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Analysis of toxic substance in emission gas from marine diesel engine
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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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ERBRIT, BT 2REZHEH LT, =Y
ZHHEE 25 %, 50 %K TN 75 % ARICEE L
CT3Ehi L7z,

® 211 T4—EILEEDHE

TV ELE TUVVA| =V UB
LU PE (mm) 190 230
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AENTnad A EM, CEMEOEM, WIS
BN OB E U2 HIFE S 5 38 mm,
oX— Nl BERH & O BDF(Biodiesel Fuel)®d 7
HE TH D, =P A TOHED A HE IR
HUEBRENX, AL CER, = BT
DOPET AFHE LRI A L2 kBHE, A Eil, C

Hh, A, S— LG, BRI, BDF & U

=nd o VAN
R2.1.2 RAFMOERT 1 L5 O XRF 5347 T D, FNENOMEE JIS K I E S R

JroT— ﬁ$1%§ ik Ji/)f*ﬁﬁ‘@%?i?@ﬁ%ﬁ,\o f:%%?i\%
mass% 2.2. 11T, £, ZNENOBE O 4Rk

C 1.06 WICOWTHERA T 7 X~ 0 e n ik dCP:
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Al 0.02 Spectrometry) 2 & > THH L7k A2 F 2.2.2

Si 442 WRT . Z AL AV ERERE 3 AT 1L FE T o 43 BT # B

Ca 0.00 ko TiThni, Zoi, XEM, S—2liETR

Fe 0.01 HALLTHEBELTVD LD TH Y, FEAIMITEM
Ni 0.00 DOREINEFELBIEA Lz, £72, BDFIZFEIL S
FREEMBPLIELAFLAZATF UL ENRTELD
HEZENOHA L, SHICAEM, CEHBK
ORI oA S I BT DA LT,

2.2 ERALHMMH
FEERTE A L2, — RIS & L CHE

£2.2.1 ERABEHO—RMERK
apmp owig AW AR CHMC CHI gy s pefein BDF W ARSI
BRE(15C)  kg/m3 866 874 972 974 922 916 923 885 822 JIS K2249
EFEEE(S0C) mm2/s 2.5 2.4 176.8 1823 252 28.2 23.7 3.6 2.2 JIS K2283
it BN A C <300 -325 2.5 7.5 -15.0 7.5 1.5 2.5 2225 JISK2269.3
Flk R C 88 86 106 122 243 269 236 169 66 JIS K2265.3
K5y wt%  0.01 0.01  <0.05  0.00 0.03 0.03 0.11  0.10 - JIS K2275.4
FERIRFE wt% 003 004 1230 1190 033 021 034 0.3 13/;9;;33 JIS K2270
R4y wi% <0.01  0.00 0.02 0.01 0.00 0.00 0.00 0.00 - JIS K2272
TAZ 7T wit%  0.02 0.25 3.32 5.15 0.17 0.2 0.22 0.26 - IP 143 Bik
RIAL 25w wt% <001 000  <0.01  0.00 0.00 0.00 0.00 0.00 - ISO 10307.1
FaFE B Jlg 44876 45007 42759 42760 40750 39390 39450 39700 - JIS K2279
CCAI (FtH) - 825 836 849 843 820 812 823 - 799
& R - 44 - - - 34 41 37 56 59 JIS K2280
C wt% 875 86.8 87.1 85.9 77.4 76.4 772 76.5 854 ) )
H wit%  12.9 125 107  11.0 12 11.9 11.7 123 14.2 7(chn\%j\(d)gir;r
N wt%  0.11 0.18 028 026 008 025 0.11 0.14 0.1 533§?ﬁ£:§1
o) wt% 0.6 <2.5 <0.3 <2.5 10.7 11.5 11.1 10.7 <2.5
S wt%  0.17 0.06 2.08 2.14 0.01 0.01 0.01 0.01 0.00  JISK2541.8
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®222 ICPHMICEEERABMBMPOEEAS

S AN 3 3 3 3

Na <1 <1 16 9 1 1 1 1 -
Mg <1 <1 <1 <1 <1 <1 <1 <1 -
Al <5 <5 <5 1 <5 <5 <5 <5 -
Si <5 <35 <3 <5 <35 <3 <5 <35 -
P <5 <5 <5 <5 <5 <5 <5 <5 -
Ca <5 <35 7 <5 <3 <3 <5 <35 -
v <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 <3 <35 <5 <5 <35 <35 <5 <35 -

2.3 A RFED DA E
2.3.1 PAHs O R U A%

MERE L+ 25 PAHs &, # 2.3.1 IZR$KE
BRIBEIRE)T DN RN E R R E L LTHEEL T
W7z PAHs16 ME A x5 & Lz, £/, Thoo
PAHs o4 BB i r—75F L
D &K 2.3.11257-7,

£ 231 BIEXTR®D PAHs
&5 LEY4 tEX R F=E ETE2AF

_ @ Naphthalene __ ~_ _CiHs 1282 128

@ Acenaphthylene CpHg 1522 152

@ Acenaphthene Cj,Hyy 1542 154

@  Fluorene CisHy,p 166.2 166

® Phenanthrene CiHyp 1782 178
_© Anthracene _ ___Cilo 1782 _ 178

@ Fluoranthene CieHyp 2022 202

Pyrene CieHyp 2022 202

© Benz(a)anthracene CisH, 2283 228
_® Chiysene ____ Cyflp 2283 28 _

@ Benzo(b)fluoranthene C,H;, 252.3 252

@ Benzo(k)fluoranthene  CyH;, 252.3 252

() Benzo(a)pyrene CyH, 2523 252
_® Dibenz(a,hjanthracene _CpoHyy 2783 278

@® Indeno(1,2,3-c,d)pyrene Cp,H;, 276.3 276

Benzo(g,h,i)perylene CypH,, 2763 276

PTFE 7 1 /v & IZHi$E S 4072 B0RH & &) 8 1 i
HiE (ASE100, DIONEX) . HHiRICHifE Szl
BHE Y v 7 A L —HiHiEE T PAHs O fifi i 23
T 17, 26 OMH &M% % 2.3.2 1287,
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%25 (PR 23 45 il 45
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~

/

4IR
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Fluoranthene Pyrene Benz[a]anthracene Chrysene

Benzo[b]ﬂuoranthene Benzo[k]ﬂuoramhene Benzo[a]pyrene  Dibenz[a,h] anthracene

Benzo[g,h,i]perylene

Indeno[1,2,3-cd]pyrene

2.3.1 PAHs O#EER

i U7=sehiZ > U 2 7 Z A (InertSep Slim
Si, GL ¥ A = R) THHMEREL, ~FH
KO 3%7T & br-~FHh 2 LY PAHs I =
Wi, W SEERRKIL, n—4% Y —= K1
— X — L OEF N TEM L, GC/MS |2 X Y PAHs
ot Uic, i AR MERK 1L, PAHs16 WE IR

A % PR i ( TCL Polynuclear Aromatic
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Hydrocarbons Mix, SUPELCO) % 7=,

£23.2 SRFEHERECKFEOHMHESEH

fhH 5 % HH RE
1R IR A I HTHE 100 °C
fihHiE T 5 1500 pai
AT NE 2
PAAER 60%
EfH 20 4y
Fh A i Yrwun AH L 30mL
Vo 7 A L— A 7V R 5
FhiH il HH B[ 16 R
Jih VA A Prwanm A4 200ml

2.3.2 EBRADAWMAE

BT 4 VB BICHE LR B o &R & 0y
Moo hHEE LCiE, BITAENEEZ XRF 54T
W, 7 AR O XRE 45 e LT, ©
AR MERUR 2 W o I K D E R, @
FP /£ (Fundamental Parameter #5) (2 L 2 E&
D21 EE Lz, Ok, AR 2 H v
THREMR Z R L, A0 X D BRI <0 5
LEOWBEMET L2 CEEDNT2HET
b5, HEEERENI A EESLFRE A — D
—EN BRI TV AR, IR - FhZic R
%4 B DR JE A 3l 7R P ISR FE LT B AR
B 2R 22 Z EF#E LY, —5. @1, XRF
OHTEBEICAHRT DY 7 PEERA L, 8L X B0
FHGRE L HERMENFE LI D LHICEARE
KB FETH D, BEmRE L, XRF 58 o &
IR RTHLEHRILHE, BILEDT 7 o H A
HNNT A= (WEEHK) ., WERENOEIR S
. EAERBIZEHT 5 2 L BEIHT ATHE
ThD,

%*2.3.3 XRF DBIESEH
WL S b7 HEAT 255
EER Rh Rh
Sy BT (mm) 30 30
SIHT IR He =
SRR Ko Ko
EEEWV) 30~40 30~50
FEIE(mA) 30~65 72~120
T R SC, F-PC SC, F-PC
SAEes | LiF1, Ge, TAP | LiF1, Ge, TAP

AKHFZETIE, BMERICL D2 TCEEZITH DI,
K D 42 B 78 FE HE R C H AT I P BB O E
N &2 ATV, HERE FP MBI K A E R AE O MEE 21T
>, ME L& B RS MEER B
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(MICROMATTER #£)IZ Mg, S, Ca., Fe, Cu,
In kO Ba T, 2NOMLLRBRERIZLDTEESHT
ZITo 725 F S, Ca ¥ Fe i L, #fE FP
B2k 2D S, CaM O Fe DERME L A — X —3—
BLZZEDDARMETIHHER FPIEICLIEE
FiExEFER Lz, 7B, XRF 94 0 HlE &k 2 %
2.3.3 1T,

2.4 MEMBEVCBHBEBROKRS HTAHZE
2.4.1 PAHs O#IE R U2 A

BREFR O PAHs 2 E & AT T 2720, FEERICHHE
ALk (ABREMEOCEM) 2% 25
Bl LCAIRL., 0 ARBFEREICS U D T L
2 X DM RTAER 24T o 72, BTALER 21T - 72508k
X, GC/MS 2 LY PAHs ##I7E L 7=,

242 EBRADAWMAE

POBHOIE I O L ) ik %  XRF THNT 5
7o OB X, B2 mEA () U2
. 7R CisHs603) T 2/HA ML, A A LN
AWK VEFBEE L, @REO LICEE L Al
Vo7 bRy — M X W mEIRA T 5, RIE L
Tl Bt &2 L7 FPIETHN T 525, BABHTIK
Wy &% < Giel=d, HTiE He R A TIT
>7, 7272 L., He REIHFTHI LD, i
Y= hERWZD T 520 P LB ILHEIL, #
N XBIREDWEN RKRENWTZD SN AARETH 5,

O CEHM @ HMPRIFEN

o I I
y=1.0361x + 0.1557 o
R%=0.9334
| (@)
4 o
% (o}
g3
1 O
i o O
® 5 X
[T
o
>
1
0
0 1 2 3 4 5

—RHEIREAER S BE (W%)
241 CEHMD—ABRMEIRAERMEE XRF D S B E
S MAICEREYY Tl EITo%A. S IRE
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(CsH1sSz2. 96(mass%)) Z ¥#AN L T oy#r9 5 Hm e

WINERH 0 . S RENE TIX, S BNl um
LB s SEEORERZEMRL TCEMO
ERmEITI ., ZOHET, —BEMERERBRET SR
FERBEm O C Bmil(— MR E X, ICP-AES
FEICL D)0 ST ZJE L <, — MR B E &
AP OEERE & L2 RE2 X 2.4.1
g, MR TEIRRO X5 I En 1 &7
D HMEFETHOMBARETH DL Z L 2R LI,
Flo, @BRSERICEL TIZ, Sy FPIET
T ZAT > 123, BRI OS5 TR S h b &R
&5y D EBERAE X 100ppm DA — X —Th 5 7=
B —EEORNEHIICE LT AR ORI &
L C JIS K 2272 (JEH K O i B o JK 73 550
N RRER IR 23 3 ICHE S B IR B 217\
DR E XRF o+ 22 212K Y 1ppm
—H =D RO =, 7B, XRF OWESMITE
2.33DLBVTHD,

3. BIEMRR

3.1 HEE

WEER 22 S HEH &b PM o #H1 F 4k 1X
JISB800S IZHEXNTH Y, PM X A L7
TR 2R T —RIAE 7 4 L Z DERIICE VT,
315K(42°C) & #8 %, 325K(52°C)LL F £ THAWR L 7=
HER D, ko7 o v BICHET LT
TOWE, ] LEXZENTWS, PM 234 2 1
\Z1%. Soot, SOF(Soluble Organic Fraction).
Sulfate ® 3 22T 5 Z LN %\, Sulfate I
B DR 5 2 S AR S D i E ALY .
SOF 1% PM 72~ & AHEIRHE CHith SN 2 BHEWE .
Soot [FFER & S TWD,
ARWFFETHEM L TODBPET AP ORI WE O
FLHEE, ISORJIISETHESINTWD PM
LICHEH IS mHEEE., fE7 1 V& KOHR
KL L (TR > TS, B, HIREN 10 £
FWAEBAEH L2 0@s o PMAESFIELY
b < HEROPET AR @ O PM i T
HESNTVWAHRELY HIKLS RoTWVE, TO
o, HETRENTWARESET T 7 4
N EICHESNTEWE=PM] &1L, RWFZED
T4 ETHELTEMEIIREIII R D,
ST, JIS BT - THIMI L 7255 1 & 4 o &
WFE R AT 5, ks, MEE, HOK
O A RSN HE B L7z PM e R FE O
(7 o VEEDPENE] T 5,

TV ARDBOFAMIZEIT S A Eil&
W CHEMOT7 VX IHEMIEHEEZK 3.1.1 128

T, AEMEOC EildC, 26%AFRENRD 7
A VEHERNE L, BAWMICRDICONTT 4
A EWPEHENME TS 2 mAE R~ L, =
U BIZRBIT D AEMTO PM HEHE#E 191F 25%
AR TH 0.12 g/kWh, 50% & #f TH 0.082 g/kWh,
75%Fff TH 0.095 g/kWh TH Y . AEFEIL 7=
PEHRII AR EEZ @< LIBEZ T T b 720,
MERIIELS D EEBLZLNTEN, BEEL TR
VMEIZZ2 > TWWd, PM HEHESRIE, Fl—=r v
TORMETIEH D0, F—E, F—REX &
TORETITRNWED, JRHEAENEZR > T
DA REMEIIE E TE WS, ARFIC K9 A X
FIE—BLTW5S, o T, REBRKEIZPM &
DX BEDOIBILITE R0, AMSCRE T Lo
Mt e b ixrgETchH i EEXLND, =Y
VARONBEEETLEZ VY BOEREA
fif T 7 4 VA HEMPEH R E <RI 25% AR
Tk, EFIZEVWRREATHD, LL, =V
CUDEWED LAMICEDEVDO TN KE L,
AEFH LT Y X D RTINS
We=E2%5, PTFE 7 4 V2 [>T 4 V2 &L
95L& 26%AM TETOEWNH DI E L
AL TIL, =R P UDARIZE D
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