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ABSTRACT

Phenanthrene is a polycyclic aromatic hydrocarbon (PAH) compound that is known to be reported toxic to
marine flora and fauna. Remediation of this environmental pollutant using chemical and physical methods causes
environmental issues. Bioremediation using marine has been applied to degrade such various PAH compounds.
Screening of marine microorganism in degrading this recalcitrant is very importance for bioremediation application
in Indonesian waters. The purpose of this study was to screen and isolate bacterial with potential application in
biodegradation of phenanthrene and other harmful PAH in marine environments. Several potential bacteria strains
were isolated from oil contaminated sea water in Cilacap area. Sequence analysis using 16S rRNA gene marine
bacterium strain C.260 showed 96% sequence homology to sequence of 7’ halassospira sp. In biodegradation of
phenanthrene, within 28 days experiments, this bacterium degraded 50% and 99.75% of phenanthrene in medium
with and without enrichment with NPK fertilizer respectively. Using sublimation method, this bacterium also

degradeds phenothiazine, fluoranthene, and dibenzothiophene.
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INTRODUCTION

Phenanthrene is polycyclic aromatic hydro-
carbon (PAH) that has three benzene-aromatically
chain. Stereochemicaly, phenanthrene is a simplest
PAH that previously was applied in modeling of
PAH enzymology studies. This compound exposed
in contaminated soil (Kim ez al., 2005; Supaka et
al., 2001; Zao et al., 2009) as well as estuarine
water. Although it didn’t show the mutagenic and
carcinogenic effect, this compound was reported
toxic to diatom, gastropod, shell, crustacean, and
fish (Kiyohara ez al., 1994). The Registry of Toxic
Effect of Chemical Substances (RTECS) data
showed LD50 of this compound in mouse intrave-
nous at 59 mg/kg., and LCS0 in the Artemia salina
was at 677 ig/l. Although municipal and industrial
wastes contribute for PAH contamination in the
marine environment, oil spill is the most important
source of this recalcitrant. Crude oil and processed
oil contained 0.2-7% of PAH compounds (Neff,
1985) Indonesia has high occurrence of oil spill
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accident in the marine environment that there are
six accidents in Kepulauan Seribu in 2004
(jatam.org, 2004). Study on bioremediation of
PAH’s contamination in the Indonesian sea area
must be done urgently.

Phenanthrene could be degraded by soil bac-
teria through naphtalene pathway. The compound
is converted to the oxides form of 1-hydroxy-2-
naphtoic acid and subsequently oxides to 1, 2-
dihydronaphtalene. This compound was later de-
graded to form salicylic acid through the naphtalene
pathway and enter to the Creb’s cycle for miner-
alization (Kiyohara et al., 1994). Recent study of
degradation phenanthrene showed that soil bacte-
ria, Pseudomonas stutzeri ZP2, degraded more
than 90% of phenanthrene with addition of tween
80 addition could degrade more than 90% at any
concentration, ranging from 250-1000 ppm in 6
days ( Zhao et al., 2008).

The availabilities of Indonesian microorgan-
isms in degrading polyaromatic hydrocarbon in
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marine environment are very poorly known. In this
work, we investigated the potential of Indonesian
marine bacteria in degrading phenanthrene by add-
ing NPK fertilizer to stimulate the bacteria growth.
NPK fertilizer is a local cost plants fertilizer and
could be obtained easily in Indonesia.

MATERIALS AND METHODS

Sea waters with oil contamination were col-
lected from Cilacap coastal waters. The samples
were enriched using ONR-7 media and polycyclic
aromatic hydrocarbons, (phenanthrene,
fluoranthene, and phenothiazine at concentration
1000 ppm) and Cepu crude oil. The composition
of ONR-7 in 1 L media was showed by Table 1.
Media for isolation and preservation were 10%
Marine Agar (Difco) (Table 2), 15 agar in 1L dis-
tilled, water and 200 ppm 200il Arabian Crude Oil.
100% SWP medium contained 0.1g NH4NO3,
0.02g K2HPO4, and 0.002 Fe(Ill) cytrate were
used for growing bacteria in biodegradation analy-
sis rate.

“Grow more” USA NPK fertilizer with ratio
nitrogen:phospor:kalium (20:20:20) was used for
stimulating bacterial growth. Polycyclic aromatics
hydrocarbons used in this research were phenan-
threne, dibenzothiophene, fluoranthene, phenothi-
azine, and fluorene purchased from Wako pure
chemical.

Phenanthrene concentration in study was de-
termined using Gas Chromatography Shimadzu type
GC 17 A (Company, Country). PCR PC-818
Astec, Electrophoreses Mupid-exu Advance, cen-

Table 1. Composition of 1L ONR-7 media

| Ingredients Grams
NaCl 22.79
Na2S04 3.98g
TAPSO {3-[N- 1.3g
tris(hydroxymethyl)methylamino]-2-
hydroxypropanesulfonic acid}
KClI 0.72g
NH4CI 0.27g
Na2HPO4.7H20 89 mg
NaBr 83 mg
NaHCO3 31g
H3BO3 279
NaF 2.69
CaCl2.2H20 1.469
MgCI2.6H20 11.18g
SrCI2.6H20 24mg
FeCl2.4H20 2mg
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trifuge, and transluminator for 16S ribosomal RNA
were used for gene analysis

Screening and Isolation of the Potential
Bacteria

The potential PAH degrading bacteria were
isolated from Cilacap sea water contaminated area.
Approximately 4 ml sea water sample was enriched
in ONR-7 media with 3 kinds of PAHs, arabian
crude oil, and Cepu crude oil (each PAH/crude oil
in each tube containing 4 mL ONR-7 medium).
Cultures were incubated at room temperature in
rotary shaker incubator. After 2 weeks of
incubation, an aliquot of each culture solution
spread on agar media and laid on phenanthrene,
fluoranthane, and phenothiazine vapor using
sublimation method (Alley & Brown, 2000). Those
PAH powder were put _on the glass plate and
stained on the hotplate at 90-95°C ,5 minute for
phenanthrene, 105°C in 5 minute for fluoranthene,
and 135°C in 30 minute for phenotiazin. Each of
agar plate was laid to catch those PAH vapor with
ice cooler for sublimation. The growth of
Thalassospira sp. C.260 was determined using
Spectronic 21D Milton Roy. The DNA
concentration was determined using
Spectrophotometer UV-visible-1700 Shimadzu.

After one week incubation, the potential
bacteria appeared by clear zone around the colony.
Bacteria colony was isolated and purified for
further experiment. The purified colonies were
screened for the PAH (phenanthrene,
fluoranthene, dibenzothiphene, and phenothiazine)

Table 2. The composition of 10% Marine Agar
(Difco)in 1L media

Ingredients Grams
peptone 0.5g

yeast extract- 0.1g

Ferric citrate 0.01g

NaCl 1.945¢g
MgS0O4 0.324g
CaCl2 0.18g

KClI 0.055¢g
KBr 0.008g
NaHCO3 0.016g
SrCI2 3.4mg
H3BO3 2.2mg
NaSiO2 0.4mg
NaF 0.24mg
NH4NO3 0.16mg
Na2P04 0.8mg




bio-degradation using sublimation methode.
Preservation of purified potential bacteria was
done using glycerol stock method with 1/10 Marine
Agar medium contained Arabian crude oil.

The Characterization of Potential Bacterium

The potential strain CECC-Ft1.14 was
characterized using analysis of 16S ribosomal RNA
gene. DNA extraction was done using instagene
matrix reagent with the following method.
Spectrophotometer U V-visible-1700 Shimadzu for
determining DNA concentration. Approximately
1 loop of bacterial colony was put on 250 il sterile
MiliQ water and centrifuged at 12000 rpm. Pellet
was dissolved using 50 il instagene reagents,
followed by incubating this solution at 56°C during
45 minute. Solution was mixed at high speed vortex
for 10 minutes, and incubated at 100°C for 8
minutes to heat sock the DNA. DNA template
was collected by centrifugation of the solution at
12,000 rpm for 5 minutes at 4°C. DNA was kept
at -20°C before further experiment. PCR reaction
was carried out with PCR mixtures containing 2
il DNA template, 25 il Gotag, 0.5 il primer 9F,
0.5 il primer 1510R, and 22 il miliQ water. The
16S rRNA gene was amplified using forward
primer 9F (5-GAGTTTGATCCTGGCTCAG-3")and
reverse primer 1510R (GGCTAGGTTGTTACGACTT-
5%) (reference). The PCR cycles was set as 95°C,
2 minutes (1 cycle); 95°C, 30 second; 65°C, 1
second; 72°C, 2 minutes (10 cycle); 95°C, 30
second; 55°C, 1 minute; 72°C, 2 minutes (30
cycle); and 72°C, 2 minutes (1 cycle). PCR
product was detected using gel electrophoreses
at 100 mA with 1% agarose in phosphat buffer.
Etylene bromide solution was used for visualling
DNA band. The 16S rRNA gene was purified and
sent for sequencinged. Sofware bioedit was used
for editing the raw data sequence comparison using
Blast NCBI database. Phenanthrene concentration
in this study was determined using Gas
Chromatography Shimadzu type GC17-A.

Cultivation for Determining Phenanthrene
Biodegradation Rate

The selected strain was precultured into 4 ml
of 100% Marine Broth contained Arabian crude
oil and incubated at 30° C for 2 days. Approxi-
mately 1.5 ml of the precultured solution was
poured on the 150 ml liquid artificial sea water
(swp) media contained A: 150 ppm phenanthrene,
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B: 500 ppm phenanthrene and “Grow More”
(NPK) fertilizer, and C: control medium, NPK and
without inoculating the potential bacteria. Each
treatment was carried out in triplicate for data vali-
dation. Cultures were incubated at 30°C for 1
month in rotary shaker incubator. Growth was
checked and monitored weekly by determining the
liquid absorbance at € 660 nm using spectropho-
tometer. Determination of phenanthrene biodeg-
radation rate was done by harvesting approximately
5 ml culture solution at 0 and 28 days cultivation.

Quantitative Analysis of Phenanthrene
Degradation Rate

The harvesting culture at 0 and 28 days culti-
vation was extracted using dichloromethane. Or-
ganic phase that containing phenanthrene was
evaporated and dried using nitrogen gas. Approxi-
mately 1 ml of dichloromethane was added to the
dried extract for quantitative analysis. The quanti-
tative analysis of phenanthrene biodegradation was
done using Gas Chromatography. The Gas Chro-
matography condition was set as followed: tem-
perature injection was 240°C, detector FID (with
temperature 300°C), column TR-50MS (contain-
ing 50% phenyl polysilphenylene-siloxane) with
0.25micrometer im film thickness, 30 m length, 0.32
mm [D. Column temperature is set as follows: 0,
60, 120 with temperature increasing rate 20°C/min,
hold time 15 min. Column flow was 6,01 ml/min,
total flow 83 ml/min. Gas carrier was nitrogen with
pressure 146 kPa.

RESULTS

Screening and Isolation of the Potential
Bacteria

One of the potential marine bacterium, C.260
strain isolated from Cilacap contaminated sea
water showed potential to degrade phenanthrene,
was selected in this study. This bacterium was
isolated using “Cepu crude oil” enrichment method
and isolated on SWP agar media that was
vaporized with fluoranthene (After enriched with
cepu crude oil during one week, the solution was
spread on agar plate and vaporized using
fluorathene).This bacterium has clear white bone
colony that could degrade phenanthrene, as well
as  phenotiazine, flouranthene, and
dibenzothiophene (Figure 1).
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Figure 1. The colony profile of C.260 in 20% marine
agar medium containing Arabian Crude Oil
for preservation

Cultivation for Determining Phenanthrene
Biodegradation Rate

Phenanthrene biodegradation rate was deter-
mined using very minimum nutrient (only artificial
sea water/swp) with phenanthrene as a sole en-
ergy and carbon source. This medium was designed
for conditioning bacterium to produce oxygenase
as the primary enzyme in the phenanthrene or PAH
metabolism. The growth of bacterium C.260 in
phenanthrene as a substrate was detected using
visible spectrophotometer method to determine ab-
sorbance at 660 nm (Figure 2). Growth of C.260
in phenanthrene as a substrate was added with
and without “Grow More” Fertilizer. The square

A. fermentation at 0 day., 1:C.260 without
NPK, 2 control.3:C.260 with NPK

Figure 2. The Growth of C.260 in phenanthrene
substrate.

line (-. 0.-) indicated growth of C.260 in phenan-
threne substrate with NPK fertilizer enrichment
while triangle line (-*%-) presented bacterial growth
in phenanthrene substrate without fertilizer. Com-
pare with culture without NPK fertilizer, culture
with NPK enrichment showed highest in biomass
productivity. The visualization of phenanthrene bio-
degradation in the fermentation flask is presented
in Figure 3.

The color of C.260 liquid fermentation
changed after 28 days cultivation. Figure 3 (A)
showed fermentation profile at 0 day cultivation
and Figure 3 (B) is after 28 days cultivation. The
white clear solution in flask 3. A1 contained SWP
media without enriched with NPK fertilizer. Figu-
re 3. A 2 was control media with NPK fertilizer
without inoculums and Figure 3 A 3 was inoculums
C.260 with NPK fertilizer. Color of flask 3. A 1
changed to the red- brown after 28 days cultiva-
tion (Figure 3. B 1) while, inoculum with NPK (A
3) changed to the green color (Figure B.3). No
changes were observed in control media (Fig-
ure 3.B2).

B. fermentation at 28 day., 1:C.260 with-
out NPK, 2 control.3::C.260 with NPK

Figure 3. Fermentation profile of C.260 at 0 day cultivation (A) and after 28 days (B).
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Quantitative Analysis of Phenanthrene
Degradation rate

Quantitative analysis using gas
chromatography is shown in Figure 4. Amount of
phenanthrene remaining in the fermentation
solution at 0 day cultivation and after 28 days
cultivation was presented by gas-chromatogram.
Peak of phenanthrene appeared at 24.3 minutes
in gas chromatogram. Figure 4 described the
profile of gas chromatogram of remaining
phenanthrene in 2 experiments. Experiment I was
cultivating C.260 in medium SWP without NPK,
while experiment Il was adding NPK in SWP
medium. In experiment I (Figure 4.A)
concentration of phenanthrene at 0 day was 149
p.p-m (intensity £3000000) and the remaining
phenanthrene is at 75 p.p.m after 28 days
cultivation (intensity +1500000). Phenanthrene
degradation efficiency in experiment I was
approximately 50% after 1 month cultivation.

e

r3a0m

A 0 days

0 n W%

B 0 days
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Experiment II (Figure 4.B) showed that in
the beginning (0 day cultivation), the phenanthrene
concentration was 514 p.p.m, and after 28 days
the remaining phenanthrene was 1 p.p.m, Close
to 100% of phenanthrene could be degraded in
culture with NPK enrichment.

The Characterization of Potential Bacterium

Polymerase chain of reaction product of 16S
ribosomal RNA gene was showed in Figure 5. The
size of 16S rRNA gene of CECC-Ft1.14 was 1,500
bp. This PCR product was purified and used for
sequencing. Using Blast database, 16S ribosomal
RNA gene sequence of isolated bacteria was 96%
(1312/1364 base) similar with Thalassospira
lucentensis strain QMT2. The comparing data of
sequences was shown in Table 3.

Table 3 showed that symbol of dash (I )
explains the similarity of sequénces. Analyzed data
showed that this potential bacterium was identified
as Thalassospira sp.

- A

50 g

-

After 28 days

Oy
i

{4 ]

After 28 days

Figure 4. Gas chromatogram of phenanthrene remaining in C.260 fermentation without NPK fertilizer (A) and with

NPK (B).
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Table 3. showed that symbol of dash (I ) explain the similarity of sequences. Analyzed data showed that this potential
bacterium was identified as Thalassospira sp.

Query 41 GAGTGGCGCACGGGTGAGTAACGCGTGGGGACCTACCTCTTAGTGGGGGATAACGGTTGG 100

R R R R A A AR A AR AR R AR RN

Sbjct 14 GAGTGGCACAGGGGTGATTAACGCGTGGGGACCTACCTCTTAGTGGGGGATAACGGTTGG 73

Query 101 AAACGACCGCTAATACCGCATACGCCCTTCGGGGGAAAGATTTATCGCTAAGAGATGGAC 160

COEEEEEEEEEE R e e e e e e e e e e e e e Pt

Sbjct 74 AAACGACCGCTAATACCGCATACGCCCTTCGGGGGAAAGATTTATCGCTAAAAGATGGAC 133

Query 161 TTAGATAGTTGGTGAGGTAACGGCTCACCAAGTCAGCGATCCATAGCTGG 220

I|I|IH||II||l|III||I|||||l|I| CECECEETEEEEr L T

Sbjct 134 GTTGGTGAGGTAATGGCTCACCAAGTCGGCTATCCATAGCTGG 193

Query 221 TTTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCA 280

IIllllI|IIII|III|IIIIIIHIIIIIII|III||I||l||||||l||||||!||l|

Sbjct 194 AGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCA 253

Query 281 GCAGTGGGGAATATTGGACAATGGGGGCAACCCTGATCCAGCCATGCCGCGTGAGTGAAG 340

R R A R A A A RN RARAA AR

Sbjct 254 GCAGTGGGGAATATTGGGCAATGGGGGCAACCCTGATCCAGCCATGCCGCGTGAGTGAAG 313

Query 341 AAGGCCTTCGGGTTGTAAAGCTCTTTCAGATGCGAAGATGATGACGGTAACATCAGAAGA 400

R R A AR AR A RARARNARAREMY

Sbjct 314 AAGGCCTTCGGGTTGTAAAGCTCTTTCAGATGCGAAGATGATGACGGTAACATCAGAAGA 373

Query 401 AGCCCCGGCTAATTTCGTGCCAGCAGCCGCGGTAATACGAAAGGGGCTAGCGTTGTTCGG 460

CEPPEEEEEEPEEE e e e e e e e e e e e e Ly

Sbjct 374 AGCCCCGGCTAATTTCGTGCCAGCAGCCGCGGTAATACGAAAGGGGCAAGCGTTGTTCGG 433

Query 461 ATTTACTGGGCGTAAAGGGCACGCAGGCGGTCTTGCCAGTCAGGGGTGAAAGCCCGGGGC 520

COLEEEEEEEREEE e e e teee e e e e e e e e ey

Sbjct 434 ATTTACTGGGCGTAAAGGGCACGCAAGCGGTCTTGCCAGTCAGGGGTGAAAGCCCGGGGC 493
Query 521 TCAACCCCGGAACTGCCTCTGATACTGCAAGACTAGAGACTAGGAGAGGGTGGTGGAATT 580

FEECEEEEEEEEEE e e e e e e e e e e e e e e e e e ey

Sbjct 494 TCAACCCCGGAACTGCCTCTGATACTGCAAGACTAGAGACTAGGAGAGGGTGGTGGAATT 553
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Query 581 CCCAGTGTAGAGGTGAAATTCGTAGATATTGGGAGGAACACCAGAGGCGAAGGCGGCCAC 640

Sbjct 554 GTGTAGAGGTGAAATTCGTAGATATTGGGAGGAACACCAGAGGCGAAGGCGGCCAC 613

Query 641 CTGGACTAGATCTGACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCT 700

|HIIIIIIII|||IIIIIIIIII||l||IIII||||I|||IIIlII|I|II|||I||||

Sbjct 614 CTAGATCTGACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCT 673

Query 701 GGTAGTCCACGCCGTAAACGATGAGTGCTAGTTGTCGGGACTTCGGTTTCGGTGACGCAG 760

COEEEEEEEEEE e e e et e e e e e e e e el

Sbjct 674 GGTAGTCCACGCCGTAAACGATGAGTGCTAGTTGTCGGGATTTCGGTTTCGGTGACGCAG 733

Query 761 CTAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATT 820

CECEETEREET e e e e e e e e e e e e e e e 1 |

Sbjct 734 CTAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCACACGAATT 793

Query 821 GACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCAGAACCT 880

LEPEETEREEEE e e P e e e e e ey ey

Sbjct 794 GACGGGGGCCCGCACAAGCGGTGGATCATGTGGTTTAATTCGAAGCAACGCGCACAACCT 853

Query 881 TACCA-ACCCTTGACATCCCTATCGCGATTACCAGA-GATGGTTTTCATCAGTTCGGCTG 938

Sbjct 854 TACCATACC-TTGACATCCCTATCGCGATTTCCACAAGATGGATTTCATCAGTTCGGCTG 912

Query 939 -GATAGGTGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAG 997

Sbjct 913 AGATACGTGACAAGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAG 972

Query 998 CGCAACGAGCGCAACCCCTGTTCCC-AGTTGCCAGCATTTAGTTGGGCA-CTCTGGG 1055

Sbjct 973 GCAACGAGCGCAACCCCTAT-CCTTAGTTGCTAGCACTTAGTTGGGCAACTCTAGG 1031
Query 1056 GAGACTGCCGGTGACAAGCCGGAGGAAGGCGGGGATGACGTCAAGTCCTCATGGCCCTTA 1115

Sbjct 1032 GAGACTGCCGGTGATAAACCGGAGGAAGGCTGGGATGACGTCAAGTCCTCATGGCCCTTA 1091
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The previous research by Xu et al. (2004)
also showed that the presence of fertilizer
osmocote (containing N & P mineral) was able to
accelerate the biodegradation of aliphatics and
PAHs in oil contaminated sediment under natural
field condition in an intertidal shore environment.
Based on their experiment, they reported that the
PAHs with ring number from two-to six in
osmocote treated were respectively 2.71 ; 2.48;
3.2; 2.14; and 2.20 fold which was higher than
control without osmocote.

The Characterization of Potential
Bacterium

The homology of 16S ribosomal RNA
sequences of marine bacterium C.260 was 96%
comparing to the Thalassospira lucentensis.
Approximately, 96 similarity of sequences indicated
marine bacterium C.260 was the same genus and
different species with Thalassospira lucentensis.
The further analysis is recommended to know that
this bacterium is a novel species.

Finally, this research showed that by enriching
NPK to the medium cultivation of Thalassospira
sp., the efficiency of phenanthrene biodegradation
by this bacteria increases from 50% (without
NPK) to 99.75 % (with NPK) during 28 day
cultivation.

REFERENCES

Alley, F.J and L.R. Brown. 2000. Use of Sublimation to
Prepare Solid Microbial Media with Water
Insoluble Substrates. Appl. Environ. Microbiol.,
66(1):439-442.

Guerin, W.F. and G.E. Jones. 1988. Two-Stage
Mineralization of Phenanthrene by Estuarine
Enrichment Cultures. Appl. Environ. Microbiol.,
54:929-936.

Jatam.org, by jatam Contact Webmaster:
weamaster@jatam.org. Accessed on December
15,2004.

Kiyohara, H., Shin Torigoe, Naofumi kaida, T. Asaki, T.
lida, H. Hayashi, and N. Takizawa. 1994 . Cloning
and Characterization of A Chromosomal Gene
Cluster, Pah, That Encodes the Upper Pathway
for Phenanthrene and Naphthalene Utilization by
Pseudomonas putida OUS 82. Journal of
Bacteriology, 176(8): 2439-2443.

Kiyohara, H. and K.Nagao. 1978. The Catabolism of
Phenanthrene and Naphthalene by Bacteria. J.
Gen. Microbiol, 105: 69-75.

Nugroho, A. 2006. Bioremediation: Hydrocarbon in
Petroleum. First Ed. Graha Ilmu Press,
Yogyakarta, 117pp.

Ouyang, J., 2006. University of Minnesota, online at:
http://umbbd.msi.umn.edu/pha/pha_map.html.
Accessed on March 14, 2006.

Xu,R, N.L.A. Lau, K.L.Ng, and J.P. Obbard. 2004
Application of A Slow-Release Fertilizer for Oil
Bioremediation in Beach Sediment. J. Environ.
Qual., 33:1210-1216.

Zhao, H.P., Q.S. Wu, L.Wang, X.T. Zhao, and H.W.
Gao. 2009. Degradation of Phenanthrene by
Bacterial Strain [solated from Soil in Oil Refinery
Fields in Shanghai China. Journal of Hazardous
Material,164: 863—869.

62


Intan Suci Nurhati
Text Box
62




