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In thisstudy, toxic effects of two herbicideswhich contain glyphosate
and ethoxysulfuron for the green microalgae Scenedesmus obliquus
(Turpin) Kitzing were investigated and 96 h median effective concen-
trations (ECso) were determined. The experiments were conducted with
static bioassay method by three replicates. A control group and 6 different
concentrations for both herbicides (800, 400, 200, 100, 50, 25 mg L™
for glyphosate and 8, 4, 2, 1, 0.5, 0.25 mg L* for ethoxysulfuron) were
used. The regression equations of percentage inhibition and herbicide
concentrations were calculated. The ECs, value of herbicides which
contains glyphosate and ethoxysulfuron for Scenedesmus obliquuswere
80.0 mg L™ (95 % confidenceinterval = 47.63-118.19mgL™) and 1.1
mg L™ (95% confidenceinterval = 0.74-1.54 mg L), respectively. The
results indicated that the toxicity of ethoxysulfuron to Scenedesmus
obliquus is 80 times more than glyphosate.
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INTRODUCTION

Agricultural ecosystems are environments which are affected by additional
substances such asfertilizers and pesticides. A wide range of pesticidesare used in
agricultural practises and thereisarisk of contamination of aguatic environments.
Pesticides' toxicity is usually not limited to the location where they are applied.
They reach other locations and environmental compartments through various physica
transport processes, adversely affecting organisms that happen to be present®.
Assessment of human exposure to pesticides and other toxicants through biological
monitoring offers one means to evaluate the magnitude of potential health risk of
this chemicals**.

Their increased usage has elicited extensive research into pesticide effects on
non-target organisms. Algal toxicity tests are increasingly being used in bioassay
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test batteriesfor environmental management of chemical dischargesand it hasbeen
observed in several studiesthat for alarge variety of chemical substance, algal tests
are relatively sensitive bioassay tools’.

Microalgae are organisms which are most widely-used in pesticide bioassays
to determine the toxic effects of pollutants to the ecosystems. They are used as
bioassay organismsdueto their sensitivity to the pollutants. There are many investi-
gations concerning the toxicity of herbicides and various industrial chemicals on
microalgae”**. However, lessinformation is available for the toxicity of glyphosate
and ethoxysulfuron. The accumulation of pesticides depend on the nature of pesticide,
its solubility, its concentration in the medium, the concentration of algal cells and
the size of the cells’. Herbicides can affect the structure and function of aquatic
communities by altering the species composition of an algal community™.

The objective of this study wasto determine the toxic effects of glyphosate and
ethoxysulfuron to the microalgae Scenedesmus obliquus which was isolated from
natural waters. Displaying the toxic effects of these herbicidesto the growth rate of
Scenedesmus obliquus and comparing the toxic effects of these herbicidesis criticaly
important for aguatic ecosystems.

EXPERIMENTAL

The algae Scenedesmus obliquus (Turpin) Kiitzing belongs to Chlorophyceae
were selected for the toxicity tests. It was isolated from afreshwater fish aquarium
with standard i sol ation methods'®. Scenedesmus obliquus were grown in a medium
recommended by the Turkish Standards"’. The culture medium was autoclaved at
121 °C and 15 psi for 15 min. The agae in the logarithmic growth phase were
inoculated to 250 mL erlenmayer flasks, amounting to 100 mL of the culture media,
the compound and the algae. Theinitial cell concentration of algaewasca. 1 x 10°
cellsmL ™. Flasks were shaken periodically to prevent clumping of the cells. Direct
microscopic counts were performed using a Neubauer counting chamber by the aid
of aNikon microscope. pH of the culture medium was adjusted at 7.1 £ 0.2. Triplicate
bioassay experimentswere carried out for each concentration and control. The cultures
wereincubated at 24 + 2 °C under continuouslight (averagelight intensity of 78 pmol
m2 s*) produced by cool-white fluorescent lamps.

Glyphosate, N-(phosphonomethyl) glycine, isasystemic and non-sel ective her-
bicide used to kill broadleaved grass and sedge species'®. Accordingly, glyphosate
inhibits the activity of EPSP (5-enolpyruvyl shikimate-3-phospate) synthase en-
zyme belonging to shikimic acid metabolic pathway in plants and as aresult reduc-
tion in protein synthesis and growth and death in cells can be seen®.

The suggested effective dose for glyphosate® is300-1000 mL da®. Water solubility
atpH 2is10.5+0.2g L™ Inthisstudy, soluble concentrate formulation of glyphosate-
isopropylamine salt which contains 48 % of glyphosate (Knockdown 48 SL) was
used.
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Ethoxysulfuron is a selective herbicide used for specific weeds and it belongs
to sulfonylureachemical class. Generally ethoxysulfuronisusedin cotton, rice, sugar
cane, turf and wheat culture. Ethoxysulfuron is inhibiting acetol actate synthase in
plants and thereby blocking the biosynthesis of branched chain amino acids. This
stops cell division and plant growth®.

The suggested application dose for this herbicide” is 3-5 g da*. Water solubility
is5.5gL™"at pH 3for phosphoric acid, 1353 g L™ for 0.1 M potassium dihydrogen-
phosphate at pH 7 and 5452 g L™ for sodium hydroxide® at pH 10. In this study,
water dispersible granule formulation of ethoxysulfuron which contains 60 % of
ethoxysulfuron (Sunrice 60 WG) was used.

The inhibition test was carried out in accordance with the Turkish Standard"’.
The organisms were exposed to 6 concentrations of herbicides for 96 h. The cells
were counted at 24, 48, 72 and 96 h after the beginning of the experiment. A wide
range of concentrations were developed in a previous test to determine the adequate
toxicity for each herbicide. ECs, (0-96 h) values with 95 % confidence limits were
estimated by probit analysis by using EPA software.

RESULTSAND DISCUSSION

In this study, toxicity of glyphosate and ethoxysulfuron to the green alga
Scenedesmus obliquus (Turpin) K iitzing were investigated and 96 h median effective
concentrations (ECsp) were determined.

Toxicity of glyphosate: Toxicity of glyphosate on Scenedesmus obliquus was
evauated for 6 different concentrations ranging between 25-800 mg L™ (Fig. 1).
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Fig. 1. Cell numbers at different concentrations of glyphosate by time
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At the highest concentration which was selected by the result of range finding
test, growth rate was reduced to 88 %, as compared with the control and this rate
was 11 % at the lowest concentration. With 0.01 % concentration of glyphosate, the
observed inhibition rate was 50 %. According to these results, the main experimental
concentrations were determined from alogarithmic scale.

The results of the main test that was conducted with 6 various concentrations
(800, 400, 200, 100, 50, 25 mg L™ Knockdown), selected in respect of the concen-
tration caused 50 % growth inhibition are presented in Table-1. The concentration
of herbicide which contains 48 % glyphosate and led to 50 % growth inhibition on
Scenedesmus obliquus at the end of 96 h was determined as 80.002 mg L™. 95 %
lower and upper confidence limits for the ECs, were 47.634 mg L™ and 118.186 mg L™,
respectively. Thetoxic substances whose median effective concentrations are changing
between 10-100 mg L * for the aquatic organisms are slightly toxic substances accor-
ding to ecological toxicity categories®. In this context, it was concluded that
glyphosate is a slightly toxic herbicide.

TABLE-1
DOSE RESPONSE RELATIONSHIPS OF TWO
HERBICIDES TO Scenedesmus obliquus*

- . . Significance ECs, 95 % Confidence
Herbicide Regression equation level R? (mg LY limits (mg L)

Glyphosate  y=10,387x +76.651 0.0001 0.9804  80.0 47.63-118.19
Ethoxysulfuron y =11,83x + 131.12  0.001  0.9448 11 0.74-1.54
*y = Percentage inhibition; x = Natural logarithm of herbicide concentration.

Ma?® investigated the toxic effect of the glyphosate (95 %) on Scenedesmus
obliquus and found that the ECs, valueis 55.9 mg L™ for this herbicide. This difference
with present findings probably resulted from the different glyphosate concentration
contents of the herbicides. Additionaly, the different initial cell concentration, temper-
ature and light intensity in the studies might be the other factors.

In another study, which was investigated the toxicity of the herbicide contain-
ing 95% glyphosate (TC), Scenedesmus quadricauda was used as test organism
and it was determined that the 96 h(r) ECs, value®is 70.5 mg L™

Chlorella pyrenoidosa used as atest organism in another study and determined
that the 96 h ECs, value of the herbicide which contains 95 % glyphosate® is 3.530
mg L. It was concluded that the 96 h ECs, value is 590 mg L™ for the same algal
species and glyphosate”. It was reported® that 20 mg L™ or more of glyphosate
completely inhibited algal growth, photosynthesis and chlorophyll a synthesis in
Scenedesmus quadricauda.

Toxicity of ethoxysulfuron: Toxicity of ethoxysulfuron on S. obliquus was
evauated for 6 different concentrations between 0.25 and 8 mg L™ (Fig. 2).

At the highest concentration which was selected by the result of range-finding
test, growth rate was reduced to 86 %, as compared with the control and this rate
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Fig. 2. Cell numbers at different concentrations of ethoxysulfuron by time

was 13 % at the lowest concentration. With 0.0001 % concentration of ethoxy-
sulfuron, the observed inhibition rate was 53 %. According to these results, the
main experimental concentrations were selected from alogarithmic scale.

The results of the main test that was conducted with 6 various concentrations
(8,4,2,1,0.5,0.25mg L™ Sunrice), selected in respect of the concentration caused
50 % growth inhibition, are presented in Table-1. The inhibition percentage val ues,
concerning mean cell numbersfor 96 h, range between 71-28 %. The concentration
of herbicide which contains 60 % ethoxysulfuron and led to 50 % growth inhibition
on Scenedesmus obliquus at the end of 96 h was determined as 1.1 mg L™. 95 %
lower and upper confidence limits for the ECs, were determined as 0.74 and 1.54
mg L™, respectively. The toxic substances whose median effective concentrations
are changing between 1-10 mg L™ for the aquatic organisms are moderately toxic
substances according to ecological toxicity categorieswhile below 1 mg L * catego-
rized as highly toxic®. In this context, it was concluded that ethoxysulfuron is a
moderately-highly toxic herbicide.

Thetoxic effects of some sulfonylureaherbicideslike nicosulfuron, metsulfuron-
methyl, cyclosulfamuron, tribenuron and ethametsul furon on Scenedesmus obliquus
were investigated and determined ECs, val ues ranged® between 2.8 and 155.7 mg L™
The values gained in present study are similar to the lowest value of this study, but
lower than it. The results demonstrated that there is a differential response of
S. abliquusto herbicides at the same chemical class.
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Maand Liang®, used different herbicides of sulfonylureato examine the toxic
effects on S. obliquus and determined the ECs, values as ranged between 11.8 and
56.8 mg L*. The impact mechanism of growth inhibition on algae by herbicidesis
related with enzyme systems and it causes damages on vital activities®.

In light of the foregoing, it is concluded that the response of an algal speciesto
the various herbicides and even various formulations of one herbicide is changed
and there isavariation between the senditivity of the organismswhich livein the same
environment and the different species of the same genus. Present investigation shows
that impact mechanism of the herbicides shifts and determining the toxic effects of
the formulations of a specific herbicide to the algae individually is considerable as
amatter of assessing harmful effects to the ecosystem.

In conclusion, the ECs, value of ethoxysulfuronislower than the ECs, value of
glyphosatefor S. obliquus and it is determined that ethoxysulfuron can be effective
on microalgae at low concentrations. Ethoxysulfuron is more toxic than glyphosate
and the concentration of it should be designated attentively in agricultural practices.
The findings of this study are important in terms of arranging the harmless application
doses of these herbicides to the aquatic environment.
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