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Abstract

International Maritime Organization (IMO) recognized that chronic exposure to very low

concentrations of benzene vapors in air of the order of a few parts per million may cause cancer. In
order to reduce the health risk of crews to the same level as that of shore-based workers performing

comparable tasks, it is necessary to reduce occupational exposure to benzene vapor.

To cope with the standard and to prevent the suffering of the people who are engaged in the cargo

work and the people who live around the berth, the actual onboard conditions of vapor expelled from
the cargo tanks of the chemical tankers were investigated.

The purposes of this research are to provide data on the exposure concentration to the marine
harmful volatile cargo such as benzene, toluene and xylene, and to find out the effective
countermeasures to reduce the health risks caused from that exposure.
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To achieve these purposes, the onboard measurements on the working environment and the
personal exposure concentration of the chemical vapors emitted from the cargo tanks were carried
out. The concentration measurements for typical size of 500 tons and 1000 tons cargoes in Japan
were conducted during the routine chemical tanker operations composed of loading, unloading,
transit and tank cleaning throughout all seasons of the year. The vapor concentration of the
emission sources was also measured. The vapor samples were collected in the vapor sample
canisters, bottles or bags and VOC (Volatile Organic Compound) gas moniters, and the samples were
subsequently analyzed by the gas chromatography.

Meanwhile, to make clear the mechanism of diffusion and vaporization in the cargo tanks, a
method to estimate the vapor emissions during the loading and the cleaning operations were
developed using the 1/10 scale model of a cargo tank.

Furthermore, the risk assessment of crews exposed to chemicals was conducted to clarify the
effectiveness of several countermeasures.

The followings are found.:

1) The effectiveness of the methods employed in this study for measuring the working environment
and the personal exposure concentration is confirmed.

2) The data of environment concentrations of the benzene vapor at some onboard points showed that
the benzene concentrations vary with the operations. The higher concentration occurs during the
tank cleaning operation and in the pump room.

3) The personal exposure levels of the crews to volatile chemicals such as benzene, toluene and
xylene vary with the person.

4) The calculation models to estimate the concentrations of the emitted vapor from the vent post
during the loading operation and the tank cleaning operation are proposed. The comparison
between the experimental data and that of the calculation shows good agreements.

5) The methods to reduce the vapor emissions and to mitigate the exposure levels of crews are
investigated and the effectiveness of the methods is assessed quantitatively.

6) The risk of health for crews due to the exposures during marine vessel transfer operations varies
with the exposure level, the exposure time, the frequency to engage in the operation and the
hazardousness of the cargo.
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%L | LO | VO UL | TC ton A RS EA
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2 1 5 499 500 7 P Th B,
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4 5 5 5 5 499 500 8
5 9 5 4 4 263 500 9
6 6 6 6 6 499 500 10
7 6 6 6 6 499 500 11
8 6 6 6 6 499 500 11
9 6 6 6 6 499 1000
10 5 5 5 5 499 1000
11 6 6 6 6 499 1000 10
12 15 499 1000 | 1, 2 | P v
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LO :fk#A, VO : fi#e, UL : 8B, TC :-=v
10 . -
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PEHE (XYM FHORBBELI RO, ¥
T, HRAE=F— LIV BN MEBROZYMESE
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6.2.3 BEREMNERR
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6.3 MMBKLEA \BRERE

EFRTHALEAMAERHRCBITI2RERELE
ADRMENBRBEL-BREL OBREBRN LI,

P LRESICRBIT A2 RETPRE CGRERE) 1.
FEBECEEACEDESERU LORESA TR
ExRZ2AREL. RLVBEXNEIRZBHT 10
SEBAZBHECERNOBREREORMEIT- T
W3, TOX5RIHERLEHBRNOBEIZT. H3
BEINZZBATH BB, MMOBEITIERBH
BARXRBE L, BRECEENBICLIIRESRER
BT HEETEREITI. TOLEFRATHAIL
REREIIAND 3 BATORMK 2 EARE D H
ThHh, BxORMEOBRBRE L OBE % KiEL
TAHRZERELY, -6 KEXBBILOREL
BETRT, ThrbBALM2E5, BEBREICH
RTRBREZLVBEIZOMALTWS,

K6 RERKLBERBRK

®  E(ppm)
VERET B BRIBRBE RERE
B R& 0.02~0.2 0.01~8.0
LI . 0.02~0.3 0.01~25.0
BiF 0.06~3.0 0.01~25.0
BppY) -y’ 1.0~4.0 0.02~400
7. REOFPNM

7.1 BHRE. SHEROFHETL

ROV UEBEDILEMRDOD Y I DN H—IT X
D L#XIT. MBARER. BUE. BT EX,
B2 7Y == T D4>5DEENLRE, ENF
NOEZIIRBITARVEPUOH ., #E#A =X A
BRESBRDI D, WEV A 7NV EETRERS
PEHE., BEHBEEZRDBICIE. TRENOERK
HLTHEETANSLEL D, K—23 FE5ER
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HIEE TR, AR ENIBERVEZUNLEERBT
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WZ ERONoTEY, oo+ sHE=S

FAOMBRITD DT, R, MBREH, 7Y Oorramster Model
—=  7OHEETFATHHSR S REMIT. # > peration
IRIZADHEZEOTHER MRAMIBITIME
EFRLTVWS, VEARATF—FIEEXBERRECERR Loading
CEIN, ZRCBT2RESHERHBEINLS, U
T. MBRBEFN, BFHREROS > 7 ARUE o No Model
VREEOHEEAD I U —=V VYEFA, KKK Navigation
BEFNVOEHEETVITOVTET, -
Unloading RNe[S(l)g:;ﬂ
1.2. MAAHETNL
MAARIEERED ¥ o 7 RE#IZKRO 3 SO ¢
XY ERSEITT 5 L BX bR, :
Tank Cleaning
1) MBAHIBICHT 5. BEOEAIK L Cleaning Model
DERINDEE EORILHE,
2) :f;i::;;f: LARAVWEEOHERIICE Dispersion _|
° Model
3) Fru LHEREERSMED SKRITHAR
Fh OREI & 3 BIHOEE, L
INCOREBLY DL CTHAEKHM Y L 7ICL3E Estimation of Working Environment Level
BEFTW, FUrIoRNEBBAROBEERITL, 7
nEEIT o7, _ —
By DR E L ORBRABEE S BRI B —23 ﬁ%ﬁﬁ&ﬁ%m%rwa
F— 2 DOEIE

D, VIOBROEMZ L 7 OERI St THEREY

LG : Level Gage ( at Ceiling )

T1 : Thermat Gage ( at Side Wall)

T2 : Thermal Gage ( at Ceiling )

F1: Flow Meter (for Liquid Benzene)
F2 : Flow Meter (for Emitted Gas)
PG : Pressure Gage ( at Ceiling )

?% Compressor @ — Gas
J . -
X X f <H - ‘ ~——  Liquid
o]
Pressure
@ Valve
Storage

Tank

Nitrogen

e

Cargo Tank

X OO

X —24 ERENAFEERBRIER

Condensation
Vessel
Adsorption
Vessel
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T2 : Themmal Gage ( at Ceiling )
LG : Level Gage ( at Ceiling )
PG : Pressure Gage ( at Ceiling )
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2 RVHRERERTREINDE, LoTH Y
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RT3 Lichs,

B2 hbEEHEINAKREIT. RYWF I X
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7.2.1 MYERWMS >
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mThHY., BRREBIZT S L4 150KL. 130t DX
VEVEHEARRAL LB TEDS, MEOMRIT /10
T. -2 ICART LI, HBOLDOEBERK
CE UV I7RNOKEKERRT 2 7Y 70 (S1-
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Fie, MABKBY I AEZHFREL. HH OB
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ATBES5CREBEN, FUo2BEE P OHHOOME
¥ T 5mm OEEEXH D, VTV U IBIREKE
RyBrONBEEBIET I, XFICEBEINT
WAB, EE BEHB 2O EARMN 1L OBIT O,
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3, BEAMERBERECIYVX#E»OBEEETOE
HEFHAL, ZromEanbUELTALNABIS
722 o T3,

71.2.2 —REHFEK

U THNOBENLERLERVE UV RO
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Profile

Concentration Yllage Hatch % P To Vent Post

Velocity
Profile

From
Refinery |

7
A

Y Nitrogen

Benzene (Gas)

| Benzene (Liquid)

B —26 % 7 NELEDOKAR

t : IR (sec)

D : TEBRE(ms)

z : BEFAE LA X CHE LIRS EFOEE(m)
c : BE(pm %)

¥, BARARER

c=c, @ 7250 ,c=0 at zFoo (2)

LLT, ZOMBIRDESILRD Y,

c=c f-ef @}, & =72"57 (3)
erf(g) = —‘Tf_t_—j: exp(-— xz)dx (4)

Z Z CHF AR SIT ., Chapman-Enskog O E iR
o8 Fix MFIME c.iX Antoine ORS)
LY RD*,

7.2.3 X#HEDBRAOER

(Zy 7RRAMEOZRENRBROKE %
M+ 5-DERORBPAER L FAK. ZORE
NERVEUVERERL TCHEARALR, EREICBITS
Er 2 NORFAAEOREME HERERN (B—-25 0
BRNESHOREZRELTHEOENEHEBL
o EBRFERIY. BMERHIBBEOCHARBEFMHIC
#EATT 2 —RESFHBIZHN, BEXELS 22T
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KBCMMLIFTNICBEINTY U780 ~HHE R
2rEZLNE, RALVBVVMNBOREIIXRHD
BEIVEVWILEHALLTHY ., ERE L HFH
BICL2HEELDEZEEZRT LIRS, 2T
BHENZBEOMBLY RHFICHYT S =U TiEA
<. fERKS 2RWVWT. =U L LT, L 0EEh%
EFNMAE LT, B —27T ZIHERE, BHOdOF
¥—hThHD, BBIIRERIEZY U I7HITRL
7o S/D; AL VA I ARE Re lIkAIC LD HEA

Pr—

179,

Re=Vs,_ UVN (5)
v BEROEREMEAE(mYs)

L 27 KEHETORNARE S(m)
VSL : i&ﬁiﬁ-ﬁg(m/s)

BXRFIHEBIELL, KB (FU7HNBE) AV
TR6)(D,BNLHEH LT,

V=N /PN (6)

32
Hy =17.6x10°° 397 | Ts (7
T, +104 [\ 293

(8)

_M, (213
Pr=d T,

(1
(Y
A

Uy @ BROMHESAEPa - 5)
T : Zr7NEBREK)

py BROBHE(kg/m3)

My : ERD45F (28 g/mol)

X —-27 DLIRTERTLERDOK ST 5,

, 0<S§/D, <0.55

¢=08 9
¢ =m(S/D, —-0.55)+0.8, 0.55<§/D, <1
m = -13.7Re 0632 (10)

MEREEAVWT BROCKATREZISRA
S BRB)D 2 WRALTHHRELZRD 3,

Zpp =CU (1D

B1& CPER134E)

s
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7.2.4 ZEmtoIhokE

EAAZONYIEEHSEWEZDIC, &ELICEN
BEL, ZOENICI IRV BV RAOER., HHK
BHEEIND, TOEBCIVEBRENBZZL A
BEAMONCVECRESHIT. FISHOXFED
BROBBLIIMITHEILELD, 22T, o
FHBAEICEBEOENIC X 25 7= 2 AR B &
A, B NBEFM~NERTISNVECTRAOR
Eofix8H+3FELRT, ¥
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ERUCEUVRESHOREBEXBAL. BE LD
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MLBII =R TOEBEE L 2 HEETH S
B, WHEMICHLT I -DFEEFA~D—RITILE
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BIIFsilhoxxr¥F—2kAick kb3,

2c* 7'
k =k, exp[— J 3 T] (12)
1 A,
%:E@J&Y&q (13)

Z T,
koo EOE D (EBY) = XV F —(m?s?),
Z VI BERCERARFONESR LM E
D FEEAE(m)
! : HHEFEE(m)
Ly : 22 7&&(m)
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DYHICEBLETO M=% AWV3, BRKiZ. BK
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