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Abstract

IMO (International Maritime Organization) recognized that chronic exposure to benzene vapor
in air may cause leukemia even if the concentration is very low, such as a few parts per million.
Chemical tankers in Japan, however, transport various kinds of chemical substances over 15
million tons per year. Not only benzene but also other chemicals transported by marine vessels
have adverse effects to the human health condition.

Considering this background, the purpose of this report is to evaluate the emission amount of
the cargo vapors and the health risks posed by the exposure, and to pursue the possibility of a
vapor recovery system. To achieve the purpose, we conducted a research composed of following
three sub-themes. The first one is to make clear the pollution level on chemical tankers by
conducting field measurements. We collected working environmental concentration, exposure
concentration of tanker crews and emission concentration during loading operation. The second is
evaluation of pollution level by a human health risk analysis with LLE (Loss of Life Expectancy).
We computed LLEs of seven typical chemical substances transported as cargoes in Japan and
summarized in the form of a “risk ranking” for tanker crews. The third is to collect fundamental
data to develop an air pollution control system recovering the vapor gas discharged from cargo
tank during tank cleaning or gas free operation.
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2-1(a) ( ; )
1)
1D ) (D lEem | O o
E-BZ| 499| 1000 CL 23 0.21 240, M
5.80 240 P
2.80 240 D
5000 VO |22-24 0.03] 1075 M
0.16] 1075 P
0.03] 1075 D
F-BZ | 489 5000 LO 10 0.01 94 M
0.14 94 P
0.09 94 D
G-BZ| 498 1000 LO 10 1.78 180 M
0.25 180 P
0.04 180 D
H-BZ| 498 1000, UL 30 0.02 150 M
9.60 150 P
0.01 150 D
CL 30 0.20 330 M
0.51 330 P
8.30 330 D
I-BZ | 499 500, LO 31.5 0.01 90| M
0.003 90 P
0.01 90 D
VO | 31.5 0.02 135| M
0.95 135 P
0.03 135 D
UL 31.5 0.04 110, M
3.10 110 P
0.10 110 D
J-BZ | 263 500 LO 32 0.08 135 M
0.08 135 P
0.01 135 D
VO 25 0.01 120 M
0.01 120 P
0.32 120 D
K-BZ 1000 LO 16 0.14 180| M
0.24 180 P
0.11 180 D
1 LO: , VO: , UL: , CL:
2 M: L P , D
2-1(b)
1)
1D () (D {em [ O @
A-TL | 401 260 LO 12 0.080 149 M
0.034 142 P
0.13 125 D
260 VO 12 0.023 217 M
0.071 217 P
0.034 | 217 D
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2-1(a) )
1)
1D &) (D) Jem | O o
A-BZ| 499 1000, LO 16-24 0.01 210 M
0.13| 210| P
0.14| 210| D
B-BZ| 344| 500/ UL |21-24| 003 90| M
0.13 90| P
0.04 90| D
CL | N.A. 2.60| 300 M
10.00| 300 P
1.60 300, D
500, UL 18.5 0.17 90| M
2.60 90| P
1.90 90| D
CL | N.A. 290/ 2200 M
7.30|  220| P
38.00| 220 D
C-BZ| 499 1000, LO 30 0.01 180 M
0.55| 180| P
0.00/ 180| D
VO 28 0.03 70| M
0.46 70| P
0.18 70| D
UL 31 0.01 165 M
0.08) 165| P
0.34| 165| D
D-BZ| 499, 1000 VO |23-30 0.01| 1800 M
0.02| 1800| P
0.07| 1800| D
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1D [@D) (D) [em | ) o
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2-2(a) ( )
1D () (ppm)
A-BZ 498 Jul. 454 0.1
365 0.6
360 0.7
360 0.03
360 9.9
220 0.05
B-BZ 499 Aug. 630 1.6
645 1.4
650 2.4
585 0.7
605 1.4
C-BZ 499 Aug. 355 8.6
355 2.9
355 9.9
455 2.1
335 6.4
D-BZ 263 Sep. 487 1.4
415 29.5
473 1.7
485 90.9
Jan. 485 0.4
480 4.2
470 6.2
485 2.8
E-BZ 499 Oct. 1411 0.1
1550 0.5
1535 0.7
805 9.7
665 1.4
1525 9.4
F-BZ 499 Nov. 530 0.4
650 0.2
648 0.6
645 1.3
650 1.6
640 2.0
G-BZ 499 Nov. 1350 0.05
1220 1.3
1875 0.5
1360 0.7
2790 0.8
1550 4.3
H-BZ 498 Sep. 420 1.8
594 1.7
495 4.7
715 4.3
590 3.2
770 15.8
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