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Differential Elimination of Phenol by Diatoms 
and Other Unicellular Algae from Low Concentrations 

D. Werner, and H. Pawlitz 
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Algae are essential constltuents of all comprehensive 

saprobic systems (LIEBMANN 1969; FJERDINGSTADT 1971; 

SLADECEK 1973) due to their dominant role in aquatlc bio- 

mass production. But out knowledge about the physlologlcal 

basis of the occurrence of the Indlcator specles in the 

varlous zones Is still rather incomplete. 

The number of new synthetlc chemical substances released 

into the environment is about 300 per year (HENSCHLER 1973). 

Thls is a signlflcant fraction of the number of metabollc 

Intermediates developed in organisms during the blologloal 

evolutlon over a perlod of several hundred million years. 

These environmental chemlcals are also metabollzed or de- 

graded by the action of a complicated interplay of biotlc 

and abiotic factors (KORTE et al. 1970). Also during these 

processes, blological as well as synthetir are 

diluted significantly, especlally in a water envlronment. 

Howeve~ out information is very scarr as to which dilution 

and from whlch lowest concentration of the varlous pollutants 

is still taken up by microalgae or bacteria and enters 

the food chain. There are many blologlcal phenollc cooepounds; 

we chose phenol itself, also an important chemical pollutant 

to determlne the dlfferential effir of several uni- 

cellular algae to el�8 this substance from low con- 

centrations (between 1o -7 and lo -9 M). 

We used non-axenic cultures, slnce these conditions 

resemble more the environmental situation ofalgae in streams 

or lakes in elimlnation (not uptake !)of a pollutant such as 

phenol, taking cultures without algal inoculum as blanks. 
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MATERIALS AND METHODS 

I. Cultlvation: 

The algae were cultlvated at 2o~ in liquld culture 

in llght-thermostats as descr�8 byWERNER (1966) in the 

following media: 

Cyclotella crvptica, Nitzschia spec. strain 15, strain 16 

and stra�8 23 according to WERNER (1969) but with 355 mg 

SiO 2 �9 1 -I . Scenedesmus obliquus WDT and Chlorella Dyre- 

noidosa 211-8b as described by BISHOP and SENGER (1971) 

wlth I ml trace element solution �9 1 -I from ERATZ and 

MYEaS (1955). 
Eu~lena gracills (CRAMER and MYERS 1952); Anac7stls nldulans 

(KRATZ and MYERS 1955); Chroococcus straln 6903 and 691o in 

the following medlum: (concentration as 1 "I) 15oo mE Na2N03; 

40 mg KH2P04; 75 mg MgSO 4 x 7 H20; 36 mE CaC12 x 2 H20; 

6 mE cltric acld; 6 mg NH4Fe - citrate| I mE EDTA; 20 mE 

Na2C03! Chlamydomonas reinhardli: per I medlum): 1oli mE 

KN03; 247 mE MgSO 4 x 7 H20; 14.7 mg CaC12 x 2 H20; 521 mg 

NaH2PO 4 x H20; 89 mE Na2HPO 4 x 2 H20; 61jug H3BO3;287/ug 

ZnSO 4 x 7 H20; 169 ~g MnSO 4 x H20; 2.49 ~g CuSO 4 x 

5 H20; 12.35jug (NH4)6Mo702~ x 4 H20. 

2. U p t a k e  s t u d i e s :  

At  t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t s  we a d d e d  t o  200 ml 

o f  g r o w i n g  c e l l  s u s p e n s i o n  ( o p t i c a l  d e n s i t y  ( l o o o  nu)  b e -  

t w e e n  o . 3  a nd  0 . 5  i n  t h e  PMQ I I  ( Z e i s s  s p e c t r o p h o t o m e t e r )  

e i t h e r  o . 3 4 / ~ C i  - 5 .1  x l o  - 8  M p h e n o l  o r  2 . 0 / ~ C i  U-14C-phe  - 

n o l  (Amersham B u c h l e r ,  B r a u n s c h w e i g ) -  3.  x l o - 7 M  p h e n o l .  

A t  t h e  t i m e s  i n d i c a t e d  i n  t h e  f i g u r e s ,  5 ml o f  t h e  s u s p e n -  

s i o n s  w e r e  c e n t r i f u g e d  a t  l o o o  x g f o r  l o  man,  1 ml  o f  t h e  

s u p e r n a t a n t  m i x e d  w i t h  5 ml d i o x a n e  s c i n t i l l a t o r  a n d  c o u n t e d  

i n  t h e  14C c h a n n e l  o f  a 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  ( P a c k a r d  

T r i C a r b  m o d e l  338o)  w i t h  q u e n c h  c o r r e c t i o n  by  c h a n n e l  r a t i o  

o f  t h e  e x t e r n a l  s t a n d a r d .  As a b l a n k ,  medium w i t h o u t  a l g a e  

was  u s e d .  
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RESULTS AND DISCUSSION 

F i g u r e  2. 

E l i m i n a t i o n  o f  p h e n o l  

( c o n c e n t r a t i o n  5.1 x 

10 - 8  M " 1 . 7  n C i .  m1-1) 

fron t h e  medium by 

diaton Symbols  

a s  F i g .  1. 

The g r o w t h  c u r v e s  ( F i g .  1) o f  t h e  diaton s p e c i e s  u s e d  

An t h e  e l i n  exper in  i n d i c a t e  by  t h e i r  c o n t i n u e d  

l o g a r i t h m i c  g r o w t h  (up  f o  a b o u t  3 x l o  3 u n i t s  o f  o p t i c a l  

d e n s i t y ) t h a t  t h e  c o n c e n t r a t i o n  o f  p h e n o l  u s e d  (5 .1  x l o  -8  M) 

i s  n o t  i n h i b i t o r y .  F u r t h e r  e x p e r i m e n t s  w i t h  u n l a b e l l e d  

p h e n o l  showed no i n h i b i t i o n  and  c y t o l o g i c a l  daoea~e i n  C y c l o -  

t e l l a  c r y p t i c a  w i t h  c o n c e n t r a t i o n s  up f o  4 x l o  -~  M (36 mg �9 

1 - 1 ) .  The elAn fron t h e  low c o n c e n t r a t i o n  ( F i g .  2) 
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p r o c e e d s � 8 7  on t h e  o t h e r  h a n d l w i t h  a l i n e a r  r a t e  i n  a l l  t h r e e  

s p e c � 8  u s e d  d u r i n g  t h e  72 h e x p e r i o e e n t .  P h e n o l  i s  e l i o e i n a t -  

ed  a f t e r  t h a t  t ioee by t h e  n e f f e c t i v e  s t r a i n ,  N i t z s c h i a  

s p e c .  I)-15 down t o  a o o n c e n t r a t i o n  o f  a b o u t  1 . 4  x lo-8M. 

The e l i n  k i n e t i c s  by  t h e  diatooe s p e c i e s ,  s t a r t i n g  

fron 3 x lo  -7  M c o n c e n t r a t i o n a i s  q u i t e  d i f f e r e n t  ( F i g .  3 ) .  
. y  
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Figure 3. Xllmlnation of phenol (concentration 3 x l o  - 7  M - 

l o  nCi- m l  -1) by diaton 
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Figure 4. 

Growth of green algae and 

flagella~es in the presence 

of 5.1 x Io "8 H phenol 

( 2 o  ooo  l u x ,  2o ~ C )  

�9 o Scenedesmus  o b l i q u u s  

Q - - -  n Chlamydomonae r e i n h a r d i i  

A --- ~ Chlorella Vul~aris 

�9 �9 Euglena gracilis 
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Cyclotella cryptica and Nitzschla straln D-15 show a llnear 

and rapid elimination during the flrst 24 h down to a con- 

centration of 2-3 x lo -8 M phenol, but then no further 

signlficant effect. The two other Nitzschia strains show 

a slightly increased activity durlng the flrst 6 h, then a 

constant elimination rate during a further 72 h period. Less 

than 2 x l o  - 8  M phenol is left by Nltzschia strain D - 1 6  

after that time in the medium. 
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Figure 5. 

Elimination of phenol 

(concentration 5. I x lo -8 M 

- 1.7 nCi.ml-~ from the 

medium by green algae and 

flagellates. 

S~bols as Fig. 4. 

Figure 6. 

Growth of blue-green algae in 

the presence of 5.1 x lo "8 M 

phenol. 

( 2 o  o o o  lux, 2 0  ~ C) 
o o Anacystis n i d u l a n s  

- - -  Z~ C h r o o c o c c u s  s t r a � 8  

691o 
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The c o m p a r i s o n  o f  t h e  e f f i c i e n c y  o f  d i a t o m s  w i t h  

f o u r  d i f f e r e n t  s p e c i e s  o f  g r e e n  a l g a e  i n d i c a t e d  r e m a r k a b l e  

d i f f e r e n c e s .  The g r o w t h r a t e  ( F i g .  4) a l s o  r o m a i n e  u n -  

c h a n g e d  up  t o  a n  o p t i c a l  d e n s i t y  o f  a b o u t  3 x l o  3 u n i t s  

a f t e r  a d d i t i o n  o f  t h e  p h e n o l .  The e l i m i n a t i o n  o f  t h i s  

compound by S c e n e d e s m u s  o b l i q u u s ,  C h l o r e l l a  p y r e n o i d o s a  

a n d  E u g l e n a  g r a c i l i s  p r o c e e d s  v e r y  r a p i d l y  i n  t h e  f i r s t  

6 h t o  c o n c e n t r a t i o n s  o f  5 -8  x l o  - 9  M. T h i s  r e s i d u a l  c o n -  

c e n t r a t i o n  r e m a i n s  f a i r l y  c o n s t a n t  d u r i n g  t h e  f o l l o w i n g  

66 h. Chlamydomonas reinhardi�8 is ineffective in eliminatlng 

phenol. The suspension with the same optical denslty as the 

other green algae ellminates only about oneslxth of the 

phenol of those other algae durlng the first 6 h of the 

experiments (Fig. 5). 

The c a p a c i t y  o f  t h e  b l u e - g r e e n  a l g a A n a c y s t i s  n i d u -  

l a n s  t o  e l i m � 8  p h e n o l  ( F i g .  7) � 8  c o m p a r a b l e  t o  t h a t  o f  

t h e  m o s t  e f f e c t i v e  a l g a ,  w h i l e  Chroococcu@ s t r a i n  691o i s  

s i g n i f i c a n t l y  l e s s  a c t i v e .  The g r o w t h  o f  b o t h  s t r a i n s  

is similar (Fig. 6). 
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- 1 . 7  n C i - m r l ) f r o m  t h e  medium by b l u e - g r e e n  a l g a e .  

Symbol s  a s  F i g .  6. 
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Figure 8. 

Efficiency of unicellular algae ineliminating p h e n o l  

( 5 . 1  x l o  -8  M) f rom t h e  medium.  P e r  c e n t  o f  p h e n o l  l e f t  

i n  t h e  medium a f t e r  72 h (2o  ooo l u x  a n d  5 ooo l u x )  a n d  

after ~Bh (dark experiments) 

A: I= Blank (wlthout algae) 

2= Chlam7domonas reinhardii 

3= Nltzschia spec. strain 16 

4: Cyclotella cr7ptlca 

5: Chroococcus straln 691o 

6: Nitzschia spec. straln 15 

7: Euglena gracilis 

8: Scenedesmus obliquus 

9= Chlorella vul~aris 

1o: Anacystis nidulans 

B: 1: Blank 

2: Chlamydomonas reinhardil 

3: Nitzschia spec. st. 23 

4= C h r ~ o c o c c u s  s t .  691o  

5= Nitzschia spec. st. 15 

6: C h r o o c o c c u s  s t .  6 9 0 3  

7r C 7 c l o t e l l a  c__r7pt tca 

8= S c e n e d e s m u s  o b l l q u u s  

9 1 C h l o r e l l a  v u l ~ a r i s  

l o :  E u g l e n a  g r a c i l i s  

11= A n a c y s t i s  n i d u l a n s  

C: I: Blank 

2: Chlamydomonas relnhardli 

3: Nitzschla spec. straln 23 

4: Nitzschia spec. strain 16 

5= Cyclotella r 

6= S c e n e d e s m u s  o b l i q u u s  
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7= EuKlena  K r a c i l i s  

8= C h l o r e l l a  v u l ~ a r i s  

9 1 C h r o o c o c c u s  s t r a i n  691o 

l o :  C h r o o c o c c u s  s t r a i n  69o3 

11I N l t z s c h i a  s p e c .  s t .  15 

12= A n a c y s t i s  n i d u l a n s  



Fig. 8 summarizes the experiments already descrlbed 

and several others using the same methods, oomparlng the 

eliminatlon capacity of 11 different algal strains in the 

l�8 and in the dark. Anac7stis nidulans, Euzlena g_~ 

Ils, Chlorella pyrenoldosa and Scenedesoeus ~ are 

the most efficient stralns leaving under the various con- 

ditions not more than about 5 x Io -9 M phenol in the 

medium. 

ChlamTdomonas relnhardil and the Nitzschla stralns 

16 and 23 are by far the least effective specles. With 

all strains used, the phenol elimlnation proved tobe llght 

independent. 

O t h e r  s t u d i e s  on t h e  u p t a k e  and  m e t a b o l i s m  o f  p h e n o l  

by  b a c t e r i a  and  u n i c e l l u l a r  a l g a e  w e r e  m a i n l y  c e n t r e d  on 

t h o s e  c o n c e n t r a t i o n s ,  wh ich  s i g n i f i c a n t l y  s t i o e u l a t e d  o r  
i n h i b i t e d  g rowth  and  m e t a b o l i c  a c t i v i t y .  Pseudomonas  a e r u -  

ginosa gave no increase in respiration at concentrations 

less than I x Io -4 M compared to 6 rimes higher respira- 

tory activity at about 8 x 1o -3 M phenol (RIBBONS 197o). 
Growth of Chlorella vul~aris was affected by some phenolic 

substances at concentrations as low as 5 x 1o -5 M, but 

phenol itself inhibited growth only at the rather high 

concentration of 1o -3 M (DEDONDER and VAN SUMERE 1971). 
Even slud~e samples were affected by concentrations of 

about Io -~ M phenolics (BAIRD et al. 1974), whereas condl- 

tioned sludges can metabolize concentrations up to 5oo mg �9 

1 -I (about 5 x 1o -3 M (Mc KINNEY et al. 1956). The present 

work shows that I~C labelled phenol is eliminated by some 

algae in concentrations as low as 5 x 1o -9 M which is one 

hundred rimes lower than the concentration that can be 

determined chemically using 4-nitroaniline (MERCK 1976). 

This finding might be specially important when using 

aquatic organisms as indicators (SOEDER 1972, VILEGAS and 

DEGINER 1974), and for the elimination of pesticides (KEIL 

and PRIESTER 1969; SEIDEL 1974, REDDY and KHAN 1975) from 

low concentrations well beyond the range (Io -3 - 1o -7 M) 

used in most other recent work. 
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The present work does not exclude the possibility, 

that semi-symbiotic associations of algae with bacteria, 

located at the surface of the algal cells, are responsible 

for the high efficiency of elimination from low concentra- 

tions. 
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