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Abstrack - The plastic industries has increased by 7-8% per year, it will cause a negative impact for the environment. The wastewater 

of plastic industrial contain many pollutants such as hazardous substances bensen, formaldehyde and heavy metals (Cd, Cu, Cr and Pb). 

Heavy metals Cu is the most dangerous heavy metals since Cu can inhibit enzyme systems, remediation are needed to reduce the 

pollutants in the environment. One effective way is by using Chlorella pyrenoidosa H.Chick as phycoremediation agent. This study aims to 

assess the percentage of population growth and decline of heavy metals Cu after inoculation with C. pyrenoidosa H.Chick. The method 

used is to cultivate C. pyrenoidosa H.Chick in plastic wastewater for 8 days and observed a decrease of percentage heavy metal Cu and 

population growh of C.pyrenoidosa H.Chick. Environmental factors such as temperature, salinity, pH, light intensity is maintained in 

order to remain stable. The data obtained with T test. After 8 days of the study turned out that C. pyrenoidosa H.Chick able to reduce Cu 

of 0.435 mg / l to 0.24 mg / l within 8 days and decrease percentage is 44.83%, thus meeting the criteria of the quality standard of waste 

according to the PP. 82 of 2001 in the amount of 0.2 ppm and safe for environment. 
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Introduction 

The use of plastics in Indonesia amounted to 20,000 

tons a year from 2011, and it make plastics industry 

increased by 7-8% a year (Hidayat, 2011), this will cause 

negative impact for the environment. Plastic industrial 

wastewater contains hazardous materials as required in 

the production of plastic. additives such as bensen, 

carcinogenic substances and heavy metals is need to 

improve the physical properties of plastics. Use of heavy 

metals such as cadmium are used to give a bright yellow 

and red colors in plastic, while titanium dioxide is used as 

inorganic dyes to give color black, brown, red and yellow 

plastic. Heavy metals contained in the plastics industry is 

Pb, Cd, Cu and Cr (Soeprobowati and Hariyati, 2013). 

The heavy metals in the water when disposed of will 

be harmful to human health and the environment as well 

as heavy metals can’t be degraded and can accumulate 

into organism. One of the heavy metals that are harmful is 

copper (Cu) because the concentration of heavy metals Cu 

50μg / l can inhibit the growth of green microalgae (Yang 

and Pan, 2002). Copper (Cu) is one of the micronutrients 

required by microalgae in the media. Heavy metals Cu 

involved in the process of formation energy for 

metabolism and in the activity of tyrosine (Palar, 2008). 

Cu exposure to large doses can cause liver damage, 

kidney, and even cause death (Widowati, 2006). One way 

to reduce the pollution on the environment is to use a 

method of bioremediation. Bioremediation is a way to 

clean up pollutant materials in environments with living 

organisms (Crawford and Crawford, 2005). Microalgae 

have the potential functions to reduce the accumulation of 

toxic materials and heavy metals, by accumulating, 

absorbing and metabolizing it at a safe level for the 

microalgae (Priyadarshani et al., 2011). 

Phycoremediation is one of bioremediation using 

microalgae as an agent to reduce pollutants in the waters. 

There are several advantages by using microalgae as 

phycoremediation agent, it is easy, cheap and flexible to 

be applied and need little maintenance. 

Chlorella pyrenoidosa H.Chick chosen as the Agent 

because Chlorella has many advantages, it is known that 

chlorella have been able to grow quickly, easily cultured, 

and it has small size so that it have more absorption area 

which make it a better absorption agent than cells that 

have a large size (Khoshmanesh et al., 1997) .  
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Experimental Methods 

The research stage is divided into three steps, they 

are A review of the survey area and observation of 

production processes and sampling sites in Plastic 

industries were located at Bandungrejo, Mranggen, 

Semarang, lab work, and data analysis. All equipments 

had been sterilized to eliminate or minimize the presence 

of microorganisms or substances. Equipment washed 

with dishwashing soap and then rinsed with water, then 

soaked in a solution of chlorine at 25 ppm for 1 hour. The 

last stage is rinsed with water that has been boiled at a 

temperature of 1000C after it was sprayed with 70% 

alcohol.  

The amount of microalgae used for culturing are 

1,000,000 cells / ml. According Rachmaniah (2010) the 

formula to calculate microalgae are: 

Abundance (cells / ml)  =( x 104 

Description:  

N1 = Number of microalgae boxed observations 1. 

N2 = Number of microalgae boxed observation 2.  

Density of microalgae that have been known to 

further incorporated into the formula:  

V1. N1 = V2. N2  

Description:  

N1 = Initial inoculum cell density (cells/ml).  

N2= Required inoculum cell density (cells/ml).  

VI = Volume of inoculums required (ml).  

V2 = Volume of water required media (ml). 

Observation of environmental factors include 

temperature, salinity, pH, and light. Environmental factors 

affecting populations of microalgae. Observation of 

environmental factors is very important and is done every 

day for 8 day. After obtained results of the analysis of 

heavy metals, then percentage decrease in metal. 

According Giyatmi (2008) the percentage reduction in 

metals calculated by the formula:  

% Reduction = X 100%  

Description : 

Cbefore = Concentrate of Heavy metal before 

Micro algae cultivation (mg/l). 

Cafter = Concentrate of Heavy metal after 

Micro algae cultivation (mg/l). 

The data obtained is the number of density of cells, 

the data percent reduction of heavy metals Cu, daily data 

of temperature, salinity, pH and light intensity data. It also 

calculated the Standard Deviation to see how big Error 

bars on the graph. Data analysis is a quantitative analysis 

in the form of numbers. Data processing is performed by 

using analysis of variance T test to calculate population  

Results and Discussion 

The growth of C. pyrenoidosa H.Chick for 8 days of 

observation is maintained in a stable condition. 

Environmental factors such as pH, temperature, salinity 

and light affect the growth of C. pyrenoidosa H.Chick. The 

temperature is 240C -250C. salinity 0 ppm, ph is 7 and 

light intensity is 5.395 lux. 

This study used two different treatments that are 

cultivated C. pyrenoidosa H.Chick in control media 

(freshwater media) and C. pyrenoidosa H.Chick were 

cultivated in a medium of plastic wastewater. Based on 

observations during the 8 days C. pyrenoidosa cultured in 

freshwater media has the highest cell density compared 

with C. pyrenoidosa in plastic wastewater media. 

 

 

Figure 1.  Growth Charts C. pyrenoidosa H.Chick 

Figure 1 shows C.pyrenoidosa H.Chick which cultured 

on fresh water media through a phase of adaptation on 

day 1 and day 2, while the 3rd day growth phase occurs, 

day 4 decrease phase of cell growth occurred, days 5 

increased growth phase occurred, while the 6th and 7th is 

the peak phase of growth, and its decreasing on the 8th 

day. This is consistent with Tetelepta research (2011) 

which states that the growth of Chlorella growth peaks on 

day 3 with a cell density of 8.33 X 107 cells / ml. C. 

pyrenoidosa cultured in freshwater media have 

exponential phase on day 3 and day 7. Hartanto (2013) 

mentions that the media controls Chlorella experiencing 

exponential phase on day 3 and day 6.  

C. pyrenoidosa H.Chick that are cultivated on plastic 

wastewater have different growth phases, day 1 to the 

2nd phase of adaptation occurs, the 3rd day is the peak of 

the growth, the 4th day decreasing growth occurs, the 5th 

to 7th day through a phase of growth, and day 8 the 

growth decreased.  Based on research during the 8 days, 

there are significant differences on the cell density C. 

pyrenoidosa cultured in control media and media plastic 

wastewater. The cell density difference caused by the 

presence of heavy metals in the culture medium, the 

presence of metal components will affect physiological 

processes, the presence of these components affect the 
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process of water absorption, respiration, mineral uptake 

and photosynthesis (Burzynski and Zurek, 2007). 

 C. pyrenoidosa H.Chick cultured on plastic industrial 

wastewater have delays logarithmic phase and decreased 

the amount of cell density. The existence of heavy metals 

resulting in stunted growth of microalgae, it is caused by 

disruption of intracellular enzyme systems, in addition to 

the high concentrations of heavy metals that would lead 

to the destruction of the cell membrane, resulting 

electrons and ions – ions that are important became 

unbalanced so that growth becomes stunted. The 

existence of compounds - compounds that exist in other 

media may also affect the growth of microalgae. 

According Soeprobowati and Hariyati (2013) research 

show that plastic wastewater medium contains heavy 

metals Cu, Pb, Cd, Cr. Presence of heavy metals such as Cr, 

Cd and Pb are not needed by microalgae for respiration or 

for growth, but there is increasing industry will increase 

the amount of Cr, Cd and Pb in the waters. Cd is one of the 

most stable metals in waters, while Pb was the metal 

most easily accumulated into microalgae. presence of 

heavy metals in microalgae will negatively affect for cell 

division, cell growth and also interfere with the  

enzymatic process, the presence of heavy metals can also 

result in 50% mortality microalgae. The  existence of Cr in 

a medium will degrade biomass and chlorophyll content 

of microalgae as Cr interfere in the process of 

photosynthesis. The existence of Pb and Cd in the media 

will lead to a growth of microalgae be hampered because 

both of these metals induce peroxide enzyme activity 

which plays an important role in the degradation Indol 

acid acetate (IAA). IAA hormone is a hormone that 

stimulates the growth and division of microalgae (Lamai 

et al., 2005). The measurement results show that plastic 

waste water media has a heavy metal content of Cu was 

0.435 mg / l  

 Table 1. Concentration of Cu 
 

Day 

Concentration of 

Cu in the plastic 

wastewater 

(mg/l) 

 

Percentage 

decrease 

 

Criteria for 

waste quality 

standards 
H0 0.435 44.83% 44.83% 

H7 0.24 
 

 

  

Table 1 shows C. pyrenoidosa cultivated by the 

media plastic wastewater can reduce the content of heavy 

metals Cu. T test analysis results showed that the 

freshwater media and plastic media wastewater 

significantly different (P> 0.05) against C. pyrenoidosa 

H.Chick population growth. Based on the results of the T 

test statistic can be concluded that t (1,803)> t table 

(1.782), so there is a difference between the growth in 

freshwater medium with plastic wastewater. Percentage 

decrease in Cu levels are at 44.83% and the final 

concentration of Cu concentration is 0.24 mg / l. Criteria 

for waste quality standards according to the PP. 82 of 

2001 regarding the quality of raw water source of copper 

for  fourth grade is used for industry is 0.2 mg / l. C. 

pyrenoidosa have the ability to absorb heavy metals. 

Research conducted for 8 days can decrease copper 

toxicity by 44.83% when the study was conducted in a 

longer period of time is expected to decrease the toxicity 

of copper up to 90%. 

 Based on these studies the cultivation of C. 

pyrenoidosa H.Chick time should be extended for 14 days 

to increase the percentage of absorption of heavy metals. 

This was confirmed by research conducted by Brady 

(1994) which revealed that Scenedesmus, Selenastrum 

and Chlorella able to remediate metals such as copper, 

lead, and chromium with 67-98% efficiency.  

 

Conclusion 

After doing research for 8 days, C. pyrenoidosa 

could grow in the wastewater of plastic industry but the 

growth of microalgae is lower compared with controls. 

The percentage reduction of heavy metal Cu is equal to 

44.83% during the 8 days of observation. C. pyrenoidosa 

H.Chick able to effectively remediate heavy metals. The 

initial concentration before cultivation was 0.435 mg / l 

and after being treated with C. pyrenoidosa H.Chick the 

final concentration become  0.24 mg / l.  
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