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P o l y c h l o r i n a t e d  b i p h e n y l s  (PCB's)  are w idesp read ,  per -  
s i s t e n t  p o l l u t a n t s  o f  the env i r onmen t .  The u b i q u i t i o u s  
na tu re  and pronounced t o x i c i t y  o f  these compounds to 
b i o t i c  systems have focused a t t e n t i o n  on these sub- 
s tances .  S ince the p r ima ry  uptake o f  PCB's i n t o  the 
food cha in  occurs  a t  lower  l e v e l s  o f  the  a q u a t i c  com- 
mun i t y  (Ware and Add i sson ,  1973) ,  t h e i r  e f f e c t  and mode 
of  a c t i o n  on p h y t o p l a n k t o n  w a r r a n t s  f u r t h e r  i n v e s t i g a -  
t i o n .  

P rev ious  s t u d i e s  have p rov i ded  ev idence  o f  he te rogen-  
eous responses o f  p l ank ton  to PCB's (Moore and H a r r i s ,  
1972) .  Thus the growth o f  Skeletonema is  i n h i b i t e d  a t  
c o n c e n t r a t i o n s  as low as I0  ppb (Mosser et  a l . ,  1972) 
whereas Euglena g r a c i l i s  i s  u n a f f e c t e d  a t  t h i s  l e v e l .  
Such d i v e r s e  PCB t o l e r a n c e  data h a v e r e s u l t e d  in con- 
f u s i o n  as to the mode of  a c t i o n  o f  t h i s  t o x i c a n t  in  r e -  
l a t i o n  to phy top lank tono  

To a l a rge  e x t e n t ,  p o s t u l a t e d  mechanisms f o r  PCB i n h i -  
b i t i o n  are based a___priori on chemical  c h a r a c t e r i s t i c s  
common to a l l  c h l o r i ~  hydrocarbons  - a f f i n i t y  to 
membranes and a b i l i t y  to form hydrophob ic  membrane com- 
p l e x e s .  Th is  i s  apparen t  from the r a t i o n a l e  p rov ided  
f o r  data o b t a i n e d  from s t u d i e s  o f  m i t r o c h o n d r i a  and 
c h l o r o p l a s t s .  

Exper iments  w i t h  m i t o c h o n d r i a  i n d i c a t e  t h a t  the r e s p i r -  
a t o r y  process i s  a f f e c t e d  d u r i n g  PCB i n h i b i t i o n ,  a 
r e s u l t  a t t r i b u t e d  to i n v o l v e m e n t  o f  membrane enzyme sys -  
tems, a s s o c i a t e d  w i t h  o x i d a t i o n ,  or p o s s i b l y  to the 
membrane i t s e l f  ( P a r d i n i ,  1971) .  A decrease in phos- 
phate uptake w i t h  PCB exposu re ,  to the p o i n t  where the 
c e l l s  leaked phosphate was noted by Larson and T i l l b e r g  
(1975) .  

In v i t r o  i n v e s t i g a t i o n s  o f  c h l o r o p l a s t s  revea led  a de- 
crease in  the e v o l u t i o n  o f  oxygen a s s o c i a t e d  w i t h  
p h o t o s y n t h e s i s ,  a t  the 1 ppb l e v e l  (Lua rd ,  1973) .  Th is  
was i n t e r p r e t e d  in terms o f  PCB i n h i b i t i o n  o f  e l e c t r o n  
t r a n s p o r t  in  Photosystem I I  o f  the p h o t o s y n t h e s i s  u n i t .  
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More r e c e n t l y  however, F isher  (1975) repor ted  t ha t  a l -  
though there was a decrease in net pho tosyn thes i s  of a 
batch c u l t u r e  at the 0 . I  ppm PCB l e v e l ,  growth s tud ies  
i n d i c a t e d  no "per c e l l "  r educ t i on  in p h o t o s y n t h e s i s .  
The i m p l i c a t i o n  of these f i n d i n g s  is  t ha t  PCB's a f f e c t  
the ce l l  growth mechanism but not the p h o t o s y n t h e t i c  
process of the c h l o r o p l a s t .  F isher  suggested t ha t  the 
i n h i b i t o r y  ac t i on  may be due to i n t e r a c t i o n  of PCB's 
w i th  the c e l l ' s  membrane bound n i t r ogen  metabolism 
enzymes. 

Euglena g r a c i l i s  has been found to be r e l a t i v e l y  i n -  
s e n s i t i v e  to PCB's (Mosser, 1972). Ewald et a l .  (1976),  
repor ted t ha t  the growth of  Euglena g r a c i l i s  was un- 
a f fec ted  by I00 ppm PCB (A roc l o r  1242) on ~8 hours of 
exposure. 

I t  is the o b j e c t i v e  of t h i s  s tudy to determine the 
a f f e c t ,  i f  any, of  PCB (A roc lo r  1242) on the popula- 
t i on  growth ra te  of  Euglena g r a c i l i s ,  and also the 
k i n e t i c s  of i n h i b i t i o n  upon i n i t i a l  exposure. 

M a t e r i a l s  and Methods 

I .  Cell Popu la t ion  Growth 

Batch c u l t u r e s  of  Eu~lena ~ r a c i l i s z  Krebs s t r a i n  Z, 
were used to i nocu la te  200 mls of  c u l t u r e  media ( F i s h e r ,  
1975) which had p r e v i o u s l y  been spiked w i t h  0.01,  0 . I ,  
1.0 and I 0 .0  ppm Aroc lo r  1242 in a 0.5% ethanol so lu-  
t i o n .  Ethanol and e t h a n o l - f r e e  con t ro l s  were inc luded 
in the run. Cell counts ,  of  the c o n t r o l s  and e x p e r i -  
mental runs,  were conducted upon i n o c u l a t i o n  and sub- 
sequent ly  a f t e r  4, 6 and 8 days. These counts were 
made w i th  a " B r i g h t  L ine" haemocytometer and l i g h t  
microscope (IOOX). Each con t ro l  and exper imenta l  run 
was ca r r i ed  out in four  r e p l i c a t e  f l a s k s .  The c u l t u r e s  
were ma in ta ined ,  in cont inuous wh i te  f l u o r e s c e n t  l i g h t  
of  approx imate ly  1200 f o o t - c a n d l e s ,  at  25.2~ 

I I .  I n h i b i t i o n  K i n e t i c s  and Sodium Bicarbonate  
(C-14) Uptake. 

A batch cul~ure was grown to a c e l l u l a r  c o n c e n t r a t i o n  
of 9.5 x I0 ~ c e l l / m l .  The c e l l s  were then exposed tQ 
Aroc lo r  1242 fo r  va ry ing  lengths  of t ime p r i o r  to C 14 
i n t r o d u c t i o n .  

A l i q u o t s  ( I0  mls) of  suspension ( i . e .  9.5 x 106 c e l l )  
were added to each of nine t e s t - t u b e s .  Four of  these 
samples were then spiked w i th  a PCB-ethanol m ix tu re  to 
br ing the tube c u l t u r e  c o n c e n t r a t i o n  to I0 ppm PCB in 
0.5% e thano l .  Four more samples were t r ea ted  w i th  an 
equ i va len t  amount of ethanol less the PCB. The n i n t h  
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sample was u t i l i z e d  as a c o n t r o l .  I m m e d i a t e l y ,  one o f  
each o f  the  PCB-e thano l  and e t h a n o l  samples as w e l l  as 
the  c o n t r o l  sample ,  were t r e a t e d  (T=O h o u r s )  w i t h  C-14 
l a b e l e d  sodium b i c a r b o n a t e  ( e q u i v a l e n t  to 0 . I  ~ c / l O  ml 
t u b e ) .  S i m i l a r  p a i r s  o f  samples were l a b e l e d  a t  
T = I / 2 ,  2 and 4 h o u r s .  A l l  t ubes  were i n c u b a t e d  w i t h  
the  C-14 f o r  two h o u r s ,  i n  w h i t e  f l u o r e s c e n t  l i g h t  and 
then  k i l l e d  w i t h  2% f o r m a l d e h y d e  s o l u t i o n .  

Each t ime se t  and c o n t r o l  was r e p l i c a t e d  f o u r  t i m e s .  
T h i s  e n t i r e  p r o c e d u r e  was r e p e a t e d  f o r  a se t  o f  da rk  
c o n t r o l s .  

" L i g h t "  and "Da rk "  r uns  were then  c e n t r i f u g e d  to 
p e l l e t s ,  resuspended  in  f r e s h  s o l v e n t  and p i p e t t e d  on to  
f i l t e r s  wh ich  were d r i e d  under  hea t  lamps.  The l a t t e r  
were then coun ted  by a Beckman LS-IOOC L i q u i d  S c i n t i l -  
l a t i o n  C o u n t e r .  

R e s u l t s  

I .  Ce l l  P o p u l a t i o n  Growth 

The g rowth  da ta  f o r  ba tch  c u l t u r e s  a t  d i f f e r e n t  PCB 
c o n c e n t r a t i o n s  are shown in  Tab le  I ,  and i n d i c a t e  no 
i n h i b i t i o n  o f  g row th  a t  the  0 . 0 1 ,  0 . I  and 1 ppm l e v e l s  
o f  PCB. At t he  I0  ppm c o n c e n t r a t i o n  however ,  t h e r e  
was a d e f i n i t e  i n d i c a t i o n  o f  g row th  i n h i b i t i o n ,  wh ich  
was s t i l l  a p p a r e n t  a f t e r  8 days ,  by t he  absence o f  
l o g a r i t h m i c  g r o w t h .  The p e r c e n t a g e  o f  g row th  was e s t a b -  
l i s h e d  u s i n g  the  e t h a n o l  c o n t r o l  as the  r e f e r e n c e  
( F i g .  I ) .  

TABLE 1 

DAILY CELL COUNTS FOR EUGLENA GRACILIS EXPOSED 

TO VARYING LEVELS OF PCB IN "LIGHT" 

Sample 0 

C o n t r o l  

C o n t r o l  & e t h a n o l  " 

0.01 ppm PCB " 

0 . I  ppm PCB " 

1 ppm PCB " 

I0  ppm PCB " 

No. o f  Days o f  Exposure  

4 6 8 

1.3xlO 2 57 .4+9 ,5  242.2+49.1  378 .3+100 .4  

46 .5+11 .2  241 .3+50 .3  431.6+66.1  

60 .7+12 .7  300 .0+81 .4  375 .8+57 .2  

59 .9+16 .9  280 .0+49 .7  327 .5+71 .9  

42.0+8o0 215 .0+78 .3  330 .0+39 .9  

10 .2+3 .5  14 .1+3 .3  26 .6+6 .6  
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I I .  K i n e t i c s  o f  I n h i b i t i o n  

The t o t a l  C-14 up take  in  the  " l i g h t "  t u b e s ,  w i t h  v a r y -  
ing  degrees  o f  exposu re  to  the  PCB p r i o r  to  i n t r o d u c -  
t i o n  o f  t he  l a b e l e d  b i c a r b o n a t e ,  i s  shown in  F i g .  2. 

The p e r c e n t a g e  C-14 up take  w i t h  r e s p e c t  to  the  e t h a n o l  
c o n t r o l  i s  r e v e a l e d  in  F i g .  3 i n d i c a t i n g  a 30% i n h i b i -  
t i o n  on a d d i t i o n  o f  PCB (T=O) ,  i n c r e a s i n g  to 50% a t  
T = I / 2  h r .  However on l o n g e r  e x p o s u r e  to PCB, the  i n h i -  
b i t i o n  d e c r e a s ~  p r o p o r t i o n a t e l y  to  15% a t  T = 4 h r s .  

A b s o r p t i o n  (cpm) o f  C-14 in  the  " d a r k "  was i n s i g n i f i -  
c a n t  in  compar i son  to t h a t  f o r  the  " l i g h t "  runs  ( F i g s .  
2 and 4 ) .  

N e v e r t h e l e s s ,  i n c r e a s e d  d u r a t i o n  o f  exposu re  to  PCB in  
the  " d a r k "  caused a 33% dec rease  in  C-14 up take  as com- 
pared w i t h  the  e t h a n o l  c o n t r o l  ( F i g .  5 ) .  

D i s c u s s i o n  and C o n c l u s i o n s  

P o p u l a t i o n  t e s t s  i n d i c a t e  t h a t  a t  I 0  ppm PCB A r o c l o r  
1242) t h e r e  i s  a s i g n i f i c a n t  i n h i b i t i o n  in  the  g row th  
o f  Euglena g r a c i l i s ,  a r e s u l t  wh ich  on f i r s t  g l a n c e  
seems c o n t r a r y  to the  f i n d i n g s  o f  Ewald ,  W . G . ( 1 9 7 6 ) .  
However Ewald r e p o r t e d  no e v i d e n c e  o f  g row th  i n h i b i t i o n  
a t  the  end o f  48 h o u r s ,  whereas the  p r e s e n t  s t u d y  i n d i -  
ca tes  t h e r e  i s  no s i g n i f i c a n t  v a r i a t i o n  f rom the  con -  
t r o l s  u n t i l  t he  f o u r t h  day ( i . e .  96 hours  o f  i n c u b a t i o n )  
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and this is not completely manifested unt i l  completion 
of the sixth day of the test (Fig. l ) .  Consequently, 
i t  was concluded that lO ppm levels of PCB are toxic to 
Euglena grac i l i~  in long term batch growth. 

The kinetics of inh ib i t ion  reveal an interesting phen- 
omenon. On i n i t i a l  introduction of PCB, the photosyn- 
thet ic rate sharply decreased to 50% of that of the 
ethanol control (Fig. 3). However, after four hours of 
exposure, the algae had recovered. These data support 
the hypothesis of Fisher, N.S. (1975), that in standing 
cultures with PCB there is no "per cell photosynthetic 
i nh ib i t i on . "  

A clue to the mechanism of PCB growth inh ib i t ion  may 
l ie  in the C-14 uptake of cells in "dark" tubes (Figs. 
4 and 5). Wi th increased exposure to PCB's the cells 
absorb less bicarbonate. This effect can be attr ibuted 
to: 

l)  a metabolic change which influences the ease of 
di f fusion between the cells and the medium. 
or 

2) direct action of PCB on membrane permeability to 
bicarbonate. 

Indications from other recent experimental work asso- 
ciated with the mechanism for PCB t o x i c i t y  [Luard (1973); 
Ware and Addisson (1973); Fisher (1975); Larson and 
Til lberg (1975)] suggest such an influence on membrane 
function. 

Our experimental findings suggest that inh ib i t ion  of 
population growth does not l i e  d i rec t ly  in the photo- 
synthetic pathway despite the i n i t i a l  i nh ib i t i on  by 
PCB's on Euglena g rac i l i s  in " l i gh t " .  "Dark" absorp- 
tion of bicarbonate-appears to decrease with increased 
PCB exposure, This decrease may be causally related 
to the population growth inh ib i t i on  observed. 
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Summarz 

A r o c l o r  1242 is  i n h i b i t o r y  to l ong - te rm batch growth of  
Euglena g r a c i l i s  at  I0 ppm. Exposure to PCB's, subsequent  
to an i n i t i a l  drop of 50% in the f i r s t  30 minu tes ,  does 
not appear to i n h i b i t  p h o t o s y n t h e s i s  on a per c e l l  bas is  
over the t ime span of fou r  hours.  Consequent ly  our e x p e r i -  
mental f i n d i n g s  suggest  t h a t  i n h i b i t i o n  of  p o p u l a t i o n  
growth does not l i e  d i r e c t l y  in the p h o t o s y n t h e t i c  pa th-  
way desp i t e  the i n i t i a l  i n h i b i t i o n  by A r o c l o r  1242 on 
Euglena ~ r a c i l i s  in " l i g h t  . . . .  Dark" abso rp t i on  of  b i c a r -  
bonate appears to decrease w i th  increased PCB exposure.  
This decrease may be c a u s a l l y  r e l a t e d  to the p o p u l a t i o n  
growth i n h i b i t i o n  observed.  
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