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A tox i c i t y  test  with marine test organisms is useful for sub- 
stances, who,s future application is the marine environment 
(Henke 1986). Here a method is described which deals with 
marine organisms, who play an important part in the marine 
ecosystem: the bacterivorous f lagel lates.  Several investiga- 
t ions of the last decade ver i f ied the i r  s ign i f icant  role in 
marine food webs as a l ink between bacterial degradation of 
organic material and animals of higher trophic levels (Fenchel 
1982). That is the reason, why i t  seemed correct to use these 
organisms for toxicological  studies. The presented method is a 
modified growth inh ib i t ion  test with simiIar sens i t i v i t y  as 
other tests and a easy to evualate. 

The test  is based on the fact, that bacteria required for the 
growth of bacterivorous f lagel lates are less sensit ive to low 
concentrations of chemicals, as previously described by Bring- 
mann and K@hn (1970). A small population of about 100 f lagel-  
lates per mL grows into a dense population of >I06-I07/mL, i f  a 
suf f ic ient  ("threshold") concentration of bac-teria of about 
107/mL is present. Such a bacterial t i t e r  arises, when a 
moderate but su f f ic ient  growth of bacteria is stimulated by 
supplementation with an easy degradable C/N-source. A dense 
f lagel la te population of >10~/mL is easyly detected by micro- 
scopic examination in a counting chamber (2 per single counting 
square). Moreover, in most cases such a dense f lagel la te popu- 
lat ion is v is ib le  by the clearance of the water. The propa- 
gation of such a dense f lagel late population can be inhibi ted 
by toxicant concentrations, which are too smal! for hindering 
of bacterial growth but su f f ic ient  for f lagel late inh ib i t ion .  

MATERIALS AND METHODS 

A mixed population of marine bacterivorous nanoflagellates were 
obtained by col lect ing 500 mL seawater from the station "Cable- 
bouy, Helgoland, FRG" along with food organisms (bacteria e tc . ) .  
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The sample w i l l  be cu l tu red at 18 o C in the dark on a shaker 
u n t i l  i t  had grown upto a concentrat ion of 10 f l a g e l i a t e s  per 
mL using a supplementation of 0.5 g of peptone per l i t e r  of 
seawater. A f te r  I day a concentrated bac te r ia l  populat ion was 
v i s i b l e  by i t s  op t i ca l  densi ty  (OD), and a f t e r  I -2 more days 
the f l a g e l l a t e  grazing had cleared the bac te r ia l  populat ion.  
Such water contained about 107 f l a g e l l a t e s  per mL. This enr ich-  
ment cu l tu re  was d i l u ted  down to a concentrat ion of 1000 f l a -  
ge l la tes  as stock cu l tu re .  Glass bo t t les  (20 mL volume, f i l l e d  
wi th 9 mL tes t  medium: 0.5 g peptone per l i t e r  seawater and a 
f i xed  concentrat ion of tox i can t )  were inoculated with I mL f l a -  
ge l l a te  stock cu l tu re  and cu l tu red  at 18 o C in the dark on a 
shaker ( s t a r t i n g  populat ion:  100 f l a g e l l a t e s  and an unknown 
number of bacter ia  per mL). 

Each day the cu l tu res  were examinated by phase-contrast-micro-  
scopy at 400x magni f ica t ion fo r  f l a g e l l a t e s  growth using a Pe- 
t ro f f -Hausser  count ing chamber (C.A.Hausser & Sons., Ph i l a . ,  
USA). The tested tox i can t  concentrat ion was judged nontoxic 
when > 2 f l a g e l l a t e s  per counting square (> 5 x 10 mL of cu l -  
ture)  w-ere present in the counting chamber w ~ l e  cu l tu res  wi th 
smal ler f l a g e l l a t e  content were judged t o x i c .  

The method presented was used fo r  several t o x i c i t y  tes t i ngs  and 
the resu l t s  were compared wi th the bioluminescence i n h i b i t i o n  
of Photobacterium phosphoreum (Microtox t es t ,  ca r ry ing -ou t  as 
described prev ious ly  by Krebs 1983) and the mor ta l i t y  t es t  of 
the br ine shrimp Artemia sp. (method described by Henke 1987). 
Heavy metals, phenol, and sur fac tants  were selected as t es t  
substances because t o x i c i t y  values of most of them derived from 
the tes t  systems l i s t e d  above were ava i lab le .  

RESULTS AND DISCUSSION 

In most cases the cont ro l  ser ies wi thout  t ox i can t  reached the 
dense f l a g e l l a t e  level  of > 105/mL a f te r  2 days represent ing a 
growth period of 0.29 d. Cul tures wi th increasing concentra- 
t i ons  of tox i can ts  showed increasing delays to reach t h i s  dense 
concentrat ion,  but most ser ies wi th untox ic  concentrat ions of 
the tested substances reached i t  not l a te r  than 5 days. The I l -  
mit  of 7 days represent ing an enlarged m u l t i p l i c a t i o n  rate of  
0.71 d was not found at any of the tes t  ser ies .  Therefore, i t  
seemed correct  to use t h i s  7 d l i m i t  fo r  the f i n a l  cont ro l  of 
the cu l tu res  and to judge the enlargement of the generat ion 
time over 0.71 d as t ox i c  e f fec t .  

The comparision of the tes t  system presented here wi th other 
systems deal ing wi th  marine t es t  organisms is l i s t e d  in tab le  
I .  The most sens i t i ve  tes t  was the bioluminescence t es t  (excep- 
t i on :  CTAB). Unfor tunate ly ,  the disadvantage of  t h i s  tes t  is 
the missing measurment of a c l ea r l y  t ox i c  e f f ec t ,  because bio-  
luminescence reduct ion is d e f i n i t e l y  not s im i l a r  wi th " i l l n e s s "  
of the organism (LUmmen 1988). Nevertheless, bioluminescence 
i n h i b i t i o n  is very sens i t i ve  and gives s im i l a r  t o x i c i t y  ran- 
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Table I. Tox ic i ty  data from 3 tes t  methods with marine tes t  or- 
ganisms; ECfla_to x = tox ic  concentration range against f l age l -  
lates, EC50 = concentrat ion of 50% luminescence inh ib i t i on ,  
LDart_to x = le ta l  dosis for  50% tested Artemia; tested surfac- 
tants are TL-2 = trehalose-dicorynomycolate, CTAB = c e t y l t r i -  
methyl-ammoniumbromide, E09 = nonylphenol-ethoxylate 9, E04.5 = 
nonylphenol-ethoxylate4.5, Pr i l  = cleaning surfactant,  Corexit  
and Finasol = o i l  dispersants 

Testorganism: 
Nanoflagellates Bakteria 
mixed population P. phosph. 

Shrimp larvae 
Artemia s~. 

Test- ECfla_to x EC50 LDart_to x 
substance (ppm) (ppm) (ppm) 

Heavy metals 
ZnS04-7 H20 23 - 115 0.43 
CUS04-5 H20 13 - 19 0.08 

Phenoi 500 - 1000 26 

Surfactants 
TL-2 500 - 1000 63 10000 
CTAB I 5 86 
E09 60 - 80 78 
E04.5 15 - 20 79 
Pr i i  10 - 50 35 I0 
Corexit 9527 50 - 100 5 162 
Finasol OSR5 13 - 50 7 34 

kings as other methods (Liu and Dutka 1987). The LD50-values of 
the mor ta l i ty  of the brine shrimp Artemia are in the same range 
as the ECfla_tox-data (exception: TL-2~. 

The t o x i c i t y  tes t  described is a useful completion of the known 
methods. I t  measures a c lear ly  tox ic  e f fect  on an important 
organism of the ecosystem. A s ign i f i can t  advantage of the tes t  
procedure is i t s  easy rea l iza t ion  and no requirements of expen- 
sive instruments. Moreover, there is hardly no need for  s t e r i l e  
working, because the presence of bacteria in the tes t  medium is 
necessary for  the propagation of prey organisms. 
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