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Dieldrin named after Otto Diels (famous codiscoverer 

of the Diels-Alder reaction) (1876-1954) is one of the 

most intensively investigated pesticides in environmental 

studies, due toits persistence and wide use. 

Like other insecticides, we need more information on 

the adsorption and uptake of this compound by single species 

of microorganisms from low concentrations as well as more 

data on toxic effects of higher concentrations in ecosystems. 

1 Mg �9 kg -1 is considered as a traceconcentration 

(PETROCELLI and ANDERSON, 1975) susceptible to biomagnifi- 

cation in food chains, compared to a LDso of 65 mg . kg -1 body 

weight. No degradation products could be round in various 

soil mlcroorganisms (VOCKEL and KORTE 1974), but by adsorp- 

tion e.g. to silica gel, the UV absorption maximum is shift- 

ed significantly from 193 nm to 264 nm (G~B et al., 1974). 

To find the most effective species or strain of several 

fresh water algae in eliminating dieldrin by adsorption, 

four strains of diatoms were compared with ten different 

species from the genera Scenedesmus and ~ o ~ ~ .  

0007-4861/78/0020-0313 $01.40 
�9 1978 Springer-Verlag New York Inc. 



MATERIALS AND METHODS 

1. C u l t i v a t t o n  

The followlng stralns of Chlamydomonas and SceneoEes: 

mus from the algal collection of the Instltute for Plant 

Physlologyat the Unlverslty of GSttlnEen (West Germany) 

w e r e  u s e d :  

Chlamvdomonas  r e t n h a r d i i  

Chlamydomonas  n o s t i g a m a  

ChlamTdo=ona ~ a~~re~ate 

Chlam7domona ~ frankll 

Chlam7domona s eugametos 

Scenedesmus acuminatus 

Scenedesmus ~cutlformls 

Scenedesmus dlspar 

Scenedesmus obllquus 

Scenedesmus quadrlcauda 

11-329; 
11-35.72 
11-2.72 
11-19.72 
11-519 
276-12 
276-11 
276-13 
276-3b  

2 7 6 - 4 b  

The followlng dlatom strains were taken from our laboratory 

collection: 

CTclotella c r y p t t c a  

Nitzschla spec. straln 15 

Nitzschia spec. strain 16 

NitzschAa spec. straln 23 

The algae were cultlvated in media as descrlbed else- 

where (WERNERand PAWLITZ, in preparatlon) at 20~ in a 

llght-dark reglme of 16 : 8. Light intensltywas lo.ooo lux 

for the green algae and 4.ooo lux for the diatoms. 

The cultures of 3oo ml were contlnuously aerated wlth 

2% C02 in air and cultlvated in llght-ther=ostats as des- 

cribed byWERNER (1966). 

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

14C-dleldrAn (An Braunschwelg) was 

received wlth a speclflc activlty of 85 mCi.mMo1-1, equi- 
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valent to 222 ~Cl . mg -I. The 14C-dleldrln sample, dis- 

s o l v e d  i n  b e n z e n e w a s  d r t e d  i n  a r o t a r y  e v a p o r a t o r  and  

r e d i s s o l v e d  i n  a c e t o n e .  Fo r  u p t a k e  e x p e r l m e n t s ,  14 t o  18 

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

f o  an  o p t i c a l  d e n s i t y  ( 1 . o o o  nm) o f  o . 5 o o ,  t r a n s f e r r e d  t o  

3o ml t e s t  t u b e s  and d i e l d r i n  a d d e d  f o  a f i n a l  c o n c e n t r a -  

t i o n  o f  o . o 3  ~CI . ml -1 c o r r e s p o n d l n g  f o  o .135  ~ g  . ml - 1 .  

D u r i n g  t h i s  i n c u b a t i o n  t h e  t e m p e r a t u r e  f o r  a l l  s t r a t n s  was 

25 ~ 1~ c o n t l n u o u s  l t g h t  l n t e n s i t y  3ooo l u x  and  t h e  

t u b e s  a e r a t e d  t h r o u g h  a p a s t e u r  p i p e t t e .  At t h e  r i m e s  

i n d t c a t e d  i n  F i g .  1 t o  3, a l i q u o t s  o f  t h e  s u s p e n s t o n s  w e r e  

c e n t r t f u g e d  a i  25oo x g f o r  l o  mtn (Scenedesmus  s t r a i n s  

and  d i a t o m  s t r a l n s ) ,  a i  45o0o x g f o r  l o  mln f o r  Chlamy-  

domonas s t r a i n s .  1 ml o f  t h e  s u p e r n a t a n t w a s  m i x e d w i t h  

5 ml d l o x a n e  s c f n t i l l a t o r  (WERNER e t  a l .  1975) ,  c o o l e d  

and  c o u n t e d  i n  a P a c k a r d  T r t C a r b  L t q u i d  S c i n t i l l a t i o n  

S p e c t r o m e t e r  Model 338o f o r  5 -1o  min.  The a v e r a g e  o f  t h r e e  

p a r a l l e l s  f o r  e a c h  s t r a i n  and e a c h  r i m e  was d e t e r m l n e d .  

As b l a n k s ,  n u t r l e n t  s o l u t i o n s  w t t h o u t  a l g a e  were  u s e d  and  

r e f e r r e d  t o  a s  a loo% v a l u e .  By a d s o r p t i o n  f o  t h e  g l a s s  

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

ed a l s o  i n  t h e  b l a n k s  d u r l n g  t h e  i n c u b a t i o n  p e r t o d  o f  6 

o r  27 h .  T h e r e f o r e ,  t h e  loo% v a l u e  o f  t h e  b l a n k s  had  f o  be 

d e t e r m l n e d  f o r  e a c h  r i m e .  

For  u s e  as  d e a d  c e l l s  ( l n  F i g .  1) o f  C y c l o t e l l a  

™  f r o z e n  s a m p l e s  ( -20~  w e r e  t hawed ,  r e s u s p e n d e d  

and  s e t  f o  an  o p t i c a l  d e n s i t y  o f  o . S o o o .  I t w a s  d e m o n s t r a t -  

ed by  c u l t i v a t i o n  t h a t  t h e s e  d i a t o m s  do n o t  s u r v i v e  t h t s  

p r o c e d u r e .  As a s h e l l  p r e p a r a t i o n  t h e  same amount  o f  

f r o z e n  c e l l s  w a s  h e a t e d  i n  a m u f f l e  oven  f o r  1 h a i  7oo~ 

t h e  r e m a t n i n g  s h e l l s  r e s u s p e n d e d  and  h o m o g e n i z e d  by  u l t r a  

sonlc treatment. 
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RESULTS AND DISCUSSION 

Within 1 h Nitzschia str. 16 and ~ella crvotica 

ellmlnated between 85 and 9o% of the dleldrln from the 

llquld with no further effect during the next five h (Fig 

1). The two other Nitzschla stralns (15 and 23) were signl- 

f�8 less effective during the first heur, but con- 

tlnued te adsorb the pesticide in the followlng time. The 

concentrationleft behlnd after 6 h by the two most effective 

Nitzschla stralns is 3-5 x lo -8 M. Dead cells of �99 

tella cryptlca leave only sllghtly more of the insecticide 

behlnd than living cells, indicating, that viability of 

the cells is net a prerequisite of adsorptlon te the cell 

surface. The shells of the dlatoms are also able te ad- 

sorb some dieldrln, but much less than living or dead 

cells. Thls means, that the organic materlal, associated 

with tB~ silica shells (e.g. blnding protelns, pectlc 

substances, chitan fibres) (WERNER 1970, WERNER 1977) may 

be involved in the adsorptlve propertles of the dlatom 

strains. 

With Scenedesmus species (Fig. 2) we flnd consi- 

derable differences in adsorptien of dieldrin. In general, 

all five species are less effective tB~n the diatoms (Fig. 

1). After I h only one out of rive strains had elimlnated 

more than 35% of the pesticides. Three out of rive species 

even leave about 5o% of the dleldrln in the liquld pb~se 

after 24 h. Only Scenedesmus acutiformis eliminates after 

that time as well as the diatom strains. 

All five species of the genus Chlamydemonas tested 

(Fig. 3) eliminate less than 40% of the dieldrin withln 

a 5 h period and only about 60% after 27 h. 

As expected, the concentration of dieldrin supplied 

was net toxic for the cells, since cell numbers increased 

during the 27 h perlod in Fig. 1 and 3, e.g. frem o.5 x Io 6 

cells . ml -1 te 1.75 x lo 6 cells . ml -1 with Chlamydomonas 

eugametes, from 1.65 x lo 6 cells . ml -1 te 4.0 x 1o 6 cells . 

ml -1 with Chlamvdomo~~s frankii and from 1.75 x lo 6 cells . 
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Ellmlnatlon of dleldrln from a 

3.5 x Io -7 M c o n c e n t r a t i o n  by: 

~~~~-E~-~ (dlatoms): 

@ �9 Nitzschia spec. strain 16 

W-...-™ Nitzschla spec. strain 23 

�9 ..... �9 Nitzschla spec. straln 15 

D ..... ~ C7clotella cryptica 

~- �9 -~ �99 cr~tica dead 

cells 

O 0 Cyclotella c r y D t i c a  shells 

~~~-E~-~ (Scenedesmus) 

s s Scenedesmus acuminatus 

�9 ..... @ Scenedesmus dlspar 

o ..... o Scenedesmus acutlformls 

D-.-.-U Scenedesmus quadrlcauda 

@-...-o Scenedesmus obllquus 

~~~~-E~_~ ( C h l a m y d o m o n a s )  

o o � 9 9  r e i n h a r d i i  

™  �9 - � 9  C h l a ~ f d o m o n a s  a ~ ~ r e ~ a t e  

D .... Q C h l a m y d o m o n a s  n o s t i g a m a  

�9 - - �9 C h l a m y d o m o n a s  e u g a m e t o s  

A . . . . .  ~ C h l a m y d o m o n a s  f r a n k i i  
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ml -1 to 4.2 lo 6 cells with Nitzschla spec. strain 16. 

0ur data with Cyclotella c ryptlca and dieldrln con- 

flrm the results wlth Chlorella and DDT, that living and 

killed cells adsorb very fast and to slmAlar extents 

(S~DERGREN 1968). Using even lower concentrations of 

dieldrin (0.05 to 7 ~g 1-1 ) but for periods of several 

months ROSE and MCINTIRE (197o) found an accumulation of 

1:3o.ooo in benthic algae. Calculated for our suspensions, 

already after I h an accumulation of more than 1:1o.ooo 

in a certain volume of diatom cells (Nitzschla spec. 

strain 16) compared to an equal volume of nutrient solu- 

tion must have occurred. Thls is considerably higher than 

those accumulation values (up to 1:27o) reported for two 

species of green algae and 2 species of cyanophytes (VANCE 

and DRUMMOND 1969), or the accumulation of 1:19o round by 

KEIL and PRIESTER (1969) with Cylindrotheca closterium and 

DDT. 

From out experiments, we could arrange the micro- 

algae used in ellminatlng dleldrln in the order: 

Nitzschia(better than) Scenedesn than) Chlamydomonas, 

but the results do not allow us to generallze these flndings 

to the level of algal classes (diatoms-green algae-flagel- 

lates) as also emphasized by BAUER (1972). 
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