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Abstract. The objective of this research is to remove Total Petroleum
Hydrocarbon (TPH) contained in crude oil by utilizing Acetobacter
tropicalis and Lactobacillus casei bacteria consortium through degradation
process. Crude oil degradation was conducted on Stone Mineral Salt
Solution (SMSS) liquid media and artificial sea water in a controlled
environment with limited system. The implemented variations on SMSS
liquid media are differentiated based on acidity (pH) of 3, 5, and 7, with
contact time of 7, 14, and 21 days. On the other hand, the variation
implemented on artificial sea water only applied on contact time of 7, 14,
and 21 days. Samples were incubated on a shaker incubator with 30°C and
150 rpm. The sensitivity test revealed that consortiom bacteria are resistant
against crude oil, which proven by the missing inhibiting zone formation
around disc paper that contains crude oil. This research shows that the
optimum condition to degreade TPH both on SMSS liquid media and
artificial sea water is at pH level of 7 in 7 days with TPH removal efficiency
of 94%. This research provides an important information that Acetobacter
tropicalis and Lactobacillus casei bacteria consortium has the potential to
degrade crude oil TPH in a controlled environment.

1 Introduction

Crude oil is one of the most important commodities because almost every country in this
world utilizes crude oil as their main energy source [1]. Crude oil can be utilized to produce
fuel for cars, motorbikes, airplanes, and other vehicles that require gas to run. Apart from
that, crude oil can also be utilized as industrial raw material. Surely, crude oil utilization will
also lead to waste production that has negative impacts on the environment. Numerous crude
oil processing activities, starting from the refinery up to exploration, have the potential to
produce oil sludge as waste. Oil spill is only discovered in land, but also in water ecosystem
[2].

Oil pollution in water is caused by oil spill generated by shipping activities, motor-boat
machine, and leakage on oil storage facilities [3]. The location polluted by crude oil can
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generally be recovered through physics-chemical methods. The separation of crude oil
component is started by distillation, which then creates oil vapors that will be further
processed and perfected into a more benefitful products. However, physics-chemical
treatments are quite expensive and require a long period of time [4,5].

Another alternative to process crude oil is known as bioremediation technique, which is
a technique that utilizes microbes to degrade organic compounds [6]. Bioremediation
possesses ecological advantage when faced with areas polluted by crude oil hydrocarbon be-
cause of its relatively low cost, positive effect, and minimum secondary pollution. On crude
oil bioremediation process, the utilization bacteria consortium can influence crude oil
degradation process because each bacterium require specific substrates to degrade crude oil
components [7,8]. Bacteria utilized to degrade crude oil are able to survive in a contaminated
area by using hydrocarbon compounds as nitrogen sources [9,10]. The objective of this
research is to overcome crude oil pollution on water with biotechnological approach through
bioremediation by bacteria consortium enzymatic activities. This research is also
implemented to determine growth response of

Acetobacter tropicalis and Lactobacillus casei bacteria consortium on crude oil polluted
environment based on the variation of acidity level (pH) and contact time (Td), determine the
optimum condition for Acetobacter tropicalis and Lactobacillus casei bacteria consortium
that generates the most efficient Total Petroleum Hydrocarbon (TPH) removal, and to
determine TPH removal efficiency level by Acetobacter tropicalis and Lactobacillus casei
bacteria consortium.

2 Materials and method

1.1. Crude Oil, Bacteria Consortium Growth Media, and Artificial Sea Water
Preparations

This research utilized crude oil sample taken from the collection of Faculty of Earth and
Energy Technology Laboratory of Universitas Trisakti obtained from Pertamina EP Asset 3
Jatibarang Field, with research parameter of initial Total Petroleum Hydrocarbon (TPH)
concentration on crude oil sample. Characterization test was implemented at Lemigas ESDM
Laboratory Jakarta, through gravimetric method. As Acetobacter tropicalis and Lactobacillus
casei bacteria consortium growth media, we utilized Stone Mineral Salt Solution (SMSS)
liquid solution with the following compositions 0.5g CaCOs3, 2.5g NH4NO3, 0.5g KH,POy,
lg Na,HPO4.7H>O, 0.5g MgS04.7H,0, and 0.2g MnCl,.7H>O. These materials were
dissolved on 1 litre of aquades and sterilized by using autoclave for 60 minutes on 121°C
temperature. Powder artificial sea water media with compositions of CaCl,, NaCl, NaF, KCl,
MgCl,.6H,0, SrCl,.6H,0O, KBr, Na,SO4, NaHCOs3, and H;BO3 were dissolved on 1 litre of
aquades, and sterilized on an autoclave on 121°C temperature for an hour.

1.2. Acetobacter tropicalis and Lactobacillus casei Bacteria Consortium Cultivation on
SMSS Media without Crude Oil Addition

Acetobacter tropicalis and Lactobacillus casei bacteria consortium cultivation was
conducted by implementing batch system that utilizes 80% SMSS liquid meia of the total
capacity of erlenmeyer (250 ml) the remaining space was considered as free board. Bacteria
consortium was cultivated on a shaker incubator with 150 rpm rotation speed on 30°C
temperature for 120 hours. The utilized composition in bacteria cultivation without crude oil
consists of 85% SMSS media (v/v), 10% of bacteria consortium (v/v), and 10% NPK liquid
fertilizer, meanwhile bacteria cultivation with additional crude oil consists of 85% of SMSS
(v/v), 10% of bacteria consortium (v/v), 10% o NPK liquid fertilizer (v/v), and 10% crude
oil (v/v). Bacteria consortium growth was calculated by using Total Plate Count (TPC)
method, with the following formula:
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Colony per mL or per gr (CFU/mL or CFU/gr) =

Number of Colony per Flask

Dilution Factor (1)
1.3. Bacteria Consortium Sensitivity Test on Crude Oil
The sensitivity test was carried out on a petri dish containing a solid medium of Gelatine

Nutrient (GN). Acetobacter tropicalis and Lactobacillus casei bacteria consortium was mixed

into GN media and then allowed to solidify first. Discs that had been smeared with petroleum

were placed in GN containing a solid consortium of bacteria, then the petri dishes were
incubated at 37°C for 48 hours. This sensitivity test is carried out to determine the sensitivity
or sensitivity of the bacterial consortium to petroleum.

1.4. Crude Oil Degradation Test on SMSS Liquid Media

Crude oil degradation test by a consortium of bacteria was carried out on SMSS liquid
media with the aim of obtaining optimum conditions for all variables used. The variables
used were acidity (pH) with variations of 3, 5, 7, and contact time (days) with variations of

7, 14, and 21. Each variation was carried out in duplicate. The compositions used for

optimization of pH and contact time are SMSS 70% (v/v), 10% bacterial consortium (v/v),

10% crude oil (v/v), and 10% NPK liquid fertilizer (v/v). ). Incubation was carried out using

a shaker incubator with a rotating speed of 150 rpm at 30°C [11]. The degradation test was

carried out in a 250 ml Erlemeyer using 80% of the total capacity. Each sample will be taken

to the Lemigas ESDM Laboratory, Jakarta to be analyzed for levels of Total Petroleum

Hydrocarbon (TPH). The lowest final TPH level from one of the results of optimization of

pH and contact time will be the optimum conditions for Acetobacter tropicalis and

Lactobacillus casei bacteria in removing the TPH content of crude oil. The formula for

calculating the efficiency of TPH removal is as follows:

TPH Removal Efficiency = ? x 100% (2)
Where:
A : Concentration after degradation process (%)
B : Concentration before degradation process (%)

1.5. Crude Oil Degradation Test on Artifical Sea Water Media

250 ml Erlemeyer using 80% of the total capacity and conditioned at the optimum pH of
the crude oil degradation test stage in SMSS media, mixed culture bacteria 10% (v/v), and
10% crude oil concentration(v/v). Incubation was carried out using a shaker incubator with a
rotating speed of 150 rpm at 30°C with each contact time of 7, 14, and 21 days. Each variation
of contact time is made up of two samples or in duplicate, and then each sample will be taken
to the Lemigas ESDM Laboratory, Jakarta for analysis of Total Petroleum Hydrocarbon
(TPH) levels. The lowest final TPH level from the variation of contact time will be the
optimum contact time for Acetobacter tropicalis and Lactobacillus casei bacteria in removing
the TPH content on crude oil.

1.6. Analysis of pH Changes and Bacteria Growth Kinetics

Changes in pH during the crude oil degradation test in SMSS liquid media and artificial
sea water media by a consortium of bacteria will be measured using a pH meter. Measurement
of pH will be carried out at each initial and final condition in each stage of the independent
variable petroleum degradation test. The calculation of bacterial growth by connecting the
concentration of nutrients with the growth rate of bacteria can be carried out using the Monod
equation with the following equation:
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dx

— =77x 3)
Where:
X = Cellular Concentration (g/L)
T = Time (hour)
?? = Specific Growth Rate (Hour™)

q parameter which is the rate of specific substrate utilization value can be calculated with
the following formula:

AS = gx At @)
as _
- = ax %)
_@s/dtu ©

X

The specific growth rate, in relation with specific substrate utilization will generate slope
= 1/YT from intercept b. The total growth can be stated with the following formula.

q=j-n+b (7)
Where:
q = Specific substrate utilization rate
YT  =total growth
u = specific growth rate (hour-1)
b = intercept

According to [12] the growth yield always comes with a constant value if the biomass
composition and environmental condition are stable. Because of that, the initial biomass and
substrate contribution represented by Xo, So and S are concentration during growth process.
The relationship between growth process and substrate utilization can be measured with the
following formula:

X-X=Y (So—S) (3

Where:

X — X0 = Biomass concentration

so —s = Substrat Concentration

1.7. Pilot Scale Implementation

The results of the crude oil degradation test at each stage starting from the pH
optimization stage to the contact time will be implemented on a larger scale, namely the pilot
scale. It is planned that the container for the petroleum degradation reactor will be filled with
the composition of 10% (v/v) Acetobacter tropicalis and Lactobacillus casei bacteria
consortium, 80% (v/v) oil polluted water, and NPK fertilizer as an additional 10% (v/7v)
nutrient. The reactor will also be conditioned to a temperature of 30°C, the optimum pH for
the degradation test stage in SMSS media, and the optimum contact time for the degradation
test stage in artificial seawater media.
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3 Result and discussion

The crude oil characterization conducted in Lemigas ESDM Laboratory in Jakarta generated
the results that can be viewed and categorized based on their specific gravity or APIravity.
The crude oil sample characteristics can be viewed on Table 1.

Table 1. Crude Oil Sample Characteristics.

Parameter Unit Results Method
Mass - 0.8814 ASTM D 4052
°API - 29.1 ASTM D 4052
TPH % 81.94 Gravimetry

The acquired API mass and gravity values based on the characteristic test are 0.8814 and
29.1. Based on the results obtained according to [13] the crude oil samples in this study
included as heavy crude oil with an API gravity range of 22° - 30°. The Total Petroleum
Hydrocarbon (TPH) was also tested in crude oil characterization, and the test results showed
a TPH value of 81.94%. The results of this crude oil characteristic are used as a reference for
the initial TPH concentration before the TPH crude oil removal by Acetobacter tropicalis and
Lactobacillus casei bacteria consortium.

Cultivation of Acetobacter tropicalis and Lactobacillus casei bacteria consortium was
carried out in a 250 mL erlenmeyer with two different conditions, namely condition of Stone
Mineral Salt Solution (SMSS) media without crude oil and the condition of the SMSS media
containing crude oil. Pollutant-free cultivation was carried out to obtain an exponential phase
of Acetobacter tropicalis and Lactobacillus casei bacteria consortium. The growth of the
bacterial consortium was obtained by counting the number of living bacteria using the Total
Plate Count (TPC) method. The growth phase of the bacterial consortium Acetobacter
tropicalis and Lactobacillus casei can be seen in Figure 1.
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Fig. 1. Mixed Culture Bacteria Growth Curve on SMSS Media with and Without Crude Oil.

As shown in Figure 1. The Acetobacter tropicalis and Lactobacillus casei bacteria
consortium cultivation occurred for 240 hours or 10 days. During the cultivation stage, there
are 3 growth phases namely exponential, stationary, and death phases. Cultivation without
crude oil in an SMSS media reached exponential phase between 0 to 72 hours. In this phase,
bacteria consortium started to adapt with the growth media and experience and rapid increase
of cell numbers. Bacteria consortium is starting to enter stationary phase after the 72" hour
until 144" hour, marked with constant growth of bacteria cells. After the 144" hour, the
bacteria enter death phase marked with lowered number of bacteria due to lack of nutrition
on growth media, which led to lower cell metabolism.

Cultivation of the bacterial consortium in SMSS media containing crude oil showed an
exponential phase that occurred faster at 0 hours to 48 hours. The stationary phase occurs
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after the 48th hour to the 120th hour, this is indicated by the constant growth of the number
of bacterial cells. The bacterial consortium began to enter the death phase with a decrease in
the number of bacterial cells after passing the 120 hours.

Based on Figure 1 and the explanation of the growth curve above, the cultivation of
bacteria containing crude oil experienced a faster lag and exponential phases and also a longer
stationary phase compared to the cultivation of bacteria without crude oil. This indicates that
Acetobacter tropicalis and Lactobacillus casei bacteria consortium is able to utilize the carbon
(C) element in crude oil as a source of nutrition for cell metabolic activity, so that the number
of bacterial cells is faster to divide.

The availability of nutrients, both macronutrients and micronutrients that are complete,
suitable, and in the right ratio, is very important for bacterial growth. The main constituents
of bacterial cells are the elements carbon, oxygen, hydrogen and nitrogen. These elements,
especially carbon, are very important substrates for energy production in bacteria so that
bacterial metabolism can properly take place [14,15].

The sensitivity test Acetobacter tropicalis and Lactobacillus casei bacteria consortium
was carried out in petri dish containing Gelatine Nutrient (GN) media with disc paper that
had been exposed to petroleum added. Petri dishes were incubated for 48 hours at 37°C. This
sensitivity test was conducted to determine Acetobacter tropicalis and Lactobacillus casei
bacteria level of susceptibility to compounds or substances that can inhibit bacterial growth.
The results of the sensitivity test of mixed culture bacteria Acetobacter tropicalis and
Lactobacillus casei to crude oil can be seen in Figure 2.

(b)

Fig. 2. The Sensitivity Results of Acetobacter tropicalis and Lactobacillus casei Bacteria on Crude (a)
0 hour; (b) 24 hour; (c) 48 hour.

In Figure 2 it can be seen that the inhibition zone was not formed during the 48 hour
incubation period. This proves that Acetobacter tropicalis and Lactobacillus casei bacteria
consortium is resistant and able to grow in an environment polluted with crude oil. The
natural resistance of Acetobacter tropicalis bacteria against crude oil is supported by the
finding of Majolagbe et al. (2019) who stated that Acetobacter sp. bacteria can be utilized to
degrade crude oil sub products on growth culture media [16]. On the other hand, the natural
resistance of Lactobacillus casei bacteria against crude oil is supported by a finding that
Lactobacillus sp. bacteria is able to bind and detoxify xenobiotic compounds [17-21]. We
also managed to conduct crude oil degradation test on SMSS liquid media. The pH
optimation was implented with TPH concentration and the removal efficiency n be seen in

Table 2.
Table 2. Crude Oil TPH Removal with pH Variations on SMS Liquid Media.
Innitial Final TPH Removal
TPH . .
pH . Concentration Efficiency
Concentration (Yo W/W) (%)
(Y3 WIW) i °
5.0 81.94 5.06 93.82
6.0 81.94 4.75 94.20
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The degradation process for 7 days with variations in pH 3, 5, and 7 showed an increasing
efficiency of removal. Based on Figure 3, it can be seen that the lowest removal efficiency
occurred in the treatment of samples with pH 3 which showed the final TPH concentration
decreased to 5.06% (w/w), so that the removal efficiency was 93.82%. Sample treatment with
pH 5 showed an increase in removal efficiency of 94.20% with the final concentration of
TPH being 4.75% (w/w). The highest removal efficiency occurred in the treatment of samples
with pH 7 which showed the final TPH concentration decreased to 4.54% (w/w), so that the
removal efficiency was 94.46%. Based on the results of the analysis above, it can be seen
that the optimum variation in acidity (pH) for the degradation process of crude oil TPH by
Acetobacter tropicalis and Lactobacillus casei bacteria consortium is a concentration of pH
7.
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Fig. 3. Crude Oil TPH Removal with pH Variations in SMSS Liquid Media.

Research finding by Wang et al., (2019) who utilized Bacillus subtilis bacteria isolate that
included in the hydrocarbonoclastic bacteria group, was able to degrade crude oil with
removal efficiency of 65% on pH 7 condition [22]. The pH condition on the research is
similar to the optimum pH condition in this research. That is why, the results of that previous
research can be compared with the results obtained in this research. The TPH degradation by
Acetobacter tropicalis and Lactobacillus casei bacteria consortium shows removal efficiency
of 29.46%, higher than removal efficiency generated by using hydrocarbonoclastic bacteria
isolate. After obtaining opimum pH level to degrade crude oil on SMSS media, we also
obtained the optimum contact time to degrade crude oil on SMSS media. The TPH
concentration results and removal efficiency with contact time variations can be seen in Table
3.

Degradation process occurred at 7, 14, and 21 days show relatively similar removal
efficiency level. Based on Figure 4, we can see that the TPH of 7 days contact time variation
finally reached 4.54% with removal efficiency of 94.46%. 14 days of contact time shows
final TPH concentration of 4.96% the removal efficiency of 93.95%. Variation with 21 days
contact time shows final TPH concentration of 4.695 with removal efficiency of 94.28%.
Based on this results, we can see that the removal efficiency of day 7 to day 14 experienced
decrease, but from day 14 to day 21, the removal efficiency is increased.

Table 3. Crude Oil TPH Removal with Contact Time Variations in SMSS Liquid Media.

Conta Initial TPH Final TPH Remov
ct Time Concentration Concentration Efficienc
(Day) (%; w/w) (%3 WIW) o y
7 81.94 [ 454 94.46
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Fig. 4. Crude Oil TPH Removal with Contact Time Variations in SMSS Liquid Media.

The fluctuated removal efficiency occurred around 94% during 7 to 21 days is predicted
to occur due to accelerated exponential phase of Acetobacter tropicalis and Lactobacillus
casei bacteria than SMSS media with crude oil. This occurred because the available nutrition
is complete and suitable. Research by Munawar & Zaidan (2013) that utilized Pseudomonas
sp. and Bacillus sp. bacteria consortium shows TPH removal efficiency of 91.04% in just 42
days [23]. Other research conducted by Afianti & Febrian (2020) produced TPH removal
efficiency of 52.9% in 42 days by utilizing mangrove sediment mixed culture bacteria of
Xylocarpus granatum from Lagoi, Riau Islands [24]. Compared to this research, the
utilization of Acetobacter tropicalis and Lactobacillus casei bacteria consortium produced
better TPH removal; 94.46% of TPH removal in just 7 days of time.

We also conducted crude oil degradation test on artificial sea water. The TPH

concentration and removal efficiency obtained in the degradation process can be seen in
Table 4.

Table 4. Crude Oil TPH Removal with Contact Time Variations on Artificial Sea Water.

Conta Initial TPH Final TPH | | Remov
ct Time | Concentration Concentration Efficiency
(Day) (%3 wiw) (%3 wiw) (%)

7 81.94 7.27 91.13

14 81.94 5.00 93.90

21 81.94 4.66 94.32

7 days degradation process produced final TPH concentration of 7.27% w/w) with
removal efficiency of 91.13%. The 14 days degradation process shows improvement by
obtaining final TPH concentration of 5% (w/w) and removal efficiency of 91.13%. 21 days
degradation process shows the highest efficiency level which is at 94.32% with final TPH
concentration of 4.66% (w/w).
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Fig. 5. Crude Oil TPH Removal with Contact Time Variation in Artificial Sea Water.

Based on Figure 5, it can be seen that the consortium of bacteria Acetobacter tropicalis
and Lactobacillus casei can degrade the TPH content of petroleum with the highest efficiency
within 21 days using artificial seawater media. The allowance at this stage reached 94%
within 21 days due to the exponential phase that occurred longer than in SMSS media,
although the bacterial consortium was still able to set aside crude oil TPH for longer. This is
supported by statements from several researchers that Acetobacter tropicalis and
Lactobacillus casei are a group of thermotolerant bacteria that have the ability to grow in
conditions of high salinity, making them useful and possible for sea water bioremediation
and also crude oil degradation [25-27]. Another research by Chekroud et al., (2021) that
utilizes Acinetobacter sp., Aerobacter sp., and Bacillus sp. mixed culture bacteria was able
to degrade crude oil on artificial sea water media with removal efficiency of +95% in 42 days
[28]. Compared to this research, Acetobacter tropicalis and Lactobacillus casei bacteria
consortium can degrade crude oil TPH of 94% in a relatively shorter period of time, which
is 21 days. During crude oil TPH degradation by utilizing Acetobacter tropicalis and
Lactobacillus casei bacteria both on SMSS liquid media and artificial sea water media, the
pH change occurred both on the initial and the final conditions are measured by pH meter.
The pH change occurred during degradation process can be seen in Table 5.

Table 5. The pH Change during Crude Oil TPH Degradation Process.

Sampel Type Innitial pH Final pH

pH Variation Stage on SMSS Liquid pH 3 3 3.82
Media pH S 5 5.75

pH 7 7 5.38
Contact Time Variation Stage on | Td 14 7 7.18
SMSS Liquid Media Td 21 7 7.47
Contact Time Variation Stage on %11 Z 1 ; 223
Artificial Sea Water Media Td 21 7 553

Based on the results obtained in Table 5, pH changes that occur in SMSS liquid media
and artificial seawater media show different results. In the SMSS liquid medium in the pH
variation stage, the variation in pH 3 showed an increase in pH to 3.82. Variations in pH 5
also showed an increase in pH to 5.75, but variations in pH 7 showed a decrease in pH to
5.38. In the SMSS liquid medium, the contact time variation of 14 and 21 days also showed
an increase in pH to 7.18 and 7.47. The increase in pH that occurs is suspected because the
pH of the environment is too acidic, causing the bacterial consortium to carry out a reaction
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to reduce the level of acidity in its environment. According to Nugroho, (2010), increased
pH can be caused by the effort of bacteria to survive on acidic environment by switching ion
H+ in the environment with ion K+ in bacteria cell to lower the environmental acidity [29].

The stages of variation in contact time on artificial seawater media all showed a decrease
in pH. The variation of the 7-day contact time showed a decrease in pH to 6.89, the pH for
the 14-day contact time decreased to 6.47, and the pH for the 21-day contact time decreased
to 5.53. The decrease in pH occurs because the metabolic activity of bacteria that produce
organic acids can lower the pH value during the degradation process [30,31]. The pH value
is one of the important parameters that characterize the life of bacteria, and fluctuating pH
values indicate that bacteria carry out a metabolic condition to be able to grow in their
environment [32]. After obtaining the optimum environmental conditions at each stage of the
petroleum degradation test, it is necessary to calculate the kinetics of petroleum removal. The
consortium of bacteria Acetobacter tropicalis and Lactobacillus casei had specific growth
rate values () ranging from 0.0440 — 0.0952 hours-1 and specific substrate utilization rates
(q) ranging from 0.000028 — 0.000102 hours- 1. The relationship between the values of and
q will get a total growth value (YT) of 714 hours-1 and a Kd value of 0.05 hours-1. The graph
between the specific growth rate and the specific substrate utilization rate can be seen in
Figure 6.
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Utilization Rate (q)

Fig. 6. The Relationship between Specific Growth Rate (u) and Specific Substrate Utilization Rate
(-

The limited utilization of specific substrates for bacterial growth can be defined using the
Growth Yield equation. The graph of the relationship between the utilization of specific
substrates (S) and the amount of bacterial growth in limited culture (Xm) will produce a
linear line which then forms a Yobs slope (slope/S) with a value of 15405 hours-1. The
relationship between specific substrate utilization (S) and the amount of bacterial growth in
limited culture (Xm) can be seen in Figure 7.

10
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Fig. 7. Relationship between TPH Limit (S0-S) with Bacteria Growth (X-X0).

Furthermore, there is a relationship between the specific growth rate and the concentration
of TPH which is shown in Figure 8. The maximum specific growth rate (u) value is 0.0952
and half of the maximum specific growth rate value is 0.0476, based on the two values, it can
be obtained the value of saturated concentration (KS) is 4.8%.
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Fig. 8. Relationship between Specific Substrate Growth Rate and TPH Concentration.

Determination of the order of the reaction is done by graphing the growth rate of order 0,
order 1, and order 2. Then the R? value in each graph is chosen which is closest to number 1.
Each order kinetics graph can be seen in Figure 9.

11
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Fig. 9. Kinetic Order (a) 1; (b) 2; (c) 3.

Based on Figure 9, it can be seen that the R2 value closest to 1 is the reaction order 2 with
a value of 0.837. The graph rate on the order of reaction 2 is also in accordance with this
study, namely the greater the value of biomass x time (xt), the higher the TPH value of the
oil that is set aside is also greater. Reaction order 0 and reaction order 1 were not used in this
study because both graphs show that biomass x time (xt) has no effect on TPH removal, and
is not in accordance with this study. The modeling of the relationship between the substrate
and the concentration of bacteria obtained from this kinetic calculation can be used to
estimate the degradation process periodically on a pilot scale [33,34]. The results of this
laboratory-scale research are planned on a larger scale or pilot scale to treat 1000 L of oil-
contaminated water by utilizing Acetobacter tropicalis and Lactobacillus casei bacteria
consortium. It is planned that a tubular reactor with a volume of 1250 liters has dimensions
of 1.8 m high, 1 m diameter, and 1.4 m high volume of wastewater. To treat 1000 L of waste
water, a consortium of 111.11 liters of bacteria is needed. The composition of the bacterial
consortium used in the pilot scale is the same as the laboratory scale, which is 10% of the
reactor volume.

The results of the calculation of the second order TPH removal kinetics rate and the
bacterial consortium cultivation curve equation were used to obtain the residence time
required by the bacterial consortium to eliminate TPH in the pilot scale calculation. The
residence time required to set aside TPH with an initial concentration of 81.94% is 1686
hours or 70 days. The quality standard of the Decree of the Minister of the Environment
Number 128 of 2003 concerning Requirements for Biologically Treated Crude Oil Waste
states that the initial concentration of TPH before going through the biological processing
process is a maximum of 15% and the final concentration of TPH after processing is 1%.
Based on these quality standards, the results of the removal of TPH in this study have not yet
reached the quality standard because the initial concentration of TPH has exceeded the
quality standard. To achieve the final quality standard, it is necessary to conduct further
research to increase the removal efficiency higher than 94%, namely by varying the
temperature and TPH of petroleum as independent variables.

4 Conclusion

The growth response of Acetobacter tropicalis and Lactobacillus casei bacteria consortium
showed that these bacterial cultures could grow well on SMSS liquid media and artificial
seawater containing petroleum pollutants with controlled environmental conditions, namely
in the pH range of 3 to 7, temperature range 27 -30°C, within 7 to 21 days. The optimum
environmental conditions for the growth of Acetobacter tropicalis and Lactobacillus casei
bacterial consortium in SMSS liquid media and artificial seawater containing crude oil
pollutant were at a temperature of 30°C and pH 7, in a contact time of 7 days. Total Petroleum
Hydrocarbon (TPH) which can be degraded by Acetobacter tropicalis and Lactobacillus casei
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bacterial consortium resulted in a removal efficiency of 94% under controlled conditions at
30°C and pH 7, in a contact time of only 7 days.
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