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The Sudbury basin,  an e l l i p t i c a l  646 square mile depression 
conta in ing a number of  f reshwater rese rvo i r s ,  has been subjected 
to extreme ecologica]  d isturbances from logg ing,  mining and 
smelt ing a c t i v i t i e s  (Winterhalder 1984). The impact of  acid 
p r e c i p i t a t i o n  and heavy metal contamination on the water, s o i l ,  
atmosphere and vegetat ion of  the region has been discussed by 
Freedman and Hutchinson (1980a, 1980b, 1980c) and Chan e t a ] .  
(1980). 

The l i t e r a t u r e  on the occurrence and e f fec ts  of  heavy metals in 
aquat ic systems has been reviewed by Gorham and Gordon (1960). 
However, much of the in format ion ava i lab le  on freshwater 
inver tebra tes  per ta ins  to the determinat ion of  to lerance l i m i t s .  
Gale et a l .  (1973) cor re la ted the mean concentrat ions of lead, 
z inc ,  copper, manganese and cadmium in whole c ray f i sh  to the 
va r i a t i ons  of these metals in the environment. Anderson and 
Brower (1978) evaluated the e f fec ts  of  d i f f e r e n t  sublethal  
environment concentrat ions on accumulation and concentrat ion of 
cadmium, copper, lead and zinc in c ray f i sh .  The purpose of  the 
present study was to compare t i ssue  concentrat ion of copper, 
cadmium and nickel  in freshwater c ray f i sh  at selected distances of  
the hab i ta t  from the emission source. Various t i ssue  
concentrat ions in c ray f i sh  from the s i tes  were also examined to 
determine i f  p a r t i c u l a r  body t i ssues  were spec i f i c  s i tes  for  metal 
accumulation. 

MATERIALS AND METHODS 

Intermoul t  adu l t  Orconectes v i r i l i s  were co l lec ted  from Ramsey 
Lake (46 ~ 28'N 80 ~ 57'E) in Sudbury (Ontar io ) ,  and Cambarus 
bartoni  were obtained from Joe Lake (46 ~ 44'N 81 ~ OI'E) in 
Chelmsford (Ontar io ) ,  and Wizard Lake (47 ~ 44'N 81 ~ 46'E) in 
Gogama (Ontar io ) .  Wizard Lake, s i tua ted  at a distance of 150 km 
from the smelter,  i s  an uncontaminated s i t e  whereas Ramsey Lake 
and Joe Lake' are 12 km and 30 km downwind, respec t i ve ly ,  and are 
heav i l y  contaminated wi th  copper, cadmium and n ickel  ( fo r  d e t a i l s ,  
see Freedman and Hutchinson 1980a). 

Send rep r i n t  requests to M.A. Al ikhan at the above address. 
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Ten animals (5 females and 5 males, average wet weight = 5.4 g; 
average carapace length = 45 mm) co l lec ted  from each s i t e  were 
separated by sex, quick f rozen, and stored at -15~ The 
hepatopancreas, exoskeleton, abdominal muscle, d iges t i ve  gut 
(a l imentary canal) and remaining viscera ( i nc lud ing  g i l l s ,  
v iscera ,  reproduct ive organs, e t c . ) ,  were oven dr ied for  48 hours 
at 80~ and dry weights were determined. Samples for  ana lys is  by 
Perkin-Elmer atomic absorpt ion spectrophotometer were digested in 
bo i l i ng  concentrated aqua regia (3 ml concentrated n i t r i c  acid: I 
ml concentrated hydroch lor ic  ac id,  B r i t i s h  Drug House standards) ,  
d i l u ted  to 20 ml w i th  i M n i t r i c  acid and analysed for  copper, 
cadmium and nickel  by the flame method (Perkin-Elmer manual, 
1971). 

S t a t i s t i c a l  ana lys is  of the data was computed w i th  the aid of a 
DEC-VAX/VMS computer, using SPSSX software (SPSS, Chicago, I l l . ,  
U.S.A.) .  An i n i t i a l  three-way ANOVA evaluated the e f fec ts  on 
metal leve ls  by s i t e ,  sex and t i ssue  of  the c ray f i sh .  Within s i t e  
and t i ssue  comparisons were made using one-way ANOVA wi th  Duncan's 
Mu l t i p l e  Range t e s t .  Al l  data were checked for  normal i ty  
(Kolgomorov-Smirnoff tes t )  and homogeneity of variance 
(Bar t l e t t -Box  F t e s t ) ,  and they were log transformed where 
necessary. 

RESULTS AND DISCUSSION 

Tables 1 to 3 summarize data on concentrat ions of  studied trace 
metals in the c ray f i sh  from the three sampling s i t e s .  Since 
d i f fe rences in metal concentrat ions between males and females were 
not s i g n i f i c a n t  (P > 0.05) ,  the data for  the two sexes were 
pooled. The general r e l a t i onsh ip  between the c ray f i sh  t i ssue  
metal concentrat ions at the three s i tes  was cadmium (Cd) < nickel  
(Ni) < copper (Cu). This r e l a t i onsh ip  did not r e f l e c t  that  
observed by Freedman and Hutchinson (1980a)(Cd < Cu < Ni) in the 
environment. A s im i l a r  r e l a t i onsh ip  between the t i ssue  
accumulation of  cadmium, copper, lead and zinc and the environment 
concentrat ion of these metals was suggested by Anderson and Brower 
(1978). 

Di f ferences between metal concentrat ions at the three s i tes  were 
s i g n i f i c a n t  at the 0.05 l eve l .  In general ,  h ighest  t i ssue  metal 
concentrat ions were observed in c ray f i sh  obtained from Ramsey 
Lake, and lowest from those co l lec ted  from Wizard Lake. This 
impl ied tha t  there was an inverse r e l a t i o n s h i p  between t i ssue  
metal contents and the distance of  the hab i ta t  from the smelter.  
Freedman and Hutchinson (1980a) have mentioned tha t  40% of the 
copper and 42% of the nickel  emitted from the Sudbury smelter was 
deposited w i t h i n  a 60 km rad ius .  Yan and D i l l on  (1982)observed a 
s im i l a r  r e l a t i onsh ip  between the metal output to the environment 
and the distance from the smelter.  Thus, the occurrence of  h igher 
concentrat ions of at least  these two metals in c ray f i sh  co l lec ted  
from Ramsey and Joe Lakes as compared to those from Wizard Lake 
was re la ted to the input  of  these metals i n to  the hab i ta t .  
S imi la r  f ind ings  have been reported by Anderson and Brower (1978) 
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Table 1, Mean concentration of copper (~g/g dry wt) in various 
tissues of crayfish collected from Ramsey, Joe and Wizard Lakes. 

Tissues Ramsey Joe Wizard 

Hepatopancreas 1986a, 1 996a, 2 111a, 3 
(1448, 2725)* (641, 1546) (51, 243) 

Exoskeleton 57b, 1 96b, 1 28b, 2 
(49, 66) (74, 124)  (11.6, 69.9) 

Abdominal muscles 100c,1 114b, 1 50b,2 
(78, 129) (81, 161) (41, 62) 

Digestive gut 601d, 1 182c, 2 79a, 3 
(397, 909) (127, 260) (55, 114) 

Viscera 109c,1 118b, 2 63a,3 
187, 136) {99, 141) (47, 83) 

* 95 per cent confidence l imi ts.  
Means within each column followed by the same le t te r ,  and within 

each row followed by the same number are not s igni f icant ly  
di f ferent at the 5% level. 

Table 2. Mean concentration of cadmium (pg/g dry wt) in various 
tissues of crayfish collected from Ramsey, Joe and Wizard Lakes. 

Tissues Ramsey Joe Wizard 

Hepatopancreas 37a, I 32.5a, 1 2.4a,b,c, 2 
(27.8, 51.3)* (21.4, 49.2) (1.5, 4.0) 

Exoskeleton 6.3b, I 4.9b, 1 4.7b, I 
(5.4, 7.3) (4.1, 5.9) (2.9, 7.3) 

Abdominal muscles 3.0c,1 4.4b, 1 1.8c,1 
(1.7, 5.4) (2.5, 7.6) (1.0, 3.5) 

Digestive gut 18.2d, I 15.5c, 1 3.4a,b,c, 2 
(9.5, 34.9) (8.5, 28.2) (1.2, 10.0) 

Viscera 5.0b,c, I 4.9b, 1 2.7a,b,c, 2 
.... (4.4, 5.9) (4.5, 5.5) {2.1, 3.6) 

* 95 per cent confidence l imi ts .  
Means within each column followed by the same le t te r ,  and within 

each row followed by the same number are not s igni f icant ly  
di f ferent at the 5% level. 
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Table 3. Mean concentration of nickel (Ng/g dry wt) in various 
tissues of crayfish collected from Ramsey, Joe and Wizard Lakes. 

Tissues Ramse~ 

Hepatopancreas 240a, 1 
(144.0, 402.2)* 

Exoskeleton 213.5a, 1 
(127.2, 358.2) 

Abdominal muscles 26.6b, 1 
(3.0, 232.0) 

Digestive gut 921a, 1 
(518.9, 1636.0) 

Joe Wizard 

0.8a,2 o.3a, 2 
(0.0, 55.6) (0.0, 13.1) 

54.0b,1 6.9a, 2 
(2.3, 1243) (0.4, 103.5) 

o.oa, 2 l.Oa, 2 
(0.0, 1.26) (0.0, 37.2) 

0.33a,2 24.4a, 3 
(0.0, 21.2) (0.0, 697) 

Viscera 140.9c,1 82b,1,2 15.9a, 2 
(85.3, 232.8) (13.7, 493.4) (1.9, 127.3) 

* 95 per cent confidence l imits. 
Means within each column followed by the same let ter ,  and within 

each row followed by the same number are not signif icant|y 
different at the 5% level. 

for aquatic crustacean species, and Price et ai.(1974), and Hopkin 
and Martin (1983) for terrestr ial  arthropods. 

Highest concentration of each metal, in the present study, was 
observed inside the hepatopancreatic tissue, and the lowest in the 
abdominal muscles (Tables 1 - 3). This is not surprising, since 
hepatopancreas, according to Brown (1982), is the main regulatory 
organ in crustacean species, and as such i t  would be the prime 
site for metal storage and detoxification in these anima|s. The 
relatively high concentrations of copper observed in the 
hepatopancreas of the crayfish obtained from contaminated lakes 
reflected the storage capacity of this organ for copper. Given 
the substantially lower concentration of this metal in the 
hepatopancreas of crayfish from uncontaminated waters, the storage 
capacity probably surpasses physiological requirements for this 
metal. Hopkin et al. (1985) suggested that storage instead of 
excretion of this metal may be a method employed by crustacean 
species to conserve energy. 

Copper has also been shown to be a regulated metal in several 
species of marine and freshwater decapods (Bryan, 1968). This may 
be related to the essential biochemical role of this metal in the 
production of the respiratory protein, haemocyanin (Bonaventura 
and Bonaventura, 1980). According to Dallinger (1977), the l imits 
within which copper is regulated, are closely adjusted to the 
average concentration of all copper sources available in a 
particular habitat. This would also explain the relatively high 
copper concentrations found in the hepatopancreas of crayfish from 
Ramsey and Joe Lakes even though copper is regulated. 
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Cadmium and nickel are general ly thought to be b io log i ca l l y  
non-essential metals. According to Hopkin and Martin (1985), 
non-essential elements enter the animal by fo l lowing the same 
biochemical pathways as essential elements with which they are 
chemically s imi la r .  Cadmium has been shown to be assimilated by 
the same route as copper, and i t  has been found to be stored in 
the protein metal lothionein (Overnell and Trewella, 1979; 
Overnell,  1982). The presence of substant ial  concentration of 
cadmium and nickel in the exoskeleton might indicate that  th i s  
t issue was involved in the excret ion of these metals. However, 
fur ther  study w i l l  be required to support th i s  contention. 
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