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Abstract

The exhaust gas that contains a variety of toxic substances is discharged by combustion of fuel in
a marine diesel engine. The toxic substances in this research are Polycyclic Aromatic
Hydrocarbons (PAHs) and metallic components (P, S, Ca, V, Fe, Ni and Zn) which are contained in
fuel. Some compounds have been identified as carcinogenic, mutagenic, and teratogenic. Toxic gas
component is presumed to be different by used type of fuel and engine operating condition. Then,
exhaust gas from two types of 4 stroke marine diesel engine is trapped in resin, teflon filters and
quartz filters with various of fuel and the sampling system. These collected substances are
analyzed by GC/MS and XRF in order to detect toxic substances in exhaust gas. Therefore we
verified the relationship between toxic substance emissions and the engine operating condition.

The results show as follows

1) Low- molecular PAHs in gaseous state were trapped in the resin. On the other hand,
high-molecular PAHs bound to particulate matter were trapped in the filter.

2) PAHs emissions were highest when the engine was operated at 25% load using Heavy Fuel Oil
(HFO). Highly toxic PAHs were also detected at this operating condition. PAHs from exhaust
gas using HFO were more than those of Marine Diesel Oil.

3) We compared the exhaust gas components with the lubricating oil components, because the
components not included in the fuel were contained in the exhaust gas. The result suggested
that the exhaust gas components not included in the fuel were from the lubricating oil
components. )

4) It is necessary to carry out detailed research about lubricating oil and verify the
relationship between the lubricating oil components and the exhaust gas component.
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OBEEHIZ OV TR EIToZOT, ZORKERIC
SWTHET S,

2. EBRAE

2.1 A RBESE
AEBRCTHIAEZMETHOIBERALET 4
—¥rzrPrik, FREORAZZ 2EBEOMA
4 A —20F4— L P ThDB, FNRFE
ooy YVrofETesR 2.1.1 IRT, eVAD
HEERIX, T3R8 2HERALT =Y
ZRARE 25 %, 50 %R 75 %ARICEREL
TEBLE,

£ 211 F4—CIBEOHK

TUUUEE TUPUVA| YU B
Y FE (mm) 190 230
Y F TR (mm) 260 380
UNZ L 6 3
R KT (kW) 750 257.4
55 EER K (rpm) 1000 420

AERTIE, EMROBMTHIHEY AHRICE
FNTVWEEEEH RS ETRA I~ 757
RSB (GC/MS: GC: Agilent6890 series,
MS: JEOL JMS-GCmate I1) & UM 5 4 #0530 5t
X ot E (XRF: X-ray Fluorescence
spectrometer, ZSX100e, U 4 7) ZHWTHH
THEDIZ, TNFROSHFECRLELEZS
ECHT R 2BELE,

X ZAOMEIZ, X211 ERTEIIC=Y
U LOPFETAOHERE LTS S
0—7RFALT, T RAO—EE2 %3]
L., BEARR 10 EOFRERE (VKL-10E,
PALAS) i W KR ERE LRI, T ub
NE—CERB LT A NVEETIToT, Y75
—i% 50 L/min O—EHRETEKSIL., EhEhD
HHRAERET AR, 74 VEPBEHEEY LA
WESICHERBZRELE, MELZHETAHE
BRI, V- ToBEREH A
Wiz,

P TIANRNVET—CRET D74 VEIE, £D
BIZAWAIHEEBICL - TR S, PAHs 2 8IET
572D GC/MS OFE. TRV T —DH]
FHT AR OB ELHET 570 PTFE
7 4 V¥ (Teflo membrane filter, E#& 47 mm,

FL£ 2.0 mm, Pall) # AV CTHE %17 - 7z, PTFE
TA4NEIE, BEIEHEFZAR, KKFT D PM
(PM2.5) OFBEIICAVWHATEY . ASTM @
D2986-95A (Z¥#E#HL L TW5, PTFE 7 4 VL # i,
HBRABCEREZHAL, HFohRBRAEZO T
ANVIERENOCHERZEH L BRI,
BECEEB»R/IBICTEAED., FRCRE
25 CEUBE 50 %ICRELLERERBEBEN
(PWS-80NF, Hm &ALy 7)) IT 12 B E
BELEZ%, I/70BFXHE (MT5, A +5—1
LE) ZAVWTERELE, 61, KRREAE
RCHBESFOHE T, PAHs 37 4 VX HE
INBHOET TR, FARDEET A NVE %
WIEBTDPAHs bHEHET HZ ERMBN TV 19,
FD®, HA{L L PAHs 2 HETHH8IEE2 7
ANVEDOEFIZHRBEB LT 2EBEBE T ARHERIT
o7, PTFE 7 4 V% O % 51213 XAD-2 #tfg (4
N ) ERBELREMELIT . B, BB
Y v AL —HHERE (B-811, BUCHI) T
ERiicYrsuonu A Z o TUEEITo 72, REHI.
FERBEICOEX 2REMBELK,

N£E10 mm
| #4212 mm
A ‘1 h FRTT—
- (45 L/min.)

BTN —

211 HARAHBEOH

—F., e AFOBEEESRBR T E T 572
»® XRF AREBEROBZEICIX, P rFn
F—IlZ/mET7 4 VF 21 (Model 2500 QAT-UP,
HHE ¢39mm, Pall) 2FRE L CHELZTT- -,
HWEBBRIERIIZORE I A NV F YA 7 0F
FTRETEEZITV, 1 HBOERENS 2HE
B LTHW:, BEHI, S&BICo% 1 BEH
#£1L,

AP ETCHWEFEHRMORR 7 4+ V&% D XRF
DWRERER212IERT AET 4 MV FHITIT,
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Al, Ca, Fe RKUNi 2V BEHT AT TRMY
DOV T, REFPOBBERFIRDE OB BI%
WCHEREEORN DD, EEL BEHLEERT 4
NEFANAL U E—"ERL TR DIEE RN
S BEOREEZIOTVWI DL, ARET
BREETANVEZ 2 2RERTERLE,

®2.1.2 ERWMOEXT 4 ILE D XRF 2

C 1.06
(0] 54.7
Al 0.02
Si 442
Ca 0.00
Fe 0.01
Ni 0.00

2.2 ERL-MHHm
ERTHEMLBREMIX, —RICHMA L LTHE

AIhTnws AEM,. CERMEAUEB, YRI5
BEWMOREBRELLE LTHEANYFIN DA,
N— L, BEAMKE O BDF(Biodiesel Fuel)® 7
BETHD, TV ATOHENABERRICHE
ALZBREHI, AEHERVCCEMR, =Y BT
DHEH AHEERITHER L2BREHZ, A EHW, C
Hi, EEm, X— 2, BEARM, BDF R UEH
Thd, TNThOBREME JISKICHE S
FHEREI-T—RERRBREITo L ERE2 £
2213 F, £/, ThENRORBFDOEBRY
ZOWTHERE T I RIS HIHIEACP:
Inductively Coupled Plasma Atomic Emission
Spectrometry)iC L > THH LR EE 2.2.2
WRY . ERENOREN AT IZHEF D 5547 RS
ko TiThbhik, 2k, XM, N—LHITAR
ALLTHBLTVWAHOTHY ., ERBIZERN
OEIREEZEHHGEA LKL, £/, BDF iXEIR I
EEAMEBLB LAFAIATALERE DR
HEMEEIGHEALLZ, SHICAEH. CERK
CEHIBEOAMBARTEENOEALL,

£2.21 ERABREAO—RMER

R g AEWAEM CHEMC CEM ey c—sm gsgi BDE g AHEJ7E
FEE(15C) kg/m3 866 874 972 974 922 916 923 885 822  JISK2249
BFEE(S0C) mm2/s 2.5 2.4 176.8 1823 252 28.2 23.7 3.6 2.2 JIS K2283
it Py T <300 325 25 75 -15.0 7.5 15 2.5 225 JISK2269.3
CIP= c 88 86 106 122 243 269 236 169 66  JISK2265.3
A5y wt% 001 001  <0.05 0.00 003 003 011 0.10 - JIS K2275.4
BERE W% 003 004 1230 1190 033 021 034 003 1%& JIS K2270
[R5y wt% <0.01  0.00 002 001 000 000 000 0.0 - JIS K2272
TARZy AT wt% 002 025 332 515 017 0.2 022 026 - IP 143 Bi%
K425 vY wt% <001 000 <001 000 000 000 000  0.00 - 1SO 10307.1
WRBE  J/g 44876 45007 42759 42760 40750 39390 39450 39700 - JIS K2279

CCAI (BtH) - 825 836 849 843 820 812 823 - 799
x UK - 44 - - - 34 41 37 56 59 JIS K2280
C wt% 875 868 871 859 774 764 712 765 854 ) _ )
H wi% 129 125 107 110 12 119 117 123 14.2 ﬁﬁiﬁﬁg?
N wi% 0.1 018 028 026 008 025 0.1 0.14 0.1 | ParkinElmer
2400 II series

o) wt% 0.6 <25 <03 <25 107 115 11.1 107 <25
S wt% 017 006 208 214 001 001 001 001 000 JISK2541.8

(114)

NI | -El ectronic Library Service



Nat i onal

Maritinme Research Institute

B LEEINELMEREsE $11%E F25 (ER23EE) EFfRX 45

%222 ICPHFICKAERABKMAPOEERS
> s
ﬁmﬁg/ﬁfgﬁ (:nt%“ﬂim (::/%%B) (I(‘:/%?EEA) (Ic‘/%ﬂiB) RE S hW BERM BDF
Na <1 <1 16 9 1 1 1 1 -
Mg <1 <1 <1 <1 <1 <1 <1 <1 -
Al <5 <5 <S5 1 <5 <5 <5 <5 -
Si <5 <5 <5 <5 <5 <5 <5 <5 -
P <5 <5 <5 <5 <5 <5 <5 <5 -
Ca <5 <5 7 <5 <S5 <S5 <5 <5 -
\' <1 <1 32 32 <1 <1 <1 <1 -
Cr <1 <1 <1 <1 <1 <1 <1 <1 -
Fe <1 <1 11 9 <1 <1 6 2 -
Ni <1 <1 19 22 <1 <1 <1 <1 -
Cu <1 <1 <1 <1 <1 <1 <1 <1 -
Zn <1 <1 1 1 <1 <1 <1 <1 -
Mo <1 <1 <1 <1 <1 <1 <1 <1 -
Sn <2 <2 <2 <2 <2 <2 <2 <2 -
Ba <1 <1 <1 <1 <1 <1 <1 <1 -
Pb <5 <5 <5 <5 <5 <5 <5 <5 -
23 A RPEDDAWEE
2.3.1 PAHs O R U A5 L
HERNSE LTS PAHs i3, K 2.8.1 IR KE
BERETHIRNCELEEFREMEL LTEELT Nephthalene
W= PAHs16 MEZ xR L L, £lo, ThH O ™
PAHs OHEREBM T LIC /A —T B Lk b &j &j a0 v 00
DEK 2.3.1ICTT, e Ph -, /

£2.3.1 REXROD PAHs
_BE tava ek SFR EB(A
_@ Nephthalene | Cifly 1282 128 _
@  Acenaphthylene CHg 1522 152
@  Acenaphthene CppHyy 1542 154
@ Fluorene CisHp,p 166.2 166
® Phenanthrene CiHyp 1782 178
_© Anthracene _ __  Ciflo 1782 178 _
@ Fluoranthene CigHyo 2022 202
Pyrene CiHyp 2022 202
©® Benz(a)anthracene CisHy, 2283 228
_® Chryene _ ___ CuMp 283 28 _
@ Benzo(b)fluoranthene CyHp, 252.3 252
@ Benzo(k)fluoranthene CyH;, 252.3 252
@ Benzo(a)pyrene CypH;, 2523 252
@ Dibenz(a;hjanthracene | My 2783 278
@® Indeno(1,2,3-c,d)pyrene C,H;, 2763 276
@® Benzo(gh,iperylene  CppH,, 2763 276

PTFE 7 4 V& (2% & h - 3sHE i 3 a8 g b

M (ASE100, DIONEX),

1t AR

ICHE IR

B Y v 7 A L —HiHEEZ AW T PAHs O3

o1,

FhboMmHEHEE2K 2.3.2 12T,

Cd‘

Fluoranthene Pyrene Benz[a]anthracene Chrysene

128

{

Benzo[b]fluoranthene Benzo[k]fluoranthene Benzo[a]pyrene Dxbenz[a,h]anthtacene/

0 Q
SeouN 00 d
HEHL7-RABE Y B 5T 5 (InertSep Slim

Indeno{1,2,3-cd]pyrene Benzolg,b,ilperylene
Si, GL /4 = R) THREMEREL, ~FH
EO3%7 & hr-~FHh sk PAHs 2 H &
¥, BHSEERBKIX, v—% ) —x A ARV
— X —FOERTCEML. GC/MS IZ LY PAHs

S LTz, ot AE%REIX, PAHs16 HEIE
& = ¥ 7 #® ( TCL Polynuclear Aromatic

2.3.1 PAHs O#E
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Hydrocarbons Mix, SUPELCO) % B\ 7=,

£23.2 SWEFERECKFEOMHEEH

i F ik A BRIE
o VA I Y 100°C
s £ 1500 pai
VA% 2
77w aR 60%
FREfE 20 53
HH vrZunAF L 30mL
Vw7 A=A 7 B R 5
Eiitfanke b HH B 16 FFRE
R YruanAF L 200mL

2.3.2 ERAESDIHAEE

FET AN FCHBELLRBOEBR Y
W HHEE LTI, ATLENEELR XRF 547
ROV, $EV AR XRF SHr e LTk, O
HEFERB LA VW-RERZLIER, OHFE
FP 3 (Fundamental Parameter i£) \{Z X 5 E&
D2EY ERELE, O, EEEEREE AN
TREREZIER L. EHFELRICLI2BRINBESCE
RO BEHETHZ L CERMNTEHET
HD, BEEERBIOMESOMZER AP
—ENOREINTNDHR, BIN - Bl ICEET
Z2EROBRELXHEELZDBAICERFL TV 3 ERE
HRABEZRI D LITEELY, —FH., @ik, XRF
SFTEBICMABETSY 7 FEFERAL, Xt XRO
HARE L HERBENE LI RPLOLERERL
RODHFETH D, BimiRE L, XRF 5o @k
AR THIEAAR, EREOT7 7T AV
BNNRGA—F (HEEK) . FIESRENOHEX
., EERBEZERATDI LR BEST R THE
ThHb,

%233 XRFOREEH
R E AT PEH 234
HEK Rh Rh
S AR (mm) 30 30
ST RBHR He =g
SRR Ka Ko
BTEEWV) 30~40 30~50
BB (mA) 30~65 72~120
Uy fastr SC, F-PC SC, F-PC
3y Y6kEds | LiF1, Ge, TAP | LiF1, Ge, TAP

AMRTIE, RERICKDEREZITO DI,
RO SBRAFEER THEMCFHRAMOER
ST EATV, EE FP B X 5 ERMEORIEEAT
HME LB XA E®RHB

(I (N
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(MICROMATTER #)i% Mg, S. Ca. Fe. Cu.
In KU Ba T, 2N RERICEZEESIT
EITo#ER S, Ca R Fe kL., #E FP
HBIZE3S8, CakUFe DEEMEE F—F—p—
BLEZEPbARECHIEE FPIECLAER
FHEEEBLZ, 28, XRF oW ORI EEEF
2.3.3 (2R,

2.4 BHABARURABHORSSFHE
2.4.1 PAHs O R U S H %

BE PO PAHs * EBESHT T 570, ERICHE
HALERE AEMERCEM) 2~FH L 25E
WELUTHRL, eV RRABERICT Y I H T A
WX AN ZIT o=, BILE%IT- 3%
1X. GC/MS iz kY PAHs #HlE L7,

2,42 SRESOPHAE

REPHEBMO L 5 ikl %: XRF THHT S
e OREFIE X, A2 WmBELH () V¥
B, 5FX : CisHze03) T2EHKRL, A1 AN
ALV ERMERL, 2BKRO LIcRBELEZ Al
Vo7 b R#Ey— MLV BARET S, BREL
TeREZ VT FPETHNT 505, BB HRITE
BRI EZL Bz, Sk He FEK TIT
ofc, T2 L. He ZEKFTHH LD, R#
V=FERAVWEDVTEEDP LVBO TR, K
HXBREEORENREVWZDSFARTARTH S,

OCEm @ HiliFRRERN

5 T T
y = 1.0361x + 0.1557 o)
R? = 0.9334
4 L (o)
O
3§ @
g3
o O
it o O
2
Lo
o
>
1
0
0 1 2 3 4 5

—RetERAER S BE (W)
241 CEHMO—BHIRRBREL XRFO SEBEF
S I ERES TR A5 BE. S BE
OFRMORBREHIX LT, BEREMZR S FmA
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(CsH18S2. 96(mass%)ZHEM L THir T HiE%#

WERS Y, S BERE Tk, S HMA % &
LEREBNL SEREOREREERLTCCERD
ERBEITH, ZOHET, —BERERRETSE
EARBEHO C El(—BHRARMIX., ICP-AES
BILEB)0 SEELZHE L T, —RERRRER
CREMZELEOEERB LB LEZBEREHN 241
AT, RPICRdTERADOLSIEEA 1 L2
Y UHFETHINRARETHDL Z & 2B LT,
¥, EBRRSEMRICEAL TR, "7 FP T
S EAT o0, BREMOST TIIELILIER
A D EBBAMEIZ 100ppm DA —F —ThH D 1=
H, —HOBRBMIBELTEBRTOBRREEL
LT JIS K 2272 (B & OVG M EBL& 0 JK 73 A Bt
MICHBRIK DR IR E SN B IR GRBREIT V.
F0REBYE XRF o452 &1LV 1ppm
— X —DEERDT, 728, XRF ORIEFBITR
2.3.30D¢BHTHAB,

3. AEER

3.1 %R

NRBEL LS5 PM OFBIFEX
JISB8008 (ZHEENTEH, PM iX TA@E L%
B RER T, —RFET7 4V F OERNIZBWT,
315K(42C) % 8 % . 325K(G2C)LL FETHRL -
b, RODNETANVT LITHET T
TOME,] LEFESN TS, PM 27+ 50
1%, Soot. SOF(Soluble Organic Fraction),
Sulfate ® 3 DI HET 5 Z L BE LV, Sulfate 1T
REFOMBROPOER SN DIMBERLY.
SOF I3 PM b AMEEEctl s h 2 BBWE.
Soot IZIEKR L EN T3,

EMBETEHBL TWREETATORSBEOR
£HEIZ.ISORJIISETHEENTWVS PM
BEIERENA2HERER, BET AV FRUHR
REL IR TVD, B, FREHR 10 FoO
FREBLHEALLZDBEOPMBEFIELY
bE< ., HEBROHEY ABENEE O PMBET
HESRTWAREELY BIESR->TWE, £0D
7, HBETTREINTWAHIBEELRBETTD 74
NMELECHEISNLEHE=PM] LiZ. AHED
TANFETREL-DEIIBBICIZIRERD, #
ST, JIS \BITHR-> THALEEKR LS E O
BRRE KT S, KBXRIT, BERE. HOIK
Ve AMEENOHEM Lz PM SFHER%KD
(7 ANV ZHEMPHE] LT2,

TPV ARV BOZRARICEBITS AERK
CCEMBOZ 4 VHBEDPEHELR 3.1.1 IR

T, AEMEOCCEMMEIC, 26%AHRKIEL 7
ANVIHEERFL ., BAWIRDIToWTT 4
NI HEYPHENRT I 2EHREZR L, =
DU BICRITA AEBEHMTO PM PEH R 1813 25%
AT TH 0.12 g/kWh, 50% & TH 0.082 g/kWh,
T5%AH TH 0.095 g/kWh TH VY, S EFEI Lz
BHBIFRELZE LEEZ TIFTW57D,
HERIGE 2B LEBLZONEN, HEELTK
VWIS TWVWD, PM BEHFEIX, R—= P
TORRTIRH I, A—BE. RA—FEXEH
TOFRETIHALEVWED, SFHEBERRERZ > TV
HAREMII B ETE WS, ARICH T 2 BmiE
BFE-BLTWS, > T, AERBERIZIPM &
DHEMBOLBRIZITERVWDE, AWOREZ D
HxtH L kBIITETHIEELILND, =TT
VARV BEREEBTAEI VU BOFREA
MTTANTHEDEHEIRE . FIC 25% AT
T, BEZEVWRRERATWS, LML, =V
PUDEVEVHLAMCEIIBVOEFRKREL,
SEHHA LI P LA ERTHEMAIC/NE
WEEZ2B, PTFE 74NV Z L EE T4V F & ]
BIDHE B5%AMTETOEVEHDLIN TN
AZBLTIR, =Pz VAR S
RERBWIRWD,

1.8

€ | [ @ Engine A PTFE Filter

ﬁ) [ Engine A Quartz Filter

% 12 [ DEngneB PTFEFilter | N
E I Engine B Quartz Filter y
£ i Z
i .fz
# 0.6 ?«’
£ f‘ef’
X g
3 :‘/‘J
R 00 7

75
A CEH
XM KR ORa e AT

E3.1.1 AACERTOIVI A BOHHE

42— PO PMBEEEREZREEL
WETIH.CEMITIAEMD 8FEED PM HEH
RTholtBEOENRTWVWE, AEROT VY
YARZBWT, CEMERIE LIRS, AEN
LV 14.315 (RET ANV F ORI/ T5%EATT
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