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Herbicides play an important role in agricultural practices, particularly for cereals
(Bérard 1994). The increase in use of herbicides has elicited extensive research into
herbicide effects on non target organisms such as algae. For example the s-triazine
herbicides and urea-herbicides inhibit the photosynthesis electron transport system
(Ducruet 1991). Thus, their potential effect on the aquatic primary producers is
particularly important, and has to be studied in ecotoxicological experiments.
Triazines and urea-herbicides have a low water-solubility (Table l), therefore
organic solvents are often used in ecotoxicological aquatic experiments with these
herbicides (Table 2). When used in high concentrations, for example in chlorophyll
extraction, these solvents damage algal cells. The risk of using solvents in
ecotoxicological experiments (even in lower concentrations) could therefore
interfere with and even mask the herbicide effect on algae. Some papers have been
published about the combination effect of organic solvents and pesticides (e.g., on
fungi, Stratton et al. 1982). The purpose of this study is to study the potential effect
of these solvents on natural phytoplankton assemblages that contain both
particularly sensitive and tolerant species and interspecific interactions. Therefore,
this study complements other studies done in our laboratory, which address solvent
effects on single species of algae (El Jay personal communication).

MATERIAL AND METHODS

Two experiments (September and October 1994) were performed. Samples of
natural phytoplankton assemblages collected from the light-saturated layer of the
Lake Geneva (France-Switzerland) with a manual pump, were distributed in 500mL
glass bottles. Large zooplankton were removed by a 200-µm mesh size screen.
Samples were enriched with soluble P, N and Si to get a nutrient medium close in
composition to the natural spring water of the light-saturated layer of the lake
(Orthophosphates: 0.02 mgP/L; mineral Nitrogen: 0.60 mgN/L; SiO2:
1.3mgSiO 2/L). Phytoplankton were grown at 20°C +/- 1°C under constant
illumination; the light intensity at the surface of the culture vessel was 1.2x1016

quanta cm-2 s-1. In order to minimize wall growth, clumping, sedimentation, and
insure that each bottle receved the same light intensity, the bottles were placed in a
holder which was continually rotated during the experiment. The space between
each bottle was 20cm.
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After the initial measurements of chl a and community composition., each bottle
received either 0.05% or 2% final concentration of one of the followmg solvents:
ethanol (95-96% purity, PROLABO, EEC), dimethyl sulfoxid (DMSO, 99.9%
purity, SIGMA ALDRICH, Steinheim, Germany), NNdimethyl formamid (DMF,
99.9% purity, SIGMA ALDRICH, Steinheim, Germany) and methanol (95-96%
purity, PROLABO, EEC). There were four replicates for each concentration and
each solvant, and  six replicates for the control. Experiments lasted 4 days because
during this period the species composition was roughly parallel to the
phytoplankton succession in the lake (Sommer 1985).

Table 1. Water solubility of some herbicides
Herbicide Herbicide family Solubility (mg/L) 20°C Reference
Ametryne
Atrazine

Triazine 185 W.Q.W.S. 1988
Triazine 33 W.Q.W.S. 1988

Dcmu Urea 42                                                               W.Q.W.S. 1988
Pendimethalin Triazine 0.5 W.Q.W.S. 1988
Propanil Amide 500 W.Q.W.S. 1988
Simazine Triazine                3.5

5 8
W.Q.W.S. 1988

Terbutryne Triazine ACTA 1991

Table 2. Ecotoxicological experiments performed with some pesticides in solvents
Solvent Pesticide Organism Reference
methanol (0.01%) atrazine Selenastrum Abou-Waly
controls with capricornutum et al. (1991)
methanol
methanol (0.1%)
controls with

Anabaena  flos-aquae
atrazine, simazine Chlamydomonas Francois &
terbutryne                                    geitleri Robinson

methanol (1990)
DMSO (0.05%) simethryne various freshwater Kasai et al.
controls with DMSO algal taxa (1993)
methanol 42 herbicides Chlorella pyrenoidosa    Kratky & 

(e.g., ametryne, Warren
atrazine, simazine) (1971)

ethanol (0.1%) dcmu, propanil various green algae Maule &
controls with atrazine and cyanobacteria taxa Wright
ethanol (1984)
DMSO (0.5%) simazine various freshwater O’Neal &
controls with algal taxa Lembi
DMSO (1983)
methanol gardoprim natural phytoplankton Shehata et

gesapax al. (1993)
ethanol or DMSO 14 pesticides (e.g., Dunaliella salina Yarden et al.
(≤0.05%) dcmu) (1993)

Chl (a) concentration estimations were measured daily by in vivo fluorescence
(Fluorimeter Backscat-1101 LP, Turner, USA). Calibration between fluorescence
intensity and chl (a) was made using the chlorophyll extraction procedure of
Strickland and Parsons (1968): at the end of the experiments the chl a concentration
was determined on mixturs of each replicate set.
Phytoplankton cells were counted at the beginning and end of each experiment.
Samples were immediately fixed in Lugol’s solution, sedimented in Utermöhl’s
chambers and counted with an inverted microscope (Axiovert 35 Zeiss, Germany).
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Two of the four replicates were counted for each solvant at 0.05% concentration,
and at least 500 cells were counted by duplication, which yields a precision of +/-
10% within 95% confidence limits if algae are randomly distributed (Lund et al.
1958).
A community composition diversity parameter (H') was estimated using Shannon-
Weaver equation (Shannon and Weaver 1963):

H' = diversity index (specific
composition)
S = number of taxa samples
Ni = number of individuals of i-th
taxon
N = sample size

RESULTS AND DISCUSSION

No significant difference in chl (a) was detected among any of the solvent
treatments and control. Except for ethanol treatment. At 0,05% ethanol curve
growth was inhibited in both experiments, while at the 2% curve growth was
inhibited in the fast experiment but stimulated in experiment 2.(Figure 1).

Total growth as measured by chl a curves gives only a simplified image of the
phytoplankton complexity. The specific composition or diversity of the
phytoplankton communities among the samples treated with 0.05% of the different
solvents was calculated using the Dhannon-Weaver index. Phytoplankton taxa
encountered in the study are listed in Table 3.

In the experiments the diversity index (Table 4) varied from 2.40 bits/cell to 3.87
bits/cell, within the range common values to ecosystems (Frontier and Pichod-Viale
1991). Diversity is lower in the first experiment (2.49 bits/cell in the control) than
in the second experiment (3.85 bits/cell in the control), indicating a difference in the
assemblages collected at different times of the year. Variations among treatments
and control are lower in the first experiment.
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Figure 1. Effect of ethanol on total growth phytoplankton community expressed by
the chl (a) estimation. Treatment means are plotted with vertical bars that indicate
confidence interval (P<0.05, using Student test)

Table 4. Changes in the Shannon-Weaver index after treatment with different
solvents (0.05% concentration)

H' (bits/cell)
Solvent control ethanol D M S O  D M F methanol
First experiment: 2.49 2.40 2.49 2.51 2.40
Second experiment: 3.85 3.22 3.86 3.87 3.78

Phytoplankton diversity of ethanol treatment is low compared to the control in both
experiments (2.40 and 3.22 bits/cell compared to 2.49 and 3.85 bits/cell
respectivly). This is due both to the presence of dominant species in high number
(eg., Ochromonas sp in both experiments), and to the absence of some rare species
(eg., Oscillatoria limnetica in second experiment). Diversity in methanol treatments
is close to ethanol treatment (especialy in the first experiment), and diversity in
DMSO and DMF treatments is close to controls’ one.
Figure 2 shows the important changes of algal communities grown in the presence
of the different solvents.
With the ethanol treatment, only 46% and 33% of taxa (compared to the total
number of taxa) remained numerically close (between -2 and 2) to those of the
control for experiments 12 and 2 respectivly (Figures 2A and 2B). The decrease of
Rhodomonas minuta var. nannoplanctica is particulary important (-60 in Figure
2B) and has to be emphasized since Rhodomonas is reported to be tolerent to
atrazine (Rhodomonas pusilla: De Noyelles et al. 1982, Rhodomonas minuta:
Hamilton et al. 1988). Methanol treatment showed intermediate percentages of taxa
similar to the control (54% and 60%), then DMF and DMSO treatments showed
higher percentages of taxa similar to the control (77% and 87% for DMSO, and
77% and 73% for DMF, in experiments 1 and 2 respectivly). However, in the DMF
treatment Rhodomonas minuta were very numerous (+60.3 times the control) and
in case of DMSO treatment Asterionella formosa showed low number (- 10.6 times
less than the control) in the second experiment (Figure 2B).

The impact of each treatment on the phytoplankton (assemblages) was different
between first and second experiment. Solvents treatments tended to stimulate
phytoplankton in the first experiment whereas they tended to inhibite phytoplankton
in the second experiment (Figures 1: ethanol  2% and 2). For example Desmarella
brachycalyx is stimulated by DMSO during the first experiment (+6.1) and is
inhibited during the second one (-10.6). Since the experiments were performed on
phytoplankton assemblages collected at two different times (September and October
1994), innoculum species composition should vary from experiment to experiment
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Figure 2. Relative importance of the dominant taxa in each treatment (0.05%)
compared to the control, This relative importance varies from >10 times to <10
times the number of individuals in the control. Identity with the control number is
defined as y=0. We consider a species is numerically close to the control when the
relative importance is between -2 and 2. A: first experiment; B: second experiment.
(1)Aphanizomenon flos aquae, (2)Oscillatoria limnetica, (3)Oscillatoria rubescens,
(4)Pseudanabaena sp, (5)Rhodomonas minuta var. nannoplanctica, (6)Desmarella
brachycalyx, (7)Salpingoeca sp, (8)Ochromonas sp, (9)Asterionella formosa,
(10)Cyclotella sp, (11)Diatoma elongatum, (12)Frugilaria crotonensis,
(13)Chlamydomonas sp, (14)Chlorella  vulgaris, (15)Flagelate diameter l0 µm,
(16)Flagelate diiameter 5µm, (17)Mougeotia  gracillima

(Figure 3). This difference was also noticeable in the controls at zero time and
remained over the course of the experiment (Figure 3): the first experiment was
characterized by an adaptation phase, a lower growth, a stable presence of Chlorella
vulgaris, a large decrease of Cyclotella sp and an increase of Fragilaria crotonensis.
The second experiment was characterized by higher growth and no adaptation
phase, a decrease of Chlorella  vulgaris and an increase of various taxa which were
rare in the beginning of the experiment. The impact of a pertubation on algae
communities is dependent on the composition of the algal community at the time of
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Figure 3. Difference in the species composition of the inoculum and the controls in
the both experiments. * rare taxa: taxa in which the number of individual was less
than 2% of the total sample population.

exposure, as shown by Herman et al. (1986) with herbicide. This could explain the
observed differences between first and second experiment monitored in the same
conditions (light, temperature ...). but with differences in species composition of
the inoculum.
Each solvent showed an effect on the phytoplankton communities. In general the
impacts of the studied solvents on lacustrine phytoplankton growth and specific
composition (H') are (in order from the greatest to the lovest impact)
ethanol>methanol>DMF ≥DMSO. In a preliminary experiment (Bérard and Druart,
unpublished data) to determine the impact of atrazine (in 0.05 % ethanol) on natural
phytoplankton assemblages, Cryptophycae Rhodomonas showed a decrease. This
species, known for its tolerence to atrazine, was probably inhibited by the organic
solvent and not by the triazine.

Overall DMF and DMSO seemed to have the least impact on phytoplankton
assemblages. Studies on the algae C. vulgaris and Selenastrum  capricornutum (El
Jay personal communication) showed no effect of DMSO at 0.05 %. However, this
work on natural phytoplankton assemblages, has shown that DMSO at 0.05% does
have an impact on other algae (Figure 2). The natural composition of algal
community, with interspcific interactions, increases the complexity of the system
studied. It is possible that this complexity increases the sensitivity of our
phytoplankton system to a stress like DMSO solvent (Lampert et al. 1989).
These results confirm the potential effect of solvents on natural assemblages of
phytoplankton and the necessity to perform preliminary experiments with DMSO
when the use of organic solvent in ecotoxicological phytoplankton experiments is
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required. These results show also the variability of the impact of pertubations on
phytoplankton assemblages probably dependent on initial composition of algal
community.

Acknowledgments. I gratefully thank Jean-Claude Druart for his technical advise
and taxonomy assistance. I also thank Mauricette Feuillade for her encouragement
and criticism, and Jean Paul Dubois, Jean Pelletier and Alan Cassel for reviewing
the manuscript.

REFERENCES

ACTA (1991) Index Phytosanitaire, 27th edition. ACTA, Paris, p 519
Abou-Waly H, Abou-Setta MM, Nigg HN, Mallory LL (1991) Dose-response
relationship of Anabaena flos-aquae and Selenastrum capricornutum to atrazine
and hexazinone using chlorophyll (a) content and 14C uptake. Aquat Toxicol
20: 195-204

Bérard A. (1994) Pesticides; quels sont les risques? Aqua Revue 33:35-41
De Noyelles F, Dean Kettle W, Sinn DE (1982) The responses of plankton

communities in experimental ponds to atrazine, the most heavily used pesticide in
the United States. Ecology 63: 1285-1293

Ducruet JM (1991) Les herbicides inhibiteurs du photosystème II. In: Inra (ed) Les
herbicides, modes d’action et principes d’utilisation, René Scalla, Paris, p 79

François DL, Robinson GGC (1990) Indices of triazine toxicity in Chlamidomonas
geitleri Ettl. Aquat Toxicol 16:205-228

Frontier S, Pichod-Viale D (1991) Ecosystèmes, structure, fonctionnement,
evolution. In: Collection d’écologie 21. Masson, Paris, p 392

Hamilton PB, Jackson GS, Kaushik NK, Solomon KR, Stephenson GL (1988)
The impact of two applications of atrazine on the plankton communities of in situ
enclosures. Aquat Toxicol 13:123-140

Herman D, Kaushik NK, Solomon KR (1986) Impact of atrazine on periphyton in
freshwater enclosures and some ecological consequences. Can J Fish Aquat Sci
43:1917-1925

Kasai F, Takamura N, Hatakeyama S (1993) Effects of simetryne on growth of
various freshwater algal taxa. Environ Pollut 79:77-83

Kratky BA, Warren GF (1971) The use of three simple, rapid bioassays on forty-
two herbicides. Weed Res 11:257-262

Lampert W, Fleckner W, Pott E, Schober U, Störkel KU (1989) Herbicide effects
on planktonic systems of different complexity. Hydrobiologia 188:415-424

Lund JW, Kipling C, Le Cren ED (1958) The inverted microscope method
estimating algal numbers and statistical basis estimations by counting.
Hydrobiologia 11: 143-170

Maule A, Wright JL (1984) Herbicide effects on population growth of some green
algae and cyanobacteria. J Appl Bacterio 57:369-379

O’Neal SW, Lembi C (1983) Effect of simazine on photosynthesis and growth of
filamentous algae. Weed Sci 31:899-903

Shannon CE, Weaver W (1963) The mathematical theory of communication.
University of Illinois Press, Urbana, Illinois

Shehata SA, El-Dib MA, Abou-Waly HF (1993) Effect of triazine compounds on
freshwater algae. Bull Environ Contam Toxicol 50:369-376

Sommer U (1985) Comparison between steady state and non-steady state
competition: Experiments with natural phytoplankton. Limnol Oceanogr 30:335-
346

Stratton GW, Burrel RE, Corke CT (1982) Technique for identifying and
minimizing solvent- pesticide interactions in bioassays. Arch Environm Contam

189



Toxicol 11:437-445
Strickland JDH, Parsons TR (1968) A practical handbook of sea water analysis.
Bull Fish Res Board Can 167, Canada, p 1

Water Quality Work Shop (1988) Integrating water quality and quantity into
conservation planning.October and November 1988. Soil Conservation Service,
U.S. Department of Agriculture, Washington, Pesticide Data Base, p 1

Yarden O, Freund M, Rubin B (1993) Dunaliella salina: a convenient test organism
for detection of pesticide residues in water and soil. Fresenius Environ Bull 2:31-
36

190


