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1.

ABSTRACT

Polychlorinated biphenyls, PCBs are toxic, persistent organic pollutants (POP) which are harmful to human and
environment due to their lipophilic characteristic and not easily degraded in the environment. Biodegradation is one
of the alternative ways to reduce PCBs contamination. This study intended to isolate bacteria from landfill leachate
using enrichment culture technique and optimize the growth condition of selected isolates for degradation of PCBs.
PCB biodegradation efficiency by selected bacterial isolates was also determined using GC-MS. Three potential PCBs
degraders were isolated from the samples of landfill leachate through enrichment culture technique, which utilised
PCBs as sole carbon and energy sources but only isolate T12B shown significant effect on the degradation. Three
different growth parameters were optimized involving the temperature, pH, and PCBs concentration. Central
composite design (CCD) from Design Expert Software was used to design the experiment. The optimal growth
condition of temperature at 37˚C with 10 ppm of PCB concentrations and pH 8 for the culture medium was achieved
using Response Surface Methodology (RSM) analysis. Based on GC-MS analysis, the reduction of PCBs concentration
indicates that they were utilized by isolates T12B as sole of carbon and energy sources. This may suggest that bacteria
in landfill leachate play an important role in biodegradation process as well as more effective and economical.

INTRODUCTION

Polychlorinated biphenyls (PCBs) are highly toxic pollutants and
persistent chemical which have been spread over into the environment
[1]. PCBs can be found in several products such as electrical appliances,
ink and paint, surface coating and adhesives. The commercial PCB
mixtures are Aroclor which was manufactured by Monsanto Chemical
Company in the United States from 1930 - 1970. There are 209 different
congeners that can be placed in particular number and position of the
chlorines. Mostly, PCB congeners consist of five to seven chlorine atoms
per molecules from PCB configuration [2].
Basically, the PCBs contaminants are continued to exist up until today [3].
This is because PCBs are strongly resistant to degradation due to their
chemical stability to extreme temperature and pressure. PCBs pollutant
accumulates in the water reservoirs vary significantly with their
concentration which causes problem to the water ecosystem. It will carry
the pollutant to plants and animal through water streams such as
groundwater, lakes, and rivers [4]. Their hydrophobic characteristics give
aptitude to PCBs to adsorb to the organic matter of soil and sediment [5].
Moreover, PCBs give an adverse effect on people, flora and fauna comprise
of neurotoxicity, immunotoxicity, mutagenicity and carcinogenicity [6].
Due to PCBs persistent to soil and sediments, there are several techniques
in order to degrade PCBs. It can be categorised to physical treatment,
chemical treatment, and biological treatment. For instance, PCBs
degradation by using incinerator or pyrolysis high temperature are mostly
been proposed commercially. However, this technique is costly and likely
produce undesirable by-product such as polychlorinated dibenzofurans
(PCDFs) because of partial combustion [7]. Therefore, biodegradation
have been proposed to upgrade the physical and chemical treatment for
PCB degradation in environment [4].
2.

EXPERIMENTAL METHOD

2.1. Leachate sampling

Leachate samples were collected from Tanjung 12, Kuala Langat, Selangor.
The sample was taken from the sanitary landfill in Selangor.
2.2. M9 minimal media
M9 minimal media is a culture medium that contains minimal necessities
for growth of microorganism. It contains only a mineral salts, and water.
The carbon sources are supplemented when necessary. 200 ml of 5x M9
salt media, 2ml of 1M MgSO4, and 1M CaCl2 were mixed until it dissolves in
1000 ml of distilled water. M9 minimal media was autoclaved for 15
minutes at 121 °C for sterilization.
2.3. Isolation of PCB degraders
Isolation of potential PCB degraders was performed by spreading 200µl
landfill leachate on M9 agar supplemented with PCB 52 (Sigma Aldrich) as
carbon sources. The plates were incubated at 30°C for 48 hours.
Subsequently, dilution streaking technique was used to obtain pure
bacterial isolates.
2.3. Selection of bacterial candidate
The three isolated bacteria which are isolate T12A, T12B, and T12C were
grown in 150 ml of LB broth in 250 ml Erlenmeyer flask and were
incubated in rotary shaker with 200 rpm overnight in 30°C. The sample
was centrifuged at 5000 rpm for 10 minutes. The supernatant were
removed and the pellet or bacteria cell were washed twice with M9
minimal media. The washed cells were transferred into 250 ml
Erlenmeyer flask with 150 ml of M9 minimal media containing 10 ppm of
PCB 52 as sole carbon sources accordingly. The initial concentration of M9
for selected PCB degraders were adjusted to 0.3 of OD600. The three
isolated bacteria cultures were incubated at 30°C with the rotation of 200
rpm. The three selected bacteria were pre-optimized in M9 minimal
media with supplemented 10 ppm of PCBs. The bacterial growth was
measured after 48 hours of incubation period.
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their sole of carbon sources. The results observed from this study also
indicated that the highest bacteria growth with 0.291 with the cell number
of 97 x 106 CFU/ml was correspond to the highest temperature with 37°C.

2.4. Optimization of Growth Parameter
The central composite design in Design Expert 6.0 shows 17 runs of the
experiment were conducted in order to find the optimum temperature, pH,
and concentration of PCBs. The temperature, pH, and PCBs concentration
were varied according to the Table 1. Isolate T12B were chosen for the
optimization due to higher growth reading compared to isolate T12A and
T12C. Isolate T12B was prepared in 30 ml of M9 minimal medium
supplemented with different concentration of PCB 52 in the 50 ml Falcon
tube. The results were analysed using Response Surface Methodology
(RSM).
Table 1: Parameters for optimization
Parameter
Temperature (°C)
pH
Concentration of PCBs (ppm)

Low
23
5
5

Medium
30
7
10

High
37
9
15

2.6. Biodegradation studies using optimize growth condition
The optimized conditions for T12B growth were used in order to
determine the degradation efficiency. Isolate T12B were cultured in 100
ml of M9 minimal media supplemented with 10 ppm PCBs concentration
as sole carbon sources in250 ml Erlenmeyer flask. The absorbance of the
suspension was measured in different range of hours (0, 6, 12, 24, 48 and
72 hours) with OD600. Each interval hours, 6 ml from the samples were
taken for the solid phase extraction method.
2.7. Extraction of PCB
The extraction of PCB from culture media was conducted using solid phase
extraction method with SPE ENVI-18 column (Supelco). SPE ENVI-18 was
conditioned using 4 mL of Acetonitrile followed by 4 mL of distilled water
with a flow rate of 20 mL/min. Then, the sample was added into the
column, the flow rate was adjusted to 10 mL/min. Subsequently, the
column was washed with 6 mL of distilled water twice before adding 2 mL
of methanol to speed up the drying of the column. The column was left to
dry for 1 hour under vacuum. After drying, the glass tube was placed in
the vacuum chamber for sample collection. The sample retain within the
silica of the SPE column was eluted using 6 mL of hexane. The sample was
concentrated to 2 mL using gentle blow of nitrogen gas before analysed by
GC-MS.
2.8. Analysis of PCB by GC/MS
The extraction of PCBs was performed using LLE involving acid-base
clean-up and the extracted compounds were quantified using GC-MS using
Column HP 5MS. The samples were analyzed using MSD ChemStation
(Agilent Technologies, Inc).
3.

Table 2: Matrix of central composite design and the response growth of
bacteria
Trial
Run

pH

Temperature
(°C)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

6
8
4
6
4
8
6
8
4
4
6
6
8
4
8
6
6

30
23
30
30
37
30
37
23
23
23
30
30
37
37
37
23
30

PCB
Concenration
(ppm)
5
15
10
10
5
10
10
5
15
5
10
15
5
15
15
10
10

Response
Growth
(OD)
0.18
0.132
0.218
0.17
0.145
0.261
0.211
0.111
0.123
0.131
0.185
0.175
0.291
0.17
0.239
0.103
0.18

Predicted
Growth
(OD)
0.172
0.120
0.184
0.190
0.165
0.257
0.195
0.124
0.138
0.118
0.190
0.168
0.283
0.163
0.257
0.103
0.190

Analysis of variance (ANOVA) from the response surface for quadratic
mode was performed using Design- expert software. The statistical of Fvalue, lack of fit and the R2-value were determined to evaluate the model
of results. The p-value specify the model the response are significant based
on the value of prob > F which is less than 0.05. Furthermore, the lack of
fit with a probability value greater than 0.1 is desired which shows that
the model design can be considered as satisfactory.
The determination of coefficient, R-squared value for microbial growth
with 0.9439 shows that 94% of the experimental data has the significant
of the model. The adjusted R-squared for microbial growth with 0.8718
are not close enough with predicted R-squared for microbial growth with
0.1524 indicated that a large block effect the model. The predicted Rsquared value data was dropped from an overfit model due to many terms
in the model. The adequate precision measure the signal to noise ratio
which a ratio with greater than 4 is desirable. The ratio of 12.274 indicates
an adequate signal for predicted the microbial growth.
The model from Equation 1 indicated that the pH, A of the medium had a
significant effect on the growth of bacteria, Y where it had the largest
coefficient followed by temperature, B and PCB concentration. The
positive coefficients of AB, A2 indicate the direct affect on the microbial
growth meanwhile the negative coefficients of C, AC, B2 and C2 had an
inverse effect o microbial growth. The predicted growth values calculated
in Table 2 is based on the final equation in terms of coded factors.
Growth = + 0.19 + 0.025 A + 0.046 B - 1.700 E-003C + 0.028 AB - 6.000E003 AC -5.250E-003B C + 0.042 A2 -0.041B2 -0.020C2
(Equation 1)

RESULTS AND DISCUSSION

3.1. Isolation of PCB degraders

Design-Expert® Software

Where A is pH, B is temperature and C is PCB concentration.

0.21

0.175

Growth

The culture of bacteria was successfully grown on M9 minimal agar
Growth
supplemented with 10 ppm PCB-52 in 48 hours at 30°C from the leachate 0.291
samples. Based on the observation, there are only three colonies (T12A,
0.103
T12B and T12C) grown in the M9 minimal medium supplemented with 10
X1 = B: Temperature
ppm PCB-52. Bacteria that grow on the minimal medium with PCB as the
X2 = C: Concentration
sole carbon source were isolated from the samples of leachate. Biphenyls
acts as inducer and their presence in the PCB compound is used to induce
Actual Factor
A: pH = 6.00
the PCB degradation pathway. Isolate T12B was selected as a potential
PCB degradation based on its highest growth in M9 supplemented with
PCB.

0.14

0.105

3.2. Optimization Growth Parameter
0.07

Central composite design (CCD) based method of Response Surface
Methodology (RSM) was used to study the maximum microbial growth as
shown in Table 2. Initial screening was performed to evaluate the effects
of pH, temperature and PCB concentration. The most significant factors for
microbial growth are PCB concentration and temperature. Trial 13 shows
the highest growth of bacteria produced with OD reading of 0.291 with the
cell number of 97 x 106 CFU/ml at temperature of 37 °C and concentration
of 5 ppm respectively. Meanwhile, trial run 8 shows the lowest growth of
bacteria produced with OD reading of 0.111 with the cell number of 37
x106 CFU/ml at temperature of 23 °C and concentration of 5 ppm. The
microbial growth shows the capability of the bacteria to utilize PCBs as

15.00

37.00
12.50

33.50
10.00

C: Concentration

30.00
7.50

26.50
5.00

B: Temperature

23.00

Figure 1: 3D graphics plot of microbial growth for response surface
optimization
Figure 1 shows that the affect of temperature on the microbial growth. It
can be seen that the highest growth of bacteria is at 37°C with PCB
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According to a study, bacteria in leachate can be categorized as mesophilic
with the optimum temperature for growth condition from 37 °C to 45 °C
[8]. The optimization of microbial growth is important in these studies in
order to determine the utilization of PCB 52 as sole carbon sources for
selected PCB degraders. Furthermore, current study has shown that
bacteria growth in pH 6-8 which shows a significant result with the
optimization result [9]. In further finding, 10 ppm of PCB concentrations
showed a significant effect in the microbial growth in which bacteria has
utilized the PCB as sole carbon source [10].
3.3. Analysis of PCB Degradation by GC-MS
Isolate T12B was prepared in M9 minimal media supplemented with 10
ppm of PCB-52 for 72 hours at pH 7 and incubation temperature of 30 °C.
The samples of inoculation were collected at different intervals hours (0,
6, 12, 24, 48, 72 hours). The growth reading of each interval were
measured and compared based on the standard growth curve of isolate
T12B depend on the number of colonies available in the suspension
culture. Solid phase extraction method was performed using SPE ENVI-18
to extract PCB in aqueous form. Using GC-MS analysis, the decrease of PCBs
concentration was measured. Figure 2 represent the biodegradation
pattern of PCBs from isolate T12B. In general, in this study assumed that
there is no PCB removal from photodegradation and volatilisation process
as indicated in the ATSDR report [11].
The first 12 hours was a period of adaptation for the isolates T12B in the
M9 minimal media. A group researcher indicates that the strongest
adaptive response for bacteria is within 12 hours incubation period [12].
This finding shows that, most of the cells were died as shown in 2 since the
isolates T12B were previously grown in LB media which contain high
amount of carbon sources for them to utilise before being transferred to
M9 minimal media. Based on the optimization method, 10 ppm is the
optimal PCB concentration for bacteria growth. Therefore, M9 minimal
medium with the supplementation of 10 ppm PCB concentration was used
for the growth of bacteria in the degradation analysis.The concentration
of PCB was decreased from 10 ppm to 7.6 ppm at the first 12 hours due to
the availability of isolates T12B for adaptation period and utilised the
PCBs as sole of carbon sources. After 24 hours, the population of isolates
T12B double from the population number in 12 hours which are around
85 x 106 CFU/ml. Decreasing of PCBs concentration from 7.46 ppm to 5.42
ppm led to the increased of growth bacteria as shown in Figure 2. A slow
growth of isolates T12B was identified after 48 hours. A group of scientist
reported that carbon sources utilization becomes a limiting factor for a
growth of bacteria [13]. The growth was completely inhibited after 72
hours in the reduction of PCBs concentration to 1.27 ppm where it shows
isolates T12B in the M9 media supplemented with 10 ppm of PCBs has
utilised almost the carbon sources supplied in the media. According to the
graph, the remaining PCBs concentration after biodegradation was found
around 15 %.
The growth rate of isolates T12B from 48 hours to 72 hours was
decreased. During the growth, it indicates that the bacteria cannot sustain
their cell’s multiplication due to the limited carbon sources. Based on the
PCBs concentration, 10 ppm was not enough for the selected PCB
degraders, isolates T12B to grow and utilise the carbon sources. In a
research paper, demonstrated the supplementation of PCBs may affect the
growth rates of microorganism.Three different concentration were used
which are 0 ppm, 10 ppm and 50 ppm. The culturable microorganism
shows a high population growth at 10 ppm with 9.5 x 10 4 CFU/ml
compared to 50 ppm with 1.1 x 104 CFU/ml [14].The growth rate with 85
x 106 CFU/ml shows evidence that bacteria can utilised the carbon sources
within 24 hours. These findings suggest that the microbial population with
the capability to utilise and degrade the PCBs was larger at the
concentration of 10 ppm..
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concentration of 10 ppm. The optimum responses were obtained at the
centre point value with growth reading of 0.181 with number of viable
cells of 60 x106 CFU/ml at PCB concentration (10 ppm). The result from
indicated that PCB concentration and temperature has a great potential to
degrade PCB with the highest growth reading. Based on a few
assumptions, the growth is dependent on the biodegradation of PCBs
where it indicated that the bacteria have been utilized the carbon sources
from the degradation of PCBs since the M9 minimal medium do not
contain any other carbon sources.

No of viable cell (CFU/ml)

9

CFU
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72

Figure 2: Correlation of removal of PCBs with growth of isolate T12B
The degradation study of polychlorinated biphenyls are relevant to
environmental concern by studying the factor of optimum growth
condition for bacteria and carbon source competition for bacterial growth
rates. Selected PCB degraders can be isolated from landfill leachate.
Despite previous studies indicates that the diversity of microorganism in
the leachate with the dominant of bacteria are extremely high with more
than 103 strains. Due to high chemical waste composition with different
organic and inorganic substances, the microbial diversity in the leachate
is a good medium for the biodegradation [15]. This work has explained a
significant role of bacterial isolates from landfill leachate as potential PCB
degraders for in situ biodegradation [14].
Isolate T12B shows ability on the degradation which depend on the
optimal growth condition which pH, PCBs concentration and temperature.
This study can be improved by increasing the amount of PCBs
concentration utilised by the bacteria and also the optimum incubation
temperature for the bacteria. Previous study, indicated that B. Xenovorans
strain LB400 is the potential PCB degraders with the optimum condition
of 30 °C [12]. However, in this studies, the optimum growth condition
cannot be identified due to the range of temperature is between 23 °C to
37°C. This may suggest that isolate T12 B from landfill leachate may need
a higher temperature which is more than 37 °C to get the optimum
temperature for the degradation. Apart from that, based on the
optimization method, this study demonstrated the significant model for
bacteria growth rate as shown in Table 2. Moreover, the results give some
clues about the effect of temperature on the degradation of PCBs by isolate
T12B.
The finding of this study strongly suggest that bacterial isolate from
landfill leachate are associated with the biodegradation of PCBs. The PCB
degrading microorganism especially isolates T12B has been investigated
as a potential degraders based on the utilization of carbon sources from
PCBs. A studie stated that the certain trees species in the contaminated
area contain PCB metabolizing bacteria attached in root zone are
identified as a PCB degraders [16]. The report shows the degradation
activities of the PCB degrading bacteria also may be found in the landfill
for the long term degradation studies [17]. It indicated that the microbial
species from the landfill leachate may support the biodegradation for
future investigations. The observations are relied on the culture based
measurement on the microbial numbers which likely detected only a small
fraction of potential PCB degraders in the environment. The optimization
and degradation methods have the potential to significantly improve the
growth parameter for bacterial community and the activity of PCB
degradation. Apart from that, the finding of this studies shows the selected
PCB degraders can actively involved in PCB degradation at the site of
contamination area such as landfill.
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