Bioremediation of coastal areas 5 years after the
Nakhodka oil spill in the Sea of Japan
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Abstract

This study deals primarily with the isolation and characterization of hydrocarbon bacteria indigenous
to the Nakhodka oil spill after five years of bioremediation, as well as what environmental factors
influencing the bioremediation of the Nakhodka spill. Seven bacterial strains, which were identified using
16S rDNA sequence analysis as Bacillus spp., Pseudomonas sp., and Paracoccus spp., showed their
ability to grow well on aliphatic hydrocarbons, but not on aromatic hydrocarbons, and all of them were
able to grow well on heavy oil. The benevolent interaction of bacteria with fungi occurred during the
429-day bioremediation of the Nakhodka oil spill, even though the environmental parameter (i.e., pH)
was not maintained. Hydrocarbon bacteria had tendency to play greatest role as the solution pH was
neutral-alkaline condition. On the contrary, when the pH solution changed to be acidic, the fungi took
over to degrade heavy oil. Fungal succession was predominated by Rhinocladiella sp., while all fungi
which survived in degrading heavy oil were identified as Rhinocladiella sp., Aspergillus sp., Acremonium
sp., and Penicillium sp. During that period, aliphatic hydrocarbons were reduced significantly, whereas
aromatic hydrocarbons reniéined relatively constant, and there was the production of metabolites after
429 days of bioremediation. Of all metals contained in the heavy oil, seawater, and beach sands, Co
appeared to inhibit hydrocarbon bacterial growtii, while Si tended to enhance hydrocarbon bacterial

growth. In addition, the clay minerals present in the marine and-coastal sites tended to stimulate

_95_

RE EE (BRPEHEH - 209 , M B (ARBEMER - 509)




-
Y

hydrocarbon bacterial growth. These results provide a significant insight into how bioremediation of the
Nakhodka oil spill take place and what environmental factors (i.e., Si compound and clay minerals)
influence that bioremediation, thereby giving more fruitful information for the bioremediation of the oil

spill-contaminated marine and coastal environments.
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Studies on bacterial strains degrading aliphatic and aromatic hydrocarbons attributable to oil
spills received much attention. However, only few studies have been conducted on the 1997
Nakhodka oil spill in relation to the long-term bioremediational study, as well as hydrocarbon
degraders. Hence, a careful biorémediational research of the Nakhodka oil spill along seashores
in Sea of Japan as well as the investigation of what environmental factors influencing that
bioremediation were carried out since 1997.

The primary objective of this study was to isolate and describe hydrocarbon- degrading
bacteria from the Nakhodka oil spill-contaminated seashores ir; the Sea of Japan after five y.ears
of bioremediation as well as to investigate what environmental factors influencing the
bioremediation of the Nakhodka oil spill.

Seven bacterial strains capable of utilizing the heavy oil spilled from the Nakhodka Russian
oil tanker were isolated from three coastal areas (namely Katano Seashore of Fukui Prefecture,
Osawa and Atake seashores of Ishikawa Prefecture) and the Nakhodka Russian oil tanker after
five years of bioremediation. All bacterial strains showed their ability to grow well on aliphatic
hydrocarbons, but not on aromatic hydrocarbons, and all of them were able to grow well on
heavy oil. They were identifif;d using 168 rDNA sequence analysis as Bacillus spp.,
Pseudomonas sp., and Paracoccus spp.

The benevolent interaction of bacteria with fungi occurred during the 429-day
bioremediation of the Nakhodka oil spill at laboratory scale, even though the environmental

parameter (i.e., pH) was not maintained or uncontrolled. Hydrocarbon bacteria had tendency to
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play greatest role as the solution pH was neutral-alkaline' condition (7~7.8). On the contrary,
when the pH solution changed to be acidic (pH 2~4), the fungi took over to degrade heavy oil.
Fungal succession during the 429-day bioremediation was predéminated by Rhinocladiella sp.,
while all fungi which survived in degrading heavy oil were identified as Rhinocladiella Sp.
Aspergillus sp., Acremonium sp,, and Penicillium sp. During that period, aliphatic hydrocarbons
were reduced significantly, whereas aromatic hydrocarbons remained relatively constant, and
there was fhe production of metabolites after 429 days of bioremediation.

Elemental levels in heavy oil showed wide ranges in all the heavy oil samples consisting of
Si, S, T, Cr, Mn_, Fe, Co, Ni, Cu, Zn, and Pb. Compounds of Si,‘S, and Cr were observed at high
levels, while those of Ti, Mn, Fe, Co, Ni, Cu, Zn, and Pb were observed at low levels. Of all
heavy metals, Co appeared to be toxic for all bacierial growth at concentrations of >1 ppm,
while the presence of Ti, Cr, and Cu at 0.01 to 10 ppm were found not to inhibit growth of all
bacterial strains. It is suspected that the presence of heavy metals may have a significant effect
on the composition of the bacterial cémmunity, (i.e., alkane-degrading bacterial isolates), as
well as on the biodegradative processes of the Nakhodka oil spill during the 5-year
bioremediation.

Clay | minerals, which are usually present in the marine or coastal environments
contaminated with high concentration of oil spills, were capable of promoting micrqbial growth
and allowed microorganisms to proliferate Afavorably above levels of non-clay-containing
contrbl at an extremely high concentration of heavy oil (150 g/l) (Fig.1). Clays at low to
moderate concentrations (0.5 to 10 g/l) tended to enhance bacterial growth. On the contrary,
clays at high concentrations (> 10 g/I) appeared to inhibit growth of hydrocarbon degrading
bacteria, resulting from the low redox potential values of the liquid phase and not from the
toxicity of elements (such as Si and Al) contained in clays, since dissolved Si and Al were
observed at low concentrations in the aqueous phase. The presence of clays at high
concentrations generally yields the low dissolved oxygen levels in the bulk solution, thus being

considered as pollutants. Inversely, if clay minerals are present at low concentrations that
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remain sustainable oxygen levels for bacterial growth, they become stimulator for hydrocarbon
bacterial growth by forming the C-O-Na-Si complexes on the surface of hydrocarbon bacterial
cells. However, the uptake of Si element by bacterial cells appeared to be more predominant
than Al element. These results indicate that the enhancement of hydrocarbon bacterial growth
may be the results of clays likely serving as trace elements required for bacterial growth as well
as growth supporting carrier. In addition, these results showed that Al element contained in
clays did not result in the toxic effect on hydrocarbon bacterial growth. The toxicity of Al were
not observed at levels of clays (0.5 to 30 g/l) used in this study. Hydrocarbon bacteria used in
this study tended to be favorable to Si element of clays. It is suspected that Si is an element
facilitating the high hydrocarbon bacterial growth, and the C-O-Na-Si complexes on the surface
of bacterial cell walls are the stimulator for hydrocarbon bacterial growth.

This study provides evidence that after five years of bioremediation, the bacterial
commﬁnity of the Nakhodka oil spill-contaminated coastal sites is predominated by
alkane-degrading bacteria among which Pseudomonas species is a dominant organism.
- However, not only do hydrocarbon bacteria play significant role, but hydrocarbon fungi
predominated by Rhinocladiella sp. also participate in the degradation of heavy oil, where their
role is dependent upon the pH of the aqueous phase. In addition, the elements (in particular Si)

and the clay minerals are of environmental factors enhancing the hydrocarbon bacterial growth

in the bioremediation of the Nakhodka oil spill.
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Fig. 1. Microbial growth (bacterin and fungi) as viable cells in
colony forming unnit (CFU) per mi in the experimental systems

containing clays and in fhe control experimental system containing
non clays. Error bars represent standard devistions.
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Fig. 2. Transmission electron micrograph of the attractive network
formation of bacterial cells consisting of short and long rods-shaped
bacteria and spherical bacteria attached to the edges of hexagonal
kaolinite. The cells appear to connect with one another and are attached
to the edges of hexagonal kaolinite by an adhesive agent, assumed to be
extracellular polymeric substances (EPS). '
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