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Use of organic solvents in pesticide bioassays is often 
necessary due to the low water solubility of many of these com- 
pounds. However, it has been shown that the solvent carrier 
used can have a significant effect on the response of a test 
organism to pesticides (MAJEWSKI et al, 1978, DALELA et al. 
1979). Recently, a method was reported for analyzing the 
effects of solvent-pesticide combinations (BURRELL 1980). 
This involves treating an organism with various concentrations 
of solvent, and the same concentrations of solvent combined 
with one level of test pesticide. The net pesticide effect is 
determined by calculating the per cent inhibition in each solvent- 
pesticide treatment with reference to activity in the corresponding 
solvent control. Theoretically, the inhibition calculated at each 
level of solvent should be the same since all systems contain the 
same concentration of pesticide and all data are calculated using 
the appropriate solvent controls. This would be indicative of an 
additive interaction between the solvent and pesticide. Inhibi- 
tion values significantly higher than expected represent synergism, 
and those significantly lower than expected represent antagonism 
(BURRELL 1980). 

This technique has been used to evaluate the e f f e c t s  of 
ace tone -pes t i c i de  combinations towards euca ryo t i c  fungi (BURRELL 
& CORKE 1980) and p roca ryo t i c  cyanobacter ia  (STRATTON et  a l .  
1980). With these organisms, acetone i n te rac t s  w i th  t es t  p e s t i -  
cides both a d d i t i v e l y ,  s y n e r g i s t i c a l l y ,  and a n t a g o n i s t i c a l l y ,  
depending on the so lvent  concent ra t ion  used. The se lec t i on  o f  a 
so lvent  concent ra t ion  that  does not i n t e rac t  a d d i t i v e l y  w i th  the 
candidate p e s t i c i d e  w i l l  r e s u l t  in e i t h e r  a low or high ca lcu-  
la ted ECso va lue,  which can lead to erroneous conclusions 
regarding the t o x i c i t y  o f  the tes t  compound (STRATTON e t a ] .  
1980). 

The purpose of this study was to determine whether this 
solvent-pesticide phenomenon also occurs with another major 
group of nontarget microorganisms - the eucaryotic, unicellular 
green algae. Acetone was used as the test solvent, as it is the 
solvent of choice in many microbial pesticide bioassay experiments 
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(PARASHER et al. 1978). The pesticides used included the 
insecticide permethrin, which is being evaluated as a possible 
mosquito larvicide (HERALD et al. 1980), and the herbicide 
atrazine, whose residues can be found in most aquatic ecosystems 
(FRANK & SIRONS 1979). 

MATERIALS AND METHODS 

Test organisms used were the green algae Chlorella pyrenoidosa 
and Scenedesmus quadricauda, which were obtained from the 
Department of Botany and Genetics, University of Guelph, Guelph, 
Ontario, Canada. Cultures were grown in the medium described by 
STRATTON & CORKE (1979), supplemented with ].5 g NaNO 3 L -]. All 
experimental flasks were incubated at 22~ and a light intensity 
of 7000 lux on a 12 h light-dark cycle. Test chemicals used were 
the solvent acetone (glass distrlled pesticide research grade) 
and the pesticides permethrin (technical grade, Chipman Chemicals 
Ltd., Stoney Creek, Ontario, Canada) and atrazine (technical grade, 
Ciba-Geigy of Canada Ltd., Cambridge, Ontario, Canada). 

Photosynthesis was used as the test criterion and was 
quantitated by following the uptake of 14C02 from NaHI4C03, as 
previously outlined (STRATTON et al. 1980). The final lO mL 
volume of mixture contained l x I05 cells/mL and O.l ~Ci (l Ci = 
37 GBq) of radioactivity/mL. Pesticide concentrations used were 
IO0 mg L -l permethrin for both algae and 0.3 mg L -l atrazine for 
S. quadricauda and 0.5 mg L -l atrazine for C. pyrenoidosa. Each 
c--oncentration of pesticide was combined wit~ acetone concentrations 
of 0.l, 0.2, 0.4, 0.6, 0.8 and ].0% (v/v). Each pesticide was 
dissolved in acetone and added to test systems to give an acetone 
concentration of 0.1%. Additional acetone was added directly to 
reaction systems to yield the final concentration desired. Data 
were analyzed by the solvent-pesticide interaction method pre- 
viously reported (BURRELL & CORKE 1980, STRATTON et al. 1980). 
Each treatment was replicated five to ten times and all signifi- 
cant differences were determined using Duncan's multiple range 
test (P = 0.05), as outlined by BLISS (1967). 

RESULTS AND DISCUSSION 

Acetone alone was not inhibitory to either ~. quadricauda or 
C. pyrenoidosa. Photosynthetic activity in these cultures was 
stimulated above 0.2% acetone, and a stimulation of 30-40% was 
reached at 1.0% acetone. 

This solvent is an organic polar compound that can extract 
molecules from cell membranes. It removes phospholipids from 
the membranes of animal cells (ASHWORTH et al. 1966) and may 
extract sterols from the cell membrane of fungi (BURRELL & CORKE 
1980). Acetone also causes ultrastructural damage and a dis- 
integration of the plasma membrane in C. pyrenoidosa (PARASHER 
et al. 1978) and Anabaena sp.(STRATTON--et a]. 1980). These 
observations suggest that acetone can alter the permeability of 
cells through the extraction of selected membrane components. 

Stimulation of photosynthetic activity induced by acetone 
could be related to membrane damage. Increased membrane 
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Table I. Acetone-pesticide interactions towards photosynthesis 
in green algae.* 

Acetone S. quadricauda C. pyrenoidosa 

conch (% v/v) permethrin atrazine permethrin atrazine 

O.l 7.2 a 55.3 a -8.7 a 75.3 a 

0.2 -3.2 a 52.2 a 4.5 a 78.7 a 

0.4 1.6 a 70.3 b 6.9 a 68.4 c 

0.6 6.3 a 73.7 b -3.3 a 80.7 a 

0.8 -2.6 a 77.5 b -14.3 a 87.3 b 

l.O -0. I a 75.6 b 7.9 a 83.6 b 

*Table values (net pesticide effect) are mean per cent inhibition, 
calculated with reference to act'ivity in those systems containing 
only the appropriate level of acetone, a--these values do not 
differ significantly (P = 0.05) from that calculated at 0.1% 
acetone and are considered as additive; b--these values are 
significantly greater than that calculated at 0.1% acetone and 
are considered as synergistic; c--these values are significantly 
lower than that calculated at 0.1% acetone and are considered as 
antagonistic. 

permeability could result in an increase in the rate of CO 2 
diffusion into the algal cells. This would result in a stimulation 
of photosynthetic activity, since CO 2 diffusion is the major rate 
limiting step in this process (ZELITCH 1975). 

Data for the effects of acetone-pesticide combinations are 
outlined in Table I. Acetone and permethrin interacted in an 
additive manner towards both algae at all levels of solvent assayed. 
Therefore, any concentration of acetone between O.l and 1.0% can 
be used in toxicity assays involving permethrin and these algae, 
providing that the data are calculated with reference to the 
appropriate solvent controls. These results are comparable to 
those obtained in a study of the effects of mixtures of acetone 
and permethrin towards photosynthesis and nitrogenase activity in 
the cyanobacterium Anabaena inaequalis (STRATTON et al. 1980). 

Acetone and atrazine combined to produce a more complex 
series of responses with the two green algae (Table l). With S. 
quadricauda., acetone and atrazine interacted additively at O.l and 
0.2% acetone, and synergistically above 0.2%. With C. pyrenoidosa, 
an additive response was obtained with O.l, 0.2, and 0.6% acetone. 
Antagonism was observed at 0.4% and synergism at 0.8 and 1.0% 
acetone. Consequently, an acetone concentration of 0.2% (v/v) 
should be used in bioassay systems employing these cultures to 
determine atrazine toxicity. 

The reason why all concentrations of acetone do not give the 
same response when combined with pesticides in unknown. As out- 
lined above, acetone may alter membrane structure and permeability. 
The responses obtained with combinations of acetone and pesticides 
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may be related to this phenomenon. Apparently a threshold level 
of solvent must be reached before the organism is altered in such 
a way as to become more or less sensitive to a second toxicant. 
Below this threshold level, acetone does not affect the toxicity 
of the test pesticide and an additive interaction is observed. 
Synergism could result from an acetone-induced disruption of 
membrane structure and transport systems. However, detailed 
studies are required before the cause of these responses can be 
elucidated. 

In summary, the data presented here indicate that acetone 
can interact with pesticides additively, synergistically, and 
antagonistically, when tested towards photosynthesis in green 
algae. This, together with similar data reported for fungi 
(BURRELL & CORKE 1980) and cyanobacteria (STRATTON et al. 1980), 
indicates that the interaction between a solvent and pesticide 
can be an important source of error in all microbial toxicity 
bioassays. It is essential that the exact response of a test 
culture towards any solvent-pesticide combination be known prior 
to detailed toxicity experiments. This can be determined rapidly 
by using a method similar to that employed here. 
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