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Feasibility of bioremediation technologies for managing oil spills caused
by the development of the Sakhalin oil fields —Review—

Naofumi Sakaguchi!?, Ahmad Iskandar Bin Haji Mohd Taha?®, Hideaki Maki*, Seiichi
Hamada®, Masaaki Morikawa'*%, and Hidetoshi Okuyamal-23* (Department of Biological Science,
Faculty of Science!, Laboratory of Environmental Molecular Biology, Faculty of Environmental Earth
Science?, Course in Environmental Molecular Biology and Microbial Ecology, Division of Biosphere Sci-
ence, Graduate School of Environmental Science®, Hokkaido University, Kita-ku, Sapporo 060-0810;
Marine Environment Research Team, Water and Soil Environment Division, National Institute for Envi-
ronmental Studies, Tukuba 305-8506%; Geological Survey of Hokkaido, Otaru 047-0008%) Seibutsu-
kogaku 88: 150-157, 2010.

The oil fields at Sakhalin Island, Russia, reached a high level of operation in 2008. The Japanese island
of Hokkaido is located to the south of Sakhalin, and is at risk of oil spills following explosions at the
Sakhalin oil fields and from accidents involving pipelines and tankers at the fields and in the surrounding
seas. Physical, chemical, and biological treatments are indispensable in cleaning up any contaminated
regions, such as seas and seashores. In this review, we describe various types of accidents, particularly
those involving tanker oil spills around the world and the bioremediation (BR) treatment employed. We
emphasize the usefulness of BR in colder regions, such as Hokkaido. Pioneering on-site biostimulation
(BS) testing has been performed on the Hokkaido coast with the aim of dealing with oil contamination
caused by oil spills at Sakhalin. In the BS process, appropriate nutrients other than carbon sources are
supplied to contaminated soils or waters to activate native degraders of the contaminants. In another
bioaugmentation (BA) process, isolated microorganisms and their mixtures can be used as degraders of
xenobiotics. We proposed and tested a new bioremediation technology, autochthonous bioaugmentation
(ABA), in which contaminant-degrading microorganisms indigenous to the contaminated site or
predicted contamination site are isolated and used. The feasibility of applying ABA to oil spills caused
by the development of the Sakhalin oil fields is discussed.
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Fig. 1. The environmental sensitivity index (ESI) map of

Hokkaido. This figure was cited from reference 47 and has
been modified with permission.

20104 %45

VA= S DIRMEHAR Y, 5,800 k1D FIHbHH
L7556, ETORECREL:LDDTEHSH, %
OTREHFHIFAT2R/AC L2 3NTn5, Kl
29K b AED 5 DERMRHERDBEDO W EF KLHE
MIBBEHTH o 7eDITH L, WEHIZ261EHETHY,
BEWEOFERELORMICR T 2 HEES1E7THH
GRAE R 2729 £ 09 DIZEREVWEETH 5.

DLED & 5 icEin i, EEEMEORER 28 -
BREBEOH IR LY, HEOTEL INTIEY
B, GIMEROEYFNLEE N1 F VAT + Z—
YaY, BR) DERBIZOWTIZEEAEZEREIN TR
W, I ENREEN T A E L E R T 4 &
DO MARZH S (rad) DD, WHREBALEIN
TWHOPBIRTH S, TEFRANERENTHY, HE
EEMWIRERITR o TRV, 200342 AICiEfTEN
e HEBRARKRICE D CRER ERFEELICLD
(EWIZ X BNNA T VAT 4 == a VFIFRE ] DEK
E (20054F), BIERICL D WERRAT A F 71 ]
DRFE (20064F) FOHEITH T 5 BREMOEBICHE
PHROWEVZ LS.

Ol TH R NI R OBE RN IR A
L BRI, BRI AL A OB 217 5 L
BhE BLUBRAHD. HHeaX, BERSEZ
BB R R/NRITINA 2 Z & ASUTRER &5 T BR Hiffi b3
NTWBEEZLNDEY, LHIEOERGILIIER %
W,

BRIZWENAART 4 L ab—arvik (BS) &—f
HNCIZTEYAETT & Bie 235FT CIRE X (W B— D55
BORERZDOREM»HRB AV =T 2 KERE
UG EERAT ANA L L — T A T—av
% (BA) »’H 5. BS, BA &, %Bil¥ 2 FMMINA A
F = x> F—3 a ik (autochthonous bioaugmenta-
tion, ABA) D#EL AR Fig. 2ITRL, ZHLZND
EAIC DWW T Fig. 31T Lk,

ABAIZBS E BAOEFT 24D L, EHTEH S B4 RE
FEE L TREINTWV S, ABAXBERERN, ki
WO e, WS, Fmirest, X o —Ofigine
DKLU EH RO RSB VIBIT» 5 T 0187
TN Ok HEE ERE) RRWTERSEES
BHET HWEYE Y, ERITIHYLIE 24T 5 BREITHLL
U724k CRERIICERE L, £ OMEWEE £ 70 | BHEkik
PHREFICRITT 5 2 L THRPBRET I LV, W
i ready—méde DBATH %.

PN HE CHIFORE, N T T OWE, X
=72 EROERIC X U H B DR « AEEANR
L7864, LmEREDOHRITET SRV, BED

151

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

T BS
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Fig. 2. Tllustrational presentation of biostimulation (BS), bio-
augmentation (BA), autochthonous bioaugmentation (ABA)
treatments. In BS (broken arrow), only nutrients and/or
oxygen are introduced to soils to enhance the activity of
native contaminants-degrading microorganisms. Foreign
microorganisms derived from the various places are added
to contaminated sites in BA. In ABA, native (autochthonous)
microorganisms are used and these organisms should be
enriched under the conditions mimicking the sites, where

~ ABA will be implemented. Open symbols with different
shape indicate individual site-specific oil-degrading micro-
organisms and/or their mixture, whose routes of transfer are
shown by the solid arrow. Native microorganisms for ABA
are shown by the open circle in this figure. See Figure 3 for
details of BA, BA and ABA.
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Enhances the biodegradation of contaminants using
i degrading microx i or their mixture,

ances the activity of native microorganisms to degrade
contaminants by adding nutrients or oxygen.

together with nutrients.

Advantages: Effective, becanse of the use of microorganisms Advantages: Immediate effectiveness and use at sites where no
best adapted to the environments of the site being biodegraders are available.
treated. Disadvantages: Negative effects on native microorganisms, and
Disadvantages: A longer process and ineffective with very high difficulties in winning public acceptance
concentrations of pollutants. '

Enhances the biodegradation of contaminants using microorganisms
that are indi to the ¢ d site or predicied contamination
site. The process for enriching the microorganisms must be performed

under conditions analogous to those where the ABA will be conducted.

Advantages: Immediate and stable effectiveness, low negative effect on the
environment, and ease in winning public acceptance.
Disadvantages: High cost of preparations. No substantial data are available.

Fig. 3. Biostimulation (BS), bioaugmentation (BA), autochthonous bioaugmentation (ABA) and their characteristics.

152 £ 588k

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

Table 1. Tanker oil spills and bioremediation (BR) treatment.

Year/ Name of the Oil spilt

Country Type of BR

Month tanker Flag state (tons) Oil type polluted implemented? Ref
1989/3 Exxon Valdez USA 40,000 Crude oil USA BS 10,13,14
1991/8 —b — 100 Crude oil Israel BS 15
1997/1 Nakhodka Russia 6,200 Heavy oil Japan BA¢ 10,11
2002/11 Prestige Bahamas 60,000 Heavy oil Spain BS 16
2007/12 Hebei Spririt Hong Kong 10,800 Crude oil Korea — 42

2 BS, biostimulation; BA, bioaugmentation.
b No information is available.
¢ Experimental tests.
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Fig. 4. The locations of Hokkaido and Sakhalin Islands. The
Hokkaido coastlines that are at risk of oil contamination
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Fig. 5. Autochthonous bioaugmentation (ABA) using isolate ] W DNA/YY RSN DITHL, BS 21T Hiphd &
(Rhodococcus eryihropolis) in paddy soil microcosms. Isolate J, AXY =TT A1 RERLEITE, BELTWEE
an isolate from the paddy soil, was inoculated to sterilized . S 2e 7 . SNy s
(ste.) and unsterilized (unste.) soil microcosms consisting of ADRGDNANY B LT, 32 =2 T L1E2
paddy soil contaminated with diesel oil. Pseudomonas aerugi- DEMPERDEDR D, ZTNDHDREWVDNANY FIZHE
nosa strain WatG (WatG), which had been isolated as a diesel e S gy < N
oil degrader from a water interceptor attached to the oil tank j‘im R ORBL, YT L2 THLALIRMS
of a resident of Sapporo City, Hokkaido (ref. 38), was used BEOBEHEHEL TV LEZLNTVSE, 2F Y,
as a control bacterium. All the soil microcosms were left at WaRbea |z Fa Y 3 ‘ I N
20°C for one week. Luria-Bertani medium (LB) was used BB R HEH T 225 ThoOH

to supply nutrients. The percentage of residual total DHJFEIL, FEOESHICL > THITbN, ZNA R
petroleum hydrocarbon (TPH) was compared with the DNMRIZEEBRTIE L TSR AE O O L SRR X

zero time samples. Each bar represents the mean value with
the standard deviation (n=5). Stars indicate a significant NnTH2.

difference at the P<0.05 level of significance. This figure is F AV —I7 A1 BROEEL, ERERE
from reference 8 with permission. B o DB 2 SR CH 50% M L 7248 YD ST
REEAEDRIEREZRE G ote. —HT, arvy/—
7 A A ERENTB T BADEEH RS, 7 A Y A YT L 2h D DRERE, AR TR o RE T
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HP%) (23 20 BB 2 2 5 EWH (bioremediation MEZ2OMAEMORBEETIE, BEMEDS L
agents) BWEHINTWVS, Lel, BABDAEICEW JET DWAEEHDB VL NED, ZDL5 L THELN
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5 ML H 2 LB 530, M%Z BAR L VAET 25811, £ ONMEEMA L HL
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T 5EH 5 BEE L 72 BHE,  Rhodococcus erythropolis strain J, iR FIWTATS BA, TRDBABABL Y ERTHD
DEICKHEFTIET «+ —ENVaBE & U TRE EEZBLND. FITHR Tz Venosa H 1) DEERCTlIHiH
LT 72 Pseudomonas aeruginosa WatG3738) L 0 & & DK DIF L 7R AR X ) BB L G s
74 — Y EEE R RT (Fig.5) Z&db, BA%R HZ2HOVT BA (ABA LART I ENTE D) bitbh
EWT LB, LEDSREEIZEDRSYEFIA TWBN, ZONMERIZBS L= R o7, ZOFEE
THIEDFERAMEREML, DX 5% BA % Auto- b BAICHWASRE &) OBRBHE (EBEHE) ©
chthonous bicaugmentation (kN1 A A — 27" x> HEMELRRL TVW5D.
7—ay, ABA) L&D/ (Fig.2,3). & =
Hosokawa & %) 3 X USK3E 40 i3\ Y > il % R R -
ET A AMERFERPILEERECRATZEG 2HE ITOPF (The international Tanker Owners Pollution
L, k=Y 7w L el owmE» SRR L 728 Federation, UK) DT X U@ ES0FEFTH > —
AR, Fm (ToET o4 ) BRERERELT, BHOHEEIIN6 D 1AL T4, X h—0
MU e EEE L UTEBRRERZTY, Kilmn @ FrfE 2 b LT RICHERAR Z > THIREEZ R/
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DR AL I IRE U724 T b e A B 3,062
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ABA ORWEAEFRE LG M BRAEYOERE L ER
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ZIC LU BAREOREMN L, HMBORFHERE SR Y

Application of the ABA treatment at oil-
contaminated seashores

A oil spills
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Fig. 6. Schematic presentation of the expected application
process of autochthonous bicaugmentation (ABA) treat-
ment. ESI is an abbreviation of environmental sensitivity
index.
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