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Summary

The oil-tanker, Nakhodka was wrecked in the Sea of Japan in January, 1997. The oil-spill
from the vessel's damaged tanks polluted the coastline of Ishikawa prefecture. In order to
evaluate the oil-degrading potential of coastal areas and to develop bioremediation techniques,
surveys the distribution and numbers of hydrocarbon-degrading bacteria (HDB) and
degradation of spilled oil by micriobial populations in sea water at the oil-polluted sites of
Ishikawa were carried out. The numbers of HDB ranged from 10°~10" MPN 100 m¢ " of sea
water during the 11 months after the spill at 2 sampling points. In the laboratory experiments,
degradation activity of the Nakhodka's heavy fuel oil, spilled oil and weathering oil attached
to sand by microbial populations in sea water was examined on the basis on the rate of
reduction of the components in heavy oils. In regards to oil-biodegrading ability, the percentage
and rate of reduction was 17 % and 3.3 g/m’ sea water/day on weight of exracts with
dichloromethane and 33 % and 5.2 g/m’ sea water/day on weight of extracts with
n-hexan-extract,respectively. The addition of nutrients (N, P) enhanced the biodegradation of
the Nakhodka’'s heavy fuel oil and the spilled oil by microbial populations in sea water.
Adding nutrients to the sea water sample doubled rate of reduction of exracts with n-hexane
from the Nakhodka's heavy fuel oil and spilled as compared to those without nutrients.
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Concerning the components of heavy oils, the decomposition percentages of wn-paraffins,

dibenzothiophene, pyrene,

fluoranthene were 62 %, 100

%, 63 %, 68 % and 81 %

respectively after 38 days of incubation at 20 C.. In conclusion, it is suggested that
biostimulation treatment by adding nutrients would be able to accelerate oil removal from

oil-polluted coasts.
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Ishikawa
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Fig. 1 Location of sampling points at oil-polluted
coastal areas in Ishikawa prefecture,
Japan
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Table 1 GC/MS operating conditions

Colum:J3¥ DBS(15m length, 0. 25mm i.d.,0.1 um film thickness)

Oven temperature:programmed from 60 °C(held for 1.5min) to
300°C at a rate of 10°C/min

Carrier gas :Hel ium

Colum head pressure:20kPa

Injection temperature:300 °C

Injection system:splitless

Injection amount:1 x|

lon source temperature:260°C

Interface temperature:260 °C

Monitor ion(m/z):5T, 71, 85, 99, 178, 184, 202, 228, 252

extract with dichloromethane 200ml

dry at 80°C and weigh

extract with n-hexane 200m|

dry at 80°C and weigh

dilute to 20m! with n-hexane
Silica Gel Colum Chromatography (10g,H,0 5% )

Iml of n-hexane soln. be applied on colum
elute with n-hexane (180ml)
t1st fr.(0-90ml) for paraffins and dibenzothiophene
t2nd fr. (90-180ml) for PAH

Ist fraction

2nd fraction

extract with CHsON saturated by n-hexane (25ml x3)
+ “ CHyCN layer for diberzothiophene

t ¥ nhexane layer for paraffins

n-hexane layer ® CH;C(N layer®
conc. to 10ml conc. to dryness

n-hexane layer
conc. to 1-2ml

l dilufe to Iml with n—hsm

[acms |

73

=

Fig. 2 Analytical method for n-paraffins, dibenzothiophene and polycyclic aromatic hydrocarbons

in culture broth

— 789 —



Table 2 Seasonal changes and coastal distribution

of Japan, 1997)

of hydrocarbon degrading bacteria (in the Sea

Area Bacter ia, Temparature, TOC March May July, September December
number of hydrocarbon degrading bacteria(MPN/100m|) 1.5 x10° 4.3x10* 2.1x10* 9.3 x10° 4.3 x10°
Uchinada coast -
nunber of colony of heterotrophic bacteria(CFU/100ml) 3.6 x10° 2.4x10° 1.0x107 2.0 x10* 6.2 x10°
Teaperature of surface sea water ( °C) 122 171 23.5 17.0 14.5
TOC of surface sea water (mg/1) 5.9 2.6 23 1.7 20
nunber of hydrocarbon degrading bacteria(WPN/100ml) - | 2.1 x10? 9.1x10' 1.5x10* 2.4 x10* 9.3 x10*
Katano coast
nunber of colony of heterotraphic bacteria(GFU/100ml) | 3.1 x10° 6.0x10* 1.7x10 1.8 x10* 1.0 x10°
Tenperature of surface sea water ( 'C) 12.5 16.7 23.2 19.5 15.2
TOC of surface sea water (mg/!1) 6.1 2.5 2.5 2.2 1.9
120 r
= 100 El)l;"k::;::c;mhemy fuel
oil with
g’D dichloromethane
8 80 -4 - - Extract from
c Nakhodka's heavy fuel
8 oil with n—hexane
5 60
Q —&— Extract from
= \ ;v'e::hered :p:l with
ichloromethane
§ 40
g O Extn’::t from
weathered oil with n—
o 20 \ hexane e
0 L 1 I ) —— n—tetradecane
0 10 20 30 40

Incubation period (days)

Fig. 3 Degradation of Nakhodka's heavy fuel oil and weathered oil by microbial populations in

sea water at Uchinada coast
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Table 3 Properties of sea water used for oil-biodegradation tests

Sampling Sampling
point date

™ 14 CoD pH
(mg/1) (ma/1) | (ma/1)

Uchinada coast 17, dune, 9T

0.82 0.073 3.4 8.01

Katano coast 17, Feb., 97

0.62 0.030 L7 8.06

Table 4 Result

of weathering test

with solvents
(€9)]

Recovery ratio of extraction Recovery ratio of components® in heavy oil

Treatment %)

Dichloromethane | n-Hexane Der NPF BaP PY s BF A

Before treating autoclave 100 100 100 100 100 100 100 100 100
After treating autoclave 98 100 100 100 100 100 100 100 100
4 days old 100 100 100 96 100 9 100 100 100

6 days old 100 100 100 90 100 100 100 100

13 days old 94 100 100 9% 100 100 100 100 100
45 days old 9% 99 80 100 100 83 100 100 100

synbo | s# :DBT=di berzothi ophene, NPF=n-paraf f ins(C1 4~Cs ), BaP=berzo(a)py rene, PY=py rene, CHS=chrysene,

BF=benzo(k) f luoranthene, AL=f uoranthene

Incubation period (days)

Case 1. Sea water

S S
0 10 20 30 40
Incubation period (days)

Case 2. Sea with tetradecane

MPN or CFU/100m|
=
" -
W
!
MPN or CFU/100ml
s o
PO
V.
< Y

MPN or CFU/100mi
-
- oa
MPN or CFU/100m|
>

0 10 20 30 40
Incubation period (days)

Case 3. Sea water with Nakhodka's heavy fuel oil

0 10 20 30 40
Incubation period (days)

Case 4.Sea water with weathered-oil attached to sand

Fig. 4 Growth of oil-degrading bacteria (MPN, €4) and heterotrophic bacteria (CFU, H) in

microbial communities in sea water added various oil at Uchinada coast
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- - - - Sea water with
Nakhodka's heavy fuel
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Fig. 5 Effect of addition of inorganic nutrients (N, P) on degradation of Nakhodka's heavy fuel

oil and spilled-oil by microbial populations sea water at Katano coast
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Table 5

at Uchinada coast in the Sea of Japan

BREALE Vol. 8, No. 4 [1998]

Changes of n-paraffins in Nakhodka’'s heavy fuel oil after biodegradation using sea water

Incubation Residual ratio(%) for range of chain length of n—paraffin
Substance period
((hY) CIZ'VCU) cZI'\'(:ll Cl!"'CII CIIA'CJZ CI!'\CQ!
0 100 100 100 100 100
Nakhodka' s 1 61 83 81 18 12
heavy fuel oil 3 47 66 70 62 58
13 32 54 58 55 4
38 18 51 58 L 3
0 100 100 100 100 100
Yeathered-oil
attached to sand 1 100 100 100 100 100
3 61 52 62 65 59
13 2 40 51 19 46
38 2% 47 57 5 4

Ln(Concentration of n—paraffin)

0 5 10 15 20
Incubation period(days)

25 30 35 40 —o—C-28

Fig. 6 Relationship between Ln (Concentration of n-paraffin) and incubation pariod
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Case A. Half lifes calculated from the first degradation stage
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C-28
C-26

e ——

C-24
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C-20
C-18
C-16
C-14

illl T lll T

Carbon number of n—paraffins

o. .‘Il

N
E-N

6 8 10 12

Half life (day)

Case B. Half lifes calculated from the second degradation stage

£ C-28 fm
?c—ze o
2 m—
5 24 e
80-22
£
3 c-20
c
go-18 }
S c-16
C-14 b

0 50

150 200 250

Half life (day)

Fig. 7 Relationship between half life of biodegradation and carbon number of n-paraffins in the

Nakhodka’s heavy fuel oil
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Table 6 Changes of dibenzothiophene and polycyclic aromatic hydrocarbon in Nakhodka's heavy

fuel oil after biodegradation using sea water at Uchinada coast in the Sea of Japan

Residual concentration after biodegradation ( ua/g-oil)
Chemicals Incubation perid (days)
0 1 3 13 B
Diberzothiophene in heavy fuel oil 3.3 17.6 19.3 » »
"in weathered-oi| attached to sand 1.2 1.2 1.1 1.0 0.2
Pyrens in heavy fuel oil 5.3 4.0 31 2.3 1.7
in weathered-oi | attached to sand | 0.6 0.6 0.5 0.5 0.4
Fluoranthene in heavy fuel gil 2.6 3.2 1.2 1.3 0.5
in mthered—oi} attached to sand 0.2 0.4 0.3 0.3 0.1
Berzo(a)pyrens in heavy fuel oil 64.0 53.2 50.8 39.3 2.6
in weathered-oi| attached to sand 5.5 4.7 6.6 6.2 29
Berzo(k)fluoranthene | in heavy fuel oil 2%.3 2.9 2.3 21.9 21.3
in weathered-oi| attached to sand | 2.5 2.5 3.2 2.8 21
Chrysene in heavy fuel oil 116.9 128.5 1125 9.9 106.8
in weathered-oi| attached to sand 122 10.7 13.6 13.3 1.8
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