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Zinc enters aquat ic  ecosystems as a by-produc t  of  
many i n d u s t r i a l  and mining processes (USEPA 1976, VAN 
LOON & BEAMISH 1977). Zinc t o x i c i t y  has been determined 
in many f reshwater  organisms (CAIRNS et a l .  1976, 
PATRICK et  a l .  1968). Since Zn ++ t o x i c i t y  is  g r e a t l y  
a f f ec ted  by pH, a l k a l i n i t y ,  t o t a l  hardness and tempera- 
tu re  (MOUNT 1966), maximum acceptable t o x i c a n t  concen- 
t r a t i o n  (MATC) values have been es tab l i shed  by EPA as 
0.01 *LC50 fo r  the r e c e i v i n g  water in ques t i on ,  as op- 
posed to a f i x e d  numerical value (USEPA 1976). 

Previous i n v e s t i g a t o r s  have used " n a t u r a l "  s o f t  and 
hard waters fo r  both s t a t i c  and f low through b ioassays.  
The actual  antagonism of Ca ++ and Zn ++ t o x i c i t y  has re- 
ceived l i t t l e  research a t t e n t i o n .  Although a v a r i e t y  of  
values e x i s t  f o r  Zn ++ t o x i c i t y  r e l a ted  to pH, t o t a l  hard- 
ness and a l k a l i n i t y  (USEPA 1976), c o n t r o l l e d  research 
w i th  a standard " s y n t h e t i c "  water  has not been conducted 
(CAIRNS 1969). 

Calcium is a n a t u r a l l y - o c c u r r i n g  element in the a- 
qua t i c  system c o n t r i b u t i n g  to hardness and a l k a l i n i t y  
(COLE 1975, WETZEL 1975). V a r i a t i o n s  in water che~~ 
i s t r y  ™  r e s u l t  from d i f f e r i n g  l eve l s  o7 Ca 
and Mg ions .  The ro le  Ca ++ plays in i n h i b i t i o n  of 
Zn ++ t o x i c i t y  was examined in t h i s  research.  

MATERIALS AND METHODS 

Fathead minnows, Pimephales promelas, I -2  g we igh t  
and 5 .0 -6 .5  cm t o t a l  l eng th ,  were used as the t e s t  or -  
ganism (ALDEMAN & SMITH 1976). Standard acute b ioassay 
procedures were employed (SPRAGUE 1973, STANDARD METHODS 
1971) except t ha t  each t e s t  tank was aerated.  

Three separate exper iments were conducted. Water 
chemis t ry  parameters (Ca ++ , Zn ++, Mg ++ , a l k a l i n i t y ,  d i s -  
solved oxygen, and pH) were measured at the beginning and 
end of each exper iment .  Ca ++ , Zn ++, and Mg ++ l eve l s  were 
monitored using a Perk in-E lmer  303 Flame Atomic Absorp- 
t i on  Spectrophotometer (PE 303 FAAS). A l k a l i n i t y  was 
measured by standard t i t r a t i o n  techn ique ,  and d i sso l ved  
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oxygen (D .O . )  was m o n i t o r e d  u s i n o  the  Az ide  m o d i f i c a t i o n  
o f  the  W i n k l e r  t i t r a t i o n  (STANDARD METHODS 1971) .  De- 
t e r m i n a t i o n s  o f  pH were made w i t h  a Co rn i ng  Model 12 
Research pH me te r .  

Z i n c  was added as ZnS04 7HOH to a l l  t e s t  t anks  
e x c e p t  c o n t r o l s  u s i n g  a n o n - a c i d i f i e d  I000 mg/L Zn ++ 
s t o c k  s o l u t i o n .  Ca lc ium was added as Ca(N03) 2 in  ex -  
p e r i m e n t s  2 and 3 u s i n g  a I 0 , 0 0 0  mg/L Ca ++ s t o c k  s o l u -  
t i o n .  F i sh  were fed s u l f a  m a r i z i n e  fee~ f o r  I0 days 
w h i l e  a c c l i m a t i n g  f o r  2 weeks at  20 + 1 C. F i sh  were 
no t  fed the  2 days i m m e d i a t e l y  p r i o r - t o  t e s t i n g .  F i sh  
were randomly  s e l e c t e d  from a s t o c k  group and p laced  
i n t o  3-L t e s t  j a r s  w i t h  a e r a t i o n .  Dead f i s h  were re -  
moved at  I ,  2, 4, 8, 12, and eve ry  a d d i t i o n a l  12 h f o r  
a t o t a l  o f  96 h. M o r t a l i t y  data were p l o t t e d  as p e r c e n t  
s u r v i v a l  a t  96 h f o r  a l l  e x p e r i m e n t s .  

P a r t  I .  Zn ++ was added at  2 0 . 0 ,  I 0 . 0 ,  5 . 0 ,  2 . 0 ,  
1 . 0 ,  0 . 5 ,  and 0 .0  mg/L. M o r t a l i t y  data  were p l o t t e d  on 
l o g - p r o b i t  paper  as mean p e r c e n t  dead at  96 h and the  
LC50 was c a l c u l a t e d  by the  L i t c h f i e l d - W i l c o x i n  Nomograph 
A n a l y s i s  (LITCHFIELD & WILCOXIN 1949) .  

P a r t  2. The second e x p e r i m e n t  f ocused  on the broad 
a f f e c t s  o f  Ca ++ as Ca(N03) 2 to  nomina l  6 .0  mg/L Zn ++ 
s o l u t i o n s .  A Zn ++ l e v e l  g r e a t e r  than the  d e t e r m i n e d  
LC50 v a l u e  was used to i n s u r e  s i g n i f i c a n t  m o r t a l i t y .  
Nominal  s o l u t i o n s  o f  40 ( s o f t  t a p ) ,  I 0 0 ,  150, 200, 250,  
and 300 mg/L Ca ++ were made. Z i n c  was added at  a con-  
s t a n t  6 .0  mg/L ( n o m i n a l )  l e v e l  to  a l l  bu t  the  c o n t r o l  
t a n k s .  Group A tanks  had a c o n t r o l  w i t h  f i l t e r e d ,  s o f t ,  
tap  w a t e r .  Group B t anks  had a c o n t r o l  w i t h  the  h i g h t e s t  
l e v e l  o f  Ca ++ ion  used to  m o n i t o r  any m o r t a l i t y  r e s u l t -  
i ng  f rom the  p resence  o f  h i gh  n i t r a t e .  

Pa r t  3. The t h i r d  e x p e r i m e n t  was d e s i g n e d  to  de- 
t e r m i n e  the  d e f i n i t i v e  Ca ++ l e v e l s  needed to reduce mor- 
t a l i t y .  Each o f  the  seven t e s t  t anks  had v a r y i n g  l e v e l s  
o f  Ca ++ as b e f o r e ,  e x c e p t  a t  c l o s e r  i n t e r v a l s .  Ca lc ium 
was added in  25 mg/L i n c r e m e n t s .  Again  Group A had the  
s o f t ,  tap w a t e r  c o n t r o l  and Group B had the  h igh  Ca ++ 
c o n t r o l .  Zn ++ and Ca ++ l e v e l s  were m o n i t o r e d  d a i l y .  
Mean m o r t a l i t y  v a l u e s  f o r  a l l  t e s t s  were c a l c u l a t e d .  
S t u d e n t ' s  t - t e s t  was used to  a n a l y z e  the  da ta .  

RESULTS 

Pa r t  I .  Mean Zn ++ l e v e l s  measured are g i ven  in  
Tab le  I .  Water q u a l i t y  c h a r a c t e r i s t i c s  d u r i n g  the  ex -  
p e r i m e n t  were :  a l k a l i n i t y - - 4 4  + I0 mg/L,  h a r d n e s s - - 4 5  + 
7 mg/L,  p H - - 7 . 0  + 7 . 4 ,  D . O . - - 6 . 0  + 0 .0  mg/L,  t e m p e r a t u r œ  
21 + l ~  and s p œ  c o n d u c t a n c œ  160 ~ I0 umhos/cm. 
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Nominal  

20 0 mg/L 

I0  0 " 

5 0 " 

2 0 " 

1 0 " 

TABLE 1 

A n a l y s i s  o f  Zn ++ and Water C h e m i s t r y  in  
Acute  B ioassay  o f  P. p romelas  

Zn ++ L e v e l s  - -  PE 303 FAAS 

0 5 " 

0.0  " 

9 / 1 6 / 7 7  9 / 2 0 / 7 7  X 
Group Group Group Group 96 

A B A B h 

1 8 0  18.2 

8 4  8 .2  

4 2  3.6 

1 7  1.7  

1 0  1.0 

0 4  0 .4  

0 0  0 .0  

18,0 17.6 

7.2 6 .6  

2 .6  2 .4  

1.5 1.5 

1.0 1.0 

0 .4  0 .4  

0 .0  0 .0  

1 8 1  

8 3 

3 2 

1 6 

1 0 

0 4 

0 .0  

% M o r t a l ~ t y  
96 h X 

I 0 0 . 0  

I 0 0 . 0  

40 .0  

20 .0  

5 .0  

0 .0  

0 .0  

A 96 h LC50 o f  3.1 mg/L Zn ++ was c a l c u l a t e d  by the  
L i t c h f i e l d - W i l c o x i n  Nomograph A n a l y s i s .  C o n f i d e n c e  
l i m i t s  on the  LC50 v a l u e  ex tended  from 4.3 mg/L to  2 ,2  

o f  the  o we mg/L. The c o n f i d e n c e  l i m i t S t y  o f  Zn~lOpe. f 1 .715 re 
2 .164 and 1 .358 .  The t o x i c i  to  P. p rome las  
was s i g n i f i c a n t  (p ~ 0 . 0 5 ) .  I n i t i a l  m o r t a T i t i e s  d i d  no t  
occu r  b e f o r e  8 h. T o t a l  l e n g t h  o f  dead f i s h  ranged from 
5.0 - 6 .5  cm w i t h  a mean v a l u e  o f  5 .86 cm. 

Pa r t  2. A l k a l i n i t y  i n c r e a s e d  d u r i n g  t h i s  e x p e r i -  
ment ,  p r o b a b l y  due to  a d d i t i o n  o f  CO 2 by a e r a t i o n  o f  the  
t e s t  t a n k s ,  and pH v a l u e s  were l ower  than those  in  Pa r t  
I .  D i s s o l v e d  oxygen rema ined  at  6 .0  mg/L at  a wa te r  
t e m p e r a t u r e  o f  20.5  + l ~  A d d i t i o n  o f  Ca ++ as Ca(N03)2 
to  c o n s t a n t  Zn ++ s o l ~ t i o n s  i n h i b i t e d  Zn ++ t o x i c i t y  f rom 
65% in  s o f t  tap  w a t e r  to  0.0% in  117.5 mg/L Ca ++ ( F i g .  I ) .  
Z i n c  l e v e l s  dec reased  s l i g h t l y  ove r  the 96 h p e r i o d ,  
( T a b l e  2 ) .  T o t a l  ha rdness  d e t e r m i n a t i o n s  (EDTA t i t r a -  
t i o n ) •  a p p r o x i m a t e l y  doub le  the  added c o n c e n t r a t i o n  
o f  Ca T-  due to  what appears  to  be i n t e r f e r e n c e  by NO 3- 
C o n s e q u e n t l y  t o t a l  ha rdness  l e v e l s  are no t  r e p o r t e d  and 
Ca ++ and Mg ++ l e v e l s  were d e t e r m i n e d  by f lame AAS. 

TABLE 2 
+ +  

Chemical  Paramete rs  a f t e r  I n i t i a l  Ca 
A d d i t i o n  in  Acute  B ioassay  o f  P, p rome las .  

Zn ++ C o n c e n t r a t i o n  mg/L - -  PE 303 FAAS 

Nominal  96 h 
Grou p A Group B 

I 0 .0  0 .0  + 0 .0  0 .0  + 0 .0  

I l  6 .0  3 .9  + 0 .3  4.1 + 0 .2  
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FIG. 2. Mean percent surv iva l  in Groups A and B show- 
ing d e f i n i t i v e  i n h i b i t i o n  of Zn ++ t o x i c i t y  to 
P_. promelas by Ca ++ . 

DISCUSSION 

The 96 h LC50 o f  3.1 mg/L Zn ++, s i g n i f i c a n t  a t  95%, 
agrees  c l o s e l y  w i t h  va l ues  p u b l i s h e d  by CAIRNS and 
SCHEIER (1957)  f o r  acu te  96 h b i o a s s a y s  in s o f t  w a t e r .  
T e s t s  were run in  r e p l i c a t e  and showed r e p r o d u c i b i l i t y  
as s t r e s s e d  by CAIR,NS ( 1 9 6 9 ) .  The s i q n i f i c a n c e  o f  the 
i n i t i a l  a d d i t i o n  o f  Ca ++ to  equal  Zn +™ s o l u t i o n s  i s  e v i -  
dent  in  the  m o r t a l i t y  cu r ves  ( t - t e s t  p = 0 . 0 5 ) .  

Water  c h e m i s t r y  p a r a m e t e r s  remained f a i r l y  c o n s t a n t  
t h r o u g h o u t  the  t e s t s ,  in c o n t r a s t  to  p r e v i o u s  i n v e s t i g a -  
t i o n s  (MOUNT 1966; PICKERING and HENDERSON 1966) .  Ear -  
l i e r  i n v e s t i g a t o r s  a l s o  added Ca ++ as CaCO 3 in  a n a l y z i n g  
e f f e c t s  o f  ha rdness  on Zn ++ t o x i c i t y  (PATRICK e t  a l .  
1968) .  A l k a l i n i t y  va lues  d id  change s l i g h t l y  in  P a r t  2, 
p o s s i b l y  as a r e s u l t  o f  a e r a t i o n ,  and t h i s  may have a f -  
f e c t e d  Zn ++ t o x i c i t y .  However ,  in  P a r t  3 the  a l k a l i n i t y  
rema ined  unchanged.  T o x i c i t y  d i f f e r e n c e s  due to  a l k a l i n -  
i t y  changes are no t  c o n s i d e r e d  i m p o r t a n t  a t  t h i s  t i m e .  
The 25 mg/L a d d i t i o n  o f  Ca ++ showed v e r y  d e f i n i t e  i n -  
h i b i t i o n  o f  Zn ++ t o x i c i t y .  S t u d e n t ' s  t - t e s t  showed 
s i g n i f i c a n c e  a t  95% c o n f i d e n c e  i n t e r v a l  f o r  mean m o r t a l -  
i t i e s  a t  a l l  Ca ++ c o n c e n t r a t i o n s .  
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The p o s s i b i l i t y  of Zn p r e c i p i t a t i o n  was e s s e n t i a l -  

ly  e l im ina ted  by a d d i t i o n  of Ca ++ as Ca(N03) 2. N i t r a t e  
ions do not p r e c i p i t a t e  Zn ++ out of  s o l u t i o n .  The twO 
con t ro l  tanks ,  Group A w i th  s o f t ,  tap water and Group B 
w i th  h ighes t  Ca ++ and NO 3- l e v e l s ,  showed no d i f f e r e n c e s  
in m o r t a l i t y .  Zinc t o x i c i t y  was not increased by NO 3- 
c o n c e n t r a t i o n s .  Flame AAS ana l ys i s  showed e s s e n t i a l l y  no 
change in Zn leve ls  in the t e s t  tanks.  These e x p e r i -  
ments demonstrated c o n c l u s i v e l y  t ha t  Ca ++ in s o l u t i o n  in -  
h i b i t s  the t o x i c i t y  of Zn ++ to P. promelas. The phys io -  
l o g i c a l  i n t e r a c t i o n s  of Ca ++ and Zn +§ have not been i n -  
v e s t i g a t e d ,  and long- term t e s t i n g  needs to be done on 
t h i s  problem. Water q u a l i t y  c r i t e r i a  f o r  "sa fe"  Zn ++ 
l eve l s  are a f f ec ted  by the a n t a g o n i s t i c  i n f l uence  of Ca ++ 
to the t o x i c i t y  of  Zn ++. 
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