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The r a p i d t y  i n c r e a s i n g  w a s t i n g  of m e r c u r y  and m e r c u r i c  c o m p o u n d s  
into n a t u r a l  w a t e r s  (1, 2) r a i s e d  the ques t i on ,  of w h e t h e r  the  r e p r o d u c t i o n  
of aqua t i c  a n i m a l s  i s  a f f e c t e d  by t h e s e  s u b s t a n c e s .  The p r e s e n t  c o m m u -  
n i c a t i o n  d e a l s  w i th  the e f fec t  of p h e n y l m e r c u r i c  a c e t a t e  upon the f r e q u e n c y  
of ha tch ing  and the t i m e  r e q u i r e d  for  d e v e l o p m e n t  of eggs  f r o m  z e b r a -  
f i s h e s .  

M a t e r i a l s  and Methods  

About 400 sexually mature zebrafishes (Brachydanio rerio) with a 
slight excess of mmes have been used for the experiments. The animais 

were distributed amongst thirteen experimental groups. Each g�9 was 

kept in a funnel-shaped polythene-container having a total volume of about 

30 liters. The diameter of the container was 36 cm, and the slope of the 
w a l l s  wi th in  the funnel  54 ~ At  th i s  i n c l i n a t i o n  the eggs  r o l l  a long  the 
w a l l s  and a r e  c o l l e c t e d  in the  n a r r o w  p a r t  of the  funnel .  The  b o t t o m  p a r t  
of the funnel  opened  into a PVC- tube ,  ending  in a c on i c a l  f l a s k .  Wi th in  
the c o n t a i n e r  t h e r e  w a s  a ne t  bag ,  ruade f r o m  nylon,  p r e v e n t i n g  the f i s h e s  
f r o m  r e a c h i n g  the w a l l s  and the deep  p a r t s  of the funnel  but  p e r m i t t i n g  the  
p a s s a g e  of the e g g s .  Once a day  the a n i m a i s  w e r e  g iven  d e e p - f r o z e n  cod 
r o e .  The w a t e r  u s e d  c o n s i s t e d  of 2 p a r t s  of t ap  w a t e r  f r o m  the town of 
U p p s a I a  ( to ta l  h a r d n e s s  in G e r m a n  d e g r e e s  13-16) and ,  in o r d e r  to 
d i m i n i s h  the  h a r d n e s s ,  1 p a r t  of d i s t i l l e d  w a t e r .  The  w a t e r  w a s  c o n -  
t i n u o u s l y  a e r a t e d  and r e n e w e d  once  a week .  The  spawning  thus  took 
p l a c e  in  n o n - p o l l u t e d  w a t e r .  The t e m p e r a t u r e  of the  w a t e r  w a s  t h e r m o -  
s t a t i c a l l y  r e g u l a t e d  at  +27~ By m e a n s  of b l a c k  c u r t a i n s  and e l e c t r i c a l  
l i gh t s  the a n i m a i s  w e r e  s u b j e c t e d  to a d iu rna I  cyc l e  wi th  12 h o u r s  of 
d a r k n e s s  t h roughou t  the y e a r .  

The contents of the conical flasks below the aquaria were collected 
once a day. The eggs obtained were counted, and every second egg 
transferred to a petri dish containing non-polluted, aerated water. The 

remaining eggs were placed in aerated water containing i0, 20, or 50 ng 
of phenylmercuric acetate per g (corresponding to 3.0 x 10 -8, 6.0 x 10 -8, 
and I. 5 x 10 -7 M-solutions). At each of these concentrations all the 

thirteen groups of fishes were represented by approximately the saine 
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number  of eggs.  The d ishes  contained at the mos t  2 eggs pe r  ml of 
Z0.5~ wate r  and were  kept at  +27 ~ + 

The wate r  in the d ishes  was  renewed,  and the dead eggs we re  
r e m o v e d  once a day. The number  of dead and hatched eggs we re  counted 
once a day until  no fur ther  hatching occu r r ed .  Tota l ly  about 2700 eggs  
we re  studied.  The pol luted wate r  was p r e p a a e d  f rom 3.0 x 10 -5 M 
s tock-so lu t ion  of C6H5Hg02C2H3 (Hopkins & Wf l l i ams ,  L td . ) .  

Resu l t s  

As seen f rom Table 1 the f requency of hatching is  s igrdf icant ly  
higher  in wa te r  containing 10 ng p h e n y l m e r c u r i c  ace ta te  pe r  g than in the 
con t ro l s .  At a concentra t ion  of 20 ng per  g of wate r  the f requency of 
hatching is  the same as  in the con t ro l s ,  and none of the s tudied eggs  
surv ived  at a concentra t ion  of 50 ng /g  (Table 1). 

Table  1 

The effect  of p h e n y l m e r c u r i c  ace ta te  upon f requency of hatching of 
eggs f rom zeb ra f i she s .  The eggs  have been f e r t i l i z e d  in non-pol lu ted  
wa te r  and then l : r ans fe r red  into wa te r  containing p h e n y l m e r c u r i c  ace ta te .  

ng phenyl -  Total  Per Number Number  
m e r c u r i c  number  cent of eggs of eggs  
ace ta te  of eggs of eggs hatched,  hOt 
pe r  g of studied,  hatched,  hatched.  
wa t e r .  

Ana lys i s  

2 
:X p 

0 486 39 187 299 
5.770 < 0. 025 

10 486 46 224 262 

0 739 30 224 515 
0,012 ~ 0 .90 

20 739 31 226 513 

0 138 34 47 91 56. 646 < 0. 0005 
50 138 0 0 138 

Most  eggs hatch about three  days  af ter  f e r t i l i za t ion .  However ,  the 
f requency of eggs hatching up to and including the t h i rd  day a f te r  f e r t i l i -  
za t ion is  s ignif icant ly  higher in wa te r  containlng 10 and 20 ng p h e n y l m e r -  
c u r i c  ace ta te  pe r  g than in non-pol lu ted  wate r  (Table 2). 
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Table 2 

The effect of phenylmercur ic  acetate upon the time requ i red  for 
development f rom fert i l izat ion to hatching of eggs f rom zebraf ishes .  The 
eggs were fer t i l ized in non-polluted water  and then t r an s f e r r ed  into water 
containing phenylmercur ic  acetate.  

ng phenyl- Total Eggs hatched up Eggs 
m e r c u r i c  number to and including hatched 
acetate of the third day f rom the 
per g of hatched after  fer t i l izat ion fourth 
water  eggs day on. 

Per cent Number Number 2 
:x: 

Analysis 

P <  

0 187 46 85 102 
20.138 0.0005 

10 224 67 151 73 

0 224 42 93 131 
20 226 62 141 85 19.667 0.0005 

Dis cus sion 

Brachydanio r e r io  was used for the exper iments  as this species 
produces eggs throughout the year ,  is easy  to breed,  and has a rapid and 
caxefully studied development (3). The m e r c u r i c  compound studied, used 
in pulp and paper manufacture,  has been chosen for pract ica l  r easons ,  as 
f ishes seem to incorporate  m e r c u r y  more  efficiently when the pollution 
cornes f rom pulp and paper fac tor ies  than f rom chlorine fac tor ies  (4). 
However, in aH species of f ishes  studied so fax a lmost  100 per cent of the 
m e r c u r y  found exist  as methyl m e rcu ry  (5, 6), ixrespect ive of the fo rm of 
mercury occurring in the environment. The explanation may be found in 
the fact that, liver homogenates (7) as well as aquatic microorganisms 
(8, 9, I0, 11) axe able to methylate mercury. Moreover, also a non- 
enzymatic transfer of methyl groups from Co I I E to Hg ++ may occur in 
biological systems under reductive conditions (ii). 

Phenylmercur ic  acetate is used indus~ia l ly  because of its bac te r i -  
cidal and fungicidal activity. The increased  hatchability in water  con ~ 
taining 10 ng phenylmercur ic  acetate per g, therefore ,  may be due to a 
decrease  in effect of the aquatic m i c r o o r g a n i s m s  upon the developing 
eggs. However, i t i s  also possible that low concentrat ions of m e r c u r i c  
compounds may increase  the hatchability in other ways as well. Thus, 
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Borg (12, 13) found the hatchability of eggs from pheasants "to be slightly 
increased after feeding with mercury- t rea ted  seed for a few days but 
impaired after more prolonged mercury  feeding. " 

The studied concentrations of phenylmercuric acetate axe much 
higher than those up to present  found in fresh water in nature, 0.01-0. i 
ng Hg/g (14), 0. 01 ng Hg/g (15), 0.13 ng Hg/g (2), 0.02-0. 21 ng Hg/g 
(16), 0. 02-0. 12 ng Hg/g (17) and in rainwater,  0.2 ng Hg/g (i8). How- 
ever,  recent studies indicate that even much lower concentrations of 
mercur ic  compounds will distttrb the reproduction of fishes in other ways. 
These latter resul ts  will be published elsewhere. 
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