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ABSTRACT
This research focused on hydrocarbon removal from contaminated soil, using co-composting methods on a laboratory scale. The soil samples were taken from ship demolition sites in Tanjung Jati, Bangkalan Regency, Madura
Island. Therefore, this study aimed to investigate the efficiency of bioremediation process using the co-composting
method for hydrocarbon removal. The co-composting was treated under aerobic conditions, and manual stirring
for aeration was performed every 2 days. Moreover, the values of hydrocarbon and total bacterial population
levels were measured on day 0, 30, and 60. The results of the study at location 1 showed that for 60 days, the cocomposting of contaminated soil in the control reactor was 33.36%, kitchen waste (34.99%), local cattle rumen
waste (59.41%), and soil mixed kitchen and cattle rumen waste (61.01%). Meanwhile, at location 2, they were
28.50%, 64.18%, 42.67%, and 67.03% respectively. The largest total bacterial population was in the nutrient agar
media with stratification of up to 10–8.
Keywords: aerobics, co-composting, hydrocarbons, kitchen waste, slaughterhouse waste.

INTRODUCTION
Ship demolition causes changes in environmental conditions due to the influx of pollutants
that are mostly hydrocarbons. The spills of these
chemical compounds, such as diesel, bunkers, oil,
and grease occur when ships are unloaded in parts.
Their high concentrations in soil can damage the
physical and chemical properties. In fact, the oil
types increase the bulk density of soil, decrease its
capacity to absorb water; increase its organic matter, carbon, and nitrogen content. Furthermore, it
reduces the content of phosphorus, magnesium,
calcium, sodium, and potassium. In addition, it
reduces the penetration of plant roots into the soil
(Kayode et al., 2009; Nwite and Alu, 2015).
Hydrocarbons are one of the most common
contaminants that require remediation, and they are
indications of water pollution (Kirk et al., 2004).
These compounds in soil are difficult to decipher,
and are toxic to the growth of plants and other

organisms. According to Handrianto et al. (2012),
the components of hydrocarbons are organic compounds. Therefore, the soils that are contaminated
are not suitable for plant growth, and are difficult
to degrade by micro-organisms (Chijioke-Osuji et
al., 2014). Currently, there are different types of
technologies to improve the affected areas. One
of them is the remediation of contaminated soil
and groundwater using the bioremediation techniques (Wang et al., 2011). This is widely used
because it is inexpensive and environmentally
friendly compared to others (Zhang et al., 2012).
Bioremediation can be done in-situ and exsitu. The ex-situ technique involves the physical
transfer of the contaminated material to a location
for further treatment. This means that the waste is
taken from one place and then treated in another,
after which it is returned to the initial location and
then specially treated using microbes. This process is faster and easier to control, and can remediate diverse types of contaminants compared
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Journal of Ecological Engineering 2021, 22(6), 181–190

to ex-situ (Vidali, 2001). One of the ex-situ techniques for removing hydrocarbons is the co-composting method (Wang et al., 2011). This is done
by mixing the soil with biodegradable organic
waste to add nutrients and enhance the activities
of micro-organisms that remove the pollutants
(Mizwar and Trihadiningrum, 2016). Some of the
advantages of this method are its low operational
costs, simple design, and high processing efficiency (Namkoong et al., 2002). Furthermore, it
improves the soil properties and re-use of biodegradable organic waste (Sayara et al., 2010).
Aerobic conditions and appropriate micro-organisms are necessary for an optimal rate of bioremediation. In soils, the oxygen content depends
on microbial activity, texture, water, and depth.
Low oxygen has been shown to limit the bioremediation of soils contaminated with petroleum
hydrocarbons (von Wedel et al., 1988). Moreover, in a laboratory experiment, mineralization
from soil was severely limited when the oxygen
content was below 10% (Freijer, 1986). Tillage
means the mechanical manipulation of soil to improve its conditions (Hillel, 1980). It also alters
the physical and chemical properties by stimulating the microbial activity (Melope et al., 1987).
This process helps to reorganize carbon, nitrogen, and water, as well as reduces spatial distribution within the soil (Rhykerd et al., 1999).
Bulking agents are the materials that lower the
bulk density of soil, increase porosity and oxygen diffusion, and also help to form water-stable
aggregates. These activities increase aeration and
microbial activity (Hillel, 1980). Additional materials such as bacterial consortium, inorganic
supplements, and bulking agents are used to enhance remediation.
Therefore, this study aimed to determine the
ability of aerobic co-composting methods using
the biodegradable organic waste from kitchens
and slaughterhouses in hydrocarbon removal.

and the distance between them was 193.16 m. The
soil from the two locations was sieved with mesh
size of 1 cm to separate rocks, twigs, rubber, and
broken iron. It was then weighed at 2 kg, placed
in a labelled zip lock plastic and stored at room
temperature. Afterwards, it was then placed into
a reactor, which contained as much as 2 kg each.
Characteristics of Biodegradable
Organic Waste
The biodegradable organic waste originated
from kitchens and slaughterhouses. Each type
of waste was chopped in the compost house using a chopper. After preparing all the samples,
contaminated soil, sawdust, and organic waste
were weighed and placed in each reactor. After
the soil was polluted and the waste was mixed,
each reactor was stirred 10–15 times to make it
homogeneous.
Reactor Preparation
During the study, 16 rectangular shaped reactors were made of thick plastic with a size of
44 cm x 30 cm x 11 cm, each. They contain the
contaminated soils from two different locations,
a consortium of Bacillus subtilis bacteria, Acinetobacter iwoffii, sawdust, and organic waste
from local cattle rumen and kitchens. The research was conducted by duplo with different
reactor name tags.
Composting Time

MATERIALS AND METHODS

The co-composting time was 60 days. Atagana
(2008) stated that Total Petroleum Hydrocarbon
(TPH) was degraded to 67.8% using a mixture of
sludge from sewage and garden waste at a ratio
of 50:50% for 2 months. Hapsari and Trihadiningrum (2014) suggested that co-composting of
oily sludge, household waste, and livestock manure with a composition of 55:45% was able to
reduce oil pollutants to 72% in 60 days.

Sampling for Contaminated Soils

Addition of Sawdust as a Bulking Agent

The soil used in this study was obtained from
a ship demolition site in Tanjung Jati, Bangkalan,
Madura. Retrieval of contaminated land was divided into two locations. The difference between
the two sites was when the ship was unloaded.
Location 2 had a longer operating time than 1,

Sawdust was added as a bulking agent. This
process increased the soil porosity, which enhances the oxygen availability to the degrading microorganisms (Fingas, 2011). Sawdust with a particle
size of 0.85–1.70 mm can absorb 6.4 grams of
crude oil in 24 hours (Annunciado et al., 2005).
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Addition of Bacterial Consortium
The Bacillus subtilis bacteria were isolated
by Pranowo and Titah (2016), while Acinetobacter lwoffii by Nadhirawaty (2019) and Imron
(2018). Both of these strains of bacteria were isolated directly from the contaminated soil in the
same location.
Laboratory Analysis
Analysis of Total Petroleum Hydrocarbon (TPH)
The test samples of 10 grams per reactor,
10 grams of anhydrous Na2SO4, and 35 ml of
n-hexane were placed in a 100 ml Duran bottle.
The sample was then extracted using a 100-watt
ultrasonic water bath (Krisbow, Indonesia) at
a temperature of 50°C for 60 mins. The extraction results were filtered using a glass wool and
placed in a beaker, followed by adding 25 ml of
n-hexane. The results were then left in the fume
hood for 3–4 days.
The weight difference of the extracted liquid
before and after evaporation was recorded as a
total value of petroleum hydrocarbons (Formula
3.1) according to US EPA 3540. After weighing
and gravimetrically calculating the TPH values,
10 ml n-hexane was added to the sample results
and placed in a glass sample bottle and sealed.
The gas chromatography tool used was GC-2010
Shimadzu. This separation technique is based
on the difference in equilibrium distribution of
sample components between a mobile and stationary phase. The compounds which are separated with gas chromatography are volatile and
stable at operating temperatures. This means they
should not break down into other compounds at
that temperature.
There were two types of GC analysis, which
are qualitative and quantitative. The qualitative
method was used to compare the retention times
and co-chromatography. Therefore, before measuring the samples, standard measurements were
taken. The standard used was 0.1% diesel which
is most likely contained in the samples. After
preparing the standard solution, they were then
injected into the gas chromatography instrument.
Analysis of Total Bacteria Population
Four types of Agar media for bacterial growth
were used, which are Nutrient, Bacillus Differentiation, Herella, and HicromeTM Bacillus. The

number of bacteria growths in each media was
different; therefore, the agar dilution differed depending on the colonies. 1 gram of test sample was
placed in a test tube, followed by adding 9 ml of
sterile NaCl. For the pour plate analytic method,
1 ml of the sample was transferred with a sterile
pipette into a 9 ml NaCl solution to obtain 10–2,
10–3, and 10–4 dilutions. This was followed by
inoculating 1 ml suspension (culture media) of
each dilution in an empty petri dish. Before being
placed into a petri dish, the test sample was homogenized and the liquid agar media was poured
and mixed with the sample, then incubated at
37°C for a day. The results of the growth were
then calculated using a Colony Counter. After one
day, the bacteria were counted by the number of
colonies.

RESULTS AND DISCUSSION
Soil Characteristics Test from
Sampling Locations
Two ship demolition sites were the main materials in this study, which are locations 1 and 2 in
Tanjung Jati Village, Bangkalan Regency, Madura Island. This village is one of the famous places
for ship demolition in Indonesia. Shipbuilders
take old and inoperable vessels and process them
into brand new products. A ship is made of steel;
therefore, the main target of dismantling these old
vessels is to obtain steel as raw material for constructing new ships or other products.
During this process, hydrocarbon compounds
can spill from tanks, pipes, engines, ballast water,
fuel, oil waste and grease, especially during the
vessel cleaning stage (UNEP, 2003). In addition,
the ship dismantling activities are closely related
to environmental pollution by heavy metals, such
as iron (Fe), lead (Pb), mercury (Hg), cadmium
(Cd), aluminum (Al), and zinc (Zn). Fe is a contaminant that is generally found in high concentrations at ship unloading sites (Rahman, 2017).
Monitoring Parameters
The monitoring parameters measured involved temperature, pH, and moisture content.
These are important elements because success in
the co-composting process is to fulfill all three
parameters. During 60 days of co-composting,
the temperatures at locations 1 and 2 tended to
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be stable with a temperature range of 35.5–36°C.
According to Bernal et al. (2009), the compost
temperature, which tends to be the same, is due
to the low thickness of compost heap so that the
temperature does not reach the thermophilic stage
(40–65°C) which is optimal for aerobic composting, because the stack height is one of the factors that determine the temperature composting.
Piles of material that are too low will result in
rapid heat loss due to insufficient material to hold
the heat released, so that microorganisms cannot
develop optimally. Conversely, if the pile is too
high, the material density will occur due to the
weight of the material so that the temperature becomes very high and there is no air in the pile
(Fitri et al., 2012).
The pH range 6–8 is the optimal pH value for
microbial activity during co-composting (Miller,
1992). During 60 days of co-composting, the pH
in the reactor ranges between 6.6–7.0. The pH
value is classified as neutral and is in the optimum
pH range for composting. In the first 10 days, the
pH value tends to be stable and not increase. Increasing pH value indicates an increase in the
activity of microorganisms in degrading organic
matter and shows that the overhaul of organic
compounds of carbon compounds into organic

acids is no longer a dominant process. The formation of ammonium compounds can increase the
pH value (Ismayana et al., 2012).
Analysis of Organic and Inorganic
Parameters in the Form of (Total Petroleum
Hydrocarbon) and Fe Analysis
The co-composting of contaminated soils and
biodegradable waste for 60 days was aimed at determine its effect on hydrocarbons removal. This
analysis was performed using gravimetry and
GC. The results of the gravimetric analysis during co-composting can be seen in Figures 1 and 2.
At Location 1, day 0, the TPH levels were
23,216.9 mg/kg for the control reactor, the contaminated soil and kitchen waste was 24,355.2 mg/kg,
the soil and rumen were 32,959.4 mg/kg, and
the mixture of kitchen and rumen waste was
31,598.6 mg/kg. In turn, at location 2, the TPH
levels on day 0, both in the control and test reactor were 21,546.4 mg/kg, 38,277.8 mg/kg,
24,334.9 mg/kg, and 34,875.8 mg/kg respectively.
At Location 1 and 2, the average value of the
control reactor has a hydrocarbon allowance of
31.51% and 26.80%, respectively. The removal in
this reactor does not have a high percentage value,

Figure 1. TPH Content for 60 Days of Co-Composting Process in Soil Sample at Location 1

Figure 2. TPH Content for 60 Days of Co-Composting Process in Soil Sample at Location 2
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because the co-composting process was only
aided by micro-organisms activity. The soil and
kitchen waste percentage allowance were 33.80%
and 60.90%, the soil and rumen were 57.10% and
41.40%. Lastly, the mixture of kitchen and rumen
waste were 59.90% and 62.60%, respectively.
At the end of co-composting on day 60, the
percentage of allowance for hydrocarbons was
higher. The reduction during the 60 days occurs due to less organic compounds present in
the compost material. This causes the bacteria to
lack nutrients for metabolism, which in turn reduces the process of organic and hydrocarbons
decomposition.
The percentage at location 1 and 2 on day 60
is the average value of the control reactor having an allowance of 33.36% and 28.50%. Contaminant removal in this reactor does not have a
high percentage value because the co-composting
process was only aided by micro-organisms activity. In soil reactors and kitchen waste, the percentage allowance was 34.99% and 64.18%, soil
and rumen waste were 59.41% and 42.67%, and
soil mixed kitchen and rumen waste were 61.01%
and 67.03%, respectively. The decrease in the
hydrocarbon levels occurs due to addition of organic waste to the compost, which accelerates the
activity and development of bacterial population
(Atagana, 2008).
The best results were seen in the reactors with
the mixture of kitchen waste and local cattle rumen with 67.03% allowance. This showed that
the higher the organic waste composition, the
greater the amount of removed hydrocarbons.
Organic waste, as an additional nutrient (starter)
helps to accelerate the activity of micro-organisms in decomposing and degrading organic materials. Van Gestel et al. (2003) claimed that hydrocarbons could be optimally removed (86%) at
a faster rate (12 weeks) on co-composting with
a mixture of organic waste (vegetable, fruit, and
dry leaves). The research further explained that
higher concentration of organic waste could accelerate decomposition.
Gas chromatography (GC) is a common type
of chromatography used in analytical chemistry for separating and analyzing compounds that
can be vaporized without decomposition. The typical uses of GC include testing the purity of a particular substance, or separating the different components of a mixture (the relative amounts of such
components can also be determined). In some situations, GC may help in identifying a compound.

In preparative chromatography, GC can be used
to prepare pure compounds from a mixture. In gas
chromatography, the mobile phase (or “moving
phase”) is a carrier gas, usually an inert gas such
as helium or an unreactive gas such as nitrogen.
The gaseous compounds being analyzed interact
with the walls of the column, which is coated with
a stationary phase. This causes each compound
to elute at a different time, known as the retention
time of the compound. The comparison of retention times is what gives GC its analytical usefulness (Pavia, 2006).
In this study, the standard solution used was
0.1% diesel. The sample used is hydrocarbons. In
order to identify the 0.1% solar content obtained
by comparing the standard retention time with the
sample retention time. Retention times are typical
for each compound under the same conditions or
parameters. If the retention time in the sample is
the same as the retention time at the standard, then
the sample contains the same components as the
standard. The retention time tolerance is 0.01. If
the retention value of the standard solution and the
sample are the same or close together, it can be said
that the sample of polluted soil used contains diesel.
Figure 3 and 4 show the visualization of results on gas chromatography in the soil samples
with kitchen waste, it can be seen that there is a
difference in retention time between days 0 and
60. This shows the occurrence of carbon chain
terminations so that the retention time is shorter.
The measured metal parameter was iron
(Fe), which is silvery white in appearance (Yudo,
2006). This element is an important component
of cytochrome pigments in cellular respiration,
and also an enzyme cofactor in micro-organisms. However, its high concentration can pollute the environment, and cause harm to organisms (Prescott, 2008). Fe is an essential metal, in
which its availability is needed by living organisms at certain amount, but its excess can cause
toxic effects. Therefore, its high content has an
impact on human health (Parulian, 2009).
In general, iron in ground water can be dissolved as Fe2+ or Fe3+. The high Fe (Fe2+, Fe3+)
content is related to the soil structure. The iron in
water is in the divalent (Fe2+) and trivalent form
(Fe3+), and sometimes, it binds with other elements in the form of Fe2O3, Fe(OH)2, Fe(OH)3,
or FeSO4. It was also stated that the iron in water
comes from within the soil and other sources, including iron pipes and industrial waste deposits
(Ronquillo, 2009).
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Figure 3. Visualization of Chain C Breaking in Kitchen Waste Samples on Day 0

Figure 4. Visualization of Chain C Termination in Kitchen Waste Samples on Day 60

The heavy metal parameters were analyzed
using Inductively Coupled Plasma (ICP), which is
an analytical technique for detecting trace metals
in environmental samples. This method is highly
appropriate for analyzing low concentration metals that make up complex mixtures. The sensitivity and detection limits are parameters that are
often used in ICP, and both can vary with changes
in temperature and bandwidth of the spectra. In
this analysis, the measured iron content was the
level of dissolved Fe. The results of the metal parameter Fe analysis during co-composting can be
seen in Figures 5 and 6.
At Location 1 day 0, the Fe levels in the
control reactor showed a value of 1104.2 mg/kg
which was the lowest. Meanwhile, the highest Fe
content was in the soil and rumen waste reactor
which was 1386.25 mg/kg. On day 30, the concentration of heavy metals decreased in all reactors. In the control, it was reduced to 376.9 mg/kg
(65.86% allowance), and to 648 mg/kg (50.42%
allowance) in soil and kitchen waste. Furthermore, it was reduced to 500.9 mg/kg (63.86%
186

allowance) in the soil and rumen waste reactor,
and to 710.40 mg/kg (allowance of 40.65) in soil
mixture of kitchen and rumen waste.
On the 60th day, there was a significant decrease with a higher percentage of allowance.
In the control reactor, there was Fe reduction to
94.25 mg/kg (allowance 91.46%), contaminated
soil and kitchen waste Fe reduced to 80.9 mg/kg
(allowance 93.81%). Moreover, in the soil and rumen waste reactor, it decreased to 144.5 mg/kg
(89.57% allowance), and in the mixture of kitchen
and rumen waste reactor, it reduced to 156 mg/kg
(86.96% allowance).
The reduction and elimination of the heavy
metal content was influenced by the addition of
a consortium and indigenous bacteria in organic
waste. According to Baby et al. (2014), all Bacillus genera can grow in Fe-containing media,
because the iron is needed for cell metabolism.
They also stated that all micro-organisms, including Bacillus, need Fe for metabolic activity, and
also as a major structural component in several
enzymes. However, Baby et al. (2013) stated that
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Figure 5. Fe Heavy Metal Content for 60 Days of Co-Composting Process in Soil Sample at Location 1

Figure 6. Fe Heavy Metal Content for 60 Days of Co-Composting Process in Soil Sample at Location 2

some Bacillus species are resistant to Fe up to
6000 mg/kg.
According to Chojnacka (2010), the bacteria
that are isolated from heavy metal polluted environments have high resistance. Basically, the populations of micro-organisms that are resistant to
metals have changes in solubility, accumulation,
and in-situ immobilization (Baby et al., 2013).
The analysis of the hydrocarbon content parameters in each reactor was conducted with the
ANOVA Two-way statistical test. This was done
to determine the effect of each independent variable (type of organic waste and the composition
of soil contaminated with crude oil and organic
waste) on the dependent (removal rate of hydrocarbon levels). The ANOVA test in this study uses
Minitab 16 software, with the aim to determine
the significance of each variable. The results
showed the variable that most influenced the efficiency of decreasing hydrocarbon levels in crude
oil contaminated soil.
The confidence level of this statistical test was
95%, and the accepted error rate in a laboratory
was 5% (Kuswadi and Mutiara, 2004). Significant influence in statistical tests was indicated by
a P-value smaller than 0.05 (P <0.05). This value

showed the variable significantly influenced the
level of allowance for the hydrocarbon content.
Conversely, when the value is > 0.05, then the
variable does not significantly influence the level
of allowance in crude oil polluted soils. On the
basis of the ANOVA results on days 0, 30, and
60, the location does not affect the hydrocarbon
removal. Meanwhile, the composition variation
affects it.
Analysis of Total Changes in
Bacterial Populations
Population analysis was conducted to determine the number of bacteria in each treatment.
Four types of agar media were used, which are
Nutrient (NA), Bacillus Differentiation, HicromeTM Bacillus, and Herella. The use of selective media functions as a medium that allows a
particular type of microbe to grow while others
are inhibited.
The selective media involve the addition of
certain substances to inhibit the growth of undesirable microbes. The Agar Nutrient (NA) is a
general media that allows the growth of several
types of bacteria. Bacillus Differentiation Agar
187
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was used to determine the population of Bacillus subtilis bacteria in each reactor, while Herella
was used to determine the population level of
Acinetobacter iwoffii.
On the basis of several studies, it is known
that the local cattle rumen contains Bacillus
pumilus. Therefore, selective media was used
for HicromeTM Bacillus in order to determine
their population in the co-composting process.
This was also done to ascertain the type of bacteria with the highest potential of removing hydrocarbons. The results of calculating the number
in Nutrient Agar (NA) media can be seen in Figures 5 and 6.
Some bacteria have developed several efficient systems for metal detoxification. The mechanism can be classified into 5 categories, which
are: (1) intracellular absorption; (2) exporting;
(3) reduction; (4) extracellular absorption; and
(5) extracellular detoxification. Nearly all bacterial resistance mechanisms encode the genes that
are found in plasmids and transposons. This allows gene transfer or spontaneous mutation that
enhances their metal resistance.

Resistant bacteria are expected to remediate
metal contamination in the environment. This
can be achieved through the mechanism of biosorption and bioaccumulation. The biosorption
is a passive process that prevents metal poisoning. Meanwhile, bioaccumulation is active where
heavy metals poison bacterial cells (Chojnacka,
2010). The mechanism of tolerance by complexation includes the production of extracellular
polysaccharides which have anions, and functions as efficient as bio accumulators. It also includes precipitation, extracellular crystallization,
and the production of organic metabolites that
have chelating properties and form complexes
with metals (Saraswati, 2007). The results of total
changes in bacterial populations analysis during
co-composting can be seen in Figures 7 and 8.
In Nutrient Agar (NA) media, 10–8 levels of
dilution were used. The lowest bacterial population was at location 1 reactor control on day 0.
Meanwhile, the highest number was found in the
contaminated soil mixture of kitchen and rumen
waste in both locations.
In the Bacillus Differentiation, 10–7 strata dilutions were used, while 10–5 stages were used

Figure 7. Total Changes in Bacteria Population during 60 Days of
Co-Composting Process in Soil Samples at Location 1

Figure 8. Total Changes in Bacteria Populations during 60 Days of
Co-Composting Process in Soil Samples at Location 2
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in Herella. The population of both media for all
reactors is in the control for location 1 and 2. In
Herella, the highest number of bacterial populations was in the control reactor at location 1. In
turn, in Bacillus Differentiation media, the highest was at location 2. Meanwhile, on day 60, the
highest population was in the contaminated soil
and local cattle rumen waste reactor.

CONCLUSIONS
It was concluded that the type of organic
waste source with the best efficiency for hydrocarbon removal was soil with a mixture of cattle
rumen waste. Meanwhile, the best efficiency bacterial consortium was in nutrient agar (NA) media
with a dilution rate of up to 10–8. In conclusion, it
showed the highest of bacterial population.
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