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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 Universily, Kita-ku, Sapporo 060-0810;
Marine Environment Research Team, Water and Soil Environment Division, National Institute for Envi-
ronmental Studies, Tsukuba 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 bicaugmentation
(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.
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Fig. 2. Illustrational 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 activity of native micreorganisms to degrade
contaminants by adding nutrients or oxygen.

Advantages:  Effective, because of the use of microorganisms
best adapted to the environments of the site being
treated.

Disadvantages: A longer process and ineffective with very high
concentrations of pollutants.
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_Bioaugmentation(BA)

Enhances the biodegradation of contaminants using isolated
contaminant-degrading microorganisms or their mixture,
together with nutrients.

__ Autochthonous bioaugmentation (ABA

Advantages: Immediate effectiveness and use at sites where no
biodegraders are available.

Disadvantages: Negative effects on native microorganisms, and

difficulties in winning public acceptance

Enhances the biodegradation of c«
that are indigenous to the contaminated site or predicted contamination
site. The process for enriching the microorganisms must be performed

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

using microor

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 bicaugmentation (ABA) and their characteristics.
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Table 1. Tanker oil spills and bioremediation (BR) treatment.

MMt e QLB ongpe S e
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 BAC 10,11
2002/11 Prestige Bahamas 60,000 Heavy oil Spain BS 16
2007/12 Hebei Spirit Hong Kong 10,800 Crude oil Korea — 42

* 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
from the Sakhalin oil fields are shown by the solid line. This
figure is from reference 31 and has been modified with
permission.
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Fig. 5. Autochthonous bioaugmentation (ABA) using isolate J
(Rhodococcus erythropolis) in paddy soil microcosms. Isolate J,
an isolate from the paddy soil, was inoculated to sterilized
(ste.) and unsterilized (unste.) soil microcosms consisting of
paddy soil contaminated with diesel oil. Pseudomonas aerugi-
nosa strain WatG (WatG), which had been isolated as a diesel
oil degrader from a water interceptor attached to the oil tank
of a resident of Sapporo City, Hokkaido (ref. 38), was used
as a control bacterium. All the soil microcosms were left at
90°C for one week. Luria-Bertani medium (LB) was used
to supply nutrients. The percentage of residual total
petroleum hydrocarbon (TPH) was compared with the
zero time samples. Each bar represents the mean value with
the standard deviation (n=5). Stars indicate a significant
difference at the P<0.05 level of significance. This figure is
from reference 8 with permission.
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Application of the ABA treatment at oil-
contaminated seashores

A oil spills

P
Pre-accumulation of Preservation and
oil-degrading ~p| maintenance of
microbial censortia microbial consortia

TN

Data accumulation by
interdisciplinary cooperation

{Microbiology, Geology, Soil science,
Meteorology, Oceanography, Petroleum
technology)

4

Selection of sites by their economic
importance and ESI information

Fig. 6. Schematic presentation of the expected application
8 p pe pp
process of autochthonous bicaugmentation (ABA) treat-
ment. ESI is an abbreviation of environmental sensitivity
index.
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