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Abstract

In this study, the feasibility of using bioremediation to treat lubricant-contaminated soil around railroad turnouts was
investigated. Lubricants used during the maintenance of railroad turnouts can drip onto the ground causing soil contam-
ination. In the laboratory experiments, the residual TPH (Total Petroleum Hydrocarbons) concentration in soil gradually
decreased after microorganisms degrading the lubricants were added. Generally, the soil around railroad turnouts is cov-
ered by a layer of ballasts. In the column experiments that were designed considering field sites, the removal efficiency
of TPH was about 11% after 60 days of cultivation time. In the field experiments, microorganisms were added into the
soil periodically, and finally the residual TPH concentrations were reduced to less than 1,700 mg/kg-soil on average.
These results indicate that the lubricant in the contaminated soil around railroad turnouts could be efficiently removed

through bioremediation method.
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1. Introduction

Soil pollution around railroad turnouts is mainly caused
by drops of lubricants that are regularly used during their
maintenance [1-3]. Lubricants are composed of molecules
that have higher carbon numbers than diesel oil or gaso-
line, common organic contaminants found in soil [2-3].
Physical and chemical methods have been applied to treat
lubricant-contaminated soil, but these methods are gener-
ally ineffective and expensive [2-3]. Also, it is difficult to
suspend operation of rolling stocks so that the contami-
nated soil can be treated. Considering the difficulties of
these methods, bioremediation method can be an environ-
mentally -friendly and cost-effective alternative [4-6]. J.K.
Adesodun and J.S.C. M bagwu (2008) studied the biore-
mediation of soils containing waste-lubricant oil using ani-
mal droppings. Sang-Hwan Lee, et al. (2007) reported the
extent of lubricant biodegradation in different nutrient con-
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ditions, as well as the monitoring process of bioremedia-
tion in soil contaminated with lubricants. The purpose of
this study was to use bioremediation for the treatment of
lubricant-contaminated soil around railroad turnouts. Lab-
oratory, column and field experiments were performed to
evaluate the feasibility of using bioremediation.

2. Materials and Methods

2.1 Contaminated soil and microorganisms

The soil used in this study was collected below the layer
of ballasts around railroad turnouts at several stations and
depots in Korea. The soil types consisted of sandy-silt.
The initial pH of soil was 6.14 and the water content was
2.8 wt%. Main pollutants in the soil were lubricants, which
were shown as TPH (Total Petroleum Hydrocarbons). The
initial TPH concentration was about 43,300 mg/kg-soil,

Table 1. Standard Level for the Main Pollutants of Railroad Site
According to the Soil Environment Preservation Law in Korea

TPH Cd Cu Pb Zn Ni

Pollutants

Standard level

(mg/kg soil) 2,000

60 2,000 700 2,000 500
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which was much higher value than the 2,000 mg/kg-soil of
the standard level designated from the Soil Environment
Preservation Law (Korea) as shown in Table 1. Ecoguard
CDM (EcoPhile, Korea) with lubricant-degrading microor-
ganisms (mainly Rhodcoccus sp., Pseudomonas sp., Sph-
ingomonas sp.) was used. The medium was Ecoguard MS
I (EcoPhile, Korea) which is composed of various nitro-
gen and phosphate sources such as (NH4),HPO, and
KH,POq.

2.2 Biodegradation experiments

Bioremediation method on lubricants-contaminated soil
around railroad turnouts was tested in laboratory experi-
ments. 500 g of soil was added to a 3 L of stainless steel
container. The initial concentration of microorganisms was
3 kg/m>-soil. The medium was added to 350 ppm per
1,000 ppm of TPH with a 100/10/1 C/N/P ratio. In order to
enhance the efficiency of lubricant biodegradation through
co-oxidation, 0.1% of kerosene was used additionally. The
cultivation temperature was 25°C and tilling was done
every three day. Water was adjusted twice a week. A con-
trol experiment was conducted, in which microorganisms
and medium were not added, to identify self-biodegrada-
tion of lubricants from the contaminated soil. Soil sam-
ples were collected periodically (0, 4, 11, 18, and 25 days)
to analyze the residual TPH concentration in soil.

Column experiments were conducted to apply bioreme-
diation method in the field. As shown in Fig. 1, the col-
umn was cylindrical in shape, and it was 210 mmx
500 mm (RxH). The column was filled with 10 cm of
contaminated soil, and a layer of ballasts was added on top
in order to emulate the conditions in the railroad site. In
the beginning of the experiment, 100 mL of microorgan-

Fig. 1 Photograph of column experiments for the
bioremediation of the contaminated soil around
railroad turnouts

Fig. 2 Photograph of field experiments for the bioremediation
of the contaminated soil around railroad turnouts

isms and medium were injected into the samples, and then
considering the initial TPH concentration of the soil,
50 mL of microorganisms were sprinkled into the column
every week. As in the laboratory test, a control group, to
which microorganisms and medium were not added, was
used in the column test. After 60 days of cultivation time,
finally the residual TPH concentration in the soil was mea-
sured.

Field experiments were carried out at a railroad vehicle
office (Korea) from the beginning of April to the end of
September in 2008. Fig. 2 shows to inject microorganisms
into the contaminated soil around railroad turnouts in the
field. Generally, the use of lubricants in the maintenance
of the railroad turnouts was ongoing during the field
experiments, which could be the main cause of re-contam-
ination in the field. Initial TPH concentrations from the
contaminated soil around railroad turnouts were from
8,500 to 10,000 mg/kg-soil. Considering the initial TPH
concentration in soil, 20 L of microorganisms and 60 L of
medium were spread evenly over the soil around the rail-
road turnouts at the beginning of the experiment. 20 L of
microorganisms were then added periodically for a 6
month period.

In order to analyze the residual TPH concentration in the
soil, the samples from the three designated areas around
the railroad turnouts were collected at 0-30 cm depths
before the microorganisms and medium were added
repeatedly.

2.3 Analysis

Soil samples were dried at 105°C for 24 hr, and then
sieved to less than 2 mm. 100 mL of dichloromethane
(Honeywell Burdick & Jackson, USA) was mixed with
10g of soil using an ultrasonic processor (VC 750, USA)
to extract TPH from the soil. After centrifugation, an
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upper phase was injected into GC (Varian 3900, USA)
equipped with FID and VH-5 column (30 m length,
0.25 mm internal diameter and 0.25 um film thickness).
All steps were performed under following conditions: ini-
tial temperature 45°C; initial isothermal for 2 min; temper-
ature rate 10°C/min; final temperature 310°C; final
isothermal for 25 min; injector temperature 280°C; detec-
tor temperature 300°C; carrier gas(nitrogen) flow rate
1 ml/min.

3. Results and Discussions

3.1 Laboratory experiments

As presented in Fig. 3, the residual TPH concentrations
of soil in the control group showed almost no change. In
the other hand, the residual TPH concentration of soil with
lubricant-degrading microorganisms was  significantly
decreased. After 18 days, the removal efficiency of TPH
was about 30% and the biodegradation rate of TPH was
slowed down gradually. The final removal efficiency of
TPH was about 34% and the final TPH concentration in
the soil was about 29,000 mg/kg-soil.

3.2 Column experiments

Fig. 4 depicts the change of residual TPH concentration
in the lubricant-contaminated soil in the column experi-
ments. The addition of microorganisms decreased the
residual TPH concentration in soil at a much higher rate
than the control group, just like laboratory experiments.
After 60 days of total cultivation time, the color of the soil
had faded apparently, and the removal efficiency of TPH
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Fig. 3 The change of residual TPH concentration in the
lubricants-contaminated soil around railroad turnouts w (V)
/o (@) microorganisms in the laboratory experiments
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Fig. 4 The change of residual TPH concentration in the
lubricant-contaminated soil around railroad turnouts after
60 days in the column experiment
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Fig. 5 The change of residual TPH concentration in the
lubricant-contaminated soil around railroad turnouts during the
month-long field experiment

was about 11%. This result was lower than that of the lab-
oratory experiments. This was due to the fact that tilling
could not be done in the column experiment because of
the ballasts on top of the soil.

3.3 Field experiments

The change of residual TPH concentrations in the soil
that occurred during the 6 month in the long field experi-
ment is described in Fig. 3. As microorganisms were
added periodically, the residual TPH concentrations in soil
gradually decreased. The average removal efficiency of
TPH was about 54% and the final TPH concentrations in
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soil were about 1,700 mg/kg-soil. From these results, it
was determined that bioremediation method could be an
alternative treatment method for the lubricant-contami-
nated soil around railroad turnouts.

4. Conclusions

Lubricants are continually applied in the maintenance of
railroad turnouts to ensure optimal railroad safety and
operation. Soil contamination around railroad turnouts is
results from the drops of lubricants. Bioremediation is one
effective method for cleaning up the soil contaminated by
lubricants around railroad turnouts. Most of lubricant-con-
taminated soil samples showed initially high TPH concen-
trations. When microorganisms that degrade lubricants
were added into the contaminated soil, the residual TPH
concentrations were reduced. At the field site, more than
50% of the lubricants in the soil were eliminated over a
6 month period by periodic addition of microorganisms. In
the future, the bioremediation method can be applied to
improve soil contamination around railroad turnouts.
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