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Abstract. The research aim was to determine the growth response of mixed cultures of
Acetobacter tropicalis and Lactobacillus fermentum in Stone Mineral Salt solutions (SMSs) and
soil containing Acid Mine Drammage (AMD) in controlled batches. The first stage was the
cultivation in SM@)H()wcd by preparation of the pollutant source and sensitivity test. The
second phase was the removal of heavy metals from iron and manganese in AMD by mixed
bacterial cultures in SMSs with the contact time for 48, 96, 144, 192 hours, and pH 2, 3, 5, 7.
The third stage was the removal on soil media with the same contact time. Research result
showed that the sensitivity test of bacterium was resistant to heavy metals iron and manganese.
The highest removal efficiency of iron and manganese was 94.89% at a contact time of 96 hours,
while the highest removal efficiency at pH 7 was 93.79%. The removal of iron and manganese
heavy metals on soil had a removal efficiency of 69.91% at a contact time of 144 hours. This
study showed that a mixed culture of Acetobacter tropicalis and Lactobacillus fermentum could
be an effective bacterium in removing heavy metals from iron and manganese in AMD-
contaminated soil.

Keywords. Bioremediation, Acid Mine Drainage, Iron and Manganese Heavy Metal Removal,
Acetobacter tropicalis, Lactobacillus fermentum

1. Introduction

As the mining industry develops, problems and impacts will also increase, such as environmental
pollution, especially on the soil around mining sites. Polluted soil due to industrial activities can disrupt
the biodiversity in the soil and a8t the environmental balance. Wastewater containing heavy metals
with highly aciffd properties is referred to as Acid Mine Drainage (AMD) [1]. Acid Mine Drainage
occurs due to the natural oxidation of minerals sulfides such as pyrite, chalcopyrite, pyrrhotite,
arsenopyrite, which when exposed to air and water will produce acid waste that dissolves heavy metals
so that it has the potential to pollute the environment [2]. Mining soil that is exposed to water will cause
the dissolution of minerals and metals, causing a decrease in pH in the soil which causes reduced plant
fertility [13].

Mining soil that is exposed to water will cause the dissolution of minerals and metals, causing a
decrease in pH in the soil which causes the problem of reduced plant fertility. The problem of AMD
pollution can be overcome by increasing the acidity level and removing dissolved metals. There are two
events in processing AMD, namely with active processing and passi{#:processing. Active processing is
more suitable for mining areas that are still active, because it requires regular addition of reactants, while
passive methods are more suitable for mining areas that have stopped operating [3]. AMD processing
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carried out with active processing is generally carried out by chemical methods or physical methods.
The neutralization process is carried out by utilizing chemicals Ca(OH), (hydrated lime) or CaCOj
(calcium carbonate), NaOH (caustic soda) or Na,CO; (soda ash) while physical methods include
coagulation, flocculation, and sedimentation. Processing of physical or chemical methods is an effective
method for processing AMD, but this treatment requires relatively high maintenance and operational
costs and is feared to cause secondary pollution [4,3]

PEEive treatment with bioremediation-based biology is a natural, economical, sust{##lible approach
that can restore contaminated soil, surface water, and groundwater, with the help of microorganisms
such as bacteria, fungi, algae, protozoa. Passive treatment methods with bioremediation are considered
environmentally friendly because they utilize naturally occurring microbes in soil and groundwater that
do not pose a harmtul threat to surrounding humans [5,6,7,14].

Therefore, the solution needed to answer these problems is to preserve cofEhodities in an effective
and simple way. One of the innovations is doing UV irradiation and cooling. The purpose of this study
was to determine the growth response of a mixed culture of bacteria Acetobacter tropicalis and
Lactobacillus fermentum against heavy metal contaminants of iron and manganese in liquid and solid
media containing heavy metals iron and manganese and determine the efficiency of removal of heavy
metals from iron and manganese by mixed culture of Acerobacter tropicalis and Lactobacillus
fermentum bacteria in liquid and solid media.

2. Research Method

2.1 Cultivation of Mixed Culture of Acetobacter tropicalis and Lactobacillus fermentum bacteria
Cultivation of mixed cultures of Acetobacter tropicalis and Lactobacillus fermentum bacteria was
carried out by batch or limited culture using SMSs liquid media. Cultivation in mixed culture is carried
out to grow a mixed culture of bacteria to reach exponential conditions. Cultivation of this mixed
bacterial culture is carried out by taking into account the environmental conditions suitable for the mixed
bacterial culture, namely temperature, contact time, and pH. Cultivation of this mixed culture was
carried out in a 250 mL erlenmeyer container with the use of 80% of the capacity. Cultivation of mixed
bacterial cultures on media containing AMD was carried out by adding 10% (v/v) AMD to the media.
The composition of the cultivation of mixed bacterial cultures without the addition of AMD in liquid
media was 75% SMSs media, 5% molasses as an additional carbon content, and 20% mixed bacterial
cultures. Cultivation of mixed bacterial cultures in SMSs media containing AMD had a composition of
70% SMSs media, 5% molasses, 5% AAT, and 20% mixed bacterial cultures.

2.2 Bacterial Mixed Culture Sensitivity Test to Acid Mine Drainage

This sensitivity test was conducted to determine the sensitivity of a mixed culture of bacteria
Acetobacter tropicalis and Lactobacillus fermentum to heavy metals iron and manganese present in Acid
Mine Drainage (AMD). This sensitivity test was carried out in Nutrient Agar (NA) solid media exposed
to a mixed culture of Acetobacter tropicalis and Lactobacillus fermentum bacteria by adding disc paper
containing AMD.

2.3 Test for Removal of Heavy Metals of Iron and Manganese in Liquid Media SMSs

The removal of iron and manganese in the liquid medium of SMSs was carried out in two stages with
the aim of obtaining the optimum conditions in terms of contact time (hours) and pH. The heavy metal
removal test in liquid media has two stages, First phase is optimization of pH, and second phase is
optimization of contact time. In the first phase iron and manganese removal test, the optimization of pH.
The independent variable is pH with variations of 2, 3, 5. 7 while the fixed variable is temperature with
room temperature of 300 C, 10% AAT concentration (v/v), and contact time for 96 hours. The highest
removal of iron and manganese from one of these pH variations was used as a suitable pH for the growth
of mixed cultures of bacteria Acetobacter tropicalis and Lactobacillus fermentum to remove iron and
manganese. This pH will be the optimum pH for mixed cultures of Acetobacter tropicalis and
Lactobacillus fermentum bacteria to remove iron and manganese. In the first phase iron and manganese
removal test, the optimization of pH. The independent variable is pH with variations of 2, 3,5, 7 while
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the fixed variable is temperature with room temperature of 30°C, 10% AMD concentration (v/v), and
contact time for 96 hours. The highest removal of iron and manganese from one of these pH variations
was used as a suitable pH for the growth of mixed cultures of bacteria Acerobacter tropicalis and
Lactobacillus fermentum to remove iron and manganese. This pH will be the optimum pH for mixed
cultures of Acetobacter tropicalis and Lactobacillus fermentum bacteria to remove iron and manganese.
5

B Test forgemoval of Iron and Manganese in Solid Media Contaminated Soil AMD

The removal of iron and manganese in AD by mixed cultures of Acetobacter tropicalis and
Lactobacillus fermentum in solid media was carried out in soil media that had been exposed to AMD.
Tests for removal of iron and manganese on solid media were not carried out in stages, because
environmental conditions were controlled such as temperature and pH for the growth of mixed cultures
of Acetobacter tropicalis and Lactobacillus fermentum bacteria. In the optimization of contact time, the
independent variables at the contact time (hours) were 48, 96, 144, and 192 hours while the fixed
variables were room temperature and optimum pH of the research in liquid media. The highest removal
of iron and manganese from one of these contact time variations was used as a suitable and optimum
contact time for the growth of mixed cultures of bacteria Acetobacter tropicalis and Lactobacillus
Jfermentuwm in removing heavy metals of iron and manganese.

3. Results and Discussion

Cultivation of mixed cultures of Acetobacter tropicalis and Lactobacillus fermentum bacteria carried
out with the addition of AMD had a higher number of bacterial cells than those without AMD. This
shows that the mixed culture of Acetobacter tropicalis and Lactobacillus fermentum bacteria can utilize
the heavy metals contained in AMD as a source of nutrients. Seen in the growth curve, at 72 hours the
number of bacteria increased higher reaching 210 cells/mL and the number of bacteria decreased at 120
hours to 198 cells/mL.

In Figure 1. it can be seen that the increase in the number of mixed culture cells of bacteria
Acetobacter tropicalis and Lactobacillus fermentum in solid media continued for up to 168 hours,
reaching 359 cells/mL. This phase is called the exponential phase of a mixed culture of Acetobacter
tropicalis and Lactobacillus fermentum bacteria in their growth, while at 264 hours the mixed culture of
Acetobacter tropicalis and Lactobacillus fermenrum bacteria reached a stationary phase leading to death,
because the number of cells in the soil had decreased, which reached 340 cells/mL.

0 24 48 72 96 120 144 168 192 216 240 264 288 312 336

Contact time (hour)

=={=Media Tanah + Kultur Campuran Bakteri

Figure 1. Growth Curve of Mixed Culture of Acetobacter tropicalis and Lactobacillus fermentum
Bacteria in Solid Media Contaminated Soil AMD
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Based on Figure 2. it can be seen that the mixed culture of Acetobacter tropicalis and Lactobacillus
Sfermentum bacteria was able to remove iron and manganese at a very acidic pH as characteristic of AMD
with the removal percentage reaching 86.53%. The highest of iron and manganese occurred at pH 7,
which is a neutral pH for the growth of Acerobacter tropicalis and Lactobacillus fermentum bacteria
with a removal efficiency of 93.79%. based on [12], endosulfan bioremediation on various soil layers
with a concentration level of 2 mg/g was conducted on the pH level of 7, while the lowest
removal efficiency occurred at pH 3, which was 83.96%. From the results of the removal efficiency, it
can be seen that a mixed culture of Acetobacter tropicalis and Lactobacillus fermentum bacteria can
stay alive and help remove iron and manganese by utilizing these metals as additional nutrients as
evidenced by the level of removal efficiency above 80% at acidic to neutral pH. and proved [10]
where the mixed cfllture of these bacteria has excellent survival in the acidic pH range, which is 1.5 —
3.5. Refer to [11] bioremediation has the capability to function synergistically in utilizing heavy
metals as a source of nutrient to expand its allowance by 50%.
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Figure 2. Removal of Heavy Metals Iron and Manganese (%) on Variation of pH in Liquid Media SMSs
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Figure 3. Removal of Heavy Metals Iron and Manganese (%) on Variation of Contact Time in Liquid
Media SMSs

From these results, it can be seen in Figure 3, the highest removal of iron and manganese occurred
within a contact time of 96 hours with an initial concentration of iron 8.3 mg/L. and manganese 204.6
mg/L being 0.39 mg/L for a concentration the final concentration of iron and 11.44 mg/L for the final
concentration of manganese so that the removal percentage was 94.89%. The same result [9] shows that
the highest iron metal removal occurred on 144 hours of contact tifie with a removal percentage of 96%
The lowest percentage of iron and manganese removal occurred at a contact time of 48 hours with the
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initial concentration of iron 8.3 mg/L and manganese 204 .6 mg/L being the final concentration of iron
1.88 mg/LL and manganese 61.49 mg. /L, so that the percentage of allowance is 73.65%. The percentage
of removal efficiencyfffor heavy metals iron and manganese continued to increase with increasing contact
time up to 96 hours. At a contact time of 192 hours, the percentage of removal was reduced to 91.17%.
It can be seen that the percentage of removal will continue to increase up to a contact time of 96 hours,
but the addition of a contact time of more than 96 hours will not cause the removal to increase. The
optimum contact time for a mixed culture of Acerobacter tropicalis and Lactobacillus fermentum
bacteria to remove 8.3 mg/L iron and 204.6 mg/L. manganese was 96 hours.

In this study, the optimum pH in previous studies in SMSs liquid media was pH 7. The control
batch was prepared with the composition of soil contaminated with AMD and rice husk as bulking agent.
After analysis, the concentration of iron and manganese in soil containing AMD was 4008.13 mg/L. and
456.72 mg/L. The heavy metal content of iron and manganese in the control batch after 96 hours was
reduced to 3908.2 mg/L and 440.82 mg/L. Changes in the concentration of iron and manganese in the
control batch showed that the physical process did not have much influence in the process of this
research. The results of heavy metal removal of iron and manganese in solid media can be seen in Figure
4 which is the result of removal of heavy metals of iron and manganese in graphical form.
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Figure 4. Removal of Iron and Manganese (%) on Variation of contact time in Solid Media of Soil
Contaminated with AMD

4. Conclusion

Mixed cultures of Acetobacter tropicalis and Lactobacillus fermentum bacteria were resistant to media
containing AMD (iron and mang@jese) as evidenced by the absence @inhibition zones. Physical and
chemical factors play less role in the removal of iron and mfpanese. Removal of iron and manganese
in solid media requires a longer contact time compared to removal of iron and manganese in liquid
media due to mixed culture contact of iron and manganese more easily occur in liquid media. so that
iron and manganese is more likely to be quickly removed.
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