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SUMMARY 

Growth of channel  c a t f i s h  ( I c t a l u r u s  punctatus)  and T i l a p i a  z i l l i i  

i n  t h e  RRGT geothermal waters can equal  o r  surpass  t h a t  i n  a commercial 

s t u d i e s  a re  warranted. I 
* 
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I n  June of 1976, t h e  Energy Research and bevelopment Adminis t ra t ion 

(ERDA) entered i n t o  a c o n t r a c t  wi th  Idaho S t a t e  Univers i ty  t o  i n v e s t i g a t e  

t h e  p o t e n t i a l  f o r  commercial aquacul ture  a t  t h e  e x i s t i n g  Raft  River 

Geothermal Tes t ing  S i t e  (RRGT) l oca t ed  i n  south-cent ra l  Idaho (see Fig.  A ) .  

Our purposes were to  eva lua te :  1) t h e  a c u t e  t o x i c i t y  of geothermal waters 

t o  channel c a t f i s h  ( I c t a l u r u s  puncta tus) ,  T i l a p i a  z i l l i i ,  yellow perch 

(Perca f l avescens ) ,  and t h e  Malaysian prawn - (Macrobrachium - r o s e n b e r g i i ) ,  

2) growth and long-term t o x i c i t y  of waters a t  t h e  Raf t  River s i te ,  and 

3)  t i s s u e  r e s idues  of p o t e n t i a l  contaminants of geothermal o r i g i n .  

Analyses of t o x i c i t y ,  growth and t i s s u e  r e s i d u e s  i n  f i s h  and prawns have 

been completed. Data are s t i l l  being generated concerning long-term 

t o x i c i t y  ( s e c t i o n  11) and w i l l  be  s i*bzdt ted as r e s u l t s  become ava i l ab le .  

I. Acute Toxici ty:  Bioassays and Mor ta l i t y .  

A. Methods and Materials 

Channel c a t f i s h  and t i l aF ia  f o r  t h i s  s tudy  were suppl ied  by F i sh  

Breeders, Inc.  of Buhl, Idaho. F i sh ,  se rv ing  as c o n t r o l s  were 

maintained a t  t h i s  commercial aquacul ture  f a c i l i t y .  Yellow perch 

w e r e  obtained from American F a l l s  Reservoir  and Onzida Reservoir  i n  

southeas t  Idaho. 

located i n  H a w a i i .  

Malaysian prawns w e r e  suppl ied  by Hawaii F i s h  and G a m e  

Fish b ioassays  were conducted us ing  72-hour, s t a t i c  tests a t  

232 2 C wi th  100% ( f u l l  s t r e n g t h ) ,  75% and 50% geothermal water. This  

was followed by an a d d i t i o n a l  48-hour tes t  wi th  food t o  determine i f  

normal f eediyng“ behavior  would occur.  F i sh  were accl imated t o  l abora to ry  
,‘i ‘ &‘ 

* *L .\ ,” <,.,e 
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condi t ions  f o r  7 days i n  f reshwater  p r i o r  t o  i n i t i a t i n g  t h e  biaassay.  

They were fed  twice d a i l y  u n t i l  24-hours b e f o r e  the tes t .  Food w a s  

withheld dur ing  the test t o  reduce me tabo l i t e  build-up. Three 

r e p l i c a t e s  were used a t  each concent ra t ion  of g e o t h e m l w a t e r .  

A l l  tanks rece ived  aeration from compressors dur ing  t h e  bioassay.  

Spray f i l t r a t i o n  pumps and compressors were used during t h e  remainder 

of l abora to ry  confinement. Behavior and water temperature  were 

recorded every 15 minutes  f o r  t h e  f i r s t  hour a f t e r  incroduct ion  of 

t h e  f i s h  i n t o  t h e  test water. Subsequent observa t ions  were made 

hourly f o r  t h e  next  3 hours ,  a t  t h e  end of 8 hours and each 12 hours  

t h e r e a f t e r  u n t i l  t e rmina t ion  of t h e  test. Mor ta l i t y  (death)  w a s  

cha rac t e r i zed  by t h e  absence of opercular  movement. 

The prawn b ioassay  w a s  conducted s i m i l e r l y  w i t h  t h e  fol lowing 

modif icat ions:  1) concent ra t ions  of 100% ( f u l l  s t r e n g t h )  and 50% 

geothermal water only ,  and 2) t h e  test  w a s  conducted €or  two 96-hour 

per iods ;  t h e  f i r s t  a s ta t ic  test without  food t h e  second wi th  food.  

B. R e s u l t s  

1. Channel Ca t f i sh .  No m o r t a l i t y  w a s  experienced. 

2. T i l ap ia .  N o  m o r t a l i t y  w a s  experienced. 

3. Yellow Perch. Two a t tempts  to maintain perch i n  f reshwater  

i n  t h e  l abora to ry  produced 100% m o r t a l i t y ;  t h e r e f o r e ,  b ioassays  were 

not  performed. 

Reservoir ,  on the Bear River (Idaho) to the R a f t  River S i t e .  These 

perch were exposed t o  geothermal w a t e r  on 29 September. 

A t h i r d  group of perch w a s  t aken  d i r e c t l y  from Oneida 

They experienced 
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no mor ta l i t y  u n t i l  11 October, when f a i l u r e  of temperature con t ro l  

s y s t e m s  produced 100% mor ta l i t y .  

were suspended. 

Fur ther  s t u d i e s  wi th  t h i s  spec ies  

4. Malaysian prawns. No m o r t a l i t y  w a s  experience<. 

Growth and Long-term Toxic i ty  

A. Growth 

1. Methods and Materials 

Growth s t u d i e s  wi th  f i s h  w e r e  conducted a t  28 C (82 F) although 

temperature c o n t r o l  problems existed (see below). Two flow rates, 

7 gpm (ga l lons  per  minute) (10 minute turaover  time) and 0.8 gpm 

(90 minute turnover  time) were used. Stocking d e n s i t i e s  were 50 

f i s h  per raceway (2'  x 8' x 16" -- equiva len t  t o  350,000 f i s h  p e r  

hec ta re) .  

day a t  dawn and dusk feedings  (0700 and 1900, r e spec t ive ly ) .  

T i l a p i a  w e r e  f ed  a t  3% of body weight u n t i l  t h e  f o u r t h  week. 

feeding r a t i o  w a s  then i w r e a s e d  t o  5% t o  more c lose ly  approximate 

t h a t  of t h e  c o n t r o l  f a c i l i t y .  

C a t f i s h  and perch were f e d  5% of t h e i r  body weight per  

The 

Finger l ing  c a t f i s h  (average weight  

16.16 g and s tandard  l e n g t h  100.96 nun) and j u v e n i l e  t i l a p i a  (average 

weight 6.71 g and s tandard  l eng th  53.34 m') w e r e  intzoduced t o  

t h e  test f a c i l i t y  on 20 August. The experimental  per iod  extended 

t o  3 December, 1976. 

Prawns (SO-day post- larvae)  were maintained a t  t h e  RRGT at 

4iexperimental  d e n s i t i e s  f o r  50 days (YO October t o  29 November, 1976).  

These prawns were held i n  f o u r  raceways (1' x 8' x 1 ' )  which w e r e  

t o  have been r ece iv ing  a cons tan t  flow (0.8 gpm) of 27 C (80 F) 

. .  . ... ,, . .  
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geothermal water. However, v a r i a t i o n s  i n  flow rates between 

raceways (0.04, 0.31, 0.11, and 0.52 gpm i n  81, 2, 3 ,  and 4 ,  

r e spec t ive ly )  occurred. Stocking d e n s i t i e s  w e r e  12 (1.5/sq. f t . ) .  

24 (3.0/ sq. f t . ) ,  48 (6.0/sq. f t . ) ,  and 96 (12.0/sq. f t . ) ,  f o r  

raceways #l, 2, 3 ,  and 4 respec t ive ly .  After s tocking  a l l  raceways, 

126 prawns were placed i n  a 1500 ga l lon  s to rage  tank. 

w a s  maintained a t  28 C (82 F) with a 400 w emergent hea te r .  

w a s  no water f low and water was only added t o  r ep lace  t h a t  l o s t  

by evaporation. 

systems t o  prevent  cannibalism (Ling, 1969; Sandifer  - e t  _- a1 9 1975) 

a crushed oys t e r - she l l  s u b s t r a t e  wi th  c l u s t e r s  of l a r g e  rocks w a s  

Temperature 

There 

Since "escape cover" is recommended f o r  closed-tank 

provided i n  each raceway. 

I n i t i a l l y ,  raceway temperatures w e r e  t o  have been 282 2 C f o r  

f i s h  and 27+ 2 C f o r  prawns. 

ranges f o r  growth f o r  t he  spec ies  concerned. However, due t o  

engineering problems th i s  w a s  not acheived. T e m p e r a t u r e  r e g i m e s  

f o r  both high and low flow raceways are presented i n  Table 4 and 

These are t h e  optimum temperature 

Figures  4 . 1  and 4.2. 

A t  t h e  t i m e  of s tocking  and a t  2-week i n t e r v a l s ,  t h e  following 

gross  measurements w e r e  made on f i s h :  s tandard l eng th  ( t o  n e a r e s t  

m i l l i m e t e r ) ,  body depth f o r  t i l a p i a  only ,  and weight ( t o  nea res t  

0.1 gram). 

t i l a p i a  and c a t f i s h  s tocks  a t  t h e  Buhl commercial hatchery.  

Measurements w e r e  taken a t  monthly i n t e r v a l s  from 

Prawn measurements w e r e  taken a t  10-day i n t e r v a l s  and w e r e  

based on a subsample of 10 animals. The l eng th  recorded w a s  

from t h e  o r b i t  of t h e  eye t o  t h e  t i p  of t h e  t e l s o n  a f t e r  
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s t ra ighter i ing  and gen t ly  pinning down each animal on a w e t  

board. Weight was recorded t o  t h e  nea res t  0.1 g. 

Growth rate w a s  evaluated f o r  each spec ies .  Regression 

l f n e s  were determined f o r  r e l a t i o n s h i p s  between l eng th  and 

weight, as w e l l  as body depth and weight,  and growth wi th  time. 

Kegressions were analyzed f o r  s i g n i f i c a n t  d i f f e rences  using 

a n a l y s i s  of covariance (u=O.O5). The group comparison "t" tes t  

w a s  employed f o r  determining s i g n i f i c a n t  d i f f e rences  between 

group means (a=O. 05). 

2 .  Results 

a. Channel Cat f i sh .  There w a s  no s i g n i f i c a n t  d i f f e r e n c e  between 

growth rates i n  r e p l i c a t e  flow rates a t  t h e  test s i te .  Growth 

r e s u l t s  are presented i n  Table 1 and Figure 1. Pooled d a t a  

r e t e a l e d  no s i g n i f i c a n t  d i f f e rence  i n  growth among experimental  

and c o n t r o l  groups f o r  t h e  f i r s t ' 6  weeks of t h e  study. Pooled 

d a t a  and r eg res s ions  of growth wi th  t i m e  are presented i n  

Table  1.1, Figures  1.2 and 1.3. Loss of temperature c o n t r o l  

(11 October) accounted f o r  100% mor ta l i t y  of c a t f i s h  i n  the.  

high f low raceways (Table 4 and Figure 4.1). N o  m o r t a l i t i e s  

were incur red  i n  t h e  low f low raceways. However, subsequent 

growth of t hese  c a t f i s h  w a s  s i g n i f i c a n t l y  less than  i n  

c o n t r o l s  (Table 1 and l.l), poss ib ly  due t o  subsequent wide 

v a r i a t i o n s  i n  raceway temperatures (Table. 4 and Figure  4.2). 

These samples w e r e  a l s o  charac te r ized  by a sharp d e c l i n e  in 

coad i t ion  f a c t o r  (Figure 1). 

b. T i l ap ia .  T i l a p i a  growth i n  a l l  experimental  groups w a s  
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s i g n i f i c a n t l y  more r a p i d  a t  t h e  RRGT than  a t  t h e  Buhl commercial 

f a c i l i t y .  

condi t ions  a t  t h e  c o n t r o l  s i te .  

i n  Table 2 and 2.1. 

e x i s t e d  between high f low r e p l i c a t e s ,  raceways 3B and 3 D  

( t h e r e  w a s  no s i g n i f i c a n t  d i f f e r e n c e  between low flow 

r e p l i c a t e s ) .  

i n  3D throughout t h e  experimental  per iod.  

i n i t i a l l y  l a r g e r ,  t he  observed d i f f e r e n c e  i n  growth r a t e  may be 

a func t ion  of t h e  developmental s t a t e  r a t h e r  than due t o  

d i f f e r e n c e s  i n  raceway placement and assoc ia ted  d is turbances  

( see  In te r im r e p o r t ,  pg. 4 ) .  However, t hese  l a t t e r  condi t ions  

may a l s o  have inf luenced growth. 

i n  e i t h e r  l eng th  t o  weight condi t ion  f a c t o r  (K) o r  body depth 

t o  weight (Z) ex i s t ed  among experimental  and c o n t r o l  f t s h .  

No f i s h  mor t a l i t y  occurred due t o  water q u a l i t y  (o the r  

This may be a t t r i b u t e d  i n  p a r t  t o  more crowdec! 

Growth r e s u l t s  a r e  presented 

A s i g n i f i c a n t  d i f f e r e n c e  i n  growth ra te  

F i sh  i n  3B w e r e  s i g n i f i c a n t l y  l a r g e r  than those  

As f i s h  2n 3 B  were 

N o  s ignLf icant  d i f f e r e n c e s  

than those  d i r e c t l y  a t t r i b u t e d  t o  temperature) over t h e  

experimental  period. Although growth w a s  i n t e r r u p t e d  dur ing  

t h e  seventh week, at t h e  t ime f a i l u r e  of temperature c o n t r o l  

occurred, growth resumed w i t h i n  2 weeks and no lorig term 

e f f e c t s  w e r e  observed. 

c .  Malaysian Prawns. Although condi t ions and feed w e r e  

not  optimal,  prawn growth rate w a s  gene ra l ly  uniform. Growth 

r e s u l t s  are presented i n  Table 3 and Figures  3 ,  3.1, 3 . 2 ,  3 . 3 ,  

and 3 . 4 .  

(F igures  4 and 4.1). 

The f i r s t  m o r t a l i t y  w a s  observed 13 days a f t e r  i n t r o d u c t i o n  
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when 3 of 12 animals i n  raceway 111 were found dead. 

30, t h e  entire populat ion of raceway 114 w a s  found dead. 

a d d i t i o n a l  mor ta l i ty  w a s  observed u n t i l  t h e  experiment w a s  

terminated on day 50 when t h e  remaining prawns i n  raceway 

b l  ( 9  of 12 ) ,  21 of 24 from raceway 82, and 6 of t he  remaining 

36 i n  raceway #3 were found dead. 

t o  fungus-growth as discussed below. 

f o r  raceways #l, 2, 3, and 4 r e s p e c t i v e l y  were: loo%, 87.5%, 

37.52, and 100%. 

On day 

No 
c 

This  may have been due 

F i n a l  mor t a l i t y  rates 

The d i f f e r e n t  populat ion d e n s i t i e s  had no apparent e f f e c t  

on mor ta l i t y .  Sandifer  e t  al .  (1975) has  reported high 

s u r v i v a l  rates (g rea t e r  than 90%) a t  d e n s i t i e s  of 328-656 

animals  pe r  sq. f t .  wi thout  escape cover. The high mor t a l i t y  

i n  raceways #1 and 4 m y  have r e s u l t e d  from w a t e r  q u a l i t y  

problems due t o  accumulation of food i n  t h e  s u b s t r a t e  and/or 

tempera ture  f h c t u a t i o n s  r a t h e r -  than f ran exposure t o  

geothermal w a t e r .  Fungal growth -In t h e  s u b s t r a t e  w a s  

ex tens ive .  The s u b s t r a t e  cont r ibu ted  t o  d e t r i t u s  r e t e n t i o n  

and made cleaning opera t ions  d i f f i c u l t .  

d i s i n t e g r a t e d  r ap id ly  and accumulated on t h e  subs t r a t e .  

Prawns are pa r t i c l e - s i ze  s e l e c t i v e  and w i l l  avoid food 

t h a t  f a l l s  apa r t  too quick ly  (Ling, 1969). 

The f i s h  food 

The o y s t e r  s h e l l  s u b s t r a t e  may have con t r ibu ted  t o  

t h e  h igh  mor t a l i t y  by inc reas ing  carbonate  hardness  which 

has  a l s o  been suggested as a con t r ibu t ing  cause  of disease .  

The rock  c l u s t e r s  o r  a more e a s i l j  cleaned s u b s t r a t e  would 

probably provide adequate escape cover t o  reduce cannibalism. 
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Thers was no i n d i c a t i o n  t h a t  t h e  geothermal water would 

n e t  support  prawn growth. Flow rate  may have been respons ib le  

f o r  t h e  slower growth rate i n  raceway #I. Also, as a l l  prawns 

i n  t h i s  raceway were measured a t  each sampling per iod,  handling 

may a h 0  have been a con t r ibu t ing  f a c t o r .  

It has  been repor ted  t h a t  a l eng th  of 50 mm is an average 

It is  a t  t h i s  s t age  t h a t  growth va lue  €or  100 day juven i l e s .  

becomes most rapid.  

day post- larvae and 2 1  mm i n  l eng th  i n i t i a l l y .  

days i n  geothermal waters prawns wi th  a mean length  of 40 nun 

w e r e  obtained. Considering t h e  c u l t u r e  condi t ions (food, 

temperature f l u c t u a t i o n s ,  and organic  accumulation) t h e i r  

growth w a s  no t  severe ly  depressed. However, prawns held i n  

t h e  water s to rage  r e s e r v o i r  f o r  t h e  same time period were 

50-60 e i n  length.  Ling (1969)-, the "father"  of prawn cu l tu re ,  

reported a length of 50 mm i n  two months, r e s u l t s  t h a t  are 

The prawns used i n  t h i s  s tudy w e r e  50 

A f t e r  50 

seldom matched i n  t h e  U.S.A. 

has beer  a t t r i b u t e d  t o  temperature and food v a r i a t i o n ,  as w e l l  

as d e t e r i o r a t e d  gene t i c  s tock  (Goodwin and Hanson, 1975). 

Growth a t  the  R a f t  River Geothermal Tes t ing  S i t e  i s  evaluated 

as encouraging. 

Reduced growth of t h i s  spec ie s  

H. Long-Term Toxic i ty  

Several  phys io logica l  parameters were used as i n d i c a t o r s  of 

growth and long term t o x i c i t y .  

measuring co l lagen  content ,  calcium, phosphorus, and f l u o r i d e  

concent ra t ion  i n  v e r t e b r a l  bone. I n  a d d i t i o n ,  t h e  serum e l e c t r o l y t e s  

Bone development w a s  monitored by 
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chlor ide ,  calcium, and f l u o r i d e  are being measured t o  cheek t h e  

f i s h e s  a b i l i t y  t o  maintain a hydromineral balance.  

1. Methods and Materials 

Six f i s h  of each s p e c i e s  from each raceway were sampled 

biweekly for phys io logica l  and r e s idue  accumulation s tud ie s .  

S imi la r  samples w e r e  c o l l e c t e d  from t h e  Buhl commercial aquacul ture  

source on a monthly basis. 

Collagen content w a s  determined by t h e  method of Flanagan and 

Nichols (1962) as modified by Wilson and Poe (1974). Bone 

mineral  s t u d i e s  are not  y e t  complete. However, calcium 

concent ra t ion  w i l l  b e  determined by atomic absorpt ion spectroscopy; 

phosphorus, by t h e  method of Fiske  and Subbarow aa modified and 

descr ibed  by Hawk -- e t  al .  (1954); and f l u o r i d e ,  by t h e  method of 

Singer and Armstrong (1968). The serum e l e c t r o l y t e s  calci*im, 

ch lo r ide ,  and f l u o r i d e  are a l s o  being monitored. Only f l u o r i d e  

ana lyses  on c a t f i s h  have been completed. 

analyses  w i l l  be  completed as soon as mechanical r e p a i r s  are 

completed. 

2. Resu l t s  

Calcium and c h l o r i a e  

a. Channel Cat f i sh .  No s t a t i s t i ca l  d i f f e r e n c e  ex i s t ed  among 

t h e  experimental  and c o n t r o l  groups f o r  co l l agen  depos i t ion  f o r  

t h e  f i r s t  e igh tweeks .  Resu l t s  are presented  i n  Table 5. A 

s i g n i f i c a n t  d i f f e rence  w a s  apparent between those  f i s h  i n  t h e  

low f low raceways and t h e  c o n t r o l  f i s h  a t  t h e  terminat ion of t h e  

experiment. 

t h e  s y n t h e s i s  of col lagen,  which comprises 90Z of t h e  organic  

Since metabol ic  rate is p ropor t iona l  t o  temperature,  
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matrix of bone (Merle and Mayer, 1375), may hsve been in t e r rup ted  

during per iods  of low temperature.  

c a l c i f i c a t i o n  and mine ra l i za t ion  of bone, which occurs  a t  t h i s  

developmental state,  may have continued. This  would y i e l d  a 

lower co l l agen  concent ra t ion  i n  t h e  bone and should become 

apparent  as mineral ana lyses  are completed. 

It is p o s s i b l e  t h a t  

F luo r ide  a n a l y s i s  of whole blood shows t h a t  f l u o r i d e  

concent ra t ions  reach  a f a i r l y  high l z v e l  e a r l y  i n  t h e  experimental  

per iod (see Table 6 ,  6.1 and Figure  6). Levels  then decrease  t o  

an equi l ibr ium as a c c l i m i t i z a t i o n  occurs.  

b. T i l a p i a .  There were no s i g n i f i c a n t  d i f f e r e n c e s  among experimental  

and c o n t r o l  groups i n  co l l agen  conten t  du r ing  th i s  s tudy.  

are presented  in Table 5.1. 

concen t r a t ionsa re  presented  i n  Table 6.2.  N o  conclusions can be  

drawn a t  th i s  time. 

c. Malaysian Prawns. Bone collagen analyses are not applicable 

t o  i n v e r t e b r a t e  animals. 

t o  t h e  d i f f i c u l t y  of t ak ing  blood from such small organisms. 

Techniques t o  accomplish serum analyses  are Seing examined. 

Resu l t s  

Prel iminary d a t a  of blood f l u o r i d e  

Serum s t u d i e s  w e r e  a l s o  suspended due 

111. Tissue Residue Accumulation. 

The fol lowing heavy metals have been i d e n t i f i e d  i n  Raf t  River 

Geothermal w a t e r :  Zinc, l e a d ,  manganese, copper, mercury, cadmium, and 

arsenic. 

of e d i b l e  t i s s u e .  

examined fo r  accumulation of heavy metals. 

Aquaculture i n  geothermal waters could lead  t o  r e s i d u e  contamination 

Therefore ,  f i s h e s  r a i s e d  i n  t h i s  pre l iminary  s tudy  were 
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A. Methods and Materials 

F i sh  w e r e  sampled from t h e  RRGT and commercial f a c i l i t y  as 

indica ted  above (sec t ionI1) .  Analyses f o r  heavy metals were 

performed on la te ra l  muscle t i s s u e .  

Zinc, copper, manganese, lead,  and cadmium w e r e  anlyzed by atomic 

absorp t ion  spectroscopy. Concentrations of z inc ,  l ead ,  and cadmium 

were de te rmhed  us ing  a carbon-rod attachment (Varian, 1975). Copper 

and manganese concent ra t ions  were determined by methods ou t l ined  by 

Varian (1973) and EPA Technology Transfer  (1974). Mercury w a s  

analyzed us ing  t h e  "vapor-generation technique"(Varian, 1972 and 

Uthl,  - et  -. a1 

genera t ion  of t h i s  element as a v o l a t i l e  hydra te  (Varian, 1974). Both of 

t h e s e  methods are recommended f o r  g r e a t e r  s e n s i t i v i t y  a t  low a n a l y t e  l eve l s .  

B. Resul t s  

1970). Arsenic  a n a l y s i s  w a s  f a c i l i t a t e d  by t h e  chemical 

1. Water S a m ~ l e s .  Zinc, mercury, and cadmium w e r e  de t ec t ed  in -  

geothermal w a t e r  samples from t h e  RRGT. Fur ther  a n a l y s i s  of t h e s e  

water samples fo r  arsenic, copper, l ead ,  and manganese ind ica t ed  

t h a t  t h e i r  concen t r a t ions  w e r e  less than  t h e  d e t e c t i o n  l i m i t s  of 

our techniques.  Resu l t s  are presented i n  Table 8 .  

2. Tissue  Samples. a. Arsenic,  Cadmium, Copper, Lead, Managanese, 

and Zinc. Analys is  of muscle t i s s u e  of c a t f i s h  and t i l a p i a  which had not 

been exposed t o  geothermal water showed non-detectable l e v e l s  of t hese  

elements. 

3 months, r e s p e c t i v e l y ,  a f t e r  i n t roduc t ion  t o  geothermal w a t e r ,  

a l s o  showed non-detectable lewls  of t h e s e  elements. 

Samples of t i s s u e  from both  prawns, and f i s h  taken 1.5 and 
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b. Mercury. Pre l iminary  ana lyses  on c a t f i s h ,  t i l a p i a ,  and prawns 

revealed measurable levels of mercury i n  f i s h  and s h e l l f i s h .  

and t i l a p i a  from t h e  c o n t r o l  f a c i l i t y  were a l s o  found t o  con ta in  

t h i s  element. Thus, a d d i t i o n a l  samples were requi red .  Resul t s  

of pre l iminary  and subsequent analyses  a r e  presented i n  Table 7 

and Figure  7. 

Ca t f i sh  

’ IV. Conclusions 

Although d a t a  are s t i l l  being generated t h e  fol lowing conclusions can 

be  drawn: 

1. Channel C a t f i s h  and T i l ap ia .  

These s p e c i e s  can s u r v i v e  i n  t h e  geothermal waters  a t  t h e  RRGT. 

Growth w a s  shown t o  equal  o r  surpass  t h a t  achreved a t  a commercial. 

aquacul ture  f a c i l i t y  providing adequate temperature c o n t r o l s  e x i s t .  

Metabolic impairment and long-term t o x i c i t y  due t o  water q u e l i t y  i s  

not  a n t i c i p a t e d  t o  be  a problem. Tissue r e s idue  accumulation over  

this i n t e rmed ia t e  term experiment was not d e t e c t a b l e  f o r  a r s e n i c ,  cadmium, 

copper, le-ad, manganese, and zinc.  Mercury may b e  accumulated i n  

muscle t i s s u e ,  however. - P r e v i o u s  work by J .C.  Kent (pers .  corn.) 

has shown that mercury accumulation and r e t e n t i o n  are dependent 

on a number of environmental condi t ions  such as: temperature ,  

hydrogen i o n  concen t r a t ion  (pR), a l k a l i n i t y ,  and hardness.  

co l l ec t ed  t o  d a t e  regard ing  accumulation is inconclustve.  

term study would y i e l d  more ‘ d e f i n i t i v e  r e s u l t s .  

2. Malaysian Prawns. 

Data 

A longer  

This s p e c i e s  is a b l e  t o  surv ive  and grow i n  t h e  RRGT geothermal 

waters. Maximum growth w a s  observed i n  prawns held zt a cons tan t  
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r 

temperature. Flow rate ,  within the l i m i t s  of this experiment, d i d  

not appear t o  be growth-limiting. 



ERDA RRGT 0 

Fig. A. Location of the ERDA Raft River Geothermal S i t e  (RRGT) and the 
control commercial aquaculture f a c i l i t y  a t  Buhl, Idaho. 
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Table 1. Growth of Channel Cat f i sh  ( I c t a lu rus  pun::L,tus) a t  the  c o n t r o l  s i t e  (Buhl, Idaho) and the ERDA 
Raft River Geothermal S i t e  (RRGT). 
b~w--2B and 2D. n = sample s i z e .  

Repl ica te  flow ratesare: Low Flow - 2A and 2C; High 

TAiX -- SOURCE 

‘ 2  
- DATE 

8-22 Buhl 

RRGT 2A 

2c 

2B 

2D 
. .  

< *  - 

9-03 RRGT 2A 

2c 

2B 

2D 

, 9-10 Buhl 

TURN 
OVER 
TIME 
(min) 

5 

90 

90 

10 

10 

90 

90 

10 

10 

5 

n 

199 

50 

50 

50 

49 

- 

16 

1 6  

16  

16  

12 

Condition Factor  K: K = weight/length3 x 
n 

LENGTH (m) 
i? + S.E. 
(RZNGE) 

100.96 f 1.00 
(70 - 135) 

101.24 f. 2.08 
(76 - 135) 

101.70 .f 1.84 
(75 - 126) 

100.02 f 1.92 
(70 - 131) 

100.88 f 2.19 
(75 - 135) 

102.13 + 4.35 
(79 - 139) 

108.13 f 2.87 
(85 - 125) 

107.31 * 3.68 
(81 - 138) 

104.81 f 3.15 
(87 - 129) 

- 

108.50 f 3.74 
(85 - 132) 

100,000 

WEIGHT (gm) 
f S.E. 

(RANGE) 

16.16 0.48 
(5.3 - 38.2) 
16.10 * 0.99 
(5.6 - 37.3) 
16.67 * 0.84 
(7.2 - 28.5) 
16.08 f 0.91 
(5.3 - 38.2) 
15.79 f 1.11 
(6.4 - 36) 

16.74 2.00 
(8.1 - 38) 
17.59 f. 1.37 
(8.3 - 27.0) 
17.81 f 1.53 
(8.3 - 32.3) 
16.2 f 1.45 
(9.3 - 32.2) 

20.93 f 1.76 
(11.7 - 32.5) 

CONDITION FACTOR (K) 
X + S.E. 
(RANGE) 

1.49 f 0.02 
(1.07 - 3.46) 
1.47 f 0.02 
(1.20 - 2.48) 
1.54 f 0.04 
(1.07 - 3.46) 
1.53 f 0.02 
(1.28 - 1.83) 
1.44 f 0.02 
(1.07 - 1.73) 

* 

1.50 f 0.02 
(1.12 - 1.77) 
1.36 f 0.05 
(0.97 - 1.95) 
1.42 f 0.06 
(1.02 - 1.96) 
1.38 -f. 0.07 
(0.88 - 1.84) 

1.61 f 0.04 
(1.41 - 1.91) 

A l l  f i s h  used th ru  t h i s  experiment o r ig ina t ed  from a commercial aquacul ture  opera t ion  i n  Buhl, Idaho. L 



Table 1 (Continued) 

9-17 RRGT 

10-01 RRGT 

10-08 Buhl 

10-15 RRGT 

10-29 RRGT 

11-05 Buhl 

2A 

2c 

2B 

2D 

2A 

2c 

2B 

2D 

2A 

2c 

2B 

2D 

2A 

2c 

90 

90 

10 

10 

90 

90 

10 

10 

16 

16 

16 

16 

16 

16 

16 

16 

110.13 f 3.53 
(84 - 129) 

109.25 f 3.91 
(81 - 143) 

115.25 i 2.97 
(95 - 137) 

111.50 f 4.63 
(90 - 158) 

105.63 f 3.72 
(78 - 126) 

106.56 -f 2.72 
(79 - 123) 

113.18 f 2.92 
(90 - 141) 

115.25 * 3.76 
(97 - 143) 

18.38 & 1.41 
(9.7 - 29.0) 
18.21 f 1.48 
(7.7 - 29.2) 
21.85 f 1.65 
(13.0 - 36.1) 
20.09 f 2.27 
(11.7 - 48) 
18.14 f 1.67 
(7.1 - 30.3) 
15.97 .f 1.15 
(6.1 - 23.1) 
21.81 f 1.97 
(11.6 - 41.9) 
23.11 f 2.38 
(10.1 - 42.8) 

1.37 f 0.06 
(0.88 - 1.97) 
1.37 f 0.05 
(0.99 - 1.65) 
1.41 f 0.05 
(1.11 - 1.92) 
1.42 -I 0.02 
(0.82 - 1.64) 
1.48 f 0.03 
(1.27 - 1.72) 
1.28 f 0.02 
(1.16 - 1.43) 
1.45 .f 0.04 
(1.23 - 1.83) 
1.44 f 0.03 
(1.04 - 1.58) 

5 12 111.08 f 5.41 20.37 -4 3.58 1.35 * 0.04 
(86 - 156) (6.5 - 54.6) (1.02 - 1.57) 

90 16 116.88 f 5.01 23.14 f 1.84 1.42 f 0.09 

90 16 104.81 f 3.56 14.59 f 1.57 1.20 * 0.04 
10 

10 

(60 - 147) (5.7 - 43.2) (1.18 - 2.64) 
(84 - 135) (6.2 - 25.9) (0.87 - 1.42) 

Fish in high flow tanks were inadvertantly killed on 10-11-76. 

90 16 110.25 4.90 20.46 st 2.67 1.41 * 0.03 
. 90 16 106.37 & 2.95 15.62 f 1.33 1.26 0.03 

(86 - 148) (7.2 - 42.7) (1.13 - 1.69) 
(87 - 124) (8.9 - 24.5) (1.07 - 1.53) 

5 12 124.83 6.03 30.63 f 5.38 1.46 f 0.04 
(105 - 185) (14.4 - 86.3) (1.24 - 1.61) 



Table 1 (Continued) 

11-12 RRGT 2A 

2c 

11-29 RRGT . 2A 

2c 

12-03 Buhl 

90 16 115.31 f 4.16 
(90 - 138) 
(86 - 123) 90 16 106.63 f 3.12 

90 14 115.00 2 4.75 
(85 - 144) 
(89 - 129) 90 15 110.53 .f 3.47 

128.75 f 4.98 
(105 - 147) 5 12 

19.83 2 2.34 
(7.0 - 33.2) 
14.84 f 1.50 
(5.7 - 23.6) 
19.98 fb2.97 
(5.9 - 43.0) 
16.57 f 1.84 
(6.3 - 29.2) 
31.41 * 4.25 
(10.8 - 52.3) 

1.19 * 0.02 
(0.93 - 1.32) 
1.15 0.03 
(0.87 - 1.30) 
1.17 2 0.05 
(0.78 - 1.44) 
1.15 f 0.06 
(0.89 - 1.36 
1.36 f 0.06 
(0.93 - 1.71) 



Table 1.1. 
and the  ERDA Raft River Geothermal s i t e  (RRGT) over the  experimental  per iod .  
( a 
t o  growth. 
Low flow -- 2A + 2C = 2AC, high flow -- 2B 4- 2D = 2BD. 

Pooled Data: Growth of Channel Ca t f i sh  ( I c t a l u r u s  pun;ltatus) a t  the  c o n t r o l  s i t e  (Buhl, Idaho) 

.05) was used t o  determine i f  s i g n i f i c a n t  d i f f e rences  ex i s t ed  between r e p l i c a t e  flow rates i n  regarda 
The ana lys i s  of covariance 

They have thus been pooled below. No s i g n i f i c a n t  d i f fe rences  were found between r e p l i c a t e s .  
n = sample  s i z e .  

DATE 

8-22 

- 

9-3 

9-10 

9-17 

10-1 

10-8 

SOURCE 

Buhl 

RRGT 

RRGT 

Buhl 

RRGT 

RRGT 

Buhl 

TANK 

Control 

2AC 

2BD 

- 

'2AC 

2BD 

Control 

2AC 

2BD 

2AC 

2BD 

Control 

TURN 
OVER 
TIME 
(min) 

5 

90 

10 

90 

10 

5 

90 

10 

90 

10 

5 

n 

199 

100 

99 

- 

32 

32 

1 2  

32 

32 

32 

32 

12  

LENGTH (mm) 
X + S.E. 
(RANGE) 

WEIGHT (gm) 
X + S . E .  
(RANGE) 

CONDITION FACTOR (K) 
X + S.E. 
(RANGE) 

100.86 f 1.00 
(70 - 135) 

101.47 2 1.38 
(75 - 135) 

100.49 .f 1.45 
(70 - 135) 

1b5.13 f 2.62 
(79 - 139) 

106.06 f 2.40 
(81 - 138) 

108.50 f 3.74 
(85 - 132) 

109.69 f 2.59 
(81 - 143) 

113.38 f 2.73 
(90 - 158) 

106.09 f 2.27 
(78 - 126)  

114 .22  f 2.35 
(90 - 143) 

11l.08 +, 5.41 
(86 - 156) 

'Condition Factor (K): K - weight/length3 x 100000 

16.16 f 0.48 
(5.3 - 37.3) 
16.39 * 0.65 
(5.7 - 37.5) 
15.94 0.71 
(5.3 - 38.2) 

17 .17  f 1.20 
(8.1 - 38.0) 
17.00 f 1.05 
(8.3 - 32.3) 

20.93 f 1.76 
(11.7 - 32.5) 
15.30 1.01 
(7.7 - 29.2) 
20.98 f 1.39 
(11.7 - 48.0) 

17.06 2 1.02 
(6.1 - 30.3) 
22.46 2 1.52 
(10.1 - 42.8) 

20.38 3.58 
(6.5 - 54.6) 

1.49 f 0.02 
(1.07 - 3.46) 
1.51 f 0.03 
(1.06 - 3.46) 
1.49 f 0.02 
(1.07 - 1.83) 

1.43 f.04 
(0.97 - 1.95) 
1.40 * .04 
(0.88 - 1.96) 

1.61 f 0.04 
(1.41 - 1.91) 
1.37 f .04 
(0.88 - 1.97) 
1.41 f .04 
(0.82 - 1.92) 

1.38 f .03 
(1.16 - 1 .72)  
1.44 2 .02 
(1.04 - 1.83) 

1.35 .04 
(1.02 - 1.57) 



! 

Table 1.1 (Continued) 

10-15 RRGT 2AC 

2BD 

11-5 Buhl Control 

12-3 Buhl Control 

90 32 110.84 f 3.21 18.86 & 1.59 1.31 0 .05 
(60 - 147) (5.7 - 43.2) (0.87 - 2.64) Fish in high flow tanks inadvertently killed during week of 10-11-76. 

5 12 124.83 + 6.03 30.63 PL. 5.38 , 1.46 t. .04 
(105 - 185) (14.4 - 86.3) (1.24 - 1.61) 

5 12 128.75 t 4.98 31.41 ;f 4.25 1.36 & .06 
(105 - 147) ( 10.8 - 52.3) (0.93 - 1.71) 
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3 B  and 30. n- sample s i z e  

WATER 
DATE SOURCE TANK - - 

TURN 
OVER LENGTH (m) 
TIME x + S.E. 
(min> 12 (RANGE) 

3 8-20 B,uhl 

RRGT 3A 

3c 

3 B  

3D 

9-03 RRGT .. 3A , 

3c 

3B 

3D 

9-10 Buhl 

Condition Factor K: 

' Condition Factor 2: 

90 

90 

10 

10 

90 

90 

10 

10 

K -  

Z d  

199 53.34 f ' 0 . 5 3  

50 51.64 f 0.98 

50 54.10 f 0.86 

49 56.43 2 1.24 

50 51.26 2 1.00 

(38-104) 

(38-63) 

(39-70) 

(45-104) 

(37-65) 

15 58.07 f 1.45 

16 62.75 f 1.52 

16 66.38 k 0.61 

16 59.75 f 1 . 7 0  

( 66-47 ) 

(55-81) 

(61-70) 

(4 6-7 3) 

1 2  

weight/length3 x 100000 

Body depth/length x 10 

Table 2. Growth of Ti lap ia  zil l2Lin control water (Buhl, Idaho) and geothermal water a t  the  ERDA 
Raft River geothermal site (RRGT). R e u l i b n t t !  flow rates are: Low Flow - 3A and 3C; High Flow - 

A l l  f i s h  used i n  t h i s  experiment originated from a commercial aquaculture operation i n  Buhl, Idaho. 

DEPTH (mm) 
f 4- S.E. 
(RANGE) 

19.21 2 0.20 
(11-38) 

19.06 * 0.41 
(14-24) 

19.10 0.31 
(14-25) 

19.92 f 0.46 
(16-38) 

18.76 f 0.37 
(11-23) 

23.20 .f 0.75 
(18-27) 

24.59 f 0.76 
( 21- 3 2 ) 

25.75 2 0.30 
(23-28) 

21.75 -f 0.86 
(16-27) 

WEIGHT (gm) 
,t S.E. 

(RANGE) 

6.71 f 0.24 
(2 . 4-41.4) 

6.13 f 0.30 
(2.8-9.8) 

6.83 f 0.38 
(2.4-18.5) 

7.79 f 0.76 
(3-41.4) 

6.10 -f. 0.32 
(2.5-11.3) 

7 .91  f. 0.65 
(4.1-13 5) 

9.73 & 0.83 
(6.1-19.5) 

10.64 f 0.36 
(7.2-13.0; 

7.44 t 0.69 
(3.1-13.0) 

CONDITION 
FACTOR (K) x f S.E. 

(RANGE) 

4.23 f 0.04 
(1.80-6.61) 
4.32 .t 0.07 
(3.16-6.09) 
4.14 2 0.04 
(3.32-5.39) 
4.07 f 0.07 
(1.80-5.58) 
4.38 f. 0.08 
(3.13-6.61) 

4.00 f 0.20 
(2.44-6.15) 
3.84 2 0.12 
(3.27-4.95) 
3.63 f 0.08 
(3.17-4 15) 
3.37 f 0.16 
(2.88-5.64) 

 CONDITION^ 
FACTOR (Z) 
a f S.E. 
(RANGE) 

3.61 f 0.02 
(3.18-4.51) 
3.69 * 0.04 
(3.25-4.51) 
3.53 f 0.02 
(3.33-3.43) 
3.52 f 0.02 
(3.64-3.73) 
3.67 f 0.04 
(3.18-4.05) 

4.00 * 0.10 
(3.33-4.64) 
3.92 f 0.07 
(3 55-4.50) 
3.88 f 0.04 
(3.77-3.85) 
5.63 0.08 
(3.54-4.66) 



Table 2. (Continued) 

9-17 RRGT 3A 90 15 

3c 90 1 6  

3 B  10 16 

3 D  10 16 

63.00 f 2.18 23.73 f 1.18 
(52-77) (18- 2 8) 

(56-80) (22-33) 

(61-82) (23-39) 

(54-79) ( 21- 29 ) 

67.94 + ! l e47  26.13 f 0.61 

71.81 2 1.68 27.88 f 0.97 

66.44 f 1.83 24.81 f 0.75 

10.49 + 0.89 
(6.6-16.2) 

11.73 f 0.71 
(7.0-18.7) 

14.02 f 1.00 
(8.2-22.0) 

11.19 f 0.89 
(6.0-17.8) 

4.12 & 0.13 
(3.19-4.90) 
3.69 f 0.04 
(3.40-3.99) 
3.68 f 0.04 
(3.44-4.03) 
3.69 f 0.04 
(3.39-3.93) 

3.76 f 0.12 
(3.60-4 80) 
3.85 0.03 
(3.66-4.13) 
3.87 f 0.06 
(3.66-4.76) 
3.73 f 0.03 * 
(3.56-3.89) 

10-01 RRGT 3A 90 16 63.63.4 2.19 25.13 f 0.89 10.12 f 1.14 2.87 f 0.12 3.66 f 0.04 

3c 90 1 6  70.00 2 2.11 26.19 k 0.85 11.07 f 1.20 2.99 f 0.12 3.74 0.03 

3 B  '10 16 75.75 -4 0.28 27.69 0.97 14.43 f 2.38 3.05 2 0.06 3.66 f 0.03 

(52-82) (18-29) (2.3-18.7) (1.55-3.39) (3.39-4.03) 

(52-88) (19-33) (2.2-22.0) (1.56-3 -59) (3.47-3.92) 

(63-114) (23-40) (6.7-48.2) ( 2  57-3.39) (3.51-3 82) 
3 D  10 16  67.63 f. 2.39 23.94 f 0.95 10.68 -11.32 3.23 * 0.15 3.54 f 0.04 

10-08 Buhl 12 67.25 3. 0.99 28.42 0.48 10.29 f 0.60 3.35 2 0.10 4.23 f 0.03 
(61-74) . (26-31) (6.4-15.1) (2.82-3.83) (4.03-4.39) 

10-15 RRGT 3A 

3c 

3 B  

3D 

10-29 .RRGT 3A 

3c 

3 B  

3 D  

90 16  

90 16  

10  16  

10 16  

90 1 6  

90 16  

10  1 6  

10  1 6  

74.25 f ' 2 .12  
(58-85) 

73.44 f 0.26 
(50-94) 

77.81 + 0.31 
(64-118) 

69.75 f 0.03 
(50-83) 

71.00 f 3.19 
(48-89) 

74.75 f 3.09 
(49-95) 

70.13 f 2.54 
(55-92) 

70.69 2.59 
(58-85) 

28.63 f 1.22 
( 2 1-38 ) 

27.44 2 l.i.2 
(18-36) 

29.13 2 1.16 
(23-43) 

24.69 f 1.19 
(19-31) 

28.31 f 1.52 
(17-40) 

28.81 1.24 
(18-40) 

27.31 k 1.05 
(21-37) 

27.31 f 1.12 
(21-34) 

15.69 f 1.51 
( 5 . 6 ~ 2 7  ) 

(4.4-30.8) 
16.26 f 0.26 

(9.5-51) 
12.29 * 1.27 

(5.4-21.0) 

i5.12 f 1.57 

17.24 2.24 
(6.5-36.6) 

18.06 f 2.04 
(5.1-36.1) 

14.99 f 1.52 
(7.3-30.9) 

15.43 f 1.52 
(7.4-24.4) 

3.63 f 0.13 
(2.87-4.90) 
3.61 f 0.07 
(3.81-4.11) 
3.26 + 0.17 
(0.88-3.86) 
3.50 f 0.16 
(2.38-5.12) 

4.23 2 0.13 
(3.77-5.88) 
4.13 + 0.17 
(1.77-4.77) 
4.17 f 0.07 
(3.78-4.77) 
4.19 f 0.33 
(3.7.9-5.74) 

3.84 f 0.07 
(3.44-4.63) 
3.73 f 0.04 
(3.57-3.97) 
3.74 f 0.02 
(3.59-3.92) 
3.57 f 0.14 
(1.73-4.60) 

3.97 f 0.07 
(3.54-4.49) 
3.87 2 0.09 
(2.98-4.21) 
3.89 f 0.03 
(3.79-4.05) 
3.86 f 0.05 
(3.50-4.31) 



Table 2. (Continued) 

11-05 Buhl 

11-12 RRGT 

11-26 RRGT 

12-03 BUhl 

3A 

3c 

3B 

3D 

3A 

3c 

3B 

3D 

90 

90 

10 

10 

90 

90 

10 

10 

12 

i6 

16 

12 

16 

13 

12 

7 

10 

12 

61.67 f 1.29 
( 55- 68) 

71.19 2.87 
(50-92) 

77.38 * 1.59 
(64-85) 

74.33 f 2.88 
(5 9-9 l), 

71.69 9 2.96 
(55-93) 

65.62 * 3.35 
(49-91) 

74.25 f 3.54 
(49-86) 

74.23 f 3.73 
(59-88) 

70.00 3.20 
(55-92) 

64.83 2 1.52 
(59-73) 

25.67 f 0.51 8.81 f 0.45 
(23-29) (6.3-11.2) 

26.75 * 1.36 
(17-36) 

29.31 2 0.77 
(23-33) 

28.08 f 1.38 
(22-37) 

26.31 f 1.09 
(20-34) 

24.92 f 1.43 
(18-36) 

29.17 f 1.43 
(18-35) 

28.00 f 1.75 
(22-33) 

26.70 t: 1.29 
(20-35) 

13.45 f 1.94 
(3.5-29.5) 

15.29 * 1.06 
(7.7-21.2) 

14.37 f 2.03 
(6.1-28.1) 

11.74 f 1.61 
(3.9-25.1) 

12.73 f 2.21 
( 4.1-3 2.2 ) 

18.29 f 2.02 
(5.7-28.4) 

16.34 f 2.22 
(8.5-25.4) 

13.53 1.90 
(6.2-28.3) 

25.42 f 0.69 9.93 f 0.78 
(22-30) (6.7-14.4) 

3.75-f 0.10 4.17 f 0.05 
(2.95-4.44) (3.96-4.55) 

3.33 f 0.11 
(2.73-4.19) 
3.21 f 0.24 
(2.94-3.76) 
3.23 f 0.09 
(2.96-3.53) 
2.93 f 0.12 
(2.18-4.39) 

4.07 f 0.12 
(3.49-4.97) 
4.32 .f 0.20 
(3.55-6.03) 
3.83 f 0.07 
(3.64-4.14) 
3.76 f 0.42 
(3 e 51-4.07) 

3.74 f 0.05 
(3.40-4.09) 
3.78 f 0.04 
(3.53-4.07) 
3.76 f 0..04 
(3.53-3.98) 
3.67 f 0.04 
(3.39-4.18) 

3.79 f 0.03 
(3.57-3.96) 
3.93 + 0.08 
(3.5214.63) 

(3.58-4.08) 
3.81 * 0.04 
(3.64-4.03) 

3.75 f 0.09 

3.56 f 0.05 3.92 f 0.04 
(3.10-3.70) (3.67-4.11) 



Table 2.1. 
River Geothermal S i t e  (RRGT) over t h e  experimental period. 
t o  determine i f  s ign i f i can t  differences exis ted between r e p l i c a t e  flow rates with regards t o  growth. 
s ign i f i can t  differences were not evidenced, r ep l i ca t e s  were pooled. 
tanks could be pooled. 

Growth of Ti lap ia  z i l l u i n  control  water (Buhl, Idaho) and geothermal water a t  the ERDA R a f t  
The Analysis of Covariance ( = 0.05) w a s  used 

If 
Only the two (2) low flow r e p l i c a t e  

n = sample s i ze .  Thus, low flow -- 3A + 3C = 3AC, high flow -- 3B, 3D. 

WATER - DATE SOURCE 

8-20 Buhl 

RRGT 

9-03 RRGT 

9-10 Buhl 

TURN 
OVER 
TIME - TANK (min) 2 

12 199 

3AC 90 100 

3 B  . 10 49 

3D 10 50 

3AC -9 0 31 

3B 10 16 

3D 10 16 

12 1 2  

LENGTH (mm) 
X + S.E. 

(RANGE) 

53.54 f 0.53 
(38 - 104) 

52.87 f 0.66 
(38 - 70) 

56.43 & 1.24 
(45 - 104) 

51.26 f 1.00 
(37 - 65) 

60.48 .f 1.12 
(55 - 81) 

66.38 f 0.61 
(61 - 70) 

59.75 i.71 
(46 - 73) 

59.07 f 1.55 
(50 - 66) 

DEPTH (mu) 
X -6 S.E. 

(RANGE) 

19 .21  f 0.20 
(11 - 38) 

19.08 ;t 0.25 
(14 - 25) 

19.92 f. 0.46 
(16 - 38) 

18.76 f 0.37 
(11 - 23) 

23.92 2 0.54 
(18 - 32) 

25.75 * 0.30 
(23 - 28) 

21.75 -I 0.86 
(16 - 27) 

20,5 f 0.38 
(18 - 22) 

Condition Factor (IC): K weight/length3 x 100000 

Condition Factor (2): 2 = body depth/length x 10 

WEIGHT (gm) 
X + S.E. 
(RANGE) 

6.71 2 0.24 
(2.4 - 41.4) 
6.48 5 0.38 
(2.4 - 18.5) 
7.79 0.76 
(3.0 - 41.4) 
6.10 f 0.32 
(2.5 - 11.3) 

8.85 f 0.55 
(4.1 - 19.5) 
10.64 f 0.36 
(7.2 - 13.0) 
7.74 f 0.69 
(3.1 - 13.0) 

8.67 f 0.67 
(4.9 - 11.8) 

CONDITION 1 CONDIT  ION^ 
FACTOR (K) FACTOR (2) 

(RANGE) (RANGE) 
X + S.E. X + S . E .  I 

4.43 f 0.04 3 . 6 1 f  0.02 
(1.80 - 6.61) (3.18.- 4.51) 
4.23 f 0.04 3 . 6 1 f  0.02 

(3.16 - 6.09) (3.25 - 4.51) 
4.07 f 0.07 3.52 f 0.02 
(1.80 - 5.58) (3.64 - 3.73) 
4.38 f 0.08 3.67 f 0.04 
(3.13 - 6.61) (3.18 - 4.05) 
3.92 f 0.13 3.96 2 0.05 
(2.44 - 4.95) (3.33 - 4.66) 
3.63 f 0.08 3.88 f 0.04 
(3.17 - 4.15) (3.77^’- 3.85) 
3.37 i. 0.16 3.63 2 0.08 
(2.88 - 5.64) (3.54 - 4.66) 

4.11 f 0.03 3.48.f 0.03 
(3.85 - 4.21) (3.31 - 3.68) 



t 

Table 2.1 (Continued) 

9-17 RRGT 3AC 90 

I 3B 10 

31 

16 

16 

65.55 f 1.35 
(52 - 80) 

71.81 f 1.68 
(61 - 82) 

66.44 f 1.83 
(54 - 79) 

24.97 f 0.68 
(18 - 33) 

27.88 * 0.97 
(23 - 39) 

24.81 f 0.75 
(21 - 29) 

11.13 f 0.57 3.89 f 0.08 3.80 f 0.06 
(6.6 - 18.6) (3.19 - 4.90) (3.60 - 4.80) 
14.02 * 1.00 3.68 f 0.04 3.87 f 0.06 
(8.2 - 22.0) (3.44 - 4.03) (3.66 - 4.76) 
(6.0 - 17.8) (3.39 - 3.93) (3.56 - 3;89) 11.19 f 0.89 3.69 f 0.04 3.73 f 0.03 3D 10 

I 10-01 RRGT 3AC 90 

3B 10 

32 

16 

16 

69.31 1.50 
(52 - 88) 

75.75 f 0.28 
(63 - 11) 

67.63 f 2.39 
(56 - 90) 

25.66 2 0.61 
(18 - 33) 

C7.69 f 0.97 
(23 - 40) 

23.94 f 0.95 
(19 - 29) 

10.59 f 0.83 
(2.2 - 22.0) 
14.43 f 2.38 
(6.7 - 48.2) 
10.68 f 1.32 
(4.1 - 24.2) 

2.93 f 0.09 3.70 f 0.03 ' 
(1.55 - 3.59) (3.39 - 4.03) 
(2.57 - 3.39) (3.51 - 3.82) 
3.23 f 0.15 3.54 f 0.04 
(1.90 - 3.90) (3.38 - 3.77) 

3.05 f 0.06 3.66 f 0.03 

3D 10 

10-08 Buhl 12 12 67.25 f 0.99 
(61 - 74) 28.42 f 0.48 

(26 - 31) 
10.29 f 0.60 
(6.4 - 15.1) 3.35 f 0.10 

(2.82 - 3.83) 4.23 f 0.03 
(4.33 - 4.39) 

10-15 RRGT 3AC 90 32 

16 

16 

73.84 f 1.66 
(50 - 94) 

77.81 f 0.31 
(64 - 118) 

69.75 f 0.03 
(50 - 84) 

28.03 f 0.82 
(18- 38) 

29.13 f 1.16 
(23 - 43) 

24.69 f 1.19 
(19 - 31) 

15.41 2 1.07 
(4.4 - 30.8) 
16.26 f 0.26 
(9.5 - 51.0) 
12.29 f 1.27 
(5.4 - 21.0) 

3.62 f 0.01 3.78 -f 0.04 
(2.87 - 4.90) (3.44 - 4.63) 
3.26 f 0.17 3.74 0.02 
(0.88 - 3.86) (3.59 - 3.92) 
3.50 & 0.16 3.57 f 0.14 
(2.38 - 5.12) (1.73 - 4.60) 

3B 10 

3D 10 

11-05 Buhl 

12-03 Buhl 

12 12 61.67 2 1.29 
(55 - 68) 25.67 f 0.51 

(23 -..,29) 
8.81 f 0.45 
(6.3 - 11.2) 

3.75 2 0.10 4.17 f 0.05 
(2.95 - 4.44) (3.96 - 4.55) 

12 12 64.83 f 1.52 
(59 ' -  73) 

25.42 f 0.69 
(22 - 30) 

9.93 rt 0.78 
(6.7 - 14.4) 3.56 f 0.05 

(3.10 - 3.70) (3.67 - 4.11) 
3.92 f 0.04 
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Fig. 3 . 3 ,  
Flow rates (gpm) are: 

Linear regressions of length v .  time for Macrobrachium rosenbergii a t  the ERDA RRGT. 
Tank 1 - 0.04, Tank 2 - 0 . 3 1 ,  and Tank 3 - 0 .11 .  

I 

Yz21.45 t 0.31 x 
12 = 0.94 
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Table 4. 
Recorded l e  the maximum, m i n i m u m ,  and average temperature (OF) for  each day, 
low flow - 90 m i n . ,  high floM - 10 m i n .  

Temperatures of l o w  and high f l o w  raceways a t  the ERDA RRGT over the experimental period. 
Turnover times are: 

HIGH FLOW LOW FLOW HIGH FLOW LOW FLOW 
max. m i n .  ave. max. min. aVe. - - -  m a .  m i n .  ave. - - -  DAY - m a x .  min, ave. - - DAY - 

--- --- --- -e- --- --- 1 79.1 77.8 78.5 81.5 81.0 81.3 16 

81.0 80.0 80.5 18 72.0 72.0 72.0 79.0 75.0 77.0 

80.5 80.5 80.5 19 78.0 78.0 78.0 78.0 78.0 78.0 

80.0 80.0 80.0 20 72.0 72.0 72.0 74.0 74.0 74.0 

70.0 70.0 70.0 21 77.5 73.0 75.3 77.3 76.0 76.6 

76.0 76.0 76.0 22 --- --- --- --- - -- 
78.0 78.0 78.0 23 Y- -- -u --- -- -- 
80.0 80.0 80.0 24 71.7 69.4 71.1 73.9 73.8 73.5 

10 82.0 82.0 82.0 25 80.2 65.0 72.6 81.0 72.7 76.9 

11 84.0 78.0 81.0 26 75.8 73.0 74.2 76.5 76.0 76.3 

12 79.0 79.0 79.0 27 78.2 78.0 78.1 80.0 75.3 77.7 

13 79.0 78.0 78.5 28 83.3 83.3 83.3 79.2 79.2 79.2 

14 80.0 79.0 79.5 82.0 80.0 81.0 29 80.0 79.0 79.5 88.0 82.0 85.0 

15 80.0 79.0 79.5 79.5 78.0 78.8 30 79.0 73.0 76.0 82.0 77.0 79.5 



Table 4 (continued) : 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

1 

79.8 73.0 

81.0 76.5 

70.3 69.5 

79,s 72.0 

75.0 73.0 

81.5 81.0 

79.0 70.0 

69.0 69.0 

79.6 67.0 

69.5 69;5 

69.3 69.1 

68.0 68.0 

67.0 66.0 

60.0 60.0 

67.0 66.0 

66.0 66.0 

76.0 74.2 

76.4 

78.8 

73.9 

75.8 

74.0 

81.3 

74.5 

69.0 

73.3 

69.5 

69.2 

68.0 

66.3 

60.0 

66.5 

66.0 

75.3 

80.5 

79.8 

78.9 

76.0 

69.0 

76.8 

80.0 

71.0 

78.0 79.3 

76.0 77.7 

76.0 77.5 

76.0 76.0 

68.0 68.5 

76.0 76.4 

69.0 74.5 

71.0 71.0 

80.2. 69.0 74.6 

71.5 71.5 71.5 

72.1 71.1 71.6 

70.2 69.0 69.6 

68.0 67.0 67.5 

61.0 60.0 60.5 

70.0 69.0 69.5 

70.0 70.0 70.0 

81.1 78.0 79.6 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

85.7 62.0 

89.9 71.5 

85.8 74.7 

90.2 68.0 

73.0 68.0 

75.0 72.0 

72.0 68.0 

72.0 68.0 

84.0 76.0 

79.0 75.0 

80.0 68.0 

79.0 70.0 

82.0 74.0 

78.0 74.0 

76.0 74.0 

78.0 76.0 

77.0 76.0 

82.0 69.0 

73.9 

80.7 

80.3 

79.1 

70.5 

73.5 

70.0 

70.0 

80.0 

77.0 

74.0 

74.5 

78.0 

76.0 

75.0 

77 .O 

76.5 

75.5 

87.6 

94.4 

91.6 

96.1 

73.0 

75.0 

74.0 

74.0 

82.0 

82.0 

80.0 

82.0 

87.0 

81.0 

82.0 

84.0 

82.0 

82.0 

66.0 

73.5 

91.1 

83.0 

70.0 

72.0 

72.0 

72.0 

76.0 

78.0 

79.0 

76.0 

74.0 

81.0 

82.0 

82.0 

80.0 

68.0 

76.9 

83.5 

91.4 

90.6 

71.5 

73.5 

73.0 

73.0 

79.0 

80.0 

79.5 

79.0 

80.5 

81 .O 

82.0 

83.0 

81.0 

75.0 

. 
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Table 4 (continued): 

67 77.0 64.0 71.5 80.0 77.0 78.5 85 74.0 66.0 70.0 82.0 80.0 81.0 

68 82.0 68.0 76.0 82.0 68.0 75.0 86 76.0 67.0 71.5 84.0 80.0 82.0 

6P 74.0 72.0 73.0 80.0 80.0 80.0 87 79.0 68.0 73.5 84.0 82.0 83.0 

70 74.0 72.0 73.0 80.0 74.0 77.0 88 76.0 68.0 72.0 84.0 80.0 82.0 

7 1  78.0 74.0 76.0 85.0 84.0. 84.5 89 74.0 66.0 70.0 82.0 80.0 81.0 I 

I 

72 79.0 72.0 75.5 82.0 80.0 81.0 90 75.0 64.0 69.5 84.0 82.0 83.0 

73 76.0 70.0 73.b 83.0 81.6 82.0 91 82.0 70.0 76.0 90.0 70.0 80.0 

74 78.0 54.0 66.6 84.0 80.0 82.0 92 86.0 69.0 76.5 84.0 78.0 81.0 

75 74.0 73.0 73.5 84.0 81.0 82.5 93 80.0 64.0 72.0 83.0 80.0 81.5 

76 82.0 62.0 72.0 86.0 82.0 84.0 94 76.0 62.0 69.0 82.0 81.0 81.5 

77 80.0 66.0 73.0 80.0 78.0 79.0 95 78.0 60.0 69.0 86.0 84.0 85.0 

78 80.0 68.0 74.0 80.0 74.0 77.0 96 78.0 60.0 69.0 82.0 40.0 61.0 

79 72.0 66.0 69.0 82.0 77.0 79.5 97 74.0 64.0 69.0 83.0 78.0 80.5 

80 78.0 63.0 70.5 83.0 79.0 81.0 98 74.0 62.0 68.0 76.0 74.0 75.0 

81 76.0 74.0 75.0 86.0 82.0 84.0 

82 78.0 74.0 76.0 86.0 85.6 85.5 

83 72.0 68.0 70.0 82.0 80.0 81.0 

84 78.0 68.0 73.0 80.0 80.0 80.0 

. 



Fig. 4 . 1 .  Temperature regime i n  high flow f i s h  raceways' a t  the ERDA RRGT over the experimental 
period. 
change i n  weight with t i m e  for Channel Catfish and Fig. B . l  is the change i n  weight 
with time for Tilapia i n  high flow. 

Data plotted is the average temperature on every third day. Fig. A . l  is the 

I 

TIME (DAYS) 



J 

Fig. 4. Temperature regime i n  low flow raceways a t  t he  ERDA RRGT over the  experimentai  per iod.  
Data p l o t t e d  is  t h e  average temperature on every t h i r d  day. The optimum is  ind ica t ed .  
Fig. A is t h e  change i n  weight wi th  time f o r  Channel Ca t f i sh  ( tank  2A) and Fig. B is 
the  change i n  weight f o r  T i l a p i a  ( tank 3A) i n  low flow tanks.  
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PERCENT COLLAGEN CONTENT OF 
I c t a l  urus punctatus AT THE 

water source 

_ -  -.---I _ .  . -- - -  - -- ~ 

% 

TABLE 5 
VERTEBRAL BONE I N  THE CHANNEL CATFISH 
ERDA RRGT AND BUHL, IDAHO. 3J 

RRGT , BUHL 

turnover t ime - DATE ( m i  n)  90 10 6 

9-03 

9-1 0 

10-01 

1 0-08 

? 0-1 5 

11 -26 

12-03 

25.96 f 0.28 
(6) 

25.80 f 0.47 Y 
(6) g/ 

25.76 f 0.52 
(6) 

26.14 f 0.20 
(5) 

25.75 f 0.16 
(8) 26.12 f 0.26 

(6) 
23.60'*70.41 4J 

( 9 )  
25.98 f 0.20 

(5) 
lJ mean f 1 standard e r r o r  3J s t a t i s t i c s :  Analysis o f  variance 

2J sample s i z e  i n  parentheses s i g n i f i c a n t  dif ference 
a = 0.05 

e 



TABLE 5. I 
PERCENT COLLAGEN CONTENT OF VERTEBRAL BONE IN T i l a p i a  z i l l i i  
AT THE ERDA RRGT AND BUHL, IDAHO. 3J 

1 

DATE - 
8-20 

9-03 

10-08 

10-1 5 

11 -26 

12-03 

water source RRGT BUHL 

turnover t ime 
(m i  n) 90 10 17 

lf 
22.12 f 1.28 

(8) y 
22.73 0.44 22.87 f 0.98 

( 6 )  
21.75 f 0.22 

(5) 

' (8) 
21.79 f 0.24 21.59 f 0.37 

(6) (6) 
21.06 A 0.52 21.04 * 0.22 

lJ mean f 1 standard e r r o r  

2J sample s i z e  i n  parentheses 

20.87 f 0.89 
( 4 )  

. -  . . .  
I 

3/ s t a t i s t i c s :  Analysis o f  variance - * =  0.05 

c 



. .  

. 

TABLE 6 
FLUORIDE CONCENTRATION I N  WHOLE BLOOD OF CHANNEL CATFISH AT THE ERDA 
RRGT AND CONTROL HATCHERY AT RUHL, IDAHO. 

RRGT BUH L water source 

turnover t Ime 
10 6 (min) 90 DATE - 

9-03 

9-10 

I /  
0.42 f 0.08- 

(7) 2/ - 

9-17 0.53 f 0.08 

10-0 I 
< I O )  

0.87 f 0.33 
( I O )  

10-08 

10-15 0.36 f 0.02 

10-29 

11-05 

11-12 

11-26 

0.31 f 0.03 
(7) 

0.29 f 0.03 
( 1 1 )  

I/ 

2/ sample s i z e  I n  parentheses 

mean ;t I standard e r ro r  - 

- 

0.48 f 0.2 
( 1 1 )  

0.23 f 0.05 
( I O )  

0.36 f 0.03 
( I O )  

0.97 f 0.31 
( 1 1 )  

0.19 f 0.02 
(9) 

0.21 f 0.02 
( I O )  

, 



TABLE 6.1 

FLUORIDE CONCENTRATION OF TILAPIA Z l L L l I  AT THE ERDA RRGT. 

I S  FOR INDIVIDU9L FISH. 

THIS IS 
PHEL I MINARY DATA ONLY--THET~TKT"D~FORTHCOMI NG. DATA PRESENTED 

TURNOVER 
T I ME (m i n 1 FISH - - DATE FLUORIDE (ma/l) 

11-12 

I 1-26 

90 

10 

90 

10 

I 
2 

I 
2 
3 
4 

I 
2 
3 

I 
2 
3 

0.37 
0.33 

0.20 
0.37 
0.33 
0.25 

0.26 
0.36 
0.62 

0. I7 
'0.66 
0.35 

I 

. .  , / _  . . . ... . I , . . , . ,.. . --_. , , . .. _ _ .  -A. . . . ~. 
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Table 7. Tissue  res-idues of heavy metals present  i n  t h e  geothermal w a t e r s  of t h e  ERDA RRGT. 
are expressed as ug/g. 

Values 

SPECIES DATE - 
Channel Ca t f i sh  9-10 
I c t a l u r u s  punc- - t a t u a  9-17 

10-08 

10-15 

11-26 

12-03 

T i l a p i a  z i l l i i  8-26 

9-10 

9-17 

10-08 

10-15 

11-26 

12-03 

Macrobrachium 10-09 
r os enberg ii 

11-29 

SOURCE 

Buhl 

RRGT 

Buhl 

RRGT 

RRGT 

Buhl 

Suhl 

Buhl 

RRGT 

Buhl 

RRGT 

RRGT 

Buhl 

RRGT 

RRGT 

1/ not  d e t e c t a b l e  
2/ sample s i z e  i n  parentheses  
- 
- 

I 

Mercury 
H g  

0.23 & 0.05 
(6) 

0.27 + 0.12 
(6) 

0.10 1: 0.03 
(6) 

0.16 f 0.02 
(6) 

0.22 f 0.98 
(6) 

0.17 0.04 
(6) 

0.21 f 0.04 
( 6 )  

0.37 f 0.04 
( 6 )  

0.45 f 0.05 
(6) 

0.57 * 0.05 
( 6 )  

0.24 f 0.07 
( 6 )  

0.41 f 0.10 
( 6 )  

0.12 f 0.05 
(13) 

Copper Lead Manganese Zinc Arsenic 
Pb Mn Zn As c u  - 

(6) (6) ( 6) (6) (3) 

- 
I 

ND ND ND ND ND 



n 

Figure 7 .  Tissue mercury .-.evela in Channel Catfish and Tilapia a t  the Raft River Geothermal S i t e  
and Buhl contra1 f a c i l i t y .  
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