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a b s t r a c t

Aquatic environments of the pampasic region of Argentina are severely affected by agricultural contam-
ination due to an increase in a glyphosate tolerant transgenic variety of soybean crops. The present study
is aimed to determine the effects of a commonly used Cyfluthrin commercial formulation (CCF) on
growth, some physiological and biochemical parameter of four species of green algae. Significant inhibi-
tion of algal growth was observed from 0.1 mg Cyf/l. 96 h IC50 were between 0.92 and 4.85 mg Cyf/l. CCF
caused algicidal effects. Photosynthesis was stimulated by 50% in Scenedesmus quadricauda cultures
exposed to the lowest concentration (hormesis). Algal photosynthesis inhibition was observed at higher
concentrations with IC50 values between 1.7 and 8.9 mg Cyf/l. Similar toxicity endpoints were found as a
consequence of applying the traditional methodology of short-term chronic toxicity test of 96 h of expo-
sition and the methodology developed using the Clark type photosynthetic oxygen evolution method.
CAT activity was significantly increased between 23% and 33% considering the four species, at a lower
concentration than those affecting algal growth and photosynthesis, indicating a potential biomarker.
Taking into account that the extent of the soybean crops in the region is about fourteen million hectares,
the improvement and extension of environmental tools for early detection of the action of pesticides on
this essential group of organisms are discussed.

� 2012 Elsevier Inc. All rights reserved.

1. Introduction

The pyrethroids insecticides are among the most powerful,
being synthetic derivatives of natural products from flowers of
Chrysanthemum cinerariaefolium. Compared with previous pyre-
throids, recent products have very low solubility (10–80 lg/l)
and greater hydrophobicity owing to the increase of halogenation
in the molecules. Therefore, modern pyrethroids are more persis-
tent products, with greater power and longer residual half life.
But these features also enhance the possibility of harmful effects
occurring in aquatic systems [1–3].

There is little information available about the effects of pyre-
throid on microorganism despite their ecological importance.
Ninety six hours Cyfluthrin IC50 values for green algal species were
greater than 10 mg/l [4] but in some cases, the degradation products
of pyrethroids have been documented to be more toxic to bacteria,
fungi and algae. The Permethrin EC50 value for algal growth in
Cyanophyta Anabaena and some species of Chlorophyta as Chlorella
pyrenoidosa was greater than 10 mg/l, while the EC50s of the

degradation products were between 1.4 and 8 mg/l. Similar results
were found regarding effects on photosynthesis, with EC50 values
greater than 100 mg/l for Permethrin and between 30 and 70 mg/l
for the degradation products [5]. Studies on the effects of Cyper-
methrin and Fenvalerate on algal growth on several species of Cya-
nophyta and Chlorophyta indicated EC50 between 5 and 10 mg/l for
both pyrethroids [6].

Most studies on algae used to assess the toxicity of these insecti-
cides have been performing with technical grades of pyrethroids. Al-
most all studies conclude that pyrethroid insecticides would not
cause harmful effects or that they would not be toxic to algae species
present in freshwater environments. However, commercial formu-
lations of these insecticides used in agricultural practices, contains
constituents that provides a greater incorporation of the insecticide
in target organisms. These constituents would be extremely harmful
to natural algae populations, affecting algal physiology and growth
compromising their development and presence in aquatic systems
after exposure to pyrethroids commercial formulations.

In Argentina, 215.000 L of commercial formulation of Cyfluthrin
were used in the last year, as it is applied over sucking and chewing
insects that attacks a glyphosate tolerant transgenic variety of soy-
bean which crops have reached to an extension of fourteen million
hectares in the last year. Cyfluthrin represents 7% of the total
amount of pyrethroid insecticides applied all over the country,
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being the fourth in importance (Argentine Crop Protection Associ-
ation [7]). The application rates are between 150 and 400 cm3 of
commercial formulations per hectare, depending on the type of
target organism. The treatment is conducted by direct application
over the surface of leaves in spray using terrestrial or aerial equip-
ment. Cyfluthrin is a contact insecticide that acts on insects that at-
tack others crops such as cereals, corn, cotton, potatoes, rice,
tobacco, sweet potatoes, wheat, sunflower, fruits, pea, cauliflower
and apple. Cyfluthrin has a low solubility in water, in order of
2 lg/l. Its half-life is estimated at 30 days [8,9].

Given the important role of microalgae in aquatic systems and
its essential function in nutrient cycles, the effects of one of the
most widely used pyrethroid in Argentina, Cyfluthrin, were studied
on green algae photosynthesis, growth and enzyme activity of cat-
alase, as an indicator of damage to the antioxidant defense system.
The insecticide was evaluated as a commercial formulation form.
The hypothesis and aims of the study were as follows,

Hypothesis 1: Cyfluthrin commercial formulation is toxic to
green algae species studied.

Hypothesis 2: Catalase enzyme is an earlier biomarker of adverse
actions as its activity is modified at lower concentrations than
those that affects growth and photosynthesis.

The aim of the study was to determine the effects of a com-
monly used Cyfluthrin commercial formulation in soybean crops
on growth, physiological and biochemical parameter of green al-
gae. Growth was chosen as a response that integrates several pro-
cesses, photosynthesis as a specific physiological parameter and
catalase enzyme activity as a first exploratory analysis of biochem-
ical indicator of oxidative stress. Determine which of these differ-
ent approaches would detect signs of toxicity so far in advance
and have, in this way a predictive tool. Another objective of this
study was to compare results from the traditional methodology
of short-term chronic toxicity test of 96 h of exposition and a
methodology based on the analysis of photosynthetic rate.

2. Materials and methods

2.1. Plant material

The organisms used were the Chlorophycean Scenedesmus quad-
ricauda (native strain isolated from an upstream non polluted site
of Luján river, Province of Buenos Aires. Identification was done
according to Phycology Laboratory, Faculty of Natural Sciences
and Museum, National University of La Plata), Scenedesmus acutus
(SAG 273–3a), Chlorella vulgaris (Companhia de Saneamento Ambi-
ental Estado de São Paulo, Brazil CETESB) and Pseudokirchneriella
subcapitata (Korschikov) Hindák 1990 (CCAP 278/4), (formerly,
Selenastrum carpicornutum). Algae was maintained in batch cul-
tures containing 200 ml of mineral growth medium (pH 7,5) US
EPA [10,11]. Algal culture of all species was grown under continu-
ous illumination, (86 lE/m2/s) provided by white fluorescent
lamps (General Electric F15 W/54) at 24 ± 1 �C on an orbital shaker
at 100 rotations per minute (rpm). Cultures were maintained in
exponential growth by subculture every week.

Regular test with K2Cr2O4 as reference toxicant were done as
validity criteria in relation to the sensibility of the clones used.

2.2. Chemical substances

We used commercially formulated 5% cyfluthrin [Ciano-[4-flu-
oro-3-(fenoxi) fenil] metil]-3-(2,2dicloroetenil)-2,2-dimetilciclo-
propanocarboxilato) (Bayer Inc., Argentina). Solutions containing
commercial formulation of Cyfluthrin were analyzed according to
Di Marzio et al. [12]. In brief, insecticide was extracted twice with
methanol (1:4) in an ultrasonic bath (Testlab1) for 60 min and then

passed through C18 columns (Supelco). The pesticide analysis was
performed after elution of the C18 columns with 2 ml hexane fol-
lowed by 2 ml dichloromethane. The extracts were injected into a
GC with mass spectrometer QP 5050A and Mass Spectrometry
Workstation Class 5000 (Shimadzu GC/MS). Quantification was
done using an external standard method purchased from Supelco.
The limit of quantification was 10 lg/l. All reported Cyfluthrin con-
centrations are expressed as mg Cyfluthrin/l. All other chemicals
included those used to measure enzyme activity were of analytical
quality and purchased from commercial suppliers.

2.3. Algal growth bioassays

The toxicity of commercial formulation of Cyfluthrin was eval-
uated by algal growth inhibition test of 96 h using different species
mentioned above. Algal culture medium was prepared by adding
macro and micronutrient solutions to Milli-Q water. The pH of
medium was adjusted to 7.5 (±1) using 0.1 N NaOH or HCl solu-
tions as described in US EPA [11]. The resulting culture water
had an average hardness of 200 mg/l (as CaCO3) and an average
alkalinity of 50 mg/l (as CaCO3). The medium was filtered through
a 0.45 lm pore diameter membrane in a vacuum. The medium was
sterilised by autoclaving (120�, 15 min). The protocol for growth
inhibition bioassays was based on standard procedures outlines
in US EPA [11]. Experiments were conducted in 250 ml Erlenmeyer
flasks containing 100 ml of sterilized culture media per replicate
with four replicates per concentration per experiment. Nutrient
medium was supplied with different pesticide concentrations pre-
pared from commercial formulation. Test concentrations used in
this study were selected based on previous range finding test.
The appropriate volume of product was added to each flask from
a single stock solution.

Each experiment was initiated using algae from cultures that
were in an exponential growth phase and approximately 5–7 days
old. Test flasks were inoculated with algal samples that had been
concentrated to a density of 10000 cells/ml. The same initial density
was used for all species. Commercial formulation assays were con-
ducted under controlled conditions in a ‘‘Forma’’ incubation orbital
shaker at 24 ± 1 �C, 86 lE/m2/s of continuous ‘‘cool-white’’ fluores-
cent lighting operating at 100 rotations per minute (rpm) [13]. Flask
position on the shaker was randomized daily by treatment.

At the end of the exposure period, algal biomass were measured
and dose response curves for each green algal species were ob-
tained from experiments conducted as described above. Algal
growth was the endpoint used based on total chlorophyll content
measured during the incubation period. Samples were removed
from the algal cultures and chlorophyll fluorescence were mea-
sured on a Turner TD 700 fluorometer (USA) using an excitation
wavelength of 420 nm and measuring the emission at 680 nm.

The growth rate, l (day�1) was calculated as follows:

l ¼ lnðNt � N0Þ
ðtt � t0Þ

where Nt the final biomass, N0 the initial biomass, and tt� t0 the
time (days) after the initiation of the test [14]

At 96 h of exposure, the percentage of growth inhibition with
respect to the control culture was calculated as:

% I ¼ C� T
C
� 100

where C is the growth rate in the control and T is the growth
rate in the presence of Cyfluthrin. Percentage of growth inhibition
versus concentration values were plotted for each species.

The procedure of Payne and Hall [15] was used to determine
algistatic (inhibition of growth) and algicidal (cell death) effects
[10]. After the contact period of 96 h, only cultures with an
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apparent inhibition of growth were centrifuged (10 min, 2000g)
and the algal pellet was suspended in fresh nutrient medium and
centrifuged again. The cells were counted and inoculated into ster-
ile nutrient medium free of toxicant. Initial inoculum density was
about 5 � 104 cells/ml. Recovery was evaluated during a period
of ten days under the same incubation conditions of the contact
period, but in the absence of toxicant. The enumeration of cells
was performed on days 3, 5, 7, and 10 [15,16,10,13].

2.4. Enzyme assays and enzyme extraction

2.4.1. Enzyme preparation
The catalase (CAT) activity was studied in cultured algae ex-

posed to Cyfluthrin commercial formulation. The algal suspensions
of four algal species were incubated for 48 h in 100 ml of medium
supplied with different concentrations of the pesticide prepared
from the commercial formulation. The incubation conditions were
those described above. After the exposure time, the cultures were
collected by filtration through a 0.45 lm filter pore diameter. The
filters were grounded 2 min in 1 g of quartz sand with the addition
of 4 ml of 25 mM sodium phosphate buffer (pH 7) at 4 �C. The en-
zyme extraction was performed by sonication in cold buffer using
three cycles of two minutes each at 70 W [17,18]. At the end of this
procedure, the enzyme extract was separated from debris by filtra-
tion (Whatman GF/C).

2.4.2. Protein determination
Protein concentration was evaluated by the method of Lowry

et al. [19] using bovine serum albumin as a standard.

2.4.3. Enzyme determination
Catalase (CAT) (1.11.1.6) activity was determined spectrophoto-

metrically by measuring the consumption of H2O2 at 240 nm (e:
0036 mM�1 cm-1) in a reaction medium containing 50 mM sodium
phosphate buffer (pH 7.3), 100 mM of H2O2 and enzymatic extract
[20,21].

2.5. Oxygen production rate

The algal cultures used in the photosynthetic oxygen produc-
tion tests, were maintained in a climatized chamber at
20 ± 0.5 �C, exposed to a light intensity of 50 Watt/m2 with a pho-
toperiod of 14 h light/10 h darkness placed on a continuous orbital
shaking at 100 rpm. EPA [11] nutrient medium was used for the al-
gal cultures of four species.

The total rate of photosynthetic oxygen production was per-
formed using a polarographic Clark type oxygen sensor (Hansa-
tech, Kings Lynn, UK) [22]. A methodology was developed to
implement this instrument in micro algae ecotoxicological studies
identifying the most appropriate conditions of light, algal density
and age of the cultures to be used in the oxygen production tests.
A detailed description of the method and the procedures used in
the establishing of the experimental conditions can be found in
Sáenz [13].

The electrode was equipped with a cylindrical chamber measur-
ing 15 mm inner diameter and 2.5 ml capacity with a stirrer bar at
its base, provided of an outer jacket for thermostat-controlled
water. The algal suspension derived from the culture vessels was
immediately introduced into the chamber. After a few seconds,
necessary for the adaptation of microalgae to the measuring cham-
ber, the total rate of oxygen production was recorded. The cell sus-
pension inside the chamber was continuously stirred while
measurements were taken. Temperature was of 20 ± 0.5 and irradi-
ance of 100 Watt/m2 inside the chamber provided by an optic fibre
light through a jacket on one side of it. A quantum-radiophotome-
ter Licor model Li 185 was used to measure irradiance. The instru-

ment was connected to a computer through an interface that
allowed the calculations of the rate of photosynthetic oxygen pro-
duction in a continuous manner, so the kinetic of the process could
be determined.

Light saturation curves were constructed for each species. The
kinetics of light saturation were fitted to the Michaelis–Menten
model:

Photosynthetic rate ¼ Fmax � Light intensity
I m þ Light intensity

where:Fmax: maximum photosynthetic rate
I m: light intensity at which the half of the maximum photosyn-

thesis rate is recorded.
The average inhibition was calculated by comparing the oxygen

production rate of the cultures exposed to the different concentra-
tions of Cyfluthrin formulation with the oxygen production rate of
control cultures (not exposed).

The application of this methodology in assessing the effects of
some herbicides on green algae photosynthesis can be found in
Mingazzini et al. [23].

2.6. Data analysis

Threshold concentrations including the no observed effect con-
centration (NOEC) and the lowest observed effect concentration
(LOEC) were estimated using traditional hypothesis testing tech-
niques. Normality of data was first assessed using the Shapiro–Wil-
ks test and homogeneity of variance was assessed with the
Bartlett’s test. The NOEC and LOEC were determined using Dun-
nett’s test, a parametric test for comparing individual treatment
concentrations against controls [24,25]. A linear interpolation
method was used to estimate inhibition concentrations (IC) for al-
gal growth and oxygen production rate, using ICPIN software (Ver-
sion 2.0 (US EPA Duluth MN USA).

One-way ANOVA was used to assess the differences in algal
growth, photosynthesis rate and enzymatic activity in conjunction
with Tuckey’s multiple range tests and Dunnett’s test (p < 0.05). All
statistical analysis was performed using Statistica v. 8 (StatSoft).

Recovery data were processed according to Payne and Hall [15],
US EPA [10] and Ricker [26].

3. Results

3.1. Effects on algal growth

Concentrations of 0.6 mg Cyf/l exerted a non-significant inhibi-
tion of S. quadricauda growth with respect to the controls at 96 h of
exposition. At this time the growth of the algae cultures was re-
duced significantly at insecticide concentration above 1 mg Cyf/l.
When algae cultures were grown in the absence of insecticide dur-
ing the recovery period, all cultures resumed the exponential
growth with the exception of those that had been exposed to the
highest concentration (4.6 mg Cyf/l). This concentration exerted
algicidal effects since algae cultures did not grow exponentially.
The estimated algistatic concentration of commercial formulation
was 3.73 mg Cyf/l (Fig. 1).

Growth cultures of S. acutus was not significantly affected at
0.03 mg Cyf/l. The algal growth was significantly reduced at insec-
ticide concentrations ranging from 0.1 to 14.4 mg Cyf/l (ANOVA –
Dunnett test–Tuckey test p < 0.05). During the recovery period al-
gal cultures preexposed at concentrations between 0.03 y 1.3 mg
Cyf/l developed an exponential growth as the controls. Cultures ex-
posed to 4.4 mg Cyf/l also exhibited an exponential growth but
these had a lower growth rate thereby producing a different
growth pattern. The growth of the algal cultures preexposed to
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14.4 mg Cyf/l showed an extended lag phase during the first three
days; after that an incipient increase of cell density was observed
between days five and seven, but a notable reduction of growth
was achieved at the end of the recovery period. These results indi-
cates that concentrations of Cyfluthrin commercial formulation be-
tween 0.03 y 4.4 mg Cyf/l produced algistatic effects since the
inhibition of growth during the contact period were reversible fol-
lowing exposure to the insecticide -free nutrient medium. On the
other hand, an algicidal response was observed in those cultures
exposed to 14.4 mg Cyf/l. At this concentration Cyfluthrin commer-
cial formulation exerted irreversible and permanent harmful to al-
gal cells. The estimated algistatic concentration was 1.89 mg Cyf/l
(Fig. 1).

In the case of C. vulgaris all the assayed concentration equals
and higher for 0.03 mg Cyf/l significantly inhibited growth relative
to the control cultures at 96 h of treatment (ANOVA–Tuckey test
p < 0.05). During the recovery period growth of algal cultures ex-
posed to concentrations between 0.03 and 3.7 mg Cyf/l were not
significantly different from the control cultures (ANOVA–Dunnett
test p > 0.05). Concentrations of 12.3 mg Cyf/l significant affected
the growth recovery of algal cultures since these did not show
exponential growth. These results indicate that Cyfluthrin com-
mercial formulation exerted algicidal effects at concentrations of
12.3 mg Cyf/l, confirming the algicidal response observed during
the contact period. The estimated algistatic concentration of Cyf-
luthrin commercial formulation to C. vulgaris was 3.48 mg Cyf/l
(Fig. 1).

Cyfluthrin commercial formulation did not affect significantly
algal growth of P. subcapitata compared to the control at a concen-
tration between 0.03 and 0.37 mg Cyf/l after 96 h of exposure. Con-
centrations ranging from 1.2 to 12.3 mg Cyf/l produced a
significant inhibition of growth with respect to the control. During
the recovery experiences, similar results to C. vulgaris were found.
Cultures of P. subcapitata preexposed to the same range of concen-
trations (0.03 and 3.7 mg Cyf/l) also growth as the control cultures.
Cultures preexposed to 12.3 mg Cyf/l did not recover from Cyfluth-
rin exposure. Commercial formulation of Cyfluthrin was algicidal
at concentrations of 12.3 mg Cyf/l. The concentration that caused
algistatic effects on P. subcapitata was 2.55 mg Cyf/l (Fig. 1).

Toxicity endpoints derived from growth parameters are shown
in Table 1. Statistical analysis of 96 h IC50 values indicates that P.

subcapitata was the most sensitive specie. S. quadricauda was the
least sensitive featuring the highest value. Taking into account
chronic toxicity endpoints there were no differences between
NOEC and LOEC estimated for S. acutus, C. vulgaris and P. subcapitata
while S. quadricauda showed the highest values (Table 1). IC25 val-
ues showed similar results as there was no significant difference
between S. acutus, C. vulgaris and P. subcapitata indicating a similar
sensitivity to Cyfluthrin commercial formulation. The IC25 value of
S. quadricauda was the highest, in correspondence with the others
endpoint estimated.

3.2. Effects on photosynthetic oxygen evolution

The photosynthetic oxygen rate was stimulated in algal cultures
of S. quadricauda exposed to 0.01 and 1 mg Cyf/l for the first
40 min. With longer exposure times, a not significant inhibition
of the photosynthetic rate was observed. Concentrations of
10 mg Cyf/l caused a significant inhibition of the photosynthetic
rate of algal cultures since the beginning of the experience. In re-
gards to the algal cultures exposed to the highest concentration as-
sayed (100 mg Cyf/l) there was no photosynthetic oxygen
production by the algal cultures at any time during the assay
(Fig. 2A).

After 40 min of exposition of P. subcapitata cultures to 0.01 and
0.1 mg Cyf/l the photosynthetic rate was not significantly affected.
In contrast, cultures exposed to 1 and 100 mg Cyf/l showed a sig-
nificant inhibition of the photosynthesis rate. When the exposure
time was increased to 50 min, concentrations higher than 0.1 mg
Cyf/l significantly inhibited photosynthetic rates compared to the
controls, while those exposed to 0.01 mg Cyf/l were not affected.
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Fig. 1. Inhibition growth respect to the control of algal cultures of different species used, after 96 h of exposition to different concentrations of Cyfluthrin commercial
formulation.

Table 1
Toxicity of Cyfluthrin commercial formulation to four algal species after a 96 h
treatment based on growth measurements (mg/l).

Species IC25 (95% CI) IC50 (95%CI) NOEC LOEC

S. quadricauda 2.02 (1.60–2.37) 4.85 (4.47–5.13) 1.6 2.7
S. acutus 0.32 (0.23–0.40) 1.25 (1.12–1.67) 0.03 0.1
C. vulgaris 0.33 (0.30–0.37) 2.06 (1.77–2.29) 0.03 0.1
P. subcapitata 0.39 (0.23–0.51) 0.92 (0.80–1.02) 0.03 0.1
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Algal cultures exposed to 100 mg Cyf/l did not photosynthesize at
any time during the assay (Fig. 2B).

Cultures of S. acutus were affected in the similar manner as de-
scribed above. At 50 min of exposition concentrations from 1 to
100 mg Cyf/l significantly affected photosynthetic oxygen rate.
Those cultures exposed from 0.01 to 0.1 mg Cyf/l did not showed
a significant decrease in this parameter respect to controls
(Fig. 2C).

The photosynthetic oxygen rate of C. vulgaris cultures exposed
to Cyfluthrin commercial formulation was significantly inhibited
since 40 min till the end of the exposition time, at concentration
above 1 mg Cyf/l. This parameter was not affected in algal cultures
exposed to 0.01 and 0.1 mg Cyf/l respect to control values (Fig. 2D).

The assessment of the effects of Cyfluthrin commercial formula-
tion upon the photosynthesis process on algal species showed that
IC50 after 50 min of exposition of P. subcapitata and S. acutus were
significantly lower than the respective values for S. quadricauda
and C. vulgaris (Table 2).

3.3. Effects on catalase activity

Enzymatic activities of four species exposed to Cyfluthrin com-
mercial formulation are shown in Fig. 3. After 48 h of exposition
CAT activity of those cultures of S. quadricauda exposed to 0.01
and 0.6 mg Cyf/l were significantly stimulated by 23% and 28%
respectively relative to controls (p < 0.05). CAT activity was signif-
icantly lower in those cultures exposed to 1 mg Cyf/l compared to
control, with an inhibition of 18%. As is shown in Fig. 3B cultures of
P. subcapitata treated with the Cyfluthrine commercial product at
0.01 mg Cyf/l showed a significant increase in CAT activity
(p < 0.05) of 33% compared with controls. On the contrary, at high-
er concentrations of 0.30 and 1 mg Cyf/l, enzyme activity was sig-
nificantly lower than that of the control, resulting in an inhibition
effect of 22% and 29%, respectively. CAT activities of cultures of S.
acutus and C. vulgaris treated with the highest concentrations, also
decreased respect to control. In the case of S. acutus the inhibition
was of 25% and 32% respectively. For C. vulgaris these values were
22% and 33%. At 0.01 mg Cyf/l a significant increase in CAT
(p < 0.05) activity was recorded for both species, being of 18%
and 31%, respectively (Fig. 3C, Fig. 3D).

Action on CAT activity was significantly different from control
at a concentration of 0.01 mg Cyf/l for four algal species after
48 h of exposure. This concentration is lower than LOEC values de-
rived from algal growth inhibition test of 96 h of exposure (Table1)
and also lower than IC50s endpoints derived from photosynthesis
determinations after 50 min of exposure (Table 2); therefore ef-
fects would be detected through alterations in enzyme activity
prior and at much lower exposure concentrations to those affecting
algal growth and photosynthesis, resulting in a more sensitive
parameter.

In this study, P. subcapitata was the most sensitive species to the
action of the Cyfluthrin commercial formulation considering both
effects on growth and on photosynthetic process. CAT activity as
an indicator of oxidative stress damage was severely inhibited at
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Fig. 2. Oxygen evolution of cultures of S. quadricauda (A), P. subcapitata (B) S. acutus
(C) and C. vulgaris (D) exposed to different concentrations of Cyfluthrin commercial
formulation during exposition time of 50 min.

Table 2
IC 50 values and confidence limits of commercial formulation (mg Cyf/l) to algae
species after 50 min of exposition based on photosynthesis rate measurements.

Species IC50 50 min. CI

S. quadricauda 8.9 6.54–12.3
S. acutus 2.1 1.2–2.9
C. vulgaris 3.4 3–3.8
P. subcapitata 1.7 0.9–2.8
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a concentration lower than that affecting S. quadricauda. In this
case, sensitivity was similar to the others two algal species consid-
ered, S. acutus and C. vulgaris.

4. Discussion

The ecotoxicological assessment of Cyfluthrin commercial
formulation on algal species used showed that this insecticide
caused serious effects on algal growth. Studies carried out to assess
algal recovery after exposure to the insecticide indicated that natu-
ral algal populations would be severely affected after exposure to
the pyrethroid insecticide Cyfluthrin as the commercial formula.
This product exerted algistatic and algicidal effect uponS. quadricau-
da,S. acutus,C. vulgaris andP. subcapitata. This is an important matter
to consider since after such environmental concentrations natural
algae population would have permanent, irreversible damage and
would have no resilience. Cyfluthrin commercial formulation
affected algal photosynthesis process. This means that after a short
exposure of at least 40 min algal photosynthetic process also would
be affected. The effects of stimulation of photosynthesis registered
in the case of S. quadricauda have also been found in studies with
the herbicide Glyphosate [27]. Paraquat caused stimulatory effects
on green algal growth [28]. These phenomena have been pointed
out by others authors [29]. Low concentrations of pesticides would
cause cellular stress and imbalance at the cellular level producing a
stimulation of different processes as a first sign of disturbance of
biological processes. At higher concentrations the damage would
be more drastic causing an inhibition of the photosynthesis rate.
This phenomenon has been described over a century ago as the
Arndt-Schulz law, being introduced the term ‘‘hormesis’’ in 1943
by Southam and Erlich. The hormetic dose response may be best
assessed within the context of a dose-time response since the low
dose stimulation response often represents a modest overcompen-
sation response following an initial disruption in homeostasis

(toxicity). As time progresses a compensatory response occurs at
low doses eventually leading to the low dose stimulation character-
istic of hormesis. Such compensatory responses are not usually
achieved at the higher doses, leading to the hormetic biphasic dose
response. The nature of the overcompensation response appears to
result from biological compensatory processes that allocate re-
sources slightly in excess of those insuring a return to homeostasis.
This ‘extra’ allocation of resources leads to the hormetic stimulation.
This accounts for why hormesis is best observed within the context
of a dose-time effect evaluation [30]. A recent study of terrestrial
and aquatic vascular plants and algae exposed to low doses of ten
herbicides has shown that there are some herbicides that cause mild
hormesis phenomena, while others cause more pronounced re-
sponses [31]. The cyfluthrine commercial product would cause a
low hormetic response.

Regarding the difference in sensitivity between the green algae
species used in this study, P. subcapitata was the most sensitive
specie to the action of the Cyfluthrin commercial formulation. This
fact was considering both the effects on growth population and the
effects on photosynthetic rate. The greater sensitivity of this specie
would be associated to a faster penetration of the formulation in
virtue of a one layer, therefore a simpler constitution of its cell wall
compared to the complex one of the species belonging to genus
Scenedesmus [32].

An important conclusion also to point out is that similar sensitiv-
ity endpoints were found between the four species studied as a con-
sequence of applying the traditional methodology of short-term
chronic toxicity test of 96 h of exposition and the methodology
developed using the Clark type photosynthetic oxygen evolution
method. This methodology allowed detect in a faster manner effects
at concentrations ranging in the same order of magnitude that those
detected by the algal growth inhibition test of 96 h of exposition
(IC50 50 min for photosynthetic rate: 1.7–8.9 mg Cyf/l; IC50 � 96 h
for algal growth = 0.92–4.85 mg Cyf/l). These findings were also
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Fig. 3. Effect of Cyfluthrin commercial formulation on catalase activity of S. quadricauda (A), P. subcapitata (B) S. acutus (C) and C. vulgaris (D) after 48 h of exposure (⁄p < 0,05).
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reported by Mingazzini et al. [23] when this methodology was ap-
plied to study the effects of two herbicides Atrazine and DCMU on
the same algae species. The advantage of the developed methodol-
ogy consists of rapid achieving of toxicological information which is
relevant in monitoring programs and pesticide risk assessment
allowing to have a first preliminary information about the damage
towards an autotrophic planktonic community of freshwater envi-
ronments. Indeed this is a really fundamental fact in virtue of the
important amounts of pesticides used in relation to the fourteen
million hectares cultivated with glyphosate tolerant transgenic
variety of soybean all over the country.

Studies carried out with technical grades of pyrethroids con-
clude that they are of low toxicity compared with others insecti-
cides [33]. Respect to antioxidative enzymes Xiong et al. [33]
have showed that concentrations as high as 100 mg/l of Cyperme-
trin technical grade stimulated SOD activity of S. obliquus as a way
of eliminate active oxygen in algal cells when the concentrations of
this xenobiotic increases. This threshold is much higher than those
reported here from pyrethroid commercial formulations. Previous
studies (in press) about ecotoxicological assessment of Cypermeth-
rin as commercial formulation, towards the same algae species
used in this study, have shown growth inhibition, algistatic and
algicidal effects and an increase of oxidative stress enzymes, cata-
lase and glutathione reductase. Toxicity endpoints were very sim-
ilar to the ones reported here for Cyfluthrin commercial
formulation. These similar results would indicate a similar toxicity
mechanism towards green algae of these insecticides. As was
pointed out, commercial formulation of insecticides pyrethroids
contains xylene in order to increase the effectiveness to the target
organisms. Toxicity assessment of this solvent to the algae species
used in this study shown that the 96 h IC50s were between 0.10 and
0.38 mg/l [13]. So this fact would explain part of the higher toxicity
of both pyrethroid commercial formulations, Cypermethrin and
Cyfluthrin. One important matter to considering regarding the
environmental risk of these insecticides is that, in spite of the fact
that technical grade of pyrethroids does not provoke toxic effects
to algae, [6–13] commercial formulations indeed would affect algal
growth, growth kinetics, important vital processes such as photo-
synthesis reactions and ROS generation due to the addition of or-
ganic solvent in the formulations. In this sense, the initiation of
synthesis of antioxidant enzymes and their activation would be
stimulated as a response to cellular antioxidative mechanism. Par-
ticularly catalase enzyme is part of the plant defense when oxida-
tive stress leads to lipid peroxidation, protecting cellular
membranes against ROS. It is located mainly in cytosol, in which
the importance in hydrogen peroxide metabolism and scavenges
is determinant in the hability of cells to cope with ROS. Stimulation
and activity of this enzyme was often reported in plants exposed to
oxidative stress generating compounds [34]. So, from our results
we can assume that low concentrations of pyrethroid formulations
strongly stimulated CAT enzyme of green algae studied. This phe-
nomena is probably attributable to strengthening of antioxidative
defenses. The decrease in CAT activity observed for the four algal
species at higher concentrations can be explained by alteration of
protein integrity as a consequence of peroxidative destruction as
well as disintegration of cellular membranes systems by lipid per-
oxidation caused by the presence of solvent in the formulation.
Due to an overproduction of ROS the activity of the enzyme was
not enough to cope with the excess of hydrogen peroxide gener-
ated by formulations. These changes took place at the molecular le-
vel in the cells, so this is the reason why they happened much
earlier than growth or reproduction.

Commercial formulations are those that are finally used in aqua-
tic system and are in close contact to the aquatic organisms. In this
context is worthwhile to point out that activation of antioxidant en-
zymes could be used as a sensitive biomarker for early warning of

the action of these commercial products. Biomarkers are important
supplementary approach, they provide a measure of the operation
of a toxic mechanism and can give evidence that a chemical existing
in the environment is actually operating in the living organism and
be responsible of population decline. A biomarker can give an initial
signal that after leads to physiological and biochemical disturbances
that become manifest at the whole organism level. As a conse-
quence, this can lead to adverse effects at the population level [3].
Such an approach can give powerful evidence of causality; it may
also have an important role in the risk assessment of environmental
chemicals. Wendt-Rasch et al. [35] and Friberg-Jensen et al. [36]
have reported important harmful effects on crustacean zooplankton
and alterations in species composition of autotrophic communities
such as periphyton and phytoplankton in freshwater community
under field conditions after applications of pyrethroid insecticides
commercial formulation. So these products would affect the entire
aquatic community. Cyfluthrin concentrations of 5–8 lg/l have
been found in surface waters as a result of agricultural practice
[37]. These concentrations could be higher depending on rainfall
intensity and the amount of water leaving the fields via surface run-
off. Heavy rain occurs during pampasic summer which is the season
where transgenic soybean is grown. That means that the extremely
large volume of water produced in a short time being runoff the
main route of entry. Entrance to aquatic systems by spray drift is
also important, as most of the time aerial applications are used
due to the large extensions to be treated with insecticides. It would
be important the definition and implementation of risk mitigation
strategies and improved measures of mitigation capabilities as it
might make possible to adapt the agricultural practice and pesticide
application on a local level, e.g. reducing or differentiating distance
between sprayed fields and surface waters for specific compounds.
In this scenario we can conclude that CAT activity would be a sensi-
tive biochemical biomarker, offering fast and reliable indication of
aquatic pollutants toxicity impact, as at 10 lg/l significant effects
was observed. It could be considered an important tool in detecting
harmful effects prior to worst effects on growth and photosynthesis
observed at higher exposure concentrations.
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