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Abstract—The objective of this static algal bioassay is to assess the 
Chlorpyrifos 50% + Cypermethrin 5% EC pesticide effect on 
Pseudokirchneriella subcapitata. 1 × 104 cells per mL algae were 
inoculated into conical flask containing 100 mL of 0.0000134, 
0.000134, 0.00134, 0.0134, 0.134, 1.34 and 13.4 µg/L concentrations 
followed by a 7 days recovery period. Growth rate inhibition and 
yield in the exposed concentrations was found to be dose dependent. 
Based on Yield 0.004 µg/L EyC50 and based on growth rate 0.180 
µg/L ErC50 were statistically derived. At 0 hour Chlorpyrifos and 
cypermethrin recovery was 89.9%, 76.3% and at 72 hour it was 
78.8%, 49.8%, respectively. No published data related to the toxicity 
is available. Based on the results it is observed that pesticide 
mixtures can affect freshwater alga of an ecosystem.  
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1. INTRODUCTION 

Increased usage of combination pesticide has elicited 
extensive research into pesticide effects on non-target 
organisms. Algae are important in aquatic ecosystems and are 
primary producers. Unicellular algae in aquatic food chain are 
sensitive to a wide range of pollutants and are important for 
hazard assessment and environmental protection of aquatic 
ecosystem. Toxicity data from laboratory tests with single 
chemicals provide an essential input to scientific assessments 
of chemical risks to aquatic life. However, they are rarely 
exposed to only one single contaminant, but typically to 
mixtures of numerous manmade chemicals with varying 
constituents, ratios and concentrations [4]. Inhibition and 
recovery of aquatic phytoplankton alga exposed to the 
pesticide was studied based on OECD and OCSPP guidelines 

[14,15]. Exposure to mixtures of dissimilarly acting pesticides at 
concentrations considered environmentally acceptable can 
have significant effects on the biota. Chemical monitoring 
alone cannot assess the quality of water impacted by 
anthropogenic mixtures. Changes in the structure and 

productivity of the algal community may induce changes in 
the ecosystem and also affect water quality [8]. The 
combinations of an organophosphorus ester or a carbamate 
with either another organophosphorus ester or a synthetic 
pyrethroid have been identified for deviations from 
concentration addition [5]. Chlorpyrifos is one of the widely 
used pesticides for insect control in the world and is registered 
in about 100 countries worldwide to control insects that 
threaten agricultural food supply and houses. Cypermethrin is 
a synthetic pyrethroid which is also worldwide used 
extensively for pest control. Due to potential effects on aquatic 
ecosystems and usage synthetic pyrethroid have generated 
public concerns [6]. Number and types of esters present in 
organophosphate and pyrethroid and their stereochemistry 
regulates pesticide potency. Annihilation of natural 
populations of some organisms and noxious groups increase 
can cause an imbalance in the population dynamics thereby 
leading to serious problems in the ecosystem.  

Microalgae non target organisms are affected by pesticides [12]. 
As primary producers, they are the key component of food 
chain in aquatic ecosystems [23]. Pesticide application for the 
plants and soil protection can cause adverse effects on aquatic 
ecosystems in areas nearby agricultural fields [22]. Direct 
effects of pesticide exposure are sometimes difficult to detect, 
nevertheless indirect effects are even more complicated to 
describe [9]. Humans and animals are exposed to complex and 
variable combinations of chemicals and exposures to each 
chemical may be below toxicity level. To envisage the 
toxicological properties of chemical mixtures, complete 
information on the composition of the mixture, the mechanism 
of action, potency of each compound, as well as proper 
exposure data is required[1]. No robust evidence is available 
that exposures to chemicals present at or below their zero 
effect levels is of environmental concern. Impact of chemical 
mixtures on human and ecosystem health has been highlighted 
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by the scientific community and brought to the attention of the 
European Commission concern [20]. Algae provide oxygen and 
organic substances to other life forms. It is widely used in 
ecological risk assessment in recent years to evaluate the 
impacts of metal, herbicide, xenobiotic contamination and 
bioavailability in aquatic systems [16]. Species sensitivity 
distributions are applicable to combination pesticides. The 
species sensitivity describes the variation to which group of 
different organisms is sensitive to the effects of the pesticide. 
On the basis of these species sensitivity distributions, 
concentrations safe for the environment is determined. 
However, a lot of data are required to determine the adverse 
effects of pesticides to aquatic organisms, which are usually 
not available. Cultures of algal species in exponential growth 
phase were exposed to the pesticide and the effect on growth 
rate for freshwater algae was assessed. 

2. MATERIALS AND METHODS 

Chlorpyrifos 50% + Cypermethrin 5% EC was purchased 
from commercial market and Alga obtained from Department 
of Ecotoxicology, IIBAT. Preculture was inoculated in OECD 
TG 201 medium and maintained for four days in growth 
cabinet with continuous illumination. Static exposures with 
three replicates per concentration along with six replicates for 
control were maintained.Test concentrations were prepared by 
serial dilutions. 100 mL of prepared test solution in OECD TG 
201 medium was transferred into sterile 250 mL conical flask. 
Alga cells were observed and counted using Light microscope 
(Lawrence & Mayo Model: LYNX/LM-52-801). 1 × 104algal 
cells were inoculated under aseptic conditions in control and 
treatment conical flask Algae cells were inoculated to 
0.00134, 0.0134, 0.134, 1.34 and 13.4 µg/L concentrations. At 
the end of the experiment algistatic effect was determined in 
all the concentrations exhibiting inhibition. 0.5 mL aliquots of 
test solution with growth inhibited algae were inoculated into 
a new test conical flask containing 100 mL fresh medium. 
Also the control alga was transferred to fresh medium 
simultaneously and these subcultures were incubated in the 
same test conditions. Once growth occurs the test will be 
discontinued. pH, temperature and Light intensity (LUX) were 
analysed using instruments (Eutech pH Testr 30 and Lutron 
LUX meter LX-101).  

The average specific growth rate for exponentially growing 
culture was calculated using µi-j = (ln X j - ln X i)/ tj - ti 
x(day-1) where, µi – j is average specific growth rate from 
time i to j, Xi biomass at time i (0 hour), Xj is biomass at time 
j (72 hours), ti is time period (0 hour), tj is time period (72 
hours). The percentage inhibition of average specific growth 
rate (% Ir) was calculated as, % Ir = [(µC - µT)/ µC] × 100. 
Where, % Ir = Percentage inhibition in average specific growth 
rate, µC is the mean value for average specific growth rate (µ) 
in the control group and µT is the average specific growth rate 
(µ) for the treatment replicate. The yield was calculated as Yi – j 
= Xj - Xi. Where, Yi – j biomass from the start of the test to the 
end of the test. Xi biomass (cells/mL) at time i (0 hour), Xj 

biomass (cells/mL) at time j (72 hours). The percent inhibition 
of the yield (% Iy) was calculated as, % Iy =[ (YC - YT)/ YC] 
x 100. Where, % Iy = Percent inhibition of yield, Yc = Mean 
value for yield in the control group, YT = Value for yield for 
the pesticide treatment replicate. Statistical analysis was 
performed on the inhibitions of yield and growth rate, EyC50 (0 
- 72 h), ErC50 (0 - 72 h) and their 95% confidence limits were 
calculated using software ECOSTATS Program Version 
2012.06.03 (SAS VERSION 9.3, SAS Institute Inc., Cary, 
NC, USA, 2002-2010). The No Observed Effect 
Concentration (NOEC) and Lowest Observed Effect 
Concentration (LOEC) for yield and growth rate were 
calculated by Dunnett test and Dunn's test, respectively using 
analysis of variance (ANOVA). 

Stock solution 13.4 µg/L prepared in OECD TG 201 medium 
was analysed for stability of the pesticide in Agilent QQQ GC-
MS/MS, Election Impact Ionization mode with Mass Hunter 
software, USA. Chlorpyrifos and cypermethrin residues were 
separated using HP-5 MS fused silica capillary column (30m 
length, 0.25mm i.d. and 0.25µm film thickness). Carrier gas 
was Helium at 1.8 mL/min, Injector and source temperature 
was 310°C with a split ratio of 1:5. Column temperature was 
maintained at 70°C. Sample Injection volume was 3.0 µL. 
Chlorpyrifos and Cypermethrin had a retention time of 11.8 
and 24.1. The residues extracted with 2x25 mL of 
dichloromethane and the dichloromethane layer was 
evaporated by turbovap and residues reconstituted with 2 mL 
hexane was analysed for active content. 

3. RESULT  

Initial pH of OECD TG 201 medium and test item 
concentrations was in the range of 8.01- 8.16 and the final pH 
measurement range in control was 7.58 and treatments was 
7.15 - 7.57. The shaker incubator temperature was of 22.4 to 
22.8°C and light intensity was in the range of 6824 to 6890 
Lux. The alga cell observed for appearance was normal in 
control and all test item concentrations at 24, 48, 72 hours. 
Initial cell count in control flasks was 1 × 104 (10000) 
cells/mL. The average final cell count in the control flasks at 
72 hours was 163 × 104 cells/mL. Maximum inhibition of 
yield in 13.4 µg/L was 95.9% and in 0.0000134 µg/L a 
minimum of 2.4% was recorded. Similarly, maximum 
inhibition of growth rate observed in 13.4 µg/L was 60.1% 
and minimum of 0.5% was observed at 0.0000134 µg/L and 
13.4 µg/L. The inhibition of yield and growth rate based on 
cell count is represented in Table 1 & 2. Statistical analysis of 
inhibition based on yield, growth rate, NOEC and LOEC at 72 
hours with different concentrations Chlorpyrifos 50% + 
Cypermethrin 5% EC are presented in Table 3. The percent 
coefficient of variation (% CV) for section by section specific 
growth rate in the controls (0 - 24 hours, 24 - 48 hours and 48 
- 72 hours) was 29.47% (less than 35% as per the OECD 
guideline). The percent co-efficient of variation of average 
specific growth rate during the whole test period (0 - 72 hours) 
in replicate control flasks was 0.4% (less than 7% as per the 
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OECD guideline) which validates the results. Chlorpyrifos and 
cypermethrin active content at 0 hour in 13.4 µg/L stock was 
89.9%, 76.3% at 72 hour it was 78.8%, 49.8%, respectively. 

Table 1: Percent inhibition of Yield 

Concentrations (µg/L) Day 0 Day 3 Day 3 - Day 0 Iy (%)
Control 10000 1638333 1628333 - 

0.0000134 10000 1600000 1590000 2.4 
0.000134 10000 1380000 1370000 15.9 
0.00134 10000 1176667 1166667 28.4 
0.0134 10000 613333 603333 62.9 
0.134 10000 216667 206667 87.3 
1.34 10000 83333 73333 95.5 
13.4 10000 76667 66667 95.9 

 

Table 2: Percent inhibition of Growth Rate 

Treatments 
(µg/L)  0h 72h 

Ln 
0 h 

 Ln 
72 h 

(Ln (72h) - Ln 
(0h))/3 

Ir 
(%)

Control 
100
00 

163833
3.33 9.21 14.31 1.6996 - 

0.0000134 
100
00 

160000
0.00 9.21 14.29 1.6917 0.5 

0.000134 
100
00 

138000
0.00 9.21 14.14 1.6424 3.4 

0.00134 
100
00 

117666
6.67 9.21 13.98 1.5893 6.5 

0.0134 
100
00 

613333.
33 9.21 13.33 1.3721 19.3

0.134 
100
00 

216666.
67 9.21 12.29 1.0253 39.7

1.34 
100
00 

83333.3
3 9.21 11.33 0.7068 58.4

13.4 
100
00 

76666.6
7 9.21 11.25 0.6790 60.1

 
Table 3: Growth inhibition 

Paramete
r 
 

Toxicit
y end 
points  

Toxicit
y end 
points 
results 
(µg/L) 

95 % 
confidence 

limits(µg/L) NOEC 
(µg/L) 

LOEC 
(µg/L) 

Lowe
r 

Uppe
r 

Based on 
Yield* 

EyC50 0.004 0.002  0.008 
0.000013

4 
0.00013

4 
Based on 
Growth 
rate ** 

ErC50 0.180 0.139  0.221 0.0134 0.134 

*Bruce &Versteeg Weighted model Fit by MARQUARDT for 
EC50/Dunnett for NOEC 
** OECD Model 2 Fit by MARQUARDT for EC50/Dunn's for 
NOEC 

4. DISCUSSION 

According to REACH (Registration, Evaluation, Authorisation 
and Restriction of Chemicals) a European Union regulation by 
the year 2018, from 30 000 to 100 000 substances in total must 

have basic ecotoxicological information, including data 
concerning growth inhibition of aquatic plants and algae. 
Industrial chemicals, synthetic nano particles already used in 
various consumer products needs evaluation for health and 
environmental effects. Bioassays need to be included, based 
on the outcome of a risk assessment of the specific water body 
their selection should be made taking into account of the 
sources of pollutants such as agriculture, industry, household 
or hospital. Expected concentrations, methods cost, technical 
time, and concentration range applicability needs to be 
considered in bioassays [2]. Acute tests on microalgae, 
daphnids and fish are the common feature of all regulatory 
systems. In risk assessment of pesticides, assessment of 
individual substances is focused more than the joint toxic 
action of mixtures and recently much attention has been drawn 
to this issue. Organophosphate pesticides are potent inhibitors 
of photosynthesis and it has been demonstrated in laboratory 
experiments of Cyanobacteria [10]. Expired insecticides EC50 
values were high indicating less toxicity when compared with 
unexpired; this might be due to less potent degraded products 
which may be formed from the active ingredients or impurities 
[19]. Comet assay was used to study the genotoxic effects of 
insecticides chlorpyrifos to Pseudokirchneriella subcapitata 
and it was reported that higher concentration of chlorpyrifos 
affected the measured cell viability and exerted genotoxic 
effect when compared to fungicide Tebuconazole [17]. The 
quality standard according to Water Framework Directive to 
protect the aquatic Ecosystem against any adverse effects from 
short-term exposure for groundwater standards that are 
currently applied for pesticides are 0.1 µg/L for any individual 
compound and 0.5 µg/L for the sum of all individual 
pesticides detected [3]. The concept of concentration addition 
for describing the joint effect of pesticides on aquatic 
organisms, although from a theoretical point of view may be 
invalid when dealing with mixtures of compounds with 
dissimilar modes of action. Many studies are available with 
herbicides toxicity to algae very few studies are available for 
organophosphate and pyrethroid toxicity. Blue green algae 
Spirulina platensis was exposed to Chlorpyrifos and 
cypermethrin pesticide. Chlorpyrifos exposure resulted in 
significant reduction of growth rate above 5 ppm and for 
cypermethrin significant reduction was observed at 10 ppm. 
Maximum acceptable toxicity concentration was calculated 
with LOEC and NOEC values and it was estimated at 0.707, 
7.07 ppm for chlorpyrifos and cypermethrin [11].  

Chlorpyrifos and cypermethrin formulations effects on 
pesticides on the local aquatic ecosystems should be 
considered. There is little information available about the 
effects of formulations on microorganisms in spite of their 
ecologic importance. It is very important to have information 
about the ecotoxicity of insecticides towards algae in order to 
explore combined effects with others agrochemicals products 
such as herbicides and fungicides. Degradation products of 
pyrethroids have been documented as more toxic to bacteria, 
fungi and algae. Cypermethrin commercial formulation caused 
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algicidal effects. Recovery from toxic exposure could be 
seriously affected and algal population in aquatic ecosystem 
would not be able to recover after a short exposition to the 
commercial formulation [7]. Dose response of cyanobacteria 
Microcystis wesenbergii was investigated to the exposure of 
organophosphate pesticide chlorpyrifos and dichlorvos 
generally considered non-toxic to plants and algae and the 
exposure caused growth inhibition [21]. Multispecies algal 
culture was exposed to chlorpyrifos and its detrimental effect 
to its population growth rate has been observed and was found 
to decrease [13]. Similarly, in this experiment under laboratory 
condition inhibitory and recovery effect of combination 
pesticide to the tested algal species reveals the toxic effect of 
the pesticide.  

5. CONCLUSION  

Algae play important role in the protection of aquatic 
ecosystem and Algal bioassays are extensively used in 
environmental risk assessment. It is concluded that for holistic 
characterization of water quality and ecological assessment 
freshwater algae can be adopted. The combination pesticide 
tested at various concentrations had inhibitory effects on the 
yield and specific growth rate of Pseudokirchneriella 
subcapitata.  
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