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Abstract 

 

Agricultural activities has caused the release of pesticides such as parathion into the environment, 

which threatened the freshwater ecosystem. Therefore, the objective is to observe for the changes 

of physicochemical parameters (pH, conductivity and dissolve oxygen) caused on Chlorella 

vulgaris due to parathion exposure. The cell count of C. vulgaris was done using hemocytometer 

and this alga was exposed to different concentrations of parathion (1.000 mg/L, 0.100 mg/L, 0.001 

mg/L, and 0.000 mg/L (negative control)). The values of each parameter were recorded before the 

exposure and after 1 hour, 2 hours, 6 hours and 24 hours of exposure by using physicochemical 

parameter. The results showed a fluctuation of all physicochemical parameters (pH, conductivity 

and dissolved oxygen) values in the surrounding water at the first 5 hours of exposure and 

decreased before reaching a plateau after the fifth hour of exposure. The reason of this phenomenon 

could be due to the inhibition effects of parathion towards the photosynthesis activities of the algae 

and thus lowering the physicochemical parameters. Therefore, C. vulgaris serves as a good 

bioindicator of parathion pollution. 
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Introduction 

 

Freshwater pollution is a global issue (Martonas, 2017) which is mainly due to human activities 

such as deforestation, inappropriate discharge of industrial waste and agricultural activities. The 

agricultural sector, in particular, has contributed to an enormous amount pesticides released into 

the environment leading to major environmental degradation (Rinkesh, 2009). One of these major 

pesticide pollutants were parathion, is a highly toxic substance that causes deleterious effect on the 

nervous system upon exposure (Aktar et al., 2009). Therefore it is crucial to establish an early 

detection system on the levels of parathion in the freshwater ecosystem.  Many studies have 

concluded that fresh water algae were good bioindicators of pesticides due to their sensitivity 
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towards environmental changes and they are ideally used in water quality assessment (Holy and 

Miller, 2010; Omar, 2010; Didem, 2016).  

In this study, the freshwater algae, Chlorella vulgaris was used to detect the presence of 

parathion based on the changes of physicochemical parameters in the surrounding water. Chlorella 

vulgaris is a unicellular photosynthetic green algae in the fresh water ecosystem. Like many other 

photosynthetic algae, its photosynthetic activities will be disrupted by environmental pollutants 

such as parathion (Rosko & Rachlin, 1977). This hindrance on the metabolic activities of the algae 

causes a change of metabolic products released in to the surrounding and thus, changes in 

physicochemical parameters such as pH value, conductivity and dissolved oxygen of in the water 

body will ensue (Jeroen & Susan, 1987; Donmez et al., 1999; Celine et al., 2003). Therefore, the 

objective of this study is to determine the effects of different concentrations of parathion exposure 

to C. vulgaris towards the changes in pH, conductivity and dissolved oxygen in the water body. 

 

 

Methodology 

 

Mother culture preparation 

 

The culture media for C. vulgaris, Bold Basic stock medium (10x), were purchased from Sigma-

Aldrich, Malaysia. Cultivation of the alga was performed by adding 4 mL to 196 mL of distilled 

water for the preparation of a 200 mL mother culture and the culture was maintained at room 

temperature under fluorescent lamp (16 hours of light exposure and 8 hours without light).  

 

Cell count & data analysis 

 

Cell count was conducted once in every three days by using the hemocytometer (Neubauer, 

Marienfeld) and observed under the light microscope (E100, Nikon Eclipse). Cell density 

calculation was performed by using the following equation: 

 

Cell Density (cells/mL) = Average cells per large square x 104 x Dilution factor 

 

Exposure of Pb towards algae and physicochemical parameter analysis 

 

The C. vulgaris cells, 5 mL of cultured cell in each exposure, from day 4 culture with 

approximately 1.3 x 106 cells/mL was exposed to 1.000 mg/L, 0.100 mg/L, 0.001 mg/L, and 0.000 

mg/L (negative control) of parathion. The culture of each exposure were then analyzed for pH, 

conductivity and dissolved oxygen in every 0th hour, 1th hour, 2nd hour, 6th hour and 24th hour by 

using the portable multiparameter meter (HandyLab 680 FK,SI Analytics). All the exposure tests 

were conducted in triplicate. The statistical values including percentage change of three parameters 

(pH, conductivity and dissolved oxygen), percentage of response, mean and standard deviation 

were calculated by Microsoft Excel. These statistical values were used to plot the response curve. 
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Results and discussions 

 

Growth curve were plotted based on the growth of C. vulgaris for 15 days (Figure 1) and 

two visible growth phases of the algae were observed, which are the exponential phase (day 1 to 

day 7) and the stationary phase (day 7 to day 15).  

 

 
Figure 1. Growth curve of Chlorella vulgaris 

 

Initial cell number of green algae in BBM was recorded at 5.3 x 105 cell/mL. The growth 

of the algae gradually increased and reached the maximum cell density of 1.9 x 106 cell/mL at day 

7. Algae utilized the nutrients in BBM and started to reproduce (Zuliyana et al., 2014) causing 

increment in cell count in the first 7 days. Stagnant growth of the algae observed from day 7 to 

day 15, which could be due to the limitation of nutrients (Navarro et al., 2010) in BBM, which 

indicated that the algae proceed to the stationary stage. Day 4, which lies in the middle of the 

exponential phase, were chosen to be the parathion exposure day for the algae as they are still 

optimally growing. Figure 2, 3 and 4 show the changes of pH, conductivity and dissolved oxygen 

values when C. vulgaris was exposed to different concentrations of parathion by the number of 

hours.  

 

 
Figure 2. pH value of culture after cells exposed to parathion 
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Figure 3. Conductivity of culture after cells exposed to parathion 

 

 
Figure 4. Dissolved oxygen of culture after cells exposed to parathion 

 

All three parameters showed fluctuating values at the first 5 hours of exposure while 

reaching a plateau after the fifth hour. Based on Figure 2, the sudden drop and rise of pH values 

from 0 to 2 hours of exposure could be due to the transition between log phase and exponential 

phase of the growth due to adaptation to parathion. The decrease of pH values after the second 

hours, before reaching a plateau after the fifth hour, could be due to the inhibition of the growth 

and photosynthetic activities of the algae which led to a decrease in pH values (Tang et al., 1997).   

 

As for dissolved oxygen (Figure 4), the dissolved oxygen values for all concentrations of 

parathion exposure were between 8.0-9.0 %. After 5th hour of exposure, the reading for all 

concentration of exposure decreased. The increased parathion concentrations exposure will 

increase the inhibitory stress toward the photosynthesis of algae due to the destruction of 

chlorophyll pigments essential for photosynthesis (Al-Hejuje, 2008). When oxygen producing 

photosynthetic pigments have been destroyed, dissolved oxygen will reduce as well (Raul and 

Bennoit, 2006). 
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All different concentrations of parathion exposure showed no correlation among each other 

which could be due to the different toxicity responds based on the specific concentrations. 

However, further studies are required to further confirm this phenomenon. 

 

 

Conclusions 

 

As a conclusion, C. vulgaris are able to detect the presence parathion in water through the changes 

of pH, conductivity and dissolved oxygen based on their respond towards the pollutant. Thus, the 

growth rate of algae will make changes on the parameter we test in this experiment which are pH, 

conductivity and dissolved oxygen. 
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