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One of the agro-environmental characteristics of Brittany is the extensive use of pesticides, which leads to high concentra­
tions of atrazine in continental water systems. Periphytic algae play a basic part in aquatic ecosystems and some of them, dia­
toms, are highly sensitive to environmental changes. Analyses of diatoms can thus indicate the impact of a herbicide on aquatic 
systems. We compared the effects of two herbicides (atrazine and nicosulfuron) on an aquatic ecosystem in 1998. This study was 
conducted in 15 identical ponds, each containing a holder for installing artificial substrates. The periphytic diatoms were analy­
sed for cell density, biomass, species diversity and morphology. The general specific diversity was poor, and the diatom com­
munity was essentially dominated by Achnanthidium minutissimum. The first results showed a strong similarity between the dif­
ferent categories of mesocosms. Chlorophyll a concentration only seems to be affected by high herbicide concentrations. 

Effets de deux herbicides (atrazine et nicosulfuron) sur les diatomées du periphyton : approche expérimentale en méso-
cosmes aquatiques lentiques 

Mots-clés : Ecotoxicologie, herbicides, mésocosmes aquatiques, periphyton. 

Le contexte agro-environnemental de Bretagne est caractérisé par l'utilisation importante de pesticides et par des concentra­
tions parfois élevées en atrazine dans les écosystèmes aquatiques. Les algues du periphyton jouent un rôle fondamental sur le 
plan fonctionnel de ces écosystèmes et certaines, les diatomées, ont la particularité de présenter une forte sensibilité aux chan­
gements environnementaux. L'analyse de ce compartiment diatomique est justifiée dans le cadre d'une étude d'impacts d'herbi­
cides en milieu aquatique. Une expérimentation visant à comparer les effets de deux herbicides (atrazine et nicosulfuron), sur 
un écosystème aquatique a été effectuée en 1998. Cette étude a été réalisée dans 15 mésocosmes-réplicats. Chaque mésocosme 
comporte un dispositif permettant la mise en place de substrats artificiels destinés à l'échantillonnage périodique du periphyton. 
Les diatomées du periphyton ont été analysées selon quatre critères : densité cellulaire, diversité, biomasse et morphologie. 
D'une manière générale on a observé une faible diversité spécifique et un peuplement largement dominé par Achnanthidium 
minutissimum. Les premiers résultats ont montré une forte similitude entre les différentes catégories de mésocosmes. Seule la 
teneur en chlorophylle a semble être affectée par les fortes teneurs en herbicides. 
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1. Introduction 
Intensive agriculture has been using more and more 

herbicides for some years. Increased plant production 
(cereals) leads to massive herbicides consumption, and 
consequently to abnormally high concentrations in 
surface waters (runoff from agricultural field treated 
with atrazine during the post-application period) (Be-
rard & Pelte 1996). Atrazine levels can be up to 
30 ixg.l"1 in Brittany (Giovanni & Haury 1995). Atra­
zine inhibits the photosysthem II, and may thus dama­
ge the microflora of rivers and lakes (phytoplankton; 
periphyton and macrophytes) (Berard & Pelte 1999). 

It is thus necessary to develop ways of detecting the 
effects of herbicides on the environment, in order to 
assess contamination hazard caused by agricultural 
practices. Many laboratory tests are used to assess the 
xenobiotic effects on a single species (monospecific 
tests). However, they are clearly not very relevant to 
the whole environment. Aquatic mesocosms, which 
are small-scale artificial ecosystems placed under na­
tural environment conditions (Odum 1984), possess 
most of the structural and functional characteristics of 
the field they intended to model. The bioavailability 
and toxicity of pesticides can be assessed using a re­
presentative set of natural aquatic ecosystems (Cross-
land 1994, Touart 1994). Environmental realism is the 
main reason for using mesocosm instead of jess com­
plex experiments (Kraufvelin 1998). Studies on meso­
cosms are, in this respect, an interesting alternative, 
since they estimate the effects of a toxic compound on 
a reconstituted ecosystem (Crossland 1994). 

Periphyton algae, which are major components of 
aquatic trophic chains, are one of the plant communi­
ties that are targets of herbicides. The periphyton is a 
complex community made up of algae, bacteria, fungi, 
protozoa and invertebrates developing on an underwa­
ter substratum. The community functions as an auto­
nomous ecosystem, with both autotrophic and hetero­
trophic phenomena (Eulin 1997). Periphyton, and par­
ticularly attached diatoms, are the dominant primary 
producers in small rivers (Schagerl et al. 1998). Any 
qualitative or quantitative change in periphytic diato­
mic populations has consequences for the whole tro­
phic web (DeNoyelles 1982). Periphytic diatoms have 
been extensively studied during the last 10 years, and 
they have been used as indicators of water system qua­
lity (Lecointe et al. 1993, Prygiel et al. 1996, Whitton 
& Rott 1996, Vinebrooke & Graham 1997). Some of 
their most interesting properties are very fast growth, 
high taxonomic and physiological diversity, and then-
presence in all aquatic ecosystems (Lowe et al. 1996). 

Many species are also used for monospecific tests and 
their sensitivity to many toxicants is well documented 
(e. g. Seguin et al. 2001). Periphitic diatoms can reveal 
both physical and chemical perturbations, and are thus 
sound indicators of water quality. 

This study was done to compare the effect of 2 herbi­
cides on periphytic diatoms. One was atrazine, usually 
used on corn crops, and nicosulfuron, a more recent 
sulfonylurea that prevents the synthesis of isoleucine, 
leucine and valine by inhibiting acetolactate synthase 
(Simpson et al. 1995). It may thought of as a substitute, 
at least partial, for atrazine. The study was conducted in 
aquatic mesocosms using toxicant concentrations gene­
rally found in western France, in particular in Brittany, 
to improve environmental realism. 

2. Materials and methods 
2.1. Mesocosms 

The experiment lasted two months and was done in 
experimental ponds (15 large circular tanks) at the IN-
RA (Instituí National de la Recherche Agronomique, 
Rennes, France) experimental platform. Each meso­
cosm (Fig. 1) was 3.2 m in diameter, 1.2 m high, and 
held approximately 5000 liters. A crane and the funnel-
shaped base of the tank were used to drain the system. 

A 7-cm layer of natural sediment taken from a local 
uncontaminated pond was first placed in each meso­
cosm. They were then filled with a mixture of tap wa­
ter and pond water from a nearby site to stock them wi­
th phytoplankton and zooplankton. Pond water was 
pumped into the pelagic zone. The depth of the water 
mesocosm was 0.7 m. The physico-chemical parame­
ters of the mesocosm are shown in Table 1. 

Aquatic macrophytes (Glyceria maxima) were also 
introduced in each mesocom in two concentric circles 
to obtain a structure similar to Stillwater fish spawning 
areas (Bry 1996). Glyceria tolerate deep water and are 
shelters for young fishes. 

Artificial substrata (glass slides) were placed in a 
holder and installed at a constant depth. They were 
used for periodic sampling of the periphyton and we-

Table 1. Main water nutrient concentrations and temperature in the 
mesocosms. 

Tableau 1. Principales caractéristiques de l'eau des mésocosmes. 

orthophosphate (mg P/L) 0,0065 
inorganic nitrogen (mg N/L) 0,51 
mean temperature 18°C 
minimum 14,4°C 
maximum 24,8°C 
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Fig. 1 Overall view of a mesocosm. 

Fig. 1. Vue d'ensemble d'un mésocosme aquatique. 

re placed in each mesocosm one month before the 
contamination. Artificial substrata are often em­
ployed for taking quantitative samples of periphyton 
within enclosures like mesocosms. Miiller (1995) 
found that the maximum chlorophyll in epiphyton on 
Phragmites australis was located in the middle sec­
tions of the submerged parts. The slides were therefo­
re placed vertically in the water column about 30 cm 
from the water surface (i. e. in the middle of the wa­
ter column). 

2.2. Contamination procedure 
The biological communities were allowed to come 

to physical, chemical and biological equilibrium for 
one month during which time there was colonization 
of the artificial substrates by periphyton. The meso­
cosms were then contamined using 2 nominal concen­
trations of atrazine and nicosulfuron (2 and 30 Jig.l"1). 
Three microcosms were used for each concentration of 
each herbicide and three served as untreated controls. 
The concentrations used (2 and 30 JJ.g.1"1) are those 
found chronically or after application in surface water 
in Brittany (Giovanni & Haury 1995). The contamina­
tion of the microcosms was designed to simulate the 
runoff from agricultural field treated with herbicide. 

2.3. Periphyton sampling 
The periphyton on four glass slides randomly selec­

ted were collected from each mesocosm on the day 
prior to starting treatment and on days 1,7, 17 and 37 
after contamination. The algae were scraped off with a 
razor blade from the surface of the four slides (Peres et 
al. 1997). 

Half of each sample was filtered through a Whatman 
GF/C glass fiber filter for chlorophyll determination. 
Chlorophyll a was extracted in 90 % acetone for 24h at 
4°C according to Millerioux (1975) and was measured 
spectrophotometrically according to Jeffrey & Hum­
phrey (1975). 

The remaining volume was preserved in 5 % forma­
lin. A subsample of preserved solution was counted, 
without identification of species, using the Utermohl 
method (1958) with an inverted microscope. An ali­
quot was mounted in high refractive index medium 
(Naphrax, Northern Biological Supplies Ltd, UK ; RI 
= 1.74) for microscopy. About 400 frustules per 
samples were identified. We measured the frustule size 
of the most commonly encountered diatoms to detect 
any possible effect of pesticides on algae morphology. 
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Fig. 2. Growth of periphyton in mesocosms, measured by concen­
tration of chlorophyll a. (C = control ; a = atrazine 2 Ug.l"1 ; A = 
atrazine 30 Ug.l"1 ; n = nicosulfuron 2 Ug.l"1 ; N = nicosulfuron 30 
ug.l" 1). Symbols are average values for three replicates. Asterisks 
(*) indicate s ignif icant differences between treatment and 
control. 

Fig. 2. Evolution de la croissance des algues périphytiques, évaluée 
par des mesures de chlorophylle a. (C = control ; a = atrazine 2 
Ug.1"1 ; A = atrazine 30 ug.l"1 ; n = nicosulfuron 2 ug.H ; N = ni­
cosulfuron 30 Ug.l"1)- Chaque symbole correspond à la moyenne 
de trois réplicats. Les astérisques (*) indiquent les différences si­
gnificatives entre les mésocosmes contaminés et les mésocosmes 
témoins. 
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Fig. 3. Changes in density of diatoms. (C = control ; a 
= atrazine 2 jxg.l1 ; A = atrazine 30 Lig.l-1 ; n = 
nicosulfuron 2 Jig.l-' ; N = nicosulfuron 30 fig.l-
'). Symbols correspond to average values for 
three replicates. 

Fig. 3. Evolution de la densité des diatomées périphytiques. (C = 
control ; a = atrazine 2 ug.l"1 ; A = atrazine 30 ug.l"1 ; n = nico-
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Fig. 4. Length of Achnanthidium minutissimum (C = control ; a = 
atrazine 2 ug.l"1 ; A = atrazine 30 ug.l"1 ; n = nicosulfuron 2 ug.l" 
1 ; N = nicosulfuron 30 Ug.l"1)- Symbols are average values for 
three replicates. 

Fig. 4. Evolution de la taille des Achnanthidium minutissimum. (C = 
control ; a = atrazine 2 Ug.l"1 ; A = atrazine 30 Ug.l"1 ; n = nico­
sulfuron 2 ug.1"1 ; N = nicosulfuron 30 Ug.l"1). Chaque symbole 
correspond à la moyenne de trois réplicats. 

Fig. 5. Change in chlorophyll a in cells (C = control ; a = atrazine 2 
ug.H ; A = atrazine 30 Ug.l"1 ; n = nicosulfuron 2 Ug.l"1 ; N = ni­
cosulfuron 30 ug.l" 1). Symbols are average values of three repli­
cates. Asterisks (*) indicate significant differences between treat­
ment and control. 

Fig. 5. Evolution du contenu cellulaire en chlorophylle a. (C = 
control ; a = atrazine 2 ug.l"1 ; A = atrazine 30 pg.H ; n = nico­
sulfuron 2 Ug.l"1 ; N = nicosulfuron 30 u g . l 1 ) . Chaque symbole 
correspond à la moyenne de trois réplicats. Les astérisques (*) in­
diquent les différences significatives entre les mésocosmes conta­
minés et les mésocosmes témoins. 
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3. Results 
The periphyton biomass was low, 2.8 - 9 |J.g.cm"2 

(measured by the concentration of chlorophyll a) 
(Fig. 2). A Mann-Whitney test was used to compare 
the control and contaminated mesocosms at each 
sampling. There was a significant increase in chloro­
phyll a concentration in mesocosms contaminated 
with 30 u.g.1-1 of the 2 toxicants 40 days after conta­
mination. 

The algal density showed that the community was 
99 % pennate diatoms. We therefore studied only this 
taxonomic group. The diatom density was very low. 
There were no significant differences in the densities 
of the test and control mesocosms (Fig. 3). 

Taxonomic analysis showed that the community 
contained mainly one species, Achnanthidium minutis-
simum (Ktitz) Czarnecki. Other species, such as Cym-
bella minuta (Hilse), Gomphomema angustatum 
(Kiitz) and Gomphonema parvulum (Kiitz), were also 
found, but at very low percentages. 

Morphological analysis of Achnanthidium minutissi-
mum revealed no noticeable size effect or valve distor­
tion due to the herbicides (Fig. 4). 

4. Discussion 
We find no striking effect of the herbicides studied 

on periphyton. Our inoculum came from the pelagic 
zone of a pond, as a result there were very few per-
iphytic algae. This may explain the single species in 
our periphytic community after one month. 

The chlorophyll a concentrations of communities ex­
posed to 30 jo.g.1-1 of atrazine and 30 Hg.l"1 of nicosul-
furon for 40 days increased significantly (Fig. 2). The 
cell density was not affected by any of the treatments 
(Fig. 3). The significant increase in chlorophyll a at * 
high herbicide concentrations reflects a "greening", wi­
th an increase in chlorophyll a concentration inside the 
cells (Fig. 5). Pratt et al. (1988) noticed the same phe­
nomenon for algae exposed to 3.2 and 32 Hg. l 1 atrazi­
ne. Algae exposed to atrazine show an increase in pig­
ment in their antennae in order to maintain an efficient 
conversion of light energy into chemical energy (Dahl 
1996, Dahl & Blanck 1996). Guash & Sabater (1998) 
suggested that the reduced sensitivity of periphyton al­
gal communities adapted to low-light (diatoms) reflect 
more chlorophyll content per photosynthetic unit. 

But other similar studies did not lead to similar 
conclusions, and showed no increase in chlorophyll a 
(Jurgensen et al. 1990, Kosinski et al. 1984, Krieger et 
al. 1988). 

We found no difference in the species diversity in 
controls and treated tanks. Two types of response have 
been found in other studies. Some report an increase in 
specific diversity (Pratt et al. 1988, Kosinsky et al. 
1984). Hamala & Kollig (1985) used 100 ixg.l 1 atrazi­
ne and found a decrease in specific diversity. 

We noticed no shift in the structure of the algal po­
pulation during the experiments. The community was 
almost exclusively the small diatom Achnanthidium 
minutissimum. Some studies on triazines have shown 
that large filamentous chlorophytes were replaced by 
smaller diatoms in treated communities (Gurney & 
Robinson 1989, Herman et al. 1986, Kasai 1999). The 
selection pressure exerted by triazine herbicides see­
med to be more intense for green algae than for dia­
toms (Kasai 1999). Guash & Sabater (1998) found that 
periphyton algal communities adapted to high-light 
conditions, i. e. green algae or cyanobacteria, were 
more sensitive to atrazine than those communities 
adapted to low-light conditions, diatoms. 

Atrazine and nicosulfuron seemed to have no signi­
ficant effect on algal cell morphology. Van Den Brink 
et al. (1997) conducted an experiment in microcosms 
and found that linuron decreased the size of the diatom 
Cocconeis sp. 

Nicosulfuron had the same effect as atrazine on 
communities, causing a significant rise in the cell 
content of chlorophyll a. Very few studies have been 
done on the effect of nicosulfuron on periphyton. Ex­
periments with another sulfonylurea, chlorsulfuron, on 
phytoplanctonic communities showed a decrease in 
specific diversity (Abel-Hamid et al. 1996). However, 
chlorsulfuron affects the phytoplankton species com­
position at 1 jxg.l-1 Kallqvist & Romstad (1994). Nys-
trom et al. (1997) demonstrated that the metabolic ac­
tivity of periphyton communities can be affected by 
very low concentrations of sulfonylurea herbicides un­
der certain conditions. 

5. Conclusion 
Atrazine and nicosulfuron, at concentrations typical 

of those found in Brittany surface water after agricul­
tural runoff, had significant effects on chlorophyll a 
content of periphyton, but there was no change in spe­
cies composition. The response of periphyton to herbi­
cides depends on the herbicide concentration, the dura­
tion of exposure and on the species composition of the 
periphyton (Gurney & Robinson 1989). We believe 
that the present study is one of the first attempts to 
quantify and compare the effects of atrazine and nico­
sulfuron on periphyton. Aquatic mesocosms provide a 
simple way of simulating the effects of herbicides on a 
reconstituted ecosystem. 
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