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Abstract

Taking recent frequent occurence of large-scale oil spill accidents from ships, International Maritime
Organization (IMO) tightened regualtions on the basis of the relevant treaties. For instance, Protocol on
Preparedness, Response and Co-ordination to Pollution Incidents by Hazardous and Noxious Substances
(OPRC-HNS Protocol) was formally adopted in March 2000, and came into force in June 2007. Nowadays, keen
interest in oil spill accidents is gradually rising all over the world. Also, marine pollution incidents by the oil or
noxious liquid substances, which had spilled gradually or intermittently from sunken ships and had spread out in
the sea, were observed at domestic and foreign. The necessity for examining potential hazard of such incidents
without delay has been indicated recently.

With these backgrounds, we started a three-year research project on prevention of marine pollution
caused by discharge or spill of oil and noxious liquid substances from ships in 2006, and obtained many useful
research outcomes as follows; 1) for in-situ monitoring the spilled oil or noxious liquid substances spreading out
on the surface of the sea, we developed fundamental technology such as a support program for guiding pertinent
routes of observation flight, a simplified program for distinguishing types of oil/noxious liquid substances
spreading out on the surface of the sea, a program for indicating muddiness or pollution by oil/noxious liquid
substances by images; 2) for supplying oil removal operators with information on application of dispersant, we
developed a decision making process tool for oil pollution on GIS (DOG), which consists of a model for
evaluating of 3-dimensional behavior of oil or oil-dispersant mixture, a heavy-fuel-oil-A toxicity database on
marine creatures, a model for evaluating influences of heavy fuel oil A on low-level marine creatures, and a
model for evaluating damage to fishery; and 3) for contributing to identification of a sunken ship when an oil
spill accident from the sunken ship is observed, we made a hazard map of sunken ships in the sea near Japan on
the basis of both experimental results on corrosion rate of steel materials and a database of the ships which have
been stranded/sunken off Japan for the past 100 years.
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(a) 1 hour (b) 3 hours

(c) 6 hours (d) 9 hours

(e) 12 hours (f) 20 hours
-3.8

3.1.1

3.1.1.1 MEC
35 25

12 139 45 0 10m 4
m/s

3.2 A 0.856
36cSt 100 3.2

0.25% 250kg
100

60 3.1.1.2
40%

-3.9

-3.9

without
application

60
with application

5
60

5
250kg
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-3.10 (a) 2
1 (b) 5

4
2 -3.10(a)

1 3m
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0 1m
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0.1 mg/L 3.2

kgkg
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(a) 2 1

(b) 5 4
-3.10

3

3

(mg/L)(mg/L)

(mg/L)(mg/L)

3.3

A A

3.3

-3.11

Chaetoceros gracilis
Skeletonema costatum

Hyale
barbicornis Oryzias
javanicus Pagrus major 5
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3-21)

-3.11

Water Soluble Fraction,
WAF

0.9 L A 0.1 L
2L

35mm 200rpm 23
1 A

3-22)

A

Dispersant
Water Soluble Fraction, DWAF

0.9 L A 0.1 L
D1128 2.64g

3% 1L
35mm

350rpm 18
6 A

WAF

A

D1128
3,000mg/L DWAF

30, 59, 88, 235, 440
880mg/L 129, 359, 1,030

2,930mg/L 195
586mg/L 333, 1,000 3,000mg/L

10mL 20mL
10mL

104

23 72
9

24 3
ESP 150mL

WAF 100% ESP

80, 40, 20, 10, 5 2.5%
DWAF WAF

1mg/L 0.5, 0.25,
0.15, 0.06 0.03mg/L ESP

-3.12 -3.13

in
vivo 437nm 676nm

-3.12
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-3.13

5mL
1 2

10 1 2
20 96

pH
DO

12 16 300
mL 300mL 10

26
96
2 24

2
48

100mL
25

48 48

24 48
30 24

pH DO

50mL
10mL n- 10

n-
C18H12,

PAH
310nm 360nm

3-23)

WAF DWAF

72
WAF DWAF

ECOTOX
LC50 EC50 LC50 50%
Lethal Concentration

50%

EC50 50% Effective Concentration
50%

EC50
SPSS

LC10 EC10

WAF DWAF 72

30 880mg/L

WAF DWAF -3.1
-3.2 72

WAF 69 DWAF 55
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-3.1 WAF

-3.2 DWAF

WAF
72 WAF

-3.14 EC10,
EC50 EC90 -3.3

-3.14 WAF

-3.3 WAF
mg/L

DWAF
72 DWAF
-3.15 EC10,

EC50 EC90 -3.4
WAF DWAF 72 EC10

72 EC50

72 EC

0.101

95%

EC10

EC50

EC90

0.395

1.54

0.076 0.131

0.356 0.443

1.50 1.66

72 EC

0.101

95%

EC10

EC50

EC90

0.395

1.54

0.076 0.131

0.356 0.443

1.50 1.66

-3.15 DWAF

-3.4 DWAF
mg/L

WAF DWAF 72
30 880mg/L

-3.1 -3.2

WAF
72 WAF

-3.16 EC10,
EC50 EC90 -3.5

-3.16 WAF

72 EC

0.031

95%

EC10

EC50

EC90

0.345

3.85

0.017 0.053

0.293 0.416

3.31 5.17

72 EC

0.031

95%

EC10

EC50

EC90

0.345

3.85

0.017 0.053

0.293 0.416

3.31 5.17
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-3.5 WAF
mg/L

EC50

DWAF
72 DWAF
-3.17 EC10,

EC50 EC90 -3.6
EC50 EC50

DWAF
WAF EC50

-3.17 DWAF

-3.6 DWAF
mg/L

WAF DWAF 96

126 2,933mg/L

WAF DWAF 3-7
-3.8 48

WAF 0.4 31

72 EC

0.026

95%

EC10

EC50

EC90

0.097

0.368

0.022 0.029

0.089 0.107

0.357 0.387

72 EC

0.026

95%

EC10

EC50

EC90

0.097

0.368

0.022 0.029

0.089 0.107

0.357 0.387

72 EC

0.175

95%

EC10

EC50

EC90

0.348

0.694

0.152 0.194

0.322 0.374

0.685 0.721

72 EC

0.175

95%

EC10

EC50

EC90

0.348

0.694

0.152 0.194

0.322 0.374

0.685 0.721

60 DWAF 50

EC50

-3.7 WAF

-3.8 DWAF

WAF
96 WAF

-3.18 0.181mg/L
48 100

-3.19
0.181mg/L 72

EC LC 10
EC LC 50 -3.9

-3.18 WAF

-3.19 WAF
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-3.9 WAF
mg/L

DWAF
96 DWAF

-3.20 0.227mg/L
24 100

-3.21
0.227mg/L 48

EC LC 10
EC LC 50 -3.10

-3.20 DWAF

-3.21 DWAF

-3.10 DWAF
mg/L

WAF DWAF EC LC 10
EC LC 50

96 EC

0.05

95%

EC(LC)10

0.09

0.03 0.07

EC(LC)50 0.07 0.11

95%

0.02 0.09

0.08 0.12

96 EC

0.06

0.10

96 EC

0.05

95%

EC(LC)10

0.09

0.03 0.07

EC(LC)50 0.07 0.11

95%

0.02 0.09

0.08 0.12

96 EC

0.06

0.10

96 EC

0.04

95%

EC(LC)10

0.06

0.02 0.05

EC(LC)50 0.05 0.07

95%

0.04 0.07

0.07 0.09

96 EC

0.05

0.08

96 EC

0.04

95%

EC(LC)10

0.06

0.02 0.05

EC(LC)50 0.05 0.07

95%

0.04 0.07

0.07 0.09

96 EC

0.05

0.08

96
-3.22 -3.23

2,933mg/L
50

50
EC LC 50 2,933mg/L

-3.22

-3.23

WAF DWAF

195 586mg/L

WAF
-3.11

DWAF WAF 2
WAF

1.30mg/L DWAF 8.80mg/L DWAF
WAF

WAF -3.24
5

22
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7

-3.11
mg/L

-3.24 WAF

96
-3.25 LC50

-3.12

-3.25
WAF

-3.12
WAF LC50 mg/L

* LC10 LC90
**

96

120

mg/L

10.1

100

90

80

70

60

50

40

30

20

10

0
0.01

96

120

mg/L

10.1

100

90

80

70

60

50

40

30

20

10

0

100

90

80

70

60

50

40

30

20

10

0
0.01

control

ND (<0.0005)

LL L M H

WAF

DWAF
mg/L

ND
(ND)

0.031

0.051
(24)

0.060 0.128 0.466

0.109
(22)

0.314
(32)

0.914
(59)

control

ND (<0.0005)

LL L M H

WAF

DWAF
mg/L

ND
(ND)

0.031

0.051
(24)

0.060 0.128 0.466

0.109
(22)

0.314
(32)

0.914
(59)

24

LC10
95%

0.155
0.088 0.179

LC50
95%

LC90
95%

48 96

0.391
0.281 0.654

0.992
0.901 2.39

0.095**

* 0.085
0.037 0.402

0.283
0.062 1.29

0.948
0.150 5.98

*

24

LC10
95%

0.155
0.088 0.179

LC50
95%

LC90
95%

48 96

0.391
0.281 0.654

0.992
0.901 2.39

0.095**

* 0.085
0.037 0.402

0.283
0.062 1.29

0.948
0.150 5.98

*

10
-3.26

control

-3.26 10
WAF96

DWAF
DWAF -3.27

WAF 5

7

-3.27 DWAF

WAF DWAF

PAHs

96
-3.28 LC50

-3.13

55
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-3.28
DWAF

-3.13
DWAF LC50 mg/L

* 50%
LC50

10
-3.29

WAF
control

-3.29 10
DWAF96

WAF DWAF
333

3,000mg/L

WAF DWAF -3.14
-3.15 WAF 96

DWAF

24

LC10
95%

LC50
95%

LC90
95%

48 96

* 0.197
0.144 0.229

0.433
0.337 0.572

0.950
0.786 1.43

*

*

*

*

*

24

LC10
95%

LC50
95%

LC90
95%

48 96

* 0.197
0.144 0.229
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*

*

*

*
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0
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2.5% 96
22 34%

EC50
0.025mg/L
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WAF DWAF
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-3.31 DWAF

-3.16
WAF DWAF

-3.32

WAF DWAF
EC50, LC50

EC10, LC10 -3.17 -3.18
-3.33 -3.34

EC LC 50 WAF DWAF

10

Koyama 3-24)

WAF DWAF

DWAF

A

72 EC

0.08

95%

EC10

0.11EC50 0.09 0.12

95%

0.006 0.025

72 EC

0.004

0.018

WAF DWAF

72 EC
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-3.34 LC EC 10
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