242, 1248, 1254, 1260 and 1262. 
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Tables 2 and 3 present the ch lorohydrocarbon pest icide concent ra -  
tions detected in lake trout  taken f rom Lake Superior during the summer  
of 1971. Concentrations of ch lorohydrocarbon pest icides detected a re  
expressed  in ppm based on wet t i ssue weight in Table 2 and in ppm based 
on extracted f ish-oil  weight in Table 3. Lindane was detected in only 1 
fish (5~0 of total number  of fish analyzed),  heptachlor was found in 2 fish 
(10~c) and aldrin was found in 12 (60~c) of the fish analyzed. The concen-  
t rat ion of aldrin detected was always less  than the Food and Drug Admin- 
is t rat ion (FDA) action level of 0.3 ppm. The concentrat ions of heptachlor 
detected always exceeded this level;  however,  heptachlor was detected in 
only 10~c of the fish analyzed. 

TABLE 2 

Chlorinated Hydrocarbon Pesticides Detected in 
Lake Superior Lake Trout  Based on 

Wet Tissue Weight 

Pesticide 

No. of fish ~c Concentration Mean Standard 
having having Range De- Concen. Deviation 

Pesticides Pesticides tected (ppm) Detec. (ppm) (ppm) 

Lindane 

Heptachlor 

Aldrin 

p, p ' -DDD 1 

p, p ' -DDE 2 

p, p '  -DDE 3 

p, p '  -DDT 4 

o, p '  -DDT 5 

Total DDT 
& Analogs 

1 5 . . . . .  0 .19 - -  

2 10 0 .49 -2 .77  1.63 1.14 

12 60 0 .08-0 .22  0.12 0.05 

10 50 0. 48-1 .86  0.99 0.40 

17 85 0 .95 -6 .39  2.39 1.58 

3 15 0. 07-0 .38 0.24 0.16 

3 15 0. 58-4.05 1.77 1.97 

2 10 0. 72-1.29 i .  01 0.40 

18 90 0. 68-9 .78 3.25 2.58 

lp, p, -DDD 

2p, p, -DDE 

3 P, p, _DDE 

4p, p. -DDT 

5 
o, p '  -DDT 

(i, l-dichloro-2, 2bis (p-chlorophenyl) ethane) 

(i, I-dichloro-2, 2 bis (p-chlorophenyl) ethylene) 

(i, 1-dichloro-2-(p-chlor ophenyl)-2-(o-chlorophenyl) ethylene) 

(i, i, l-trichloro-2, 2 bis (p-chlorophenyl) ethane) 

(i, 1, l-trichloro-2-(p-chlorophenyl)-2-(o-chlorophenyl) ethane) 

483 



TABLE 3 

Chlorinated Hydrocarbon Pesticides Detected in 
Lake Superior Lake Trout Based on 

Extracted Fish-oil Weight 

Pesticide 

No. of fish ~o Concentration Mean Standard 
having having Range De- Concen. Deviation 

Pesticides Pesticides tected (ppm) Detec. (ppm) (ppm) 

Lindane 1 5 . . . . .  0 .59 - -  

Heptachlor 2 10 3 .16-8 .71  5.93 2:77 

Mdr in  12 60 0 .19-0 .79  0.45 0.20 

p, p '  -DDD 10 50 1 .69-4 .59  2.83 0. 99 

p, p ' -DDE 17 85 2 .10-16 .29  7.95 4.34 

o, p ' -DDE 3 15 0 .42-1 .50  0.82 0. 57 

p , p ' - D D T  3 15 1 .29-16.25 7.07 8.03 

o, p ' -DDT 2 10 4 .52-5 .16  4.84 0.45 

Total DDT 
& Analogs 18 90 2 .13-39 .20  10.94 8.97 

Dieldrin, a decomposition product of aldrin and 1-hydroxychlordene 

and heptachlor epoxide, decomposition products of heptachlor were not 
detected. The apparent absence of these products in the fish analyzed is 

difficult to explain as they might be expected to be found if the parental 

pesticide would be detected. 

The o,p' and p,p' isomers of DDT were detected in 2 (10~c) and 

3 (15~) fish respectively. The DDE isomers, o,p' and p,p', were de- 

tected in 3 (15~) and 17 (85~c) fish respectively and p,p'-DDD was detected 
in i0 (50~) fish. DDT and/or its analogs were detected in 18 or 90~c of the 
fish analyzed. Mean concentrations of DDT and its decomposition products 

DDE and DDD detected in Lake Superior lake trout were significant but 

below the FDA action level of 5.0 ppm. The p, p'-DDE isomer was de- 
tected in 85~c of the fish analyzed in concentrations varying from 0. 95 to 

6.39 ppm based on wet tissue weight. Some fish analyzed contained total 
DDT and analog concentrations in excess of the FDA action level for that 

pesticide. 

As can be noted in Table 3 the concentrations of chlorohydrocarbon 

pesticides detected in lake trout and expressed in ppm based on extracted 

fish-off weight are some 3-4 times that of the concentrations expressed 
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on wet t i ssue  weight. This may be expected as the mean extracted f ish-  
oil concentrat ion in the t issue used was approximately 30~c. 

Concentrat ions of DDT and its analogs detected in Lake Superior 
lake trout were generally less than those detected in Lake Michigan lake 
trout (REINERT 1970) and Cayuga Lake, NY lake trout (YOUNGS et al. 
1972). This may be expected since the waters of Lake Superior receive 
relatively little run-off from agricultaral land. The Lake Superior water- 
shed area has not been completely exempt from the use of DDT however, 
as this pesticide has been used in the past to control the spruce budworm 
(Choristoneura fumiferana) and to a lesser extent in spraying orchards 
and residential gardens. 

Chlorohydrocarbon pesticides not detected in Lake Superior lake 
trout include: hexachlorocyclohexane (BHC); p, p'-DDA; o, p'-DDD; 
m, p'-DDD; a and y-chlordane; perthane; endrin; endosulfan; prolan and 
methoxychlor. Mirex, which may he present in the PCB fraction (KAISER 
1974), was not identified in the fish used in this study. 

The concentrat ions of PCBs, as Aroc lo r s ,  detected in Lake Superior 
lake t rout  a re  repor ted  in Tables 4 and 5. A_roclor concentrat ions detected 
in lake t rout  t i ssue a r e  expressed  in ppm based on wet t i ssue  weight in 
Table 4 and in ppm based on extracted f ish-oi l  weight in Table 5. Gas 
chromatographic  peaks in the Aroc lor  (PCBs) fract ions f rom extracted 
lake t rout  t i ssue were  identified as cor responding  to the Aroc lo r  stand- 
ards  1242, 1248, 1254 and 1262. Every  fish analyzed had some ch roma-  
tographic peaks which could not be identified as they did not cor respond 
to Aroc lo r  s tandards .  It is a s sumed  that these peaks may r ep resen t  
degradat ion products  of some Aroclor  i somers .  Every  lake trout  analyzed 
contained compounds identified as Aroc lo r  PCBs. Total Aroc lor  concen-  
t ra t ions detected in these fish ranged f rom 2 .7  to 13.8 ppm,  with a mean 
of 7. 0 ppm based on wet t i ssue  weight. 

TABLE 4 

Aroc lo r  Polychlorinated Biphenyls (PCBs) 
Detected in Lake Superior Lake Trout 

Based on Wet Tissue Weight 

A_roclor 

No. of fish ~ Concentrat ion 
having having Range De- 

Aroc lo r  Aroc lo r  tected (ppm) 

Mean 
Concen. 

Detec. (ppm) 

Standard 
Deviation 

(ppm) 

1242 
1248 
1254 
1262 
Total Aroc lo r s  

18 90 1 . 4 - 3 . 4  
17 85 1 .1 -4 .1  
15 75 1.3-7.  7 

8 40 0 . 9 - 3 . 0  
20 100 2 . 7 - 1 3 . 8  

2.2 
2 . 2  
3 .4  
1.5 
7.0 

0.5 
1.0 
2 .0  
0 .7  
3.5 
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TABLE 5 

Aroc lo r  Polychlorinated Biphenyls (PCBs) 
Detected in Lake  Super ior  Lake  Trou t  

Based on Ex t rac ted  F i sh-o i l  Weight 

Aroc lo r  

No. of f ish ~c Concentra t ion Mean Standard 
having having Range De- Concen. Deviat ion 

Aroc lo r  Aroc l o r  tected (ppm) Detec.  (ppm) (ppm) 

1242 18 90 4 . 5 - 2 8 . 1  9 .0  5.5 
1248 17 85 2 . 8 - 1 5 . 0  7.6 3 .5  
1254 15 75 3 . 9 - 3 6 . 1  12.8 9 .6  
1262 8 40 1 , 9 - 6 . 2  3 .8  1.5 
Total  
A r o c l o r s  20 100 7 .6 -62 . 8  25.6  15.3 

Aroc lo r  1242 was  detected in 18 (90~,), Aroc lo r  1248 was detected 
in 17 (85~0), Aroc lo r  1254 was  detected in 15 (75~c) and Aroc lo r  1262 was  
detected in 8 (40~ of the f ish analyzed.  The lower  p e r c e n t  chlor ina ted  
A r o c l o r s  w e r e  detected in m o r e  f ish than the m o r e  highly chlor inated 
A r o c l e r s .  This  m a y  r e s u l t  f r o m  a se lec t ive  accumula t ion  of lower  ch lo r -  
ine containing PCB i s o m e r s  or  f r o m  a se lec t ive  degradat ion  of higher  
chlor ine  containing PCB i s o m e r s  within the food chain a s soc ia t ed  with 
lake t rou t  or  a se l ec t ive  accumula t ion /e l imina t ion  and /o r  degrada t ion  of 
PCB i s o m e r s  within lake  t rout .  

The peaks  detected on gas  c h r o m a t o g r a m s  of PCB f rac t ions  of l ake  
t rou t  t i s sue  ex t r ac t s  did not c o r r e s p o n d  to the Aroc lo r  1260 s tandard .  
Aroc lo r  1260 is an industr ia l  m i x t u r e  of PCB i s o m e r s  that  has been used  
quite ex tens ive ly  and t h e r e f o r e  the absence  of peaks  co r respond ing  to 
this s tandard  is somewhat  unexpected.  

As in the case of chlorinated hydrocarbon pesticides, the concen- 

trations of Aroclor PCBs detected in lake trout expressed in ppm based 

on extracted fish-oH are some 3-4 times that of the concentrations de- 

tected and expressed in ppm based on wet tissue weight. 

Lake t rou t  taken f rom Lake  Super io r  and analyzed in this study 
contained PCBs genera l ly  in somewhat  lower  concent ra t ions  than nor the rn  
long-nose  gar  (Lepis tos teus  osseus)  or nothern pike (Esox lucius)  taken 
f r o m  Lake  Ontar io  (KAISER 1974) but contained PCB concent ra t ions  
genera l ly  higher  than yel low p e r c h  (Pe rca  f lavescens) ,  white ba s s  (Morone 
ch rysops )  and smal lmouth  bass  (Micropte rus  dolomieui)  taken f r o m  Lmke 
Er ie  (KELSO and FRANK 1974). These  h igher  concent ra t ions  detected in 
Lake  Super ior  lake  t rout ,  as  c o m p a r e d  to Lake  E r i e  fish,  may  be accounted 
for  by the t rophic  level  occupied and by the s ignif icant ly h igher  concen t ra -  
t ions of f i sh-o i l  in lake  t rout .  The lake  t rou t  used  for  ana lyses  in this 
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study had f ish-oi l  concentrat ions that were  some 10 t imes the f ish-oil  
concentrat ions found in the fish used in the Lake Er ie  study. Chloro-  
hydrocarbons  such as PCBs a r e  fat soluble. 

Table 6 shows the ra t ios  of DDT analogs to DDT and ra t ios  of total 
PCBs to DDE and to total DDT and analogs detected in Lake Superior lake 
trOut. The mean DDE/DDT ratio is 1.66 and the mean DDD/DDE ratio 
is 0.48. Therefore, in the fish used in this study there is nearly twice 
as much DDE as DDT and about one-half as much DDD as DDE. 

TABLE 6 

Ratios of Chlorohydrocarbons  Detected in 
Lake Superior  Lake Trout  

Standard 
Ratio N Range Mean Deviation 

DDE/DDT 3 0 .83-2 .54  1.66 0. 70 

DDD/DDE 9 0 .22 -1 .34  0.48 0.33 

Total PCB/DDE 17 1 .0-10 .55  3.74 2.76 

Total PCB/Total DDT 
and Analogs 18 0. 79-19.71 3.65 4.25 

These fish also have a mean total PCB/DDE ra t io  of 3.74 and a 
mean total PCB/DDT and analogs ra t io  of 3.65.  There  is near ly  four 
t imes as much PCB in these lake trout  as there  is DDT or its analogs. 

Because s tat is t ical  cor re la t ions  between lake t rout  age and DDT 
concentrat ions of lake t rout  taken f rom Cayuga Lake, NY indicated that 
inc reas ing  concentrat ions of DDT were  cor re la ted  with increas ing  lake 
t rout  age (YOUNGS et al. 1972), s imi lar  cor re la t ions  were  at tempted 
for the Lake Superior  lake trout  used here.  Standard t tes ts  at  the 95~c 
confidence interval were  made in an at tempt to co r re l a t e  Lake Superior 
lake t rout  age, location of capture,  sex or fat content with total PCB or 
total DDT and analogs concentrat ions .  For  each attempted cor re la t ion  
no s ta t is t ical ly  significant difference in compara t ive  p a r a m e t e r  could 
be determined.  Caution should be taken in the in terpreta t ion of these 
s ta t is t ical  studies because  the small  sample  s ize  may be a l imit ing 
factor  contributing to potential e r r o r .  
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