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ABSTRACT 

Farmer, G.J. and D. Ashfield. 1990. Relations among various dissolved 
substances in the Big Falls headpond, Mersey River, Nova Scotia. Can. 
Tech. Rep. Fish. Aquat. Sci. No. 1755. v + 11 p. 
Water samples were collected at various depths of the Big Falls headpond 

during and after the period of thermal stratification to determine the 
rel3tions among a number of dissolved substances. The headpond was thermally 
stratified during the May-August period when dissolved oxygen concentration 
decreased near the bottom and free carbon .dioxide concentration increased. 
Oxygen concentration near the bottom declined to 1.7 mg/L by 22 August and 
free carbon dioxide concentration increased to 11.2 mg/L. These changes in 
oxygen and carbon dioxide concentrations near the bottom of the headpond were 
accompanied by increases in apparent colour and in total iron which reached a 
concentration of 1520 pg/L on 22 August. Concentrations of manganese and 
aluminum near the bottom did not change during the period of thermal 
stratification. The headpond cooled during September and thermal 
stratification was no longer evident. This allowed circulation within the 
headpond, resulting in an increase in the concentration of dissolved oxygen 
near the bottom and decreases in the concentrations of free carbon dioxide and 
total iron. The iron cycle within the Big Falls headpond is discussed as well 
as the consequences of using hypolimetic water containing elevated 
concentrations of iron for fish culture purposes. 

Key words: Atlantic salmon, salmon culture, dissolved oxygen, free carbon 
dioxide, iron, manganese, aluminum, 

Farmer, G.J. and D. Ashfield. 1990. Relations among various dissolved 
substances in the Big Falls headpond, Mersey River, Nova Scotia. Can. 
Tech. Rep. Fish. Aquat. Sci. No. 1755. v + 11 p. 
On a recueilli des Bchantillons dteau h diverses profondeurs du bassin 

dfamont des chutes Big, durant et apr8s la pkriode de stratification 
thermique, dans le but drBtablir les rapports existants entre diverses 
substances dissoutes dans cette eau. La stratification thermique du lac a eu 
lieu durant la p6riode mai-aoat, alors que les concentrations dfoxyg&ne 
dissous ont diminuk pr&s du fond et que les concentrations droxyde de carbone 
libre ont augmentb. Au 22 aoat, les concentrations droxyg8ne h proximitg du 
fond 6taient tomb6es h 1,7 mg/l et celles d'oxyde de carbone libre montkes h 
11,2 mg/l. Ces changements de concentration pr8s du fond du bassin d'amont se 
sont accompagnt5s dfune intensification de la couleur apparente et dtun 
accroissement de la teneur en fer, qui, au 22 aoat, st6tablissait h 1520 pg/l. 
Les concentrations de manganese et draluminium pr8s du fond n'ont pas changk 
durant la pBriode de stratification thermique. Le bassin d'anont s'est 
rafralchi durant septembre, occasionnant une disparition de la stratification 
thermique et une circulation qui a eu pour effet de faire accroltre la 
concentration droxyg8ne dissous pr&s du fond et de rBduire la concentration 
d'oxyde de carbone libre et la teneur en fer. On discute Bgalement ici du 
cycle du fer dans le bassin dlamont ainsi que des consBquences de l'emploi 
dfeau hyplimique h forte teneur en fer pour la pisciculture. 

Mots cl6s : saumon de lrAtlantique, pisciculture du saumon, oxyg8ne dissous, 
oxyde de carbone libre, f er, rnanganGse, aluminium. 





INTRODUCTION 

The Mersey F i sh  Cu l tu re  S t a t i o n  i s  l o c a t e d  on t h e  Mersey River  which 
d r a i n s  t o  t h e  southwest coas t  of Nova S c o t i a .  The s t a t i o n  has  7 . 6  and 11 m 
Swedish-type ponds and an annual  p roduct ion  of 300,000 one-year-old A t l a n t i c  
salmon (Salmo s a l a r )  smol t s .  A series of dams have been cons t ruc t ed  on t h e  
r i v e r  f o r  h y d r o e l e c t r i c  purposes .  Water i s  withdrawn from t h e  Big F a l l s  
headpond by means of d u a l  60 c m  d iameter  po lye thylene  i n t a k e s  and d e l i v e r e d  t o  
t h e  s t a t i o n  i n  a  30 c m  d iameter  po lye thylene  p i p e l i n e .  One of t h e  i n t a k e s  i s  
l o c a t e d  a t  a  water  depth of 2  m and t h e  o t h e r  on t h e  bottom of t h e  headpond a t  
a  dep th  of about 8  m. Because t h e  headpond s u r f a c e  temperature  ranges from 
22-27OC dur ing  t h e  s m e r ,  c o o l e r  water  i s  withdrawn from a depth  of 8  m and 
provided t o  t h e  salmon from mid-June t o  e a r l y  September. 

L i k e  a  number of r i v e r s  which d r a i n  t o  t h e  A t l a n t i c  c o a s t  of Nova 
Sco t i a ,  t h e  Mersey River  i s  a c i d i c ,  dark brown i n  co lour ,  l a c k s  ac id-  
n e u t r a l i z i n g  capac i ty ,  has  a  low calcium concen t r a t i on  and an e l e v a t e d  
concen t r a t i on  of t o t a l  d i s so lved  aluminum (Farmer e t  a l .  1980, 1989a) .  
Organic,  r a t h e r  t han  ino rgan ic  aluminum i s  t h e  dominant form of aluminum i n  
a c i d i c ,  brown-coloured, Nova S c o t i a  r i v e r s  and high hydrogen ion  concen t r a t i on  
i s  t h e  primary l e t h a l  f a c t o r  (Lacroix and Townsend 1987) .  Because of t h e  
a c i d i t y  of t h e  Mersey River,  water supp l i ed  t o  salmon a t  t h e  s t a t i o n  i s  f i r s t  
t r e a t e d  with l imestone g r a v e l  (CaCO,) t o  a l t e r  pH and calcium concen t r a t i on .  

A m o r t a l i t y  of 8.6% occur red  among t h e  683,340 juven i l e  A t l a n t i c  salmon 
a t  t h e  s t a t i o n  du r ing  t h e  12-25 August 1988 pe r iod  (Farmer e t  a l .  1989b) .  The 
salmon p a r r  had been provided with water withdrawn from t h e  bottom of t h e  Big 
F a l l s  headpond. The water smelled of hydrogen su lphide ,  had a  d i s so lved  
oxygen concen t r a t i on  of 0.2 mg/L, a  t o t a l  i r o n  concen t r a t i on  of 4405 pg/L and 
an apparent  co lou r  of 220 r e l a t i v e  u n i t s .  Aerat ion of t h e  hypol imnet ic  water  
a s  it e n t e r e d  t h e  salmon r e a r i n g  ponds r e s u l t e d  i n  t h e  formation of a  reddish-  
brown p r e c i p i t a t e  which was observed t o  accumulate between t h e  secondary 
lamel lae  of moribund p a r r .  Farmer et a l .  (198913) suggested t h a t  cond i t i ons  
near  t h e  bottom of t h e  headpond favoured t h e  reduc t ion  of f e r r i c  hydroxide 
found i n  t h e  bottom sediments and t h e  r e l e a s e  of f e r r o u s  b icarbonate  which i s  
s o l u b l e .  Subsequent a e r a t i o n  of water con ta in ing  f e r r o u s  b icarbonate  a t  t h e  
r e a r i n g  ponds r e s u l t e d  i d  t h e  formation of f e r r i c  hydroxide according t o  t h e  
equa t ion  : 

4 Fe(HCO,), + 2 H,O + 0, = 4 F e ( O H 1 ,  + 8 CO, 

F e r r i c  hydroxide i s  an i n s o l u b l e  p r e c i p i t a t e  which appeared t o  adhere t o  t h e  
g i l l  t i s s u e  of t h e  salmon p a r r  r e s u l t i n g  i n  an impairment of t h e i r  r e s p i r a t o r y  
func t ion  (Farmer e t  a l .  1989b) . 

To b e t t e r  understand t h e  r e l a t i o n s  among a  number of d i s so lved  
subs tances  i n  t h e  Big F a l l s  headpond, water samples were c o l l e c t e d  from 
va r ious  depths  on s i x  occas ions  du r ing  t h e  23 May - 22 October 1989 pe r iod .  
Of s p e c i a l  i n t e r e s t  were t h e  development and subsequent breakdown of thermal  
s t r a t i f i c a t i o n ,  t h e  r e l a t i o n s  among concen t r a t i ons  of d i s so lved  oxygen, f r e e  
carbon d ioxide  and t o t a l  i r o n ,  and determining t h e  concen t r a t i ons  of o t h e r  
p o t e n t i a l l y  t o x i c  subs tances  such a s  manganese, aluminum, t o t a l  ammonia, 
hydrogen su lph ide  and hydrogen i o n s .  

MATERIALS AND METHODS 

Water samples were c o l l e c t e d  from t h e  Big F a l l s  headpond i n  t h e  a r e a  of 
t h e  ha tchery  i n t a k e s  a t  dep th  i n t e r v a l s  of 1 m on s i x  occasions du r ing  t h e  23 
May - 22 October 1989 pe r iod  us ing  a  Kemerer water sampling b o t t l e .  Water 
f o r  t h e  de te rmina t ion  of  pH and apparent  co lou r  was t r a n s p o r t e d  t o  t h e  
l a b o r a t o r y  i n  250-ml po lye thylene  con ta ine r s  which had been washed with 



l abo ra to ry  de t e rgen t  and then  r i n s e d  wi th  .deionized water .  Apparent co lour  
was measured with a  Hel ige Aqua Tester and pH wi th in  24 h u s ing  a  Metrohm 
Herisau pH meter .  Wa te r ' f o r  determining t o t a l  manganese, i r o n  and aluminum 
concen t r a t i ons  was s t o r e d  i n  250-ml po lye thylene  con ta ine r s  which had been 
washed i n  a  50% HNO, s o l u t i o n  and then  r i n s e d  with de ionized  water .  Each 
sample was preserved  by adding 1 - m l  of 50% HNO, s o l u t i o n  and t h e  meta l  
concen t r a t i ons  determined a t  a  l a t e r  d a t e  by use of an emission 
spectrophotometer  (Jarrel-Ash,  AtomComp) . 

Water samples f o r  determining concen t r a t i ons  of t o t a l  ammonia were 
s t o r e d  i n  washed, 500-rnl po lye thylene  con ta ine r s  and preserved  by adding 1 - m l  
of  50% H,SO, s o l u t i o n .  T o t a l  ammonia concen t r a t i ons  were determined i n  t h e  
l a b o r a t o r y  u s ing  an Orion model 95-10 ammonia e l e c t r o d e  and a  F i s h e r  Accumet 
model 230 pH/ion m e t e r  (APHA-AWWA-WPCF 1980) .  Water f o r  determining f r e e  
carbon d ioxide  concen t r a t i ons  was s t o r e d  i n  washed, t i g h t l y - s e a l e d ,  1-L 
polye thylene  b o t t l e s .  Free  carbon d ioxide  concen t r a t i ons  were determined t h e  
day of sampling by t i t r a t i o n  t o  pH end p o i n t  8 .3  u s ing  0.0454N Na,CO, (APHA- 
AWWA-WPCF 1980) .  Temperatures and d i s so lved  oxygen concen t r a t i ons  were 
determined a t  va r ious  depths  of t h e  headpond with a  YSI oxygen meter equipped 
wi th  a  15 m c a b l e  and submersible  st irrer.  

RESULTS 

Temperature of t h e  Big F a l l s  headpond i n  t h e  a r e a  of t h e  ha tchery  
i n t a k e s  on 23 May was 17.8"C from t h e  s u r f a c e  t o  a  depth of 3  m and dec l ined  
with i nc reas ing  depth t o  12.8OC a t  8  m near  t h e  bottom of t h e  headpond (F ig .  
1 ) .  Dissolved oxygen concen t r a t i on  a t  t h e  s u r f a c e  on t h a t  d a t e  was 7.9 mg/L 
s i m i l a r  t o  t h e  concen t r a t i ons  measured a t  a l l  dep ths  of t h e  headpond. Free 
carbon d ioxide  concen t r a t i on  was about 3 .6  mg/L from t h e  s u r f a c e  t o  a  depth of 
5  m and inc reased  t o  6.5 mg/L a t  8  m. A s i m i l a r  p a t t e r n  of change i n  
temperature  and t h e  concen t r a t i ons  of oxygen and carbon d ioxide  was apparent  
from t h e  s u r f a c e  of t h e  headpond t o  t h e  bottom on 20 June except  t h a t  oxygen 
near  t h e  bottom had decreased  t o  6 .5  mg/L. By 18 Ju ly ,  t h e r e  had been a  
f u r t h e r  decrease  i n  oxygen concen t r a t i on  near  t h e  bottom of t h e  headpond t o  
5.9 mg/L. 

Temperature on 22 August was 24.0°C from t h e  s u r f a c e  of t h e  headpond t o  
a  depth of 4 m and dec l ined  t o  20.Z°C a t  8  m (F ig .  1) .  Oxygen concen t r a t i on  
on t h a t  d a t e  measured 8.2 mg/L from t h e  s u r f a c e  t o  a depth  of 4 m and d e c l i n e d  
t o  1 .7  mg/L a t  8  m. Carbon d iox ide  concen t r a t i on  a t  a  depth of 8  m was 11.2 
m g / ~  on t h a t  d a t e .  Thermal s t r a t i f i c a t i o n  was no longer  apparent  on 1 9  
September when temperature  measured lg°C from t h e  s u r f a c e  of t h e  headpond t o  
t h e  bottom. Oxygen concen t r a t i on  nea r  t h e  bottom had inc reased  t o  5.7 mg/L by 
t h a t  d a t e  and carbon d ioxide  concen t r a t i on  had decreased  t o  4.8 mg/L. 
Temperature had dec l ined  f u r t h e r  by 22 October and measured 10°C from t h e  
s u r f a c e  of t h e  headpond t o  t h e  bottom. Dissolved oxygen concen t r a t i on  was 
10.5 mg/L and carbon d ioxide  concen t r a t i on  2.5 mg/L a t  a l l  dep ths  of t h e  
headpond on t h a t  d a t e .  

Concentrat ions of i r o n  (260 pg/L) ,  manganese (60 pg/L) and aluminum (120 
pg/L) d i d  no t  change from t h e  s u r f a c e  of t h e  headpond t o  t h e  bottom on 23 May 
(F ig .  2 ) .  S imi l a r ly ,  concen t r a t i ons  of manganese (60 pg/L) and aluminum (260 
pg/L) remained cons t an t  from t h e  s u r f a c e  of t h e  headpond t o  t h e  bottom on 20 
June and on a l l  subsequent sampling dates . '  I r o n  concen t r a t i on  was 340 pg/L 
from t h e  s u r f a c e  t o  7  m on 20 June and inc reased  t o  680 pg/L a t  8  m. S i m i l a r  
concen t r a t i ons  of i r o n  were measured a t  va r ious  dep ths  of  t h e  headpond on 18 
J u l y .  The concen t r a t i on  of i r o n  a t  t h e  s u r f a c e  on 22 August was 280 pg/L, 
400 pg/L a t  5  m and 1520 pg/L a t  8  m. This  r e l a t i v e l y  h igh  concen t r a t i on  of 
i r o n  near  t h e  bottom of t h e  headpond occur red  when oxygen concen t r a t i on  i n  
t h a t  area had decreased  t o  1 .7  mg/L and when carbon d iox ide  had inc reased  t o  
11.2 mg/L. The headpond was no longer  t he rma l ly  s t r a t i f i e d  on 19 September 



when i r o n  concen t r a t i on  near  t h e  bottom had decreased  t o  560 pg/L. By 22 
October,  i r o n  measured 300 pg/L from t h e  s u r f a c e  of t h e  headpond t o  t h e  
bottom. 

There was no change i n  pH from t h e  s u r f a c e  of t h e  headpond t o  t h e  bottom 
on t h e  va r ious  sampling d a t e s  (Table 1) .  There was, however, a g radua l  
i n c r e a s e  i n  t h e  pH of t h e  headpond du r ing  t h e  23 May - 22 August pe r iod .  For 
example, pH a t  a dep th  of 8 m i nc reased  from 5.06 t o  5.39 du r ing  t h a t  pe r iod .  
Values of pH on 19 September and 22 October were s i m i l a r  t o  t h o s e  observed on 
22 August. 

Concent ra t ions  of t o t a l  ammonia on t h e  va r ious  sampling d a t e s  were 
wi th in  t h e  <0.01 - 0.11 mg/L range from t h e  s u r f a c e  t o  a depth  of 7 m and 
inc reased  t o  wi th in  t h e  0.05 - 0.44 mg/L range a t  8 m nea r  t h e  bottom of t h e  
headpond (Table 2)  . 

Apparent co lour  on t h e  va r ious  sampling d a t e s  was s i m i l a r  from t h e  
s u r f a c e  of t h e  headpond t o  a depth  of 6 m and inc reased  nea r  t h e  bottom a t  
dep ths  of 7 and 8 m (Table 3 ) .  The i n c r e a s e  i n  t h e  apparent  co lou r  of t h e  
water  nea r  t h e  bottom of t h e  headpond was most pronounced on 22 August. For 
example, co lour  measured 55 r e l a t i v e  u n i t s  from t h e  s u r f a c e  t o  a depth of 5 m 
on t h a t  d a t e  and 110 u n i t s  a t  8 m. The headpond was no longer  thermal ly  
s t r a t i f i e d  on 22 October when apparent  co lou r  was 50 r e l a t i v e  u n i t s  from t h e  
s u r f a c e  t o  t h e  bottom. 

DISCUSSION 

I ron  can be b i -va l en t  o r  t r i - v a l e n t  a s  t h e  f e r r o u s  o r  f e r r i c  form. The 
f e r r o u s  form e x i s t s  on ly  i n  t h e  absence of oxygen and t h e  f e r r i c  form i s  
i n s o l u b l e  (Rut tner  1963) .  Ru t tne r  (1963) has  concluded t h a t  water  can 
d i s s o l v e  g r e a t e r  amounts of i r o n  a s  f e r r o u s  b i ca rbona te  when it i s  n e a r l y  f r e e  
of  d i s s o l v e d  oxygen, when it con ta in s  adequate amounts of f r e e  carbon d ioxide ,  
when t h e  pH i s  not  above 7.5 and when organic  subs tances  a r i s i n g  from 
decomposition a r e  p re sen t  t o  reduce ferr ic  hydroxide. Redox p o t e n t i a l s  of 0.4 
- 0.6 v o l t  observed i n  e p i l i m n e t i c  l a k e  water  a r e  lower i n  t h e  hypolimnion 
because of reducing subs tances  de r ived  from t h e  mud (Hutchinson 1957) .  I n  t h e  
hypolimnia of l a k e s  where t h e  redox p o t e n t i a l  i s  less than  0.3 v o l t ,  f e r r o u s  
i r o n  may be expected t o  occur  (Hutchinson 1957) .  I r o n  i s  reduced i n  t h e  
minera l  f r a c t i o n  of suspended p a r t i c l e s  and i n  t h e  bottom sediments where 
redox p o t e n t i a l s  vary  around 0.0 v o l t  and d i s s o l v e d  a s  f e r r o u s  b icarbonate .  
Genera l ly ,  i n  ho lomic t ic  l a k e s  where t h e  oxygen curve i s  or thograde,  i r o n  
con ten t  v a r i e s  l i t t l e  v e r t i c a l l y  (Hutchinson 1957) .  However, i n  l a k e s  where 
t h e r e  i s  a c l i nog rade  oxygen curve,  an i n v e r s e  r e l a t i o n s h i p  between i r o n  and 
oxygen i s  normally w e l l  developed. 

The oxygen curve i n  t h e  Big F a l l s  headpond was or thograde  du r ing  May 
1989. However, du r ing  June and J u l y  of t h a t  year ,  t h e r e  was a d e t e c t a b l e  
dec rease  i n  d i s so lved  oxygen concen t r a t i on  n e a r  t h e  bottom of t h e  headpond and 
by 22 August a c l i nog rade  oxygen curve had developed. Thus, oxygen 
concen t r a t i on  i n  t h e  upper 4 m of t h e  headpond on 22 August was 8.2 mg/L bu t  
d e c l i n e d  t o  1 .7  m g / ~  nea r  t h e  bottom. The d e c l i n e  i n  oxygen concen t r a t i on  a t  
t h e  bottom of t h e  headpond was accompanied by an i n c r e a s e  i n  t h e  concen t r a t i on  
of f r e e  carbon d iox ide  t p  11.2 mg/L, cons ide rab ly  g r e a t e r  t han  t h e  
concen t r a t i on  of 2 . 4  mg/L measured i n  t h e  ep i l imnion .  Apparent co lou r  was 55 
r e l a t i v e  u n i t s  i n  t h e  upper 5 m of t h e  headpond on t h a t  d a t e  and inc reased  t o  
110 u n i t s  nea r  t h e  bottom where pH was 5.39. Condi t ions a t  t h e  bottom of t h e  
headpond du r ing  August appear  t o  have been favourable  f o r  t h e  r educ t ion  of 
f e r r i c  i r o n  i n  t h e  bottom sediments and t h e  subsequent r e l e a s e  of s o l u b l e  
f e r r o u s  i r o n .  Accordingly, t o t a l  i r o n  nea r  t h e  bottom of t h e  headpond 
measured 320 p g / ~  on 23 May, had inc reased  t o  770 pg/L on 18 J u l y  and reached 
a peak sf 1520 pg/L on 22 August. No unusual  m o r t a l i t y  of salmon p a r r  
occur red  du r ing  August 1989 nor  was f e r r i c  hydroxide observed i n  t h e  r e a r i n g  



ponds. Concentrat ions of t o t a l  i r o n  nea r  t h e  bottom of t h e  headpond t h e  
prev ious  year ,  which w e r e  a s s o c i a t e d  with t h e  m o r t a l i t y  of salmon p a r r ,  ranged 
from 4010-4405 pg/L and occur red  when oxygen concen t r a t i on  had d e c l i n e d  t o  0.2 
mg/L. 

The Canadian Water Q u a l i t y  Guide l ines  (1987) i n d i c a t e  t h a t ,  f o r  t h e  
p r o t e c t i o n  of f reshwater  a q u a t i c  l i f e ,  t h e  concen t r a t i on  of t o t a l  i r o n  should  
no t  exceed 300 pg/L. It i s  apparent  t h a t  concen t r a t i ons  of i r o n  no t  harmful 
t o  a q u a t i c  l i f e  i n  t h e  Mersey River  can be cons iderab ly  g r e a t e r  t h a n  300 pg/L. 
R e l a t i v e l y  h igh  concen t r a t i ons  of i r o n  a r e  found i n  brown waters  such a s  t h o s e  
of  t h e  Mersey River  because t h e  humic a c i d s  p re sen t  form c o l l o i d a l l y  d i s s o l v e d  
humates with i r o n  (Rut tner  1963) .  These organic  i r o n  s o l s  a r e  more s t a b l e  
t han  t h e  i no rgan ic  b i ca rbona te  s o l u t i o n s  and humic waters  u s u a l l y  c o n t a i n  
cons ide rab l e  amounts of i r o n  i n  t h e  presence of oxygen. For example, on 22 
October du r ing  t h e  autumnal c i r c u l a t i o n ,  oxygen measured 10.4 mg/L from t h e  
s u r f a c e  of t h e  Big F a l l s  headpond t o  t h e  bottom and i r o n  300 pg/L. 

There was a  marked i n c r e a s e  i n  t h e  apparent  co lour  of t h e  water  a t  t h e  
bottom of t h e  Big F a l l s  headpond du r ing  August when a  va lue  of 110 r e l a t i v e  
u n i t s  was observed. Colour a t  t h e  bottom of t h e  headpond t h e  prev ious  yea r  
when m o r t a l i t y  of t h e  salmon occur red  was 220 r e l a t i v e  u n i t s .  Hutchinson 
(1957) i n d i c a t e s  t h a t ,  e a r l y  i n  t h e  p e r i o d  of thermal  s t r a t i f i c a t i o n  be fo re  
f e r r o u s  i r o n  i s  d e t e c t a b l e ,  t h e r e  can be a  cons ide rab l e  i n c r e a s e  i n  t h e  t o t a l  
i r o n  concen t r a t i on  of  t h e  hypol imnet ic  water .  The i n c r e a s e  i n  i r o n  is  
accompanied by an i n c r e a s e  i n  co lour ,  which i s  a t t r i b u t a b l e  t o  t h e  
s imultaneous d i f f u s i o n  of f e r r o u s  i r o n  from t h e  reduced mud s u r f a c e  and t h e  
downward t u r b u l e n t  movement of oxygen from above. The f e r r o u s  i r o n  i s  
t h e r e f o r e  ox id i zed  a s  it e n t e r s  t h e  water producing a  temporary f e r r i c  oxide 
s o l  (Hutchinson 1957) .  This  may i n  p a r t  sediment bu t  w i l l  l a t e r  be reduced s o  
t h a t  a t  t h e  end of s t r a t i f i c a t i o n  a l l  of t h e  i r o n  w i l l  be p re sen t  i n  d i -va l en t  
form. Yoshimura (1932 c i t e d  i n  Hutchinson 1957) has  i n d i c a t e d  t h a t  i f  f e r r o u s  
b i ca rbona te  i s  p re sen t  nea r  t h e  bottom of a  l ake ,  t h e  hypolimnion may be 
bu f f e r ed  s o  t h a t  t h e  pH curve i s  a l t e r e d .  However, pH did not  change from t h e  
s u r f a c e  t o  t h e  bottom of t h e  Big F a l l s  headpond on 22 August 1989, sugges t ing  
t h a t  t h e  i nc reased  concen t r a t i on  of i r o n  measured nea r  t h e  bottom on t h a t  
occasion may have been p re sen t  a s  a  f e r r i c  oxide s o l .  

The Big F a l l s  headpond had cooled t o  1 g 0 C  by 1 9  September and thermal  
s t r a t i f i c a t i o n  was no longer  apparen t .  This  allowed c i r c u l a t i o n  wi th in  t h e  
headpond and r e s u l t e d  i n  an i nc reased  oxygen concen t r a t i on  of 5.7 m g / ~  nea r  
t h e  bottom and decreased  concen t r a t i ons  of f r e e  carbon d ioxide  and t o t a l  i r o n  
of 4.8 mg/L and 560 pg/L, r e s p e c t i v e l y .  C i r c u l a t i o n  was complete by 22 
October when no change i n  temperature  o r  i.n t h e  concen t r a t i ons  of oxygen (10.4 
m g / L ) ,  carbon d iox ide  (2.5 mg/L) o r  t o t a l  i r o n  (300 pg/L) were observed from 
t h e  s u r f a c e  of t h e  headpond t o  t h e  bottom. 

There was no app rec i ab l e  i n c r e a s e  i n  t h e  concen t r a t i ons  of manganese o r  
aluminum nea r  t h e  bottom of  t h e  headpond du r ing  August 1989 a s  observed f o r  
i r o n .  A l l  concen t r a t i ons  of t o t a l  aluminum measured du r ing  t h i s  s tudy  (range 
60-326 pg/L) exceeded t h e  Canadian Water Q u a l i t y  Guide l ine  (1987) of 5  pg/L 
t o t a l  aluminum f o r  waters  wi th  pH equa l  t o  o r  below 6.5. However, t h e s e  
concen t r a t i ons  of t o t a l  aluminum were no g r e a t e r  t han  concen t r a t i ons  which 
have been recorded f o r  o t h e r  brown, a c i d i c  r i v e r s  i n  Nova Sco t i a  (Lacroix and 
Townsend 1987; Farmer e t  a l .  1988) .  Lacroix and Townsend (1987) have shown 
t h a t  concen t r a t i ons  of t o x i c ,  i no rgan ic  aluminum i n  t h e s e  r i v e r s  r ep re sen t  
less than  10% of t h e  t o t a l  d i s so lved  aluminum p re sen t  and t h a t  t h i s  meta l  i s  
no t  a s s o c i a t e d  with m o r t a l i t y  of j uven i l e  salmon. 

Un-ionized ammonia can be t o x i c  t o  f i s h .  That p o r t i o n  of t h e  t o t a l  
ammonia concen t r a t i on  p r e s e n t  i n  t h e  un-ionized form i s  dependent upon pH and 
tempera ture .  By comparing t h e  recommended guidelines f o r  t o t a l  ammonia 
(Canadian Water Q u a l i t y  Guide l ines  1987) and t h e  concen t r a t i ons  measured i n  



t h e  Big F a l l s  headpond, f t  i s  ev iden t  t h a t  concen t r a t i ons  of un-ionized 
ammonia p re sen t  du r ing  t h i s  s t udy  were no t  harmful t o  t h e  salmon. 

Hydrogen su lph ide  was p r e s e n t  near  t h e  bottom of  t h e  Big F a l l s  headpond 
du r ing  August 1988 when m o r t a l i t y  of t h e  salmon p a r r  occur red  (Farmer e t  a l .  
1989b) bu t  no t  du r ing  t h e  p re sen t  s t udy .  The b a c t e r i a l  reduc t ion  of su lpha t e  
and t h e  decomposition of o rgan ic  su lphur  compounds bo th  r e s u l t  i n  t h e  
product ion  of hydrogen su lph ide  (Hutchinson 1957) .  The r educ t ion  of su lpha t e  
and t h e  appearance of H,S occurs  a t  a  lower redox p o t e n t i a l  t han  t h a t  a t  which 
f e r r o u s  i r o n  appears  i n  q u a n t i t y  (Hutchinson 1957) .  Thus, cons ide rab l e  
f e r r o u s  i r o n  can e n t e r  t h e  water from t h e  s u r f a c e  l a y e r  of mud be fo re  hydrogen 
su lph ide  is  produced. S ince  f e r r o u s  su lphide  i s  r e l a t i v e l y  i n so lub le ,  t h e  
f i n a l  s t a g e s  of s t a g n a t i o n  can sometimes be  marked by a  l o s s  of  f e r r o u s  i r o n  
from t h e  deep water  . The p r e c i p i t a t i o n  of f e r r o u s  su lph ide  i n  t h e  presence  
of  hydrogen su lph ide  w i l l  on ly  occur  when t h e r e  i s  an a l k a l i n e  r e a c t i o n  
(Rut tner  1963) .  

Caution is  r equ i r ed  when t h e  hypol imnet ic  water  of headponds o r  l a k e s  i s  
withdrawn f o r  f i s h  c u l t u r e  purposes .  Oxygen d e p l e t i o n  of t h e  hypolimnion can 
r e s u l t  from t h e  enzymatic and b a c t e r i a l  breakdown of o rgan ic  m a t t e r  and from 
t h e  r e s p i r a t i o n  of organisms. This  can r e s u l t  i n  t h e  r educ t ion  of f e r r i c  
hydroxide i n  t h e  bottom sediments and t h e  r e l e a s e  of s o l u b l e  f e r r o u s  i r o n .  
Oxygenation of water con ta in ing  f e r r o u s  i r o n  can r e s u l t  i n  t h e  formation of 
f e r r i c  hydroxide, an i n s o l u b l e  p r e c i p i t a t e ,  which can cause t h e  r e s p i r a t o r y  
impairment of c u l t u r e d  f i s h .  The use of an a l t e r n a t e  ha tchery  i n t a k e  f o r  
withdrawal of oxygenated water  from t h e  ep i l imnion  o r  metalimnion i s  r equ i r ed  
i f  t h e  hypolimnion i s  known t o  become anoxic .  
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Table 1. Values of pH a t  va r ious  depths  of t h e  Big F a l l s  headpond du r ing  t h e  
23 May - 22 October per iod ,  1989. 

Date 
Depth,m 23 May 20 Jun 18 J u l  22 Auq 1 9  Sep 22 O c t  

Table  2 .  T o t a l  ammonia concen t r a t i on  (mg/~) a t  va r ious  depths  of t h e  Big 
F a l l s  headpond du r ing  t h e  20 June - 22 October per iod ,  1989. 

Date 
Depth, m 20 Jun 18 J u l  22 Auq 1 9  Sep 22 Oct 

Table  3 .  Apparent co lou r  ( r e l a t i v e  u n i t s )  a t  va r ious  depths  of t h e  Big F a l l s  
headpond dur ing  t h e  23 May - 22 October per iod ,  1989. 

Date 
Depth,m 23 May 20 Jun 18 J u l  22 Auq 1 9  Sep 22 Oct 
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FIGURE 1. Temperature, dissolved oxygen and free c a h n  dioxide 
concentrations at various depths of the Big Falls headpond during 
the 23 May - 22 October period, 1989. 
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FIGURE 2. Iron, aluminum and manganese concentrations at various 
depths of the Big Falls headpond during the 23 May - 22 October 
period, i989. 
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