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Abstract: This research was conducted to reduce the presence of heavy metals such as Cu
2+

 on polluted lands using mix culture Thiobacillus sp. and 
bacteria Clostridium sp. as bioremediation substances. Currently, soil contamination due to heavy copper metals is a huge global responsibility. It is, 
therefore, necessary to innovate a promising, cost-effective, and environmentally friendly technique without secondary pollution to combat these metals. 

This is a follow-up research after Thiobacillus sp. and Clostridium sp. was found to have adequately lived on artificial media, such as Stone Mineral Salt 
solution containing metal polluters weighing about 100 ppm, with growth speed of cells/mL 21.580. Furthermore, both bacteria was used to describe the 
sterile soil containing 100 ppm heavy metal Cu

2+
, with pH 7, 27% average humidity, under a temperature of + 25

o
C, from 48 to 312 hours. The final 

concentration was measured using the Atomic Absorption Spectrophotometric method. The results therefore showed that bacterial culture was able to 
mix the Cu

2+
 in 24, 72, 120, 168, 216, 264 and 312 hours with each having  18.67%, 27.05%, 39.64%, 40.84%, 56.15%, 36.97% 32.64% respectively. 

However, the highest removal efficiency occurred for 216 hours, which was above 50%. Therefore, this research is expected to scientifically contribute to 
the environment, particularly in biotechnology, in order to provide an alternative eco-friendly atmosphere. Management-related efforts were also 

achieved, which was able to handle the contaminated media using the effective bacteria. 
 
Index Terms: Bioremediation, Clostridium sp., effective bacteria, heavy metal (Cu

2+
), removal efficiency, soil polluted, Thiobacillus sp.,  
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1. INTRODUCTION 
Population growth and development rapidly increased during 
the industrial revolution, which later influenced the quality of 
the environment in an ecosystem [1]. However, a decline in 
environmental quality was due to a variety of industrial waste 
which accumulated with the incidence of various diseases, 
thereby, leading to the death of living beings, including 
humans [2]. The use of heavy metals as the main raw material 
in the production process is carried out in a variety of 
industries such as mining, metal smelting, electroplating, and 
in the field of energy production. Similarly, heavy metal waste 
is also obtained from agricultural activities such as the 
production of fertilizer and application of pesticide to based 
metal [3]. Heavy metal has become one of the contaminants 
that affects environmental pollution [4] such as copper (Cu) in 
the form of Cu

2+
 ions [5]. When it comes in contact with living 

beings, its contaminant becomes toxic and inorganic polluters 
due to the nature of xenobiotic [6], the non-biodegradable [7] 
substance that quickly accumulates food chain or 
environmental cycle [8]. Although copper (Cu) is one of the 
essential elements used in regulating energy metabolism [9] 
which act as metal ions and antioxidant, it is toxic at high 
concentrations [10].Due to its characteristics it has high toxicity 
and is able to accumulate biological cells, thereby giving rise 
to toxic effects, carcinogenic, mutagenic and Teratology in 
human beings or organisms, thereby posing a threat to 
environmental sustainability [11]. Various results of staple food 
cultivated on land were contaminated with heavy metals and 
adverse to human health whenever it is consumed [12]. Plants 
that accumulated it originally responded to varying types of 

plant, ecotype, as well as the specific tolerance against the 
metal [13]. However, assuming the plant has a tolerance of 
one type of metal, it is sensitive to others [14]. There are a 
variety of techniques and methods used to the remove copper 
content of an environment, such as physical chemistry, 
mitigation or biology [15]. However, the application of these 
methods is still considered an additional cost. Various 
countermeasures were chemically and physically considered 
inefficient due to its high cost. Therefore, the reagent needs 
high potentiality led to secondary pollution. The methods used 
in biological remediation (bioremediation) are considered 
ecological [16] with innovative technology [17] that promises to 
overcome the pollution of heavy metals in the soil, thereby 
making it environmentally friendly, efficient and able to 
permanently reduce pollution [18]. Bioremediation is the 
process of lowering or detoxifying a contaminated environment 
using physiological capabilities of microorganisms such as 
bacteria [22], [24], [25], [26], fungi [27], microalgae [28], and 
plant [29]. Some microorganisms are known to require a 
varied amount of energy to reduce heavy metal essential for 
growth and development. However, bioremediation is 
conducted by relying on indigenous microbe or improving the 
addition of microbial exogenous, either in the form of a single 
or mixed culture. Based on the description, this research was 
conducted to eliminate the heavy metal Cu

2+ 
contained in the 

ground by utilizing a mixed culture of bacteria Thiobacillus sp. 
and Clostridium sp. which needs to be tested for its potential 
as an absorbent (biosorbent) heavy metal Cu

2+
. 

 

2 RESEARCH METHODOLOGY 
This research uses a mix of culture bacteria comprising of 
Thiobacillus sp. and Clostridium sp. as bioremediation. In the 
previous research, bioremediation was able to grow 
adequately on the growth medium of artificial Stone Mineral 
solution. This research uses a mix of culture bacteria 
comprising of Thiobacillus sp. and Clostridium sp. as 
bioremediation. In the previous research, bioremediation was 
able to grow adequately on the growth medium of artificial 
Stone Mineral Salt solution (SMSs) with a speed of cells/mL 
21.580 (Figure 1) 
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Fig. 1. Growth curve of mixed cultures of Thiobacillus sp. 
bacteria. and Clostrisium sp. in liquid media Stone Mineral Salt 

solution (SMSs) 
 
The liquid media contained 10 to 100 ppm of heavy metal 
Cu

2+
, under temperatures of 20 to 40 °C, pH 7 and with a 

stirring speed of 150 rpm. However, within 48 hours, the 
average allowance (removal) of heavy metal Cu

2+
 was 

92.00%. In a previous research in liquid media, a sensitivity 
test of Thiobacillus sp. and Clostrisium sp. The Cu

2+
 heavy 

metals were carried out to determine whether the mixed 
culture of bacteria was resistant or not by varying the 
concentration of Cu

2+
 (ppm) heavy metals which were tested 

at 10 to 100 (Figure 2). The results showed that no inhibition 
zone was formed for 48 hours. This proves that the mixed 
culture of Thiobacillus sp. and Clostrisium sp. insensitive or 
resistant to the presence of heavy metals Cu

2+
 and mixed 

cultures it has a high resistance to heavy metals Cu
2+

 which 
are pollutants of xenobiotics and are toxic but are suitable 
substrates for the growth of mixed bacterial cultures. Based on 
the previous research, this current study uses bioremediation 
test to analyze the ability to eliminate 100 ppm Cu

2+
 heavy 

metals contained in soil sterile, pH 7, humidity average of 27% 
and an average temperature of + 25

o
C. 

 

 
 

Fig. 2. Sensitivity test of Thiobacillus sp. and Clostrisium sp. 
with heavy metals Cu

2+
 at concentrations displayed only 10 

ppm (left)  and 100 ppm (right) 
 

2.1 Review Stage Preparation of Sterile Soil Medium and 
Heavy Metal Polluters Cu

2+
 

Solid media is the land used for organic farming activities 
sterilized using an autoclave temperature of 125

o
C for 

approximately one-half hour and revised using an oven with a 
temperature of 200°C. The soil is sifted to obtain a size smaller 
to the surface area to facilitate mixed culture bacteria 
degradation of the heavy metal polluters Cu

2+
. Artificial 

pollution was created by making the parent solution of 1000 
ppm in advance, using dissolving 1 gram CuSO4.5H2O into 
1liter equates. Furthermore, 100 ppm solution of CuSO4.5 
H2O, regarded as polluters are presented to the sterile soil. 

 
2.2 Preparation of Growth Medium Stone Mineral Salt 

solution (SMSs) and The Cultivation of Bioremedian 
(Bioremediation Cultivation) 

Liquid growth media in a sterile state is also used in advanced 
research as the complete media in the ratio Carbon: Nitrogen: 
Phosphor to determine the right fit for growth.  One  liter  
Stone Mineral Salt solution (SMSs) containing 0.5 gr calcium 
carbonate (CaCO3); 2.5 gr ammonium nitrate (NH4NO3); 1 gr 
sodium hydrogen phosphate (Na2HPO4.7H2O); 0.5 gr mono 
potassium nitrate KH2PO4); 0.5 gr magnesium sulfate 
(MgSO4.7H2O); and 0.2 gr magnesium chloride (MnCl2.7H2O). 
Addition of molase is done as a carbon source because Stone 
Mineral Salt solution (SMSs) do not contain carbon (Figure 3).  
 

 
 

Fig. 3. Stone Mineral Salt solution (left) and molase (right) 
 
Bioremediation Thiobacillus sp. is gram-negative while 
Clostridium sp. is a gram-positive bacterium (Figure 4) 
 

 
 

Fig. 4. Mixed Culture Bacteria Thiobacillus sp. and 
Clostridium sp. 

 
Also, data were collected from the Microbiology/Biology 
Laboratory, Department of environmental engineering, 
Universitas Trisakti, Jakarta, Indonesia. The result of the 
previous research proves the exponential growth phase 
occurred in the bioremediation 5 days, at pH 7. 
 
2.3 Removal Efficiency Cu

2+
 in Polluted Soil 

The research lasted 312 hours, which is approximately 13 
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days, and sampling conducted daily. Analysis of Atomic 
Absorption Spectrophotometry (AAS) was carried out to 
determine the concentration of heavy metals Cu

2+
 at the 

beginning and end of the study. Percentage of heavy metal 
Cu

2+
 separation was calculated using the following equation:  

 

Removal efficiency (%) = )()( bCaC     

                               %100  

                )(aC  

Where: 
C (a): initial concentration of heavy metal Cu

2+
 in solid media 

(ppm) 
C (b): final concentration of heavy metal Cu

2+
 in solid media 

(ppm)  
 

3 RESULT AND DISCUSSION 
The removal efficiency of heavy metal Cu

2+
 (%) on a wide 

variety of contact time (hours) for 312 hours of observation is 
shown in Table 1 and Figure 6. While the measurement value 
of various environmental factors such as the pH value and 
humidity for 312 hours can be seen in Table 2 
 

TABLE 1 
REMOVAL EFFICIENCY OF HEAVY METAL CU

2+
 (%) ON A WIDE 

VARIETY OF CONTACT TIME (HOURS) 

 
TABLE 2 

HUMIDITY AND PH VALUES IN THE DEGRADATION OF  
CU

2+
 HEAVY METALS 

Variety of Contact 

Time (Hours) 

Humidty (%) pH 

X1 X2 X3 ∑X X1 X2 X3 ∑X 

24 28 28 28 28.00 7.7 7.6 7.7 7.67 

72 28 27 27 27.33 7.6 7.7 7.7 7.67 

120 27 28 27 27.33 7.7 7.6 7.6 7.63 

168 28 28 27 27.67 7.6 7.6 7.6 7.60 

216 28 26 27 27.00 7.5 7.5 7.4 7.47 

264 26 27 27 26.67 7.3 7.3 7.2 7.27 

312 25 25 26 25.33 7.2 7.1 7.2 7.17 

 
Based on the results of Cu

2+
 heavy metal removal on the 

variation of contact time (hours) shown in Table 1 and Figure 
3, the highest allowance was carried out by mixed cultures of 
Thiobacillus sp. and Clostrisium sp. the contact time for 216 
hours was 56.15% with an average humidity of 27% and pH of 
7.47 (Table 2) with a speed of cells/mL 21.792 (Figure 5). The 
study proved that bioremediation has the capability to function 
synergistically in utilizing heavy metals as a source of nutrient 
to expand its allowance by 50% (Figure 6). The culture ability 

of a mixture of Thiobacillus sp. and Clostrisium sp. which is 
synergistic in reducing Cu

2+
 heavy metals as a substrate seen 

in the increase of Cu
2+

 heavy metal degradation from contact 
times (hours) 24, 72, 120, 168 and 216 that is equal to 
18.67%, 27.05%, 39.64%, 40.84% and 56.15%. And then the 
decline in allowance at 264 hours and 312 hours with a 
allowance of 36.97% and 32.64% The decrease in removal of 
Cu

2+
 heavy metals (%) at the contact time of 216 hours to the 

contact time of 264 hours can be caused by various 
environmental factors which do not support the mixed culture 
of the bacteria Thiobacillus sp. and Clostrisium sp. such as 
less availability of nutrients, the two cultures can be 
antagonistic, or changes in temperature (

o
C), availability of 

oxygen, pH or moisture level, resulting in a mixture of cultures 
of the bacteria Thiobacillus sp. and Clostrisium sp. can not 
reduce heavy metals optimally.A good pH value for the growth 
of microorganisms in the bioremediation process is 5.5-8.8 
with humidity increasing 25%-28% [21]. While the temperature 
is good for mixed cultures of the bacteria Thiobacillus sp. and 
Clostridium sp. is involving 30

o
C [22] because it belongs to the 

species of mesophilic microorganisms [23]. 

Fig. 6. Removal efficiency of heavy metal Cu
2+

 (%) on a wide 
variety of contact time (hours) 

 
Furthermore, the efficiency was higher at a contact time of 48 
hours compared to the use of increasingly mixed bacterial 
cultures which utilized Viridibacillus arenosi B-21, soli 
Sporosarcina B-22, Enterobacter cloacae KJ-46 and E.cloacae 
KJ-47. This was only able to reduce heavy metals by 5.6% for 
48 hours, with a pH of 7 and temperature of 30

o
C [24]. This 

also resulted in the use of bacterial mixed culture 
chemolithotrophic, especially Acidithiobacillus ferrooxidans, 
Acidithiobacillus thiooxidans dan Leptospirillum ferrooxidans 
species, to reduce soils polluted with heavy metals by 62% 
after its remediation reached 5.90 [25]. Also, in this research 
[26], a single culture bacteria known as Pseudomonas 
aeruginosa was utilized with a tolerance range of 1000 ppm 
and allowance amounting to 0.67 mg/g. The successful 
application of the bioremediation method depends on the 
ability of active metabolic microorganisms, such as the use of 
the heavy metal as a source of nutrient [19]. External and 
internal factors also influenced bioremediation. These external 
factors include the chemical environment, such as humidity, 
temperature, pH, soil type, and the presence of oxygen, while 
internal factors are metabolic activity by leveraging the growth 
of microbes [20], [24]. Other research [24], [25], [26] also 

Variety of Contact Time 

(Hours) 
Removal Efficiency (%) Standard Deviation 

24 18.67 0.03 

72 27.05 0.12 

120 39.64 0.16 

168 40.84 0.05 

216 56.15 0.06 

264 36.97 0.04 

312 32.64 0.08 
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stated that the removal of heavy metals from the environment 
is active and is influenced by microorganisms with different 
physiological characteristics. Similarly, any microbes that 
synergize the varied amount of energy required to reduce 
heavy metal is essential for growth and development. 

 
4 CONCLUSION 
In a tropical environment, at neutral pH, 27% humidity, with 
temperature ranging from + 25 ° C, mix culture the bacteria 
Thiobacillus sp. and Clostridium sp. plays an active role as a 
bioremediation to extract heavy metal Cu

2+
 from the soil. Its 

efficiency increases from 24 to 216 hours and reducing 
beyond this time. However, the highest removal efficiency 
achieved was 50%, due to the bioremediation utilization of 
alternative methods which potentially overcame the pollution 
of heavy metals in the soil. 
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