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Abstract—Rapid urbanization and industrialization lead to 

heavy metal pollution which poses a serious threat to 

human’s health.  Thus, there is a continuing need to develop 

a device that can be easily used to monitor and detect the 

presence of heavy metal pollution. Whole cells e.g. 

cyanobacteria have been reported as potential bio-indicators 

for environmental heavy metals detection. However, the 

intensity of the biological responses of these cells is affected 

by pH and the cell density. In this paper, the effect of pH 

and cell density to the response of cyanobacteria Anabaena 

cylindrica to copper (Cu) is reported. The cyanobacteria 

were cultured and immobilized with agarose in cuvettes 

before the exposure to Cu solution (1.0 mg/L). The 

measurement was carried out with OD= 680 nm using a 

spectrophotometer, which indicated the changes of 

chlorophyll. The most significant response of the cells was 

measured at pH 8 and the optimal density of the cell for the 

detection was 500,000 cell/mL. This study was an important 

stage to determine the potential of A. cylindrica to be used in 

heavy metal detection. 

 

Index Terms—bio-indicator, heavy metal toxicity, 

cyanobacteria, pH, cell density 

 

I. INTRODUCTION 

Heavy metals are naturally occurring elements which 

can be found in the environment [1]. The high 

concentration of these elements will lead to toxicity effect 

to the living organisms [2], [3]. The heavy metals have to 

be constantly monitored in order to improve the quality of 

environment and the safety of human beings. 

Whole cells can be used as bio-indicators to detect the 

presence of heavy metals [4]-[7]. Some of the cells are 

highly sensitive, relatively inexpensive, response rapidly, 

and can be used for continuous monitoring of heavy 

metals in the environment [8], [9]. One of the main 

components of a bio-indicator is the bio-recognition 

element. In this work, cyanobacteria A. cylindrica had 

been used as the bio-recognition element. Cyanobacteria 

Anabaena strains contain photosynthetic pigments such 
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as chlorophyll a and carotenoids [10]-[12]. These 

pigments can be used as bio-recognition elements as they 

produce biological signals which can be captured using 

electronic transducer after being exposed to various 

heavy metals. 

The pH value is known as the potential of hydrogen. It 

is a measurement of the concentration of hydrogen ions in 

the solution [13]. The pH of pure water is 7 which is the 

neutral condition and a value lower than 7 indicates 

acidic; whereas, higher than 7 indicates alkaline. The pH 

influences the solubility and availability of certain solutes 

such as nutrients [14], [15]. Difference in pH value can 

give a detrimental effect on the growth of marine 

organism including algae. There are several ways pH can 

affect the algae such as changing the distribution of 

carbon dioxide in the water, and the availability of carbon 

as an energy source for the cells. Furthermore, the effect 

of pH level also has been studied on its direct influence 

on physiological characters of algae in changing the trace 

metals availability. On the other hand, different density of 

cells might affect the intensity of cells’ response to the 

heavy metals [16]. Therefore, it is important to determine 

the optimum cell density in order to yield the best signal 

output for that particular biosensor.  

In this paper, the usage of immobilized cyanobacteria 

A. cylindrica for heavy metal detection is described. The 

immobilization enabled the exposure of the cells to the 

heavy metal solution with better stability and increased 

the performance of the bio-indicators [16], [17]. Although 

chlorophyll in cyanobacteria has been widely reported as 

a potential reporter in biosensor applications, most of the 

researches were focused on the fluorescence response of 

chlorophyll and the changes of oxygen produced as 

measuring parameters [10], [18]-[21]. The 

spectrophotometry design by measuring optical density 

(OD) at λ = 680 nm has not been reported before. The 

objectives of this research were to determine the effect of 

pH and cell density towards the responses of A. 

cylindrica to Cu, with the changes in OD selected as 

measuring parameter. 
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II. METHODOLOGY 

A. The Design of the Test 

The design of A. cylindrica as bio-indicator is shown 

in Fig. 1. The immobilization using agarose was carried 

out by mixing 0.5 mL of agarose solution (1 %) with 0.5 

mL of A. cylindrica cells in a cuvette. The mixture was 

left to solidify for few minutes on the bench on the clear 

side of the cuvette. 

 

Figure 1. Overview mechanism of A. cylindrica bio-indicator 

B. The Effect of pH to the Cells 

1 mg/L of Cu solution prepared. The pH of the 

solutions was adjusted with NaOH and HCl to the pH 

values of 6, 7, and 8 respectively. The measurement of 

pH value was carried out with pH meter (Starter 3000, 

Ohaus). 2 mL of Cu solution with the pH 6 was added to 

the immobilized cells, and the OD was measured at 0 

hour, 1 hour, 6 hours, and 24 hours after the exposure. 

These steps were repeated for the pH 7 and pH 8 of Cu 

respectively. The reading produced by the immobilized 

cyanobacteria exposed to 2 mL of distilled water (pH 7) 

without Cu was served as negative control, while the 

cuvette with distilled water was served as blank. The 

absorbance readings were measured at wavelength 680 

nm using UV-vis spectrometer (GeneQuant 1300, GE). 

All the tests were conducted with n = 6 unless stated 

otherwise. 

C. Preparation of Solution with Different Cell 

Concentration 

Cultures with cell densities of 1.0 x 10
6
 cell/mL, 7.5 x 

10
5
 cell/mL, 5.0 x 10

5
 cell/mL, 2.5 x 10

5
 cell/mL and 1.0 

x 10
5
 cell/mL were prepared and immobilized with 

agarose. The immobilized cells were exposed to the 1 

mg/mL solution respectively. 

D. Analysis of Data 

The average values of the OD and its standard 

deviations were calculated using Microsoft Excel 2010. 

The percentage of OD change was calculated using the 

following equation: 

% I = (Io-I)/Io x 100% 

where, 

Io = OD change before Cu  

I   = OD change after Cu  

III. RESULTS AND DISCUSSION 

A. The Effect of pH to the Response of A. cylindrica 

This experiment explored the effect of different pH of 

Cu solution on the response of A. cylindrica. The pH used 

was pH 6, pH 7, and pH 8 which represented acidic, 

neutral and alkaline condition correspondingly. Fig. 2 

shows the effect of Cu (1 mg/L) in three different pH 

values to the cells. The percentage of OD change has 

been recorded at four different time of exposure. The 

overall results show the OD decreases over a period of 24 

hours and pH 8 gave the best response, by reaching a 

stable state around 6 hours of exposure. The exposure 

time of 24 hours showed best stability with pH variations 

gave lesser changes to the OD.    

 

Figure 2. The change of OD (λ = 680 nm) with immobilized A. 
cylindrica exposed to different pH of Cu for 24 hours. The graph 

was plotted with the negative control served as base-line 

 

Figure 3. The OD changes with different cell concentrations for 24 
hours of exposure to Cu 

This study showed that the cells gave better responses 

at pH 8 over 24 hours’ time. The results were in a good 

agreement with the previously done studies on effect of 
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pH for cyanobacteria growth which also gave a good 

response to pH 8 [3]. However, it is important to note that 

the effect of pH is also species dependent, especially for 

cyanobacteria. As an example, cyanobacteria Spirulina 

major gave good response in pH 6.5. Another experiment 

carried out by Giraldez-Ruiz and Mateo [15] confirmed 

that Anabaena was not suitable to be cultured with pH 

below 6. The same study suggested that acidic condition 

was not suitable for Anabaena as the internal pH control 

would be lost due to the low pH environment. 

B. The Effect of Cell Densities to the Response of A. 

cylindrica 

A. cylindrica was found giving response with cell 

density ranging from 1 x 10
7
 cell/mL to 1 x 10

5
 cell/mL. 

The cell-density dependant responses were well described 

16 22], which the cell 

densities exceeding or below the optimum number 

decrease the response produced. Fig. 3 shows the effect 

of cell density of A. cylindrica to the response of the cells, 

tested with 1 mg/L of Cu concentration at pH 7. The OD 

measured for 24 hours indicated the responses of A. 

cylindrica to Cu were related to the density of the cell 

used. 

The increase in OD for all the cells’ density in the first 

hour of exposure was mainly due to a small amount of Cu 

uptake by the cells in a short period of time. In addition to 

that, copper acts as a trace element which involves in 

removal of superoxide radicals and electron transfer 

during photosynthesis [2]. On the other hand, 

biochemical mechanism of the cyanobacteria to mediate 

the effect of Cu might be another cause to it. Most 

cyanobacteria cells produce metallothionein which will 

bind to the heavy metal to detoxify them, homeostasis 

and defence against oxidative stress [23]. The OD 

readings started to drop after 1 hour of exposure to Cu, as 

the excessive uptake of Cu exhibited toxicity effect to the 

cells. 

IV. CONCLUSIONS 

In this research, the effect of pH and the effect of cell 

density to the response of A. cylindrica to Cu have been 

studied. Although further research is required, a clear 

trend of variation in OD caused by the changes of pH and 

cell density was the evidence. The results from this 

research are important references in bio-indicator 

development using the cyanobacteria as the biological 

component.  
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