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Abstract

Pakistan is an agricultural country and a wide variety of pesticides are used on its cropland. Pesticides pose serious
threats to the natural ecosystem. In the present study cyanobacteria (blue green algae) were used to assess the
ecotoxicological effect of chlorpyrifos (organophosphate pesticide). Cyanobacteria are the base of the food web providing
food resource to consumers in higher trophic level. Cyanobacteria were isolated and purified from water samples collected
from Manora channel. Fast growing cultures of cyanobacteria were used to assess the toxicity of test pesticide. The Light
and Dark method was used to determine the primary production of the organisms. The acute toxicity of chlorpyrifos was
determined by calculating ICs, of the test organisms. The ICs, was found to be 0.074, 0.013, 0.08 and 0.3 ppm for
Synechocystis aquatilis, Komvophoron minutum, Gloeocapsa crepidinum and Gloeocapsa sanguinea when exposed to
chlorpyrifos pesticide. Laboratory experiments with cyanobacteria have demonstrated that organophosphate pesticides are

potent inhibitors of photosynthesis.
Introduction

Agriculture is the mainstay of Pakistan economy,
cotton being the cash crop so wide varieties of pesticides
are used on its cropland. Organophosphate pesticides are
largely used against the cotton pests in Pakistan.
Pesticides are a major source of pollution in marine
environment. Organophosphates are comparatively short
lived and are not persistent as mercurial and
organochlorine compounds and hence organophosphates
are favoured as a replacement for these compounds
(Hansen et al., 1983; Coats et al., 1989).

Cyanobacteria, the photosynthetic prokaryotes, play an
important role in the energy transformation to higher trophic
levels (Lee et al., 2001). Cyanobacteria are a major
component in many ecologically significant processes, such
as, generation of new nitrogen and carbon production
(Bashan et al., 1998). Cyanobacterial photosynthesis, growth
and heterocysts differentiation is reduced or inhibited by
herbicides and pesticides, such as, 24-D; atrazine;
metsulfuron methyl (Thompson et al., 1993; Berard et al.,
1999). In the present study cyanobacteria have been cultured
in the laboratory. The fast growing cultures were selected to
assess the ecotoxicological effect of organophosphate on
these primary producers.

Material and Methods

Collection, isolation & identification of cyanobacteria:
Cyanobacteria were isolated and purified from water
samples collected from Manora channel using a
phytoplankton net (55 pm) towed for ten minutes in the
surface water. The cyanobacterial species were isolated
through repeated inoculation on solidified ASN III media
and in ASN III broth prepared in filtered seawater and
incubated under suitable light and temperature conditions.
A mixed culture obtained was further isolated by streaking
on solid medium as well as through serial dilution (Rippka,
1988). Cyanobacteria, were identified on the basis of their
morphological characters (Desikachary, 1959;
Anagnostidis & Komarek, 1985, 1988; Komarek &
Anagnostidis, 1986, 1989). Chlorpyrifos (organophosphate
pesticide) was used to assess the toxicity on four different
cyanobacteria species.

Experimental design: The light and dark method
(Strickland & Parsons, 1968) was used to determine the
rate of photosynthesis. The laboratory grown cultures
were maintained in ASN III broth. Known volume of well
mixed culture was transferred in the glass BOD bottles in
triplicate containing filtered seawater only (control) and
different concentration (0.01-1ppm) of the test pesticide
prepared in seawater. Two sets of triplicate bottles were
used for control and all test concentrations. One set was
incubated in light and the other set in the dark at constant
salinity (35+1), pH (7.60+1) and temperature 36+1°C for
three hours. At the end of experiment each of the light and
dark incubated samples were fixed for the analysis of
dissolved oxygen (Wrinkler’s method; Hanna C100
multimeter ion specific meter). The gross photosynthesis
was calculated both in control and test samples to see the
effect of pesticides on photosynthetic ability of
cyanobacteria. ICs, was calculated using log probit graph
and data was statistically analyzed using Minitab v11.

Results

Effects of organophosphate pesticide calculated as
IC;, for different algal species depicted in Table 1 shows
that pesticide have variable effects on the photosynthesis
of blue green algae/cyanobacteria. Variability in
sensitivity of cyanobacteria was observed according to
their response to pesticide tested. The most sensitive
specie to chlorpyrifos was Komvophoron minutum
followed by Synechocystis aquatilis, Gloeocapsa
crepidinum and Gloeocapsa sanguinea respectively.
Toxicity of pesticide to algal species increased with
concentration (Figs. 1-4). The regression equation for
Synechocystis aquatilis was calculated as y = 62.9-53.6 x,
for Komvophoron minutum regression equation was
calculated as y = 42.1-20.9 x, for Gloeocapsa crepidinum
it was calculated as y = 56.1 - 26.4 x and for Gloeocapsa
sanguinea regression equation was calculated as y = 77.1-
43.6 x respectively.
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Table 1. Effect of chlorpyrifos pesticide on photosynthesis of cyanobacteria. Values are
concentration of pesticides at which photosynthesis is reduced by 50% of control values.

. I1IC m
S. No. Cyanobacteria = PP
Chlorpyrifos
1. Synechocystis aquatilis 0.074
2. Komvophoron minutum 0.013
3. Gloeocapsa crepidinum 0.08
4. Gloeocapsa sanguinea 0.3
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Fig. 1. Effect of chlorpyrifos on photosynthesis of Synechocystis
aquatilis.
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Fig. 2. Effect of chlorpyrifos on photosynthesis of Komvophoron
minutum.

Discussion

The toxicity of pesticide to cyanobacteria is generally
a function of the concentration of pesticide. Inhibition of
photosynthesis in microalgae tested in the present study is
in good agreement with previous studies showing
inhibitory effect on primary producers exposed to
different pesticides (Rajendran et al., 1983; Yee et al.,
1985; Fahl et al., 1995; De Lorenzo et al., 2000;
Mohapatra et al., 2003).

It has been observed in the present study that there is
a great variability in species sensitivity to a particular
pesticide. Inter-species variation in sensitivity to the
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Fig. 3. Effect of chlorpyrifos on photosynthesis of Gloeocapsa
crepidinum.
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Fig. 4. Effect of chlorpyrifos on photosynthesis of Gloeocapsa
sanguinea.

organophosphate pesticides has been shown by Kasai et
al., (1993) and Peterson et al., (1994). Peterson et al.,
(1998) reported toxicity of hexazinone and diquat to green
algae (two species), diatoms (two species) and
cyanobacteria (five species). The differential sensitivity to
herbicide contaminants of different taxonomic groups of
plants may have ecological consequences (Peterson et al.,
1998). Interspecific variations may also be attributed to
the chemical nature of pesticides. Number and types of
esters present in  organophosphates and their
stereochemistry regulates pesticide potency, spectrum of
activity, and toxicology (Glickman & Casida, 1982; Gray
& Soderlund, 1985; Bradbury & Coats, 1989; Reddy &
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Rao, 1992). The selective toxic stress by pesticides on
certain algae may alter the species composition of a
natural phytoplankton community (Wurster, 1968a,b).
The imbalance of a flora could favor species normally
suppressed by others, thus producing population
explosions and dominance of the planktonic community
by one or a few species (Korringa, 1968). The
annihilation of natural populations of some organisms and
increase in noxious groups, as well as an imbalance in the
population dynamics can lead to serious problems in the
natural ecosystem.
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