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SUMMARY 

A f i s h  monitoring program was conducted between 1971 and 

1976 t o  determine e f f e c t s  :upon f i s h  i n  l a k e s  wi th in  sewage 

s ludge  a p p l i c a t i o n  watersheds.  F i s h  body cond i t ion  and t i s s u e  

t r a c e  metals con ten t  were monitored before  and a f t e r  appl ica-  

t i o n .  Body condi t ion ,  K(TL) , of . b l u e g i l l  and green  s u n f i s h  

increased  from 1.61 t o  1.79 and from 1.69 to  1.97, r e spec t ive -  

l y ,  i n  a l a k e  (R3) r ece iv ing  runoff from 216 d i g e s t e d  s ludge  

f e r t i l i z e d  h e c t a r e s  (533 a c r e s ) .  No s i g n i f i c a n t  change i n  

cond i t ion  of green s u n f i s h  x b l u e g i l l  hybr ids ,  b lack  c r a p p i e  

or  yellow bul lheads  was de t ec t ed  between 1971/1972 and 1976. 

No d i f f e r e n c e  i n  cond i t ion  w a s  de t ec t ed  f o r  largemouth bas s  

by use  of length-weight r e l a t i o n s h i p s  between 1971/1972 and 

1976. B l u e g i l l  i n  a l a k e  ( R 1 2 )  r ece iv ing  runoff from 44 d i -  

ges t ed  s ludge f e r t i l i z e d  h e c t a r e s  (110 a c r e s )  increased  i n  

cond i t ion  between 1971 ( K  (TL) = 1.58) and 1976 (K(TL) = 1.78) . 
Concentra t ion of t h e  t r a c e  metals ,  Zn, Cu, N i l  Cd, and C r  

i n  t h e  f i l l e t s  of f i s h  from t h e  l a k e s  tended t o  decrease  over  

t h e  s tudy  per iod.  Range of mean l e v e l s  (based on d r y  weight)  

de t ec t ed  i n  t h e  f i s h  were: Zn (29 - 64 pg/g), Cu (0.43 - 5.09 

pg/g), N i  (0.22 - 3.47 pg/g) 1 Hg (0.52 - 2.86 pg/g), Cd ( 4 . 4  

- 109.5 ng/g) ,  and C r  (143 - 819 ng/g). 



CONCLUSIONS 

On the basis of the data presented, the following conclu- 

sions were made : 

1. Reservoir 3. No species tested exhibited a signifi- 

cantly lower mean value of body condition for the 1976 

collection than for the 1971 or 1972 preapplication 

collections. Of the five species tested, two species 

(bluegill and green sunfish) exhibited a significantly 

higher mean value of body condition during 1976 than 

during the preapplication years. 

Reservoir 10. No change in body condition for green 

sunfish or for redear x green sunfish hybrids was 

exhibited between those collected during 1976 and 

those collected during 1971 and 1972, respectively. 

There was no difference between 1972 and 1976 R10 

redear sunfish, though the 1971 redear were in espe- 

cially good body condition compared with redear col- 

lected in other years. 

Reservoir 12. The bluegills were in better body con- 

dition during 1976 than during 1971 or 1972. 

2. R3 and R10 Bass. The largemouth bass showed no change 

in weight with length between 1971/1972 and 1976. 

R12 Bass. The largemouth bass were heavier at com- 

parable lengths during 1976 than during the 1971/1972 

preapplication period. 

v



R3 and R12 Bluegill. Analysis of the length-weight 

r e l a t i o n s h i p s  of  b l u e g i l l  suppor ted  t h e  d e c i s i o n s  

based on t h e i r  c o n d i t i o n  f a c t o r s  t h a t ,  on  t h e  whole, 

b l u e g i l l  w e r e  i n  b e t t e r  c o n d i t i o n  i n  p o s t a p p l i d a t i o n  

t h a n  i n  p r e a p p l i c a t i o n  y e a r s .  

3 .  There w a s  no d e t e c t a b l e  d e t r i m e n t a l  e f f e c t  upon t h e  

body c o n d i t i o n  o f  t h e  F u l t o n  County f i s h  s p e c i e s  which 

c a n  b e  l i n k e d  w i t h  s l u d g e  d i s t r i b u t i o n  f o r  t h e  J u l y -  

November c o l l e c t i o n  p e r i o d  o f  1971/1972 th rough  1976. 

4 .  There  was a tendency toward reduced l e v e l s  o f  trace 

metals i n  f i s h  muscle d u r i n g  t h e  moni to r ing  p e r i o d ,  

1971/1972-1976, even though s l u d g e  was a p p l i e d  to  

f i e l d s  w i t h i n  t h e  wa te r sheds  o f  t h e  r e s e r v o i r s  under  

s t u d y  i n  g e n e r a l l y  i n c r e a s i n g  q u a n t i t i e s  d u r i n g  t h e  

same p e r i o d .  T h i s  w a s  due pe rhaps  t o  e r o s i o n  c o n t r o l  

a s  a r e s u l t  of  t h e  berming and s l o p i n g  o f  f i e l d s  

toward r e t e n t i o n  b a s i n s ,  which may have caused removal 

of  sed iments  c o n t a i n i n g  m e t a l s .  

Rout ine  a n a l y s e s  of  s u r f a c e  w a t e r  a t  t h e  F u l t o n  County 

s i t e  d e t e c t e d  no p a t t e r n  of  i n c r e a s e  i n  c o n c e n t r a t i o n  

of Zn, Cd, Cu, C r ,  N i ,  o r  Hg between 1971 and 1976. 

5. There  was no i n d i c a t i o n  from a n a l y s i s  o f  t h e  a v e r a g e  

c o n c e n t r a t i o n s  of trace m e t a l s  i n  t h e  muscle t i s s u e  o f  

t h e  F u l t o n  County f i s h  s p e c i e s  t h a t  s l u d g e  a p p l i c a t i o n  

caused any danger  t o  t h e  p u b l i c  h e a l t h  by i n c r e a s i n g  

t r a c e  m e t a l s  i n  f i s h  f i l l e t s .  None of  t h e  a v e r a g e  

v a l u e s  f e l l  i n t o  ranges  r e p o r t e d  a s  harmful .  



INTRODUCTION 

The M e t r o p o l i t a n  S a n i t a r y  D i s t r i c t  of G r e a t e r  Chicago 

( D i s t r i c t )  h a s  been u s i n g  d i g e s t e d  s l u d g e  a s  a  f e r t i l i z e r  and 

s o i l  c o n d i t i o n e r  on a  6,284 h e c t a r e  (15,528 a c r e )  s e c t i o n  o f  

c o a l  s p o i l s  i n  F u l t o n  County, I l l i n o i s ,  s i n c e  1971. S ludge 

s o l i d s  have been d i s t r i b u t e d  t o  t h e  l a n d  by means of  l a r g e  

t r a v e l i n g  s p r a y  v e h i c l e s  (1972 through 1975) o r  i n c o r p o r a t e d  

i n t o  t h e  s o i l  by u s e  of plows o r  d i s c s  (1976 t o  t h e  p r e s e n t ) .  

I t  was t h e  i n t e n t i o n  of  t h e  D i s t r i c t  t o  g r a d e  t h e  l a n d  t o  

c o n t r o l  r u n o f f ,  i n c r e a s e  t h e  s o i l  humus c o n t e n t  by l a r g e  a d d i -  

t i o n s  of  o r g a n i c  m a t t e r  c o n t a i n e d  i n  t h e  d i g e s t e d  s l u d g e ,  and 

r e s t o r e  t h e  l a n d  t o  f u l l  a g r i c u l t u r a l  p r o d u c t i v i t y  (1). 

F i e l d s  developed from s p o i l s  were bermed and s l o p e d  toward 

r e t e n t i o n  b a s i n s  s o  t h a t  a l l  runof f  c o u l d  be c o l l e c t e d  and t h e  

q u a l i t y  checked b e f o r e  e v e n t u a l  d i s c h a r g e  ( 2 ) .  The c o n t r o l  o f  

f i e l d  r u n o f f  was i n t e n d e d  t o  r educe  t h e  amount of s u b s t a n c e s ,  

such  a s  t r a c e  m e t a l s ,  which would be  l o s t  t o  t h e  w a t e r s h e d s  o f  

ne ighbor ing  l a k e s  and s t r e a m s ,  whether  o r  n o t  s l u d g e  a p p l i c a -  

t i o n  was c a r r i e d  o u t  on t h e s e  f i e l d s .  Moni tor ing  w e l l s  were 

s t r a t e g i c a l l y  p l a c e d  t o  o b s e r v e  groundwater  q u a l i t y  ( 2 ) .  

Because o f  t h e  many s t r ip -mined  r e s e r v o i r s  and o c c a s i o n a l  

s t r e a m  impoundments which had been s t o c k e d  by f a r m e r s  and 

l o c a l  members of  a  hun t ing  and f i s h i n g  c l u b ,  f i s h  a r e  t h e  most 

numerous of  t h e  v e r t e b r a t e s  i n  t h e  s t u d y  a r e a ,  a s  w e l l  a s  t h e  

organism of  g r e a t e s t  popu la r  i n t e r e s t .  

1



ENVIRONMENTAL MONITORING PROGRAM 

An environmental monitoring program was initiated in 1971 

to determine the impact of sludge distribution upon selected 

biota in lakes and streams within the distribution watershed. 

The biological parameters monitored included bacteria, viruses, 

phytoplankton, benthic invertebrates, and fish. In the study 

reported here, the following were considered in terms of the 

effects of digested sludge application upon lacustrine fish 

populations within the District site: 

1. fish body condition--by use of the condition factor 

and length-weight relationship; 

fish tissue trace metals content--including analysis 

of concentrations in fish fillets. 

Three reservoirs were selected as monitoring sites (Figure 

1). Reservoirs 10 and 12 (R10 and R12) are both mine-spoil end - 
cuts, having become filled with groundwater and rainwater fol- 

lowing cessation of normal strip-mining operations. R10 is 

located outside of the distribution watershed. R12 receives 

drainage from two field runoff basins; thus R12 will receive 

runoff from 44 hectares (110 acres) of cropland fertilized with 

digested sludge. Reservoir 3 (R3) is a stream impoundment 

(originally serving as a silt catch basin for the mine company 

which formerly owned the land) which receives drainage from 

1,600 hectares (3,954 acres) , including 216 hectares (533 

acres) of sludge fertilized cropland. R3 receives more drain- 

2



THE METROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO 

F I G U R E  I 

LOCATION OF SLUDGE APPLICATION F I E L D S  

IN WATERSHEDS OF THE T H R E E  RESERVOIRS 

OF THE F I S H  MONITORING STUDY 

.'\ 

RESERVOIR 10 

RESERVOIR I2 

RESERVOIR 3 

L E G E N D ;  

0 RESERVOIRS 

SLUDGE APPLICATION FIELDS 

SLUDGE HOLDING BASINS 

---- WATERSHED BOUNDARY 
S C A L E  '4 '/2 

I N  - 
M I L E S  
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MATERIALS AND METHODS 

Fish Collection and Analysis. Fish were collected from 

Reservoirs 3, 10 and 12 by use of 1.2 x 0.6 x 3.0 meter (4 x 

2 x 10 ft) frame nets with 15.2 m (50 ft) shore leads; 38.1 m 

(125 ft) experimental gill nets; a 7.6 m (25 ft) bag seine 

with a bag of 0.64 ,cm (0.25 inch) square mesh and wings of 

1.27 cm (0.5 inch) square mesh; a 230 volt, alternating cur- 

rent, boat-mounted, boom-electrofisher; a direct current, 

backpack-electrofisher operating off a 12-volt battery; and 

hook and line. 

All fish were identified to species, weighed to the 

nearest gram, and measured for total length to the nearest 

millimeter. Subsamples from each species collection were 

frozen in plastic bags for trace metals analysis. 

Condition Factors -- and Length-Weight Relationships. 

Length and weight data for fish collected during July through 

November, 1971 through 1976, were grouped according to year 

collected, species, and reservoir from which they were col- 

lected. Body condition has been expressed in this study by a 

factor, K (total body length used in computation) where: 

and where: W = weight in grams, L = length in millimeters, and 

lo5 is a factor to bring the value of K near unity (3). 



The r e l a t i o n s h i p  o f  we igh t  t o  l e n g t h  is  expressed  by t h e  

equa t i on  : 

where: W = weigh t  i n  grams, L = l e n g t h  i n  m i l l i m e t e r s ,  and c and 

n  a r e  c o n s t a n t s .  

W e  have used t h i s  r e l a t i o n s h i p  i n  i t s  most u suab l e  form ( 3 ) ,  

t h e  l o g a r i t h m i c  form: 

F i s h  T i s s u e  P r e p a r a t i o n  f o r  Trace  Meta l s  Ana lys i s .  S i n c e  

o t h e r  s t u d i e s  ( 4 , 5 , 6 )  have i n d i c a t e d  a  c o r r e l a t i o n  between f i s h  

s i z e  (e .g . ,  l e n g t h  o r  weight)  w i t h  t h e  c o n c e n t r a t i o n s  o f  mercury 

i n  t h e  muscle t i s s u e ,  though much less so, i f  a t  a l l ,  w i t h  o t h e r  

m e t a l s  ( 4 , 7 ) ,  a n  a t t e m p t  was made t o  a n a l y z e  f i l l e t s  from a broad 

s i z e  range  o f  f i s h  f o r  each s p e c i e s  i n  t h i s  s t udy .  

F i l l e t s  o f  t h e  e p a x i a l  and hypax ia l  muscles  w e r e  o b t a i n e d  

from bo th  sides of  t h e  f i s h ,  from j u s t  behind t h e  g i l l  cover  t o  

t h e  cauda l  peduncle.  A l l  bones w e r e  removed from t h e  f i l l e t s  

which w e r e  t hen  c u t  i n t o  t h i n  s e c t i o n s  and p laced  on  g l a s s  

p l a t e s .  The f i l l e t s  w e r e  d r i e d  o v e r n i g h t  (18 hours )  a t  6 0 ' ~ .  

The d r i e d  t i s s u e  was t hen  ground i n  a Wiley M i l l  ( t o  p a s s  a  1- 

mrn s i e v e )  and t h e  ground t i s s u e  was t hen  s t o r e d  i n  p l a s t i c  

v i a l s .  

6



Analysis  of F i sh  Tissue  f o r  Zn, Cut C d ,  C r ,  N i .  One gram 

of ground t i s s u e  was added t o  acid-cleaned,  g l a s s  d i g e s t i o n  

tubes .  Concentrated n i t r i c  a c i d  (15 m l )  was then added and 

allowed t o  s t and  f o r  two hours a t  room temperature.  The t e m -  

p e r a t u r e  w a s  then g radua l ly  r a i s e d  t o  9 5 ' ~  to  avoid excess ive  

foaming. A f t e r  t h e  s o l u t i o n s  had c l e a r e d  and heavy fuming 

stopped,  funne l  caps  were added t o  r e t a r d  a c i d  evapora t ion ,  

and t h e  tubes  r e t a i n e d  a t  9 5 ' ~  overn igh t .  

The funnel  caps  were then removed and t h e  s o l u t i o n s  a l -  

lowed t o  evaporate  t o  a  few m l s ,  aga in  a t  9 5 ' ~ .  The tubes  

were then allowed t o  cool  s l i g h t l y ,  and 5 m l  of H N 0 3  and 2 m l  

of HC104 w e r e  added. 

The tubes  were g radua l ly  brought up t o  1 6 0 ' ~  over  a two 

hour per iod.  When heavy whi te  fumes appeared,  funne l  caps  

were added, and t h e  s o l u t i o n s  heated u n t i l  they tu rned  whi te .  

The caps  were then removed, and t h e  a c i d  was allowed t o  evap- 

o r a t e  t o  dryness .  

The tubes  were allowed t o  cool ,  and then  1 m l  of HN03 

and 5  m l  of t r i p l e - d i s t i l l e d  water  were added t o  d i s s o l v e  t h e  

r e s idue ,  warming t h e  tubes ,  i f  necessary,  u n t i l  t h e  s o l u t i o n  

w a s  c l e a r .  The con ten t s  of t h e  tubes  were then  poured i n t o  

graduated polyethylene tubes  wi th  washings of t r i p l e - d i s t i l l e d  

w a t e r ,  and t h e  f i n a l  volume was brought t o  20 m l .  

Zinc and copper were determined using a  Perkin-Elmer 

Mode1.403 atomic absorp t ion  spectrophotometer.  Any sample 

wi th  a  read ing  f o r  copper below 0.10 ppm w a s  r e run  on t h e  

7



g r a p h i t e  furnace.  

Cadmium, chromium, n i c k e l ,  and copper (below 0.10 ppm) 

w e r e  determined using a Perkin-Elmer Model 306 atomic absorp t ion  

spectrophotometer wi th  peak read ,  equipped wi th  a deuterium a r c  

background c o r r e c t o r  ( f o r  n i cke l  and cadmium), a Perkin-Elmer 

HGA g r a p h i t e  furnace,  a Perkin-Elmer AS-1 auto-sampling system, 

and a Perkin-Elmer.Mode1 056 c h a r t  recorder .  

Using t h e  flame spectrophotometer, every f o u r t h  sample was 

followed by a blank, and every e igh th  sample was followed by a 

s tandard .  Using t h e  furnace,  every f o u r t h  sample was followed 

by a 10 second automatic tube  burnout, and then a s tandard  was 

run.  Resul t s  were taken d i r e c t l y  from t h e  peak read,  wi th  t h e  

c h a r t  recorder  being used a s  a check. Any sample no t  reproducing 

a r e s u l t  w i th in  one u n i t  was re run  us ing  a f r e s h  sample cup. I n t o  

each sampling cup, 0.30 m l  of  d iges t ed  sample was p i p e t t e d  us ing  

a micropipe t te .  Every f i f t h  cup contained 0.50 m l  of  s tandard .  

Of 40 samples i n  each run,  33 were of f i s h  t i s s u e ,  f i v e  w e r e  

reagent  blanks,  and two were National Bureau of  Standards  bovine 

l i v e r  samples, 

Analysis of F i sh  Tissue f o r  Hq, A method by Hatch and 

O t t  (8)  was modified by t h e  D i s t r i c t  l abora to ry  f o r  a n a l y s i s  

of  Hg. One q u a r t e r  t o  one half-gram of ground t i s s u e  was d i -  

ges ted  wi th  20 m l  of a 1:l mixture of H2S04 and H N 0 3  a t  60 '~ .  

and the mercury was reduced t o  m e t a l l i c  mercury wi th  stannous 

ch lo r ide .  Mercury was determined by f lameless  co ld  vapor 



atomic  a b s o r p t i o n  spect roscopy.  

Methods of  S t a t i s t i c a l  Ana lys i s .  Mean f i s h  body condi-  

t i o n  f a c t o r s ,  K(TL) , w e r e  analyzed by u se  of  s i n g l e  f a c t o r  

a n a l y s i s  of  v a r i a n c e  w i t h  subsequent  Student-Newman-Keuls (SNK) 

mu1 t i p l e  comparisons ( 9Le 

Length-weight r e l a t i o n s h i p s  w e r e  analyzed by u s e  o f  ana- 

l y s i s  of  covar iance  w i t h  subsequent  SNK m u l t i p l e  comparisons 

o f  s l o p e s  and i n t e r c e p t s  ( 9 )  . 
Mean f i s h  t i s s u e  t r a c e  meta l  concen t r a t i ons  w e r e  ana lyzed  

by u s e  of  s i n g l e  f a c t o r  a n a l y s i s  of v a r i a n c e  w i t h  subsequent  

SNK m u l t i p l e  comparisons. 

The 0.05 l e v e l  of  p r o b a b i l i t y  was chosen f o r  s t a t i s t i c a l  

s i g n i f i c a n c e ,  u n l e s s  o the rwi se  noted.  

Water Q u a l i t y  Parameters. A l l  w a t e r  q u a l i t y  parameters  

mentioned i n  t h e  t e x t  w e r e  analyzed accord ing  t o  S'tandard 

Methods --- f o r  Water and Wastewater Ana lys i s  ( 1 0 ) .  



RESULTS AND DISCUSSION 

Analysis  of Body Condit ion.  A l i s t  of f i s h  s p e c i e s  found 

i n  t h e  t h r e e  r e s e r v o i r s  under s tudy ,  a s  w e l l  as t h e i r  r e l a t i v e  

abundance, is  given i n  Table 1. I n  gene ra l  t h e s e  r e s e r v o i r s  -- 

con ta ined  s u n f i s h  and bul lheads .  F i sh ing  p re s su re  was very low 

s i n c e  t h e  proper ty  was no t  open t o  t h e  publ ic .  

The amount of s ludge  depos i t i on  on f i e l d s  d r a i n i n g  i n t o  

R3 and R 1 2  over  t h e  per iod 1972-1976 i s  l i s t e d  i n  Table  2 .  -- 
R e l a t i v e l y  l i t t l e  s ludge  was app l i ed  p r i o r  t o  1974. A gradu- 

a l  s h i f t  from mostly spray a p p l i c a t i o n  t o  mostly d i s c  incor -  

p o r a t i o n  occurred dur ing  1975. 

Resu l t s  of comparisons of mean cond i t i on  f a c t o r s  f o r  f i s h  

c o l l e c t e d  dur ing  July-November, 1971-1976 a r e  l i s t e d  i n  Table  

3 and 4. No s i g n i f i c a n t  decrease  i n  cond i t i on  occurred f o r  - - 
t h e  s p e c i e s  compared between "pre"  (1971 and 1972) and "pos t"  

a p p l i c a t i o n  per iods .  No s i g n i f i c a n t  change i n  cond i t i on  w a s  

noted i n  Reservoir  3 green s u n f i s h  x b l u e g i l l  hybr ids ,  yellow 

bul lheads  o r  b lack c rapp ie  between t h e s e  per iods .  

Comparisons of R3 b l u e g i l l  K f a c t o r  y i e lded  t h e  fol lowing 

r e s u l t s :  f o r  mean K ( T L ) ,  1972 and 1973 < 1971 < 1974 and 1975 

< 1976. Comparisons of  R3  green s u n f i s h  K f a c t o r  y i e lded  t h e  

fol lowing r e s u l t s :  f o r  mean , K ( T L ) ,  1971 and 1972 < 1973 and 

1974 < 1975 < 1976. 

I n  gene ra l ,  no d i f f e r e n c e  i n  mean cond i t i on  f a c t o r  was 

d e t e c t e d  f o r  Reservoir  10 r edea r ,  green s u n f i s h  o r  r edea r  x 



THE METROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO 

TABLE 1 

PERCENT OCCURRENCE IN CATCH OF EACH SPECIES OF FISH 
COLLECTED FROM RESERVOIRS 3, 10, AND 12 

BETWEEN 1971 and 1976 

Species 
Reservoir 

R3 R10 R12 

Bluegill 
Green sunfish 
Redear sunfish 
Green sunfish x 
bluegill hybrid 

Redear x green 
sunfish hybrid 

Redear sunfish x 
bluegill hybrid 

Black crappie 
Largemouth bass 
Yellow bullhead 
Black bullhead 
Brown bullhead 
Carp 

------- PERCENT OCCURRENCE------- 



(sp-ccos dzp suoq a~xqau) 
--------- paqsxaqeM 07 pa~ldd~ afipn~s --------- 
TP7O;L 9L6T SL61 PL61 E L6T ZLGT xyo~zasa~ 
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THE METROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO 

TABLE 3 

MEAN CONDITION FACTOR ( K ( T L ) ) ,  MEAN TOTAL LENGTH ( T L )  I N  
MILLIMETERS,  AND NUMBER (N)  OF INDIVIDUALS OF  EACH SELECTED 

SPECIES OF F I S H  COLLECTED FROM RESERVOIR 3 DURING 
JULY-NOVEMBER 1971-1976 

Year Collected 
1971 1972 1973 1974 1975 1976 Species 

Bluegill 

Green sunfish 

Green sunfish 
x bluegill 
hybrid 

Black crappie 

Yellow 
bullhead 

* 1973 and 1974 data combined 
** 1971 and 1972 data combined 

13



THE METROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO 

TABLE 4 

MEAN CONDITION FACTOR (K (TL) ), MEAN TOTAL LENGTH (TL) IN 
MILLIMETERS, AND NUMBER (N) OF INDIVIDUALS OF EACH SELECTED 

SPECIES OF FISH COLLECTED FROM RESERVOIRS 10 AND 12 
DURING JULY-NOVEMBER, 1971-1976 

Year Collected 
'1971 1972 1973 1974 19/5 1976 

Reservoir 10 

Redear sunfish K (TL) 

Redear x green K(TL) 
sunfish hybrid 

TL 

Green sunfish 

Reservoir 12 

Bluegill 

14



green s u n f i s h  hybr ids  between "pre"  and "pos t"  a p p l i c a t i o n  p e r i -  

ods ,  though R10 r edea r  exh ib i t ed  a  s i g n i f i c a n t l y  h igher  mean 

cond i t i on  f a c t o r  i n  1971 than  i n  a l l  o t h e r  y e a r s  (Table - 4 ) .  

Comparisons of R 1 2  b l u e g i l l  K f a c t o r  y i e lded  t h e  fo l lowing  

r e s u l t s :  f o r  mean K ( T L ) ,  1972 < 1971 < 1974 <I975  < 1973 and 1976. 

S ince  t h e  largemouth bass  K f a c t o r  was found t o  i n c r e a s e  

w i th  i n c r e a s e  i n  t o t a l  l eng th  i n  c e r t a i n  y e a r s ,  and t h e  range of  

l e n g t h s  of bass  compared was l a r g e ,  on ly  bass  length-weight re- 

l a t i o n s h i p s  were compared between p r e a p p l i c a t i o n  (1971/1972) and 

p o s t a p p l i c a t i o n  (1975, 1976) per iods  (Table -- 5 ) .  

D i s s imi l a r  changes i n  weight wi th  i n c r e a s e  i n  l e n g t h  occur-  

r e d  from 1971/1972 t o  1975 f o r  R3 bass  (decrease)  and R10 bas s  

( i n c r e a s e ) .  No change i n  weight wi th  i n c r e a s e  i n  l e n g t h  o r  i n  

weight a t  comparable l eng ths  was d e t e c t e d  f o r  R 1 2  bas s  between 

t h e s e  two pe r iods  (Table  5) . -- 
No d i f f e r e n c e  i n  i n c r e a s e  i n  weight a t  comparable l e n g t h s  

was d e t e c t e d  f o r  bass  from Reservoirs  3 o r  10 between 1971/1972 

and 1976. However, a  s i g n i f i c a n t  i n c r e a s e  i n  weight a t  compar- 

a b l e  l e n g t h s  occurred from t h e  "pre"  t o  "pos t "  a p p l i c a t i o n  pe r iods  

f o r  R12 largemouth bas s  (Table -- 5 ) .  

I n  o r d e r  t o  determine i f  i n c r e a s e  i n  K f a c t o r  w i th  i n c r e a s e  

i n  l e n g t h  caused a  b i a s  i n  conc lus ions  concerning c o n d i t i o n  f o r  

R 3  and R 1 2  b l u e g i l l s ,  t h e  length-weight r e l a t i o n s h i p s  (Table -- 6) 

f o r  each popula t ion  i n  each r e s e r v o i r  were analyzed.  

The s lope ,  n,  of t h e  r e l a t i o n s h i p  loglO weight = loglOc+ 
I 

n loglOlength, d i sp layed  a  g r e a t  d e a l  of v a r i a b i l i t y  among yea r s .  

15



THE METROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO 

TABLE 5 

SLOPE ( n )  , INTERCEPT ( l o g  c )  , AND CALCULATED WEIGHT AT 
SELECTED LENGTHS FOR THE LENGTH-WEIGHT RELATIONSHIP OF LARGEMOUTH 

BASS I N  RESERVOIRS 3, 1 0  AND 1 2  COLLECTED DURING JULY-NOVEMBER, 
1 9 7 1 / 1 9 7 2 ,  1975, AND 1 9 7 6  

R e s e r v o i r  
N u m b e r  

Y e a r  
C o l l e c t e d  

Slope Intercept  
( n )  ( l o g  c )  

T o t a l  L e n g t h  (mrn) 
,17 5 2 0 5  3 2 5  --- calculated Weight ( g )  --- 

"S ign i f i can t ly  d i f f e r e n t  ( P  < 0 . 0 5 )  f r o m  1 9 7 1 / 1 9 7 2  
* * S i g n i f i c a n t l y  d i f f e r e n t  (P -? - 0 . 0 1 )  f r o m  1 9 7 1 / 1 9 7 2  



THE METROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO 

TABLE 6 

SLOPE ( n )  , STANDARD ERROR ( S n )  OF THE SLOPE, INTERCEPT ( l o g  c )  
NUMBER OF F I S H  AND CALCULATED WEIGHT AT SELECTED LENGTHS FOR THE 

LENGTH-WEIGHT RELATIONSHIP OF BLUEGILL I N  RESERVOIR 3 COLLECTED DURING 
JULY-NOVEMBER 1 9 7 1 - 1 9 7 6  

R e s e r v o i r  and 
P a r a m e t e r s  

Y e a r  C o l l e c t e d  
1 9 7 1  1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5  1 9 7 6  

R e s e r v o i r  3 

S l o p e ( n )  . 

P 
S t .  E r r o r  ( S n )  

I n t e r cep t  (log c )  

N u m b e r  of F i s h  

C a l c .  Weight ( g )  a t  

1 0 0  m 

* S l o p e  ( n )  . s i g n i f i c a n t l y  d i f f e r e n t  (P -< - 0 . 0 5 )  than  3 . 0  



The n c a l c u l a t e d  for the  1974 R3 b l u e g i l l  ( 2 . 6 1 4 )  was s i g n i f i -  

c a n t l y  lower t h a n  t h o s e  c a l c u l a t e d  f o r  1971,  1972,  1975 o r  1976 

c o l l e c t i o n s .  The s l o p e s  c a l c u l a t e d  for t h e  1974, 1975 and 1976 

c o l l e c t i o n s  w e r e  s i g n i f i c a n t l y  d i f f e r e n t  t h a n  3.0 i n d i c a t i n g  

allometric growth f o r  t h e s e  f i s h .  Values  o f  n  below 3.0 i n d i c a t e  

g r e a t e r  growth i n  we igh t  f o r  t h e  s h o r t e r  i n d i v i d u a l s ;  v a l u e s  

above 3.0 i n d i c a t e  g r e a t e r  growth i n  we igh t  f o r  t h e  l o n g e r  i n d i -  

v i d u a l s .  

Values  of n  c a l c u l a t e d  f o r  1971 and f o r  t h e  1972 c o l l e c t i o n s  

were n u m e r i c a l l y  e q u a l  t o  t h o s e  c a l c u l a t e d  f o r  t h e  1975 and 1976 

c o l l e c t i o n s ,  r e s p e c t i v e l y ,  and t h e  i n a b i l i t y  t o  d e t e c t  a d i f f e r -  

e n c e  f o r  t h e  former  t w o  from 3.0 is probab ly  due  t o  t h e  smaller 

sample s i z e  and g r e a t e r  s t a n d a r d  d e v i a t i o n  o f  t h e  r e g r e s s i o n  co- 

e f f i c i e n t  ( S n ) .  The n  c a l c u l a t e d  for  1973 (3.061) w a s  s i g n i f i -  

c a n t l y  d i f f e r e n t  t h a n  t h o s e  c a l c u l a t e d  f o r  1972 (3.217) and f o r  

1975 (2.815) . 
Values  o f  n  f o r  1971 and 1975 and f o r  1972 and 1976 w e r e  

n o t  found to  b e  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  each  o t h e r .  T e s t s  

o f  t h e  i n t e r c e p t s  ( l o g  c) of each of t h e  r e s p e c t i v e  combina t ions  

r e v e a l e d  t h a t  we igh t  w a s  s i g n i f i c a n t l y  h i g h e r  i n  t h e  "post" a p p l i -  

c a t i o n  y e a r s  (1975 and 1976) which a g r e e s  w i t h  t h e  c o n c l u s i o n s  

o f  t h e  K f a c t o r  comparisons.  

The v a l u e s  o f  n (Tab le  - 7 )  f o r  R12 b l u e g i l l s  w e r e  s i g n i f i -  

c a n t l y  g r e a t e r  t h a n  3.0 f o r  a l l  y e a r s  and no d i f f e r e n c e  c o u l d  b e  

d e t e c t e d  among then). Values  o f  loglOc w e r e  t h e n  compared and it 

w a s  concluded t h a t  i n  t e r m s  o f  we igh t  a t  comparable l e n g t h s :  

18



THE METROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO 

TABLE 7 

SLOPE (n) , STANDARD ERROR ( S n )  OF THE SLOPE, INTERCEPT ( l o g  c )  , 
NUMBER OF F I S H  AND CALCULATED WEIGHT AT SELECTED LENGTHS FOR THE 
LENGTH-WEIGHT RELATIONSHIP OF BLUEGILL I N  RESERVOIR 1 2  COLLECTED 

DURING JULY-NOVEMBER 1 9 7 1 - 1 9 7 6  

R e s e r v o i r  and 
P a r a m e t e r s  

Year C o l l e c t e d  
1 9 7 1  1 9 7 2  1 9 7 3  1 9 7 4  i 9 7 5  1 9 7 6  

R e s e r v o i r  1 2  

Slope ( n )  - 
I-' 
(0 

S t .  E r r o r  ( S n )  

Intercept ( l o g  c )  

N u m b e r  of F i s h  

C a l c .  Weight ( g )  a t  

1 0 0  rnm 

* S l o p e  ( n )  s i gn i f i c an t l y  d i f f e r e n t  ( P  - < 0 . 0 5 )  than 3 . 0  



(1971 and 1972) and 1974 < 1975 and 1976. This is similar to 

the K factor comparison except for the inability to detect a 

difference between 1971 and 1972. 

Results of analysis of mean condition factors and of 

length-weight relationships for the fish from Reservoirs 3, 10 

and 12, reported previously (18, 19), showed no detrimental 

effects upon these fish which could be attributed to liquid 

fertilizer application. These results included the analysis 

of fish condition during March-April (pre-spawning period), 

1972-1974, and May-June (spawning period), 1971-1974. 

Analysis of Fish Tissue Trace Metals Content. Results of - 
the analysis of fish fillets for the trace metals Zn, Cu, Cd, 

Cr and Ni for fish collected from Reservoirs 3, 10 and 12 are 

listed in Tables - 8 and - 9. 
Most of these mean values were within the ranges of values 

found by other authors (4, 11, 12, 13) for fish muscle tissue 

(Table - 10). 

In general, the mean levels of trace metals in the fillets 

of fish from the three reservoirs exhibited a tendency to 

decrease over the study period, 1971-1976. Several species, 

however, contained significantly higher concentrations of a 

metal in 1976 than in the 1971/1972 preapplication period, as 

shown below: 

Reservoir 3: green sunfish x bluegill hybrids, a higher 

zinc level; 

Reservoir 12: bluegills, a higher zinc level; 



THE METROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO 

TABLE 8 

CONCENTRATIONS OF TRACE METALS IN FILLETS OF FISH SAMPLED 
FROM RESERVOIR 3 WITH RESULTS OF STATISTICAL ANALYSES OF THE MEAN VALUES 

Trace metal, Mean (dry weight) 
Zn Cu Cd Cr Ni 

Number w/g vg/g ng/g ng/g ng/g 
Year 

Collected Species 

Largemouth bass 1971/1972 36 40 1.79 13.3 306 362 

~ifference among means: ** ** ND* **  ND 

Black crappie 1971/1972 15 42 2.54 12.6 353 683 

Difference among means: ** **  ND ND ND 

Bluegill 1971/1972 32 63 5.09 109.5 , 4 2 4  3472 

Difference among means: ** ND ** ND * 



THE METROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO 

TABLE 8 (CONTINUED) 

CONCENTRATIONS OF TRACE METALS IN FILLETS OF FISH SAMPLED 
FROM RESERVOIR 3 WITH RESULTS OF STATISTICAL ANALYSES OF THE MEAN VALUES 

Trace metal, Mean (dry weight) 
Zn Cu Cd Cr Ni 

Collected Species Number 

Green sunfish 

Difference amonq means: **  ND ND ND ND 

Green sunfish x 
bluegill hybrids 

Difference among means: +* ND ** ** +* 

Yellow bullhead 1971/1972 25 43 3.25 86.2 188 345 

Difference among means: ** **  ** ND ** 
* Significant at the 0.05 level 
** Significant at the 0.01 level 
$ND = No significant difference 



THE METROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO 

TABLE 9 

CONCENTRATIONS OF TRACE METALS I N  FILLETS OF FLSH SAMPLED 
FROM RESERVOIRS 1 0  AND 1 2  WITH RESULTS OF STATISTICAL ANALYSES 

OF THE MEAN VALUES 

T r a c e  metal, Mean (dry w e i g h t )  
Zn Cu Cd C r  N i  Y e a r  

C o l l e c t e d  S p e c i e s  Number  ~ 9 1 9  V Y / ~  -ng/g ng/g ng/g 

R12 L a r g e m o u t h  
bass 

D i f f e r e n c e  among means: ** t* ND* ND ND 

R12 B l u e g i l l  

D i f f e r e n c e  amonq means: * *' ND * ND * 
R10 L a r g e m o u t h  1 9 7 1 / 1 9 7 2  
B a s s  

1 9 7 4  

D i f f e r e n c e  among means: ** ** * ND * 
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THE METROPOLITAN SANITARY D I S T R I C T  OF GFU3ATER CHICAGO 

TABLE 1 0  

MEAN (z) AND RANGE (R)  OF F I S H  MUSCLE TRACE METAL CONCENTRATIONS 
FOUND I N  OTHER STUDIES (ND = NOT DETECTABLE) 

L o c a t i o n  and 
S p e c i e s  

T r a c e  m e t a l s ,  D r y  w e i g h t  basis 
Z n  C u  C d  C r  N i  

vg/g YS/S ng/g ng/g ng/g R e f e r e n c e  

Ind iana  " C o n t a m i n a t e d  A r e a "  

~ a r g e m o u t h  bass 

~ l u e g i l l  

Indiana " U n c o n t a m i n a t e d  A r e a "  

L a r g e m o u t h  bass 

B l u e g i l l  

I l l i n o i s  R i v e r  F i s h  

V a r i o u s  species 



THE METROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO 

TABLE 1 0  (CONTINUED) 

MEAN (z) AND RANGE (R) OF F I S H  MUSCLE TRACE METAL CONCENTRATIONS 
FOUND I N  OTHER STUDIES (ND = NOT DETECTABLE) 

L o c a t i o n  and 
S p e c i e s  

T r a c e  m e t a l s ,  D r y  w e i q h t  basis 
Z n  C u  C d  C r  . N i  

PS/S VS/S ng/g ng/g ng/g R e f e r e n c e  

E u t r o p h i c  L a k e  ( M i c h i g a n )  

L a r g e m o u t h  bass* 

Y e l l o w  bullhead* 

H y b r i d  sunf ish*  

Wisconsin ( V a r i o u s  w a t e r s )  
- 

L a r g e m o u t h  bass* ?! 
C r a p p i e *  1! 
B l u e g i l l  ( a n d  X 
" s u n f i s h " )  * 

*Indicates a conversion to  a dry w e i g h t  basis by use of the d r y / w e t  w t .  ra t io  f o r  
m u s c l e  t i s s u e  of 0 . 2 0 3  ( 1 1 )  . 



R e s e r v o i r  10: r e d e a r  s u n f i s h ,  a  h i g h e r  chromium l e v e l .  

The mean v a l u e s  f o r  z i n c  (64 ug/g and 46 ug/g, r e s p e c -  

t i v e l y ,  f o r  t h e  R3 h y b r i d s  and R12 b l u e g i l l )  from t h e  1976 

c o l l e c t i o n  were much lower than  t h e  500 pg/g (based  on d r y  

we igh t )  z i n c  c o n c e n t r a t i o n  c o n s i d e r e d  dangerous i n  f i s h  f o r  

human consumption (11, 1 4 ) .  The maximum c o n c e n t r a t i o n s  o f  

z i n c  de termined f o r  t h e s e  f i s h  from R3 (121 yg/g) and R12 

( 7 1  ug/g) were a l s o  w e l l  below t h e  500 pg/g l i m i t .  T h e r e f o r e ,  

t h e s e  c o n c e n t r a t i 9 n s  do n o t  pose  a  danger t o  t h e  p u b l i c  h e a l t h .  

S i n c e  no s l u d g e  a p p l i c a t i o n  o c c u r r e d  w i t h i n  t h e  wa te r shed  

o f  R e s e r v o i r  10,  t h e  h i g h  l e v e l  of  chromium c o n c e n t r a t i o n  o f  

547 ug/g i n  R10 r e d e a r  s u n f i s h  f i l l e t s  (Tab le  - 9)  was p robab ly  

w i t h i n  t h e  n a t u r a l  r a n g e  of  v a r i a t i o n  f o r  t h i s  m e t a l  i n  t h e  

muscle t i s s u e  o f  t h i s  s p e c i e s .  

R e s u l t s  of t h e  a n a l y s i s  o f  f i s h  f i l l e t s  f o r  mercury from 

R e s e r v o i r s  3,  10 and 12 a r e  l i s t e d  i n  Table  - 11. R e s e r v o i r  12  

b l u e g i l l  and R e s e r v o i r  10 largemouth b a s s  c o n t a i n e d  h i g h e r  con- 

c e n t r a t i o n s  of  mercury i n  1976 t h a n  i n  1971/1972. I n  t h e  c a s e  

of t h e  R12 b l u e g i l l  t h e  v a l u e s  of  mercury determined d u r i n g  

1974 and 1976 were h i g h e r  than  i n  t h e  p r e a p p l i c a t i o n  y e a r s  

( though t h e s e  l a t t e r  y e a r s  w e r e  n o t  d i f f e r e n t  from e a c h  o t h e r ) .  

The mean v a l u e s  do n o t  exceed t h e  Food and Drug A d m i n i s t r a t i o n  

(FDA) g u i d e l i n e  f o r  mercury of  2.5 ug/g ( c o n v e r t e d  from 

0.5 pg/g based on w e t  weight  u s i n g  t h e  r a t i o  f o r  muscle t i s s u e  

o f  0,203 (11)). The maximum l e v e l  found i n  t h e  R12 b l u e g i l l  

f i l l e t s  was 0.45 yg/g which i s  4 4  p e r c e n t  g r e a t e r  t h a n  t h e  FDA 

g u i d e l i n e .  
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TABLE 11 

MEAN CONCENTRATIONS OF Hg (BASED ON DRY 1T.) IN FILLETS OF FISH FROM 
RESERVOIRS 3, 10 AND 12 WITH RESULTS OF STATISTICAL ANALYSES OF THE 
MEAN VALUES (ND = NO SIGNIFICANT DIFFERENCE, NA = NO ANALYSIS FOR Hg) 

Year of Collection 
Reservoir and 1971/72 1974 1976 Difference 
Species Num- Hg Num- Hg Num- Hg among 

ber PS/S ber ~g/g ber ~3/9 Means 

Reservoir 3 

Largemouth bass* 32 
Bluegill 30 
Green sunfish 36 
Yellow bullhead 19 

Reservoir 10 
h) 
03 

Largemouth bass 
Green sunfish 
Redear sunfish 

Reservoir 12 

Largemouth bass 20 1.71 NA 30 0.85 ** 
Bluegill 29 0.88 19 1.38 30 1.62 ** 

$ Fourteen bass collected from R3 during 1973 were also analysed and included 
in the statistical analysis (Mean Hg conc. = 0.83 ug/g). 

* Significant at the 0.05 level. 
** Significant at the 0.01 level. 



L a r g w u t h  bass from R10, which rece ived  no s ludge wi th in  

i t s  watershed,  a l s o  showed a s i g n i f i c a n t  i n c r e a s e  i n  mercury be- 

tween 1976 and 1971/1972. Such a n  i n c r e a s e  w i th in  a  f i s h  s p e c i e s  

t h u s  may be wi th in  normal n a t u r a l  v a r i a t i o n .  Also,  s i n c e  t h e  con- 

c e n t r a t i o n  of  1.62 pg/g Hg i n  R12 b l u e g i l l  w a s  n o t  s i g n i f i c a n t l y  

d i f f e r e n t  from t h e  1.43 pg/g concen t r a t i on  i n  R10 bas s ,  t h i s  

l e v e l  w a s  w i t h i n  t h e  range of means of f i l l e t  concen t r a t i ons  i n  

f i s h  from l a k e s  unaf fec ted  by s ludge  a p p l i c a t i o n  i n  t h e  s tudy  

a r e a .  The maximum l e v e l  of Hg f o r  R10 bas s  c o l l e c t e d  dur ing .1976  

was 2.73 pg/g which a l s o  exceeds t h e  FDA gu ide l ine .  

The l e v e l s  of Hg determined f o r  f i l l e t s  of Fu l ton  County 

f i s h  l i e  wi th in  t h e  range determined by o t h e r  i n v e s t i g a t o r s  ( 4 ,  

6, 16 ,  17) (Table - 12) . Therefore,  t h e  change i n  f i l l e t  concen- 

t r a t i o n  determined s o  f a r  does no t  s e e m  t o  be  b i o l o g i c a l l y  s i g n i -  

f i c a n t .  

Analysis  of Reservoir  Water f o r  Tr'ace Metals .  Analys i s  o f  

water from Reservoi r s  3 ,  10 and 12  d i d  no t  y i e l d  mean l e v e l s  o f  

t h e  meta l s  Zn, Cd, C r ,  o r  N i  which w e r e  h igher  than  t h e  minimum 

d e t e c t i o n  l i m i t  (0.1, 0.01, 0.02 and 0.1 mg/l, r e s p e c t i v e l y )  f o r  

the r o u t i n e  a n a l y s i s  of t h e s e  meta l s .  

Resu l t s  of a n a l y s i s  f o r  Cu and Hg a r e  given i n  Table  - 13. 

I n  n e i t h e r  c a s e  w e r e  concen t r a t i ons  of t h e s e  me ta l s  app rec i ab ly  

h igher  i n  p o s t a p p l i c a t i o n  years .  

There i s  no i n d i c a t i o n  t h a t  t h e  l e v e l s  of trace metals i n  

t h e  waters of  t h e  r e s e r v o i r s  have caused any i n c r e a s e  i n  t h e  f i s h .  

The tendency f o r  lower concen t r a t i ons  i n  t h e  f i l l e t s  i n  t h e  post -  

29 
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TABLE 12 

MEAN AND RANGE OF LEVELS OF MERCURY FOUND IN FISH MUSCLE TISSUE IN 
OTHER STUDIES (ALL VALUES CONVERTED TO DRY WEIGHT BASIS BY USE OF 

THE DRY/WET WEIGHT RATIO FOR MUSCLE TISSUE OF 0.203 (11) ) 

Location and Species ~g (pg/g) , dry weight Reference 
Mean Range 

Eutrophic Lake (Michigan) 

Largemouth bass 
Yellow bullhead 
Hybrid sunfish 

u Mississippi 
0 

Largemouth bass 

South Dakota 

Black crappie 
Black bullhead 

West Coast 

Pacific hake 

* Range of means. 



THE METROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO 

TABLE 1 3  

ANNUAL MEANS OF THE CONCENTRATIONS OF 
CU AND Hg IN THE WATER OF RESERVOIRS 3 ,  1 0  AND 1 2  FROM 1971-1976 

P a r a m e t e r  f i e s e r v o i r  
YEAR SAMPLED 

1 9 7 1  1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5  1 9 7 6  

3  ND* 0 .3  0 . 3  0 .1  

1 0  ND 0.2  0 .2  0 . 1  ND ND 

1 2  0 .02 0 .2  0 .2  0 .2  ND ND 

* ND = Below leve l  of d e t e c t i o n ,  0 . 1  p g / l i t e r  f o r  Hg. 



a p p l i c a t i o n  yea r s  i s  i n  accord with t h e  g e n e r a l l y  low va lues  of 

Cu and Hg i n  l a t e r  yea r s .  

I t  should be noted t h a t  t h e  r o u t i n e  ana lyses  f o r  t h e  me ta l s  

Zn, Cd, C r ,  Cu and N i  i n  t h e  r e s e r v o i r  water  were c a r r i e d  o u t  by 

use  of an atomic abso rp t ion  technique (10) f o r  which t h e  minimum 

d e t e c t i o n  l e v e l s  f o r  t h e s e  meta l s  were n o t  a s  low a s  f o r  t h e  same 

meta l s  i n  t h e  f i s h  t i s s u e  ana lyses .  For t h e  r e s e r v o i r  water  an- 

a l y s e s ,  t h e  minimum d e t e c t i o n  l e v e l s  were t e n f o l d  h igher  f o r  Cu 

and Cd, twentyfold h igher  f o r  C r ,  and one hundredfold h igher  f o r  

Ni and Zn, than  f o r  t h e  f i s h  t i s s u e  ana lyses .  Therefore ,  any 

changes i n  l e v e l s  of Zn, Cd, C r ,  Cu and N i  concen t r a t i ons  of  t h e  

r e s e r v o i r  water  which were below t h e  minimum d e t e c t i o n  l e v e l s  

would n o t  have been no t iced .  
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