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I. Introduction

Polychlorinated biphenyls (PCBs) consists of
a biphenyl accompanied with a number of chlo-
rine. PCBs has 209 possible isomers with diff-
ering numbers and positions of the chlorines.”
The commercial PCBs was used as insulating
oil to the electrical transformers and capacitors.
PCBs do not break down easily in the natural
environment.” As a result, high concentrations
of PCBs have been accumulated at significant
levels in ecosystem.”

PCBs was first synthesized in 1881, and has
been produced commercially since 1929.” The cu-
mulative world production of PCBs is estimated

to be 1.2x10° ton. It can be estimated that some
amount of 780x10° ton of PCBs are still in use
in older electrical equipment and other products,
and some other amount of PCBs are deposited in
landfills, dumped, and stored in the world.” It is
estimated that Korea utilizes and stores about 205
ton of insulating oil containing PCBs.”

The studies on biodegradation of PCBs are es-
sential to apply the treatment of PCBs within in-
sulating oil. Kimbara ef al.® described the iso-
lation of Pseudomonas sp. degrading PCBs. Re-
ichardt ¢t al.” demonstrated the comparative
biodegradation of biphenyl and chlorobiphenyls
by microorganism. Wong and Kaiser® studied
the biodegradability of biphenyl and PCBs by



2 Jung-Ho Kim ¢t al.

Achromobacter sp. and Pseudomonas sp. Furukawa
et al.” examined the relationships between chlo-
rine substitution and biodegradability of PCBs by
Alcaligenes sp. and  Acinetobacter sp. The resis-
tance of highly chlorinated PCBs to the de-
gradation by bacteria poses a formidable problem
to clean up the environment polluted with PCBs.”
Many studies have heen done to isolate strains

Bl

degrading PCBs,” ™ but a few reports are available
for the degradation of PCBs within insulating oil
by microorganisms. To investigate the treatment
of PCBs within insulating oil, this research was
focused on the biodegradation of PCBs within in-
sulating oil. We have attempted to measure the
microbial parameters that describe the rates of

PCBs substrate utilization in the batch system.
I1. Materials and Methods

1. Chemicals

Biphenyl was purchased from Aldrich Chem-
ical Co. Decachlorinated biphenyl (DCB) was
purchased from DR. Ehrenstofer Co. (German).
The alkyl aryl ethoxylated phosphate as sur-
factant 101 was used as an emulsifier. The in-
sulating oil containing PCBs was obtained direct-

ly from transformer with Aroclor 1242

2. Microorganisms and Medium

The Pseudomonas sp. P2 was 1solated from the
soil on the Sinchun stream in Taegu. Pseu-
domonas sp. P2 was grown aerobically at 30°C for
12 h in 30 mL nutrient broth medium with 150
rpm shaking incubator for seed culture. The cells
were then harvested by centrifugation and wash-
ed throughly by deionized water.

The culture was maintained on the following
basal medium with 1000 mg/L NH4NO3, 1000
mg/L KH,PO,, 100 mg/L MgSO, - 7TH0, 30 mg/L
CaCl, - 2H0, 200 mg/L NaCl, 10 mg/L. FeSO, -
7H0, pH 7.0, and deionized water 1L."

3. Batch Experiments
The 1000 mg/L of biphenyl or PCBs as a car-

bon source were added to 30 mL liquid medium.
The initial cell mass was adjusted to 160 mg/L
at 1000 mg/L biphenyl and 130 mg/L at 1000
mg/L PCBs. Pseudomonas sp. P2 was grown
aerobically at 30°C for 160 h with 150 rpm shak-
ing incubator. The determination of cell mass
was carried out by filtrating with filter mem-
brane (0.22 um of pore size). After filtration,
cell was dried at 90°C for 2 h, and determined
the cell mass (mg/L).

4. Analysis of Biphenyl and PCBs

An analysis of hiphenyl and PCBs in medium
was carried out by gas chromatography with per-
chlorination meaning that PCBs were converted
into decachlorinated biphenyl (DCB).""" The ex-
traction of PCBs in 30 ml. medium was ac-
complished by mixing the medium with 100 mL
hexane by a magnetic stirrer for 1 h. The mix-
ture was quantitatively transferred to a 250 mL
separate funnel, the medium was discarded, and
the hexane layer was dried over anhydrous Na
250, Add 0.5 mL ShCl;, and maintain at 165°C for
16 h. Add 5 mL of 30% HCl to minimize pre-
cipitation of oxychloride. Add 10 mL hexane. and
shake thoroughly for 3 min. Percolate the hexane
layer with 2 g of anhydrous Na.SO,, and ready
for analysis by gas chromatography.”

PCBs was analyzed by the Varian 3300 gas
chromatography equipped with “Ni electron cap-
ture detector. Gas chromatography parameters
were shown in Table 1.

Table 1. Gas chromatography parameters for the
analysis of decachlorinated biphenyl (DCB)
converted from biphenyl and polychlorinated
biphenyls (PCBs)

Parameters Conditions
Instrument Varian 3300
Detector Electron capture detector
Column 2 mXx0.6 cm, stainless

Packing material 3% OV-17, chrom. whp 80/100 mesh

Temperature Injection 260°C, Column 250°C,
Detector 260°C

N. 60 mL/min

Chromate V 2.2

Carrier gas
Recorder
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III. Results and Discussion

1. Isolation

Using the enrichment method, we obtained
the colonies which grew in the presence of bi-
phenyl as the sole carbon source from soil at
the Sinchun stream in Taegu. Ten types of colo-
nies with apparently different growth rates
were appeared on bhasal medium agar plate.
Among the 10 strain, strain P2 was showed the
highest growth rate (Table 2).

To confirm the relation hetween the growth
rate and the exhaustion of biphenyl, residual of
biphenyl m medium was determined by the
scanning of absorption spectrum from 200 to 300
nm after 120 hr of growth (Fig. 1). Fig. 1 (A)
was showed a absorption peak of standard bi-
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Fig. 1. Absorption spectrum of (A) was showed the
standard biphenyl with 500 mg/L (—) and
50 mg/L (- - -) in hexane. Absorption spec-
trum of (B) was indicated the spectrum of
residual biphenyl extracted from the medium
of control (—) and strain P2 (- - -) after
120 h incubation.

phenyl at 240~300 nm. To confirm the de-
gradation of biphenyl was characterized by a de-
crease in absorbance at 270~285 nm. Residual
biphenyl in medium by strain P2 was showed a
lower absorbance rather than that by control
(Fig. 1 (B)). The biodegradability of biphenyl
by strain P2 was confirmed. Therefore, strain P
2 was selected for degradation of hiphenyl and
PCBs. The isolated strain P2 should be iden-
tified as a strain of Pseudomonas sp. by Bergev's

manual of systematic hacteriology.*'”

2. Effects of Emulsifier

PCBs 1s hydrophobic and slightly soluble in
water. The water solubilities of Arochlor 1242
and PCBs of insulating oil at room temperature
were reported to 0.703 mg/L, and 0.698 mg/L,
respectively.” The insulating oil was contained
with Arochlor 1242."" The 1000 mg/L PCBs
within insulating oil as a carbon source in medi-
um needs to be required. Therefore, the emul-
sifier was added to the medium in order to in-
crease 0.703 mg/L of water solubility of PCBs
to 1000 mg/L PCBs in the medium. Liu™used
the sodium ligninsulfonate as emulsifier to in-
crease the solubility of Aroclor 1221. Bedard"”
also used Triton X-100 as emulsifier to increase
the solubility of PCBs. The emulsifier used this
experiment was 200 mg/L alkyl aryl ethoxy-
lated phosphate as surfactant 101.

Table 3 showed the effects of alkyl aryl

Table 2. Comparison on the growth of isolated
strains in medium containing 1000 mg/L bi-
phenyl as a carbon source for 60 h in-
cubation at 30°C

Strains Cell growth Strains  Cell growth
(ODsw)" (ODss0)
P1 0.52 P6 0.32
P2 0.64 P7 (.30
P3 0.49 P8 (.35
P4 0.37 P9 .36
P5 0.34 P10 0.37

1) The initial optical density of cells was adjusted to
(.25 at 660 nm.
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ethoxylated phosphate from 100 mg/L to 50000
mg/L in medium consisting of glucose as a car-
bon source. The growth was not inhibited by a
alkyl aryl ethoxylated phosphate from 100 mg/
L to 1000 mg/L. Alkyl aryl ethoxylated phos-
phate was found to be the inhibition of the
growth from 3000 mg/L to 50000 mg/L. The 200
mg/L alkyl alryl ethoxylated phosphate used in
medium has no inhibition on the growth of Psex-
dowmonas sp. P2.

3. Batch Experiments with Biphenyl

The relationships between growth of Pseu-
domonas sp. P2 and residual biphenyl during a
batch culture were shown in Fig. 2. The gas
chromatogram degrading biphenyl were shown
in Fig. 3. The degradation of biphenyl by Pseu-

Table 3. Effects of alkyl aryl ethoxylated phosphate as
an emulsifier on the growth of Pseudomonas
sp P2. Cultivation was performed with medi-
um using glucose as a carbon source. Relative
activity was calculated with O.Dg, after 24 h

incubation
‘Conc.A .Of Relative ‘Lnnc.' (.)f Relative
Emulsifier activity (%) Emulsifier activity (%)
(mg/L) y (mg/L) v
0 100.0 3000 73.4
100 103.2 5000 58.9
200 103.4 7000 35.5
500 103.8 10000 19.2
700 102.2 30000 18.3
1000 102.5 50000 17.2
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Fig. 2. Time course of growth (O——") and de-
gradation of biphenyl (@&——@) in medium
with 1000 mg/L biphenyl as a carbon source
by Pseudomonas sp. P2.

domonas sp. P2 was confirmed with the peak
height of decreased DCB after 80 h incubation
and 110 h incubation (Fig. 3 (B) and (C)). Aft-
er a lag period of about 20 h, the growth of
Pseudomonas sp. P2 and degradation of biphenyl
were commenced, indicating that the growth of
Pseudomonas sp. P2 was parallel to the de-
gradation process of biphenyl.

The cell mass was increased from an initial
value of 160 mg/L to 610 mg/L for 160 h in-
cubation. Biphenyl was rapidly degraded
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Fig. 3. GC-ECD chromatogram for the analysis of bi-
phenyl in a media containing 1000 mg/L bi-
phenyl during the culture of Pseudomonas sp.
P2. Medium with 1000 mg/L biphenyl after 0
h incubation in (A), 8) h incubation in (B),
and 110 h incubation in (C) were extracted
with hexane and perchlorinated with SbCl5 to
DCB. Then DCB was analyzed by GC.
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between 20 h and 120 h of incubation. The bi-
phenyl of substrate was decreased from 1000
mg/L to 130 mg/L at 120 h cultivation with 593
mg/L cell mass. After 160 h incubation, 97.5%
of the initial amount of biphenyl was degraded.
Degradation of biphenyl and growth of Pseu-
domonas sp. P2 were retarded after 120 h in-
cubation (Fig. 2).

4. Batch Experiments with PCBs

The relationships between growth of Pseu-
domonas sp. P2 and residual PCBs during a
batch culture were shown in Fig. 4. A lag
period in the growth curve of Pseudomonas sp.
P2 for PCBs degradation was 40 h. Kohler et al.*”
also reported the degradation of PCBs by A-
cinetobactor sp. P6 and Arthrobacter sp. B1B aft-
er a lag period of 40 h. A log period of the
growth of Pseudomonas sp. P2 was reached to
100 h (Fig. 4).

The residual PCBs in medium was measured
by gas chromatography after derivatizating
with DCB. The chromatogram shown in Fig. 5
demonstrated that PCBs was converted into the
fully chlorinated DCB. The degradation of PCBs
by Pseudomonas sp. P2 was followed by analyz-
ing PCBs at different time intervals (Fig. 4).
After 80 h incubation, 49.0% of 1000 mg/L
PCBs was utilized. After 100 h incubation,
PCBs was varied from 1000 mg/L to 430 mg/L.

The vyellow-colored intermediates were ob-
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Fig. 4. Time course of growth (O——0) and de-
gradation of polychlorinated biphenyls (PCBs)
(®——@) in medium with 1000 mg/L. PCBs
as a carbon source by Pseudomonas sp. P2.

served from biphenyl and PCBs by Pseudomonas
sp. P2. The vellow compounds were gradually
disappeared during further cultivation. Furu-
kawa et al.” was reported that the yellow in-
termediate was a meta cleavage products.
Those yellow compounds might he a meta
cleavage intermediates (2-hydroxy-6-oxo-
(pentachlorophenyl)hexa-3,4,5,-trichloro-2.4,-
dienoic acid) on degradation of PCBs as des-
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Fig. 5. GC-ECD chromatogram for the analysis of po-
lychlorinated biphenyls (PCBs) in a media
containing 1000 mg/L polychlorinated bi-
phenyls (PCBs) during the culture of Pseu-
domonas sp. P2. Medium with 1000 mg/L po-
lychlorinated biphenyls (PCBs) after 0 h in-
cubation in (A), 70 h incubation in (B), and 90
h incubation in (C) were extracted with hex-
ane and perchlorinated with SbCl5 to DCB.
Then DCB was analyzed by GC.
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cribed previously.™

5. Growth Kinetics

The kinetic coefficients on the growth of
Pseudomonas sp. P2 were calculated from sub-
strate utilization obtained in batch experiment
(Fig. 2 and Fig. 4). The equations for the cal-
culation of the specific growth rate (1) and the
vield coefficient (Y) during the log phase of the
growth of Pseudomonas sp. P2 were as follows:
22)

In X;—-In X,
H= t—t,

where, X is cell mass (mg/l.), and
S 1s concentration of substrate (mg/L).
In Table 4, the maximum growth rate (p,..)
and yield coefficient (Y) on W of Pseudomonas
sp. P2 for bipheny!l and PCBs were shown. The
maximum growth rate (H..) and yield coef-
ficient (Y) of Pseudomonas sp. P2 on 1000 mg/L
biphenyl were 0.34 day-1 and 0.59, respectively.
The measured values of M., and Y for 1000 mg/
L PCBs were 0.29 day ' and 0.26. respectively.
Furukawa e al” studied the relationships
between chlorine substitution of PCBs and
biodegradability of PCBs by two species of Al-
caligenes and Actnetobacter. Focht and Brunner®
studied the kinetics of metabolism with hi-
phenvl and PCBs by Acinetobacter strain P6.
Wong and Kaiser™ demonstrated that the ability
of the bacteria to degrade PCBs was decreased

Table 4. Kinetics from the growth of Pseudomonas sp.
P2 in the medium containing biphenyl or po-
lychlorinated biphenyls (PCBs) as a carbon

source
Growth rate  Yield coefficient
Substrate
W (day™) Y
Biphenyl 0.34 0.59
PCBs .29 0.26

1) Yield coetficient (Y) was calculated on M.

with percent increase of chlorination. They
showed that the chlorination of the biphenyl re-
tarded the bacterial degradation. Table 4 show-
ed that the microbial degradation have related
to the degree of chlorination. This result in-
dicated that the unchlorinated biphenyl was
much more rapidly disappeared than highly chlo-
rinated biphenyls.

IV. Summary

The biodegradation of polychlorinated bi-
phenyls (PCBs) within insulating oill was in-
vestigated in the batch experiments with Pseu-
domonas sp. P2. The growth inhibition of Pseu-
domonas sp. P2 was not shown in case of the 200
mg/L alkyl aryl ethoxylated phosphate of emul-
sifier. After 160 h incubation. the degradation
of biphenyl and PCBs was 97.5% and 58.0%,
respectively. The maximum growth rate (p,..)
and yield coefficient (Y) on 1000 mg/L biphenyl
were 0.34 day’' and 0.59, respectively. The
values of maximum growth rate (M...) and yield
coefficient (Y) on 1000 mg/L. PCBs were 0.29
day™' and 0.26, respectively. Biphenyl was disap-
peared much more rapidly than PCBs in batch
culture. These results indicated that PCBs
within insulating o1l was apparently utilized as a
carbon sources by Pseudomonas sp. P2.
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