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Abstract

The PM, 5 samples were obtained from coal combustion with the four different combustion temperatures (550,
700, 900 and 1100°C) to understand chemical composition in carbonaceous aerosol. OC concentration was the
highest when the combustion temperature was 550°C, while, the highest concentration for EC was shown at 700°C
of the coal combustion temperature. However, OC concentrations were very low and EC was not detected when the
temperature was over 900°C. It indicates complete combustion was achieved when the combustion temperature
was over 900°C. For six groups of organic compounds, n-alkanes and n-alkanoic acids were predominant at all of
the combustion temperature in smoke of coal combustion, while, PAHs was only detected at 550°C. The diagnostic
ratios of PAHs calculated in this study were 0.59 for Fluoranthene/(Fluoranthene+Pyrene), reflecting the
characteristics of coal combustion. The Carbon number Preference Index (CPI) values of n-alkanes which ranged
from 0.9 to 1.3 also showed the characteristics of coal combustion.

Key words : Coal combustion, Bituminous coal, Carbonaceous aerosols, OC, EC, PAHs, n-Alkanes, Hopanes,
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1. M E Aesteo] wet o|gka AT ol dFHow
THEL HBS HESEs} $24% SETT|
Mg A5 E813 9 A A= #El Ay pAerael wredgko] =1 (Tillman, 1991), 22
of Ak, 19T A4 L& @ AFAZ] wet ¥EY
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(Wang et al., 2013; Yoo et al., 2005; Tillman, 1991;
Tissot and Welte, 1984; Murchison and Westoll, 1968;
Krevelen, 1961). A&t9] &7 F AF&2 I 14 o
U aHFgoA F AR go] ARE= oyAY
(AA oA & 26%) 22, HA| AA] 228]2] 38%
£ AAste AfEthe &[] AXT(KEEL,
2016) 7| e HEHY HiEFE o & Ze2 HiE
I ATFJARC, 1989; Arcos and Argus, 1975). Agh&
Mg EE HAtAY 2L o2 sHdzd He
PM, .2 23 $3871edB A5 Bejuizol
Erty BEuE3 QT JARC, 1989; Arcos and Argus,
1975). T3, SFuete AlA AgaHF 199 F5
o] Fatdol AR 7] wizol 't Aol %t o
71099 el 2 Aoz oyt

7] 5 2H|AEA (PM,5)9] 3Fet 248 34 it
b AA, 714 59 FUIQES EC(HA ©
24, elemental carbon)?} OC (}7]€t4, organic carbon)
B FEHE 9242 (Fa ol2HHE IR = 3
t}(Seinfeld and Pankow, 2003). A&t H 404 & E]
£ o ool Eole ThEaETE (Polycyclic
aromatic hydrocarbons, PAHs)9] 3h3-3F0] 2
& QIAle] WA BNl G 59 ot
7NA= AL 2 BIEI Itk (Poschl, 2005; Lighty er
al.,2000). 7 9], PM, ; 1 B2 o] 2 &2 7|5 sto]
A4 (orile] F4 2 Ak b B A (18
9l S 248 5)o 2 7|43k} (Poschl, 2005; IPCC, 1992).

ZF= Hlo| ol M= ALE ©d Aoj2E9 oF 33%
7} ek Aol 7]gitty B e 9ok (Sun ef al.,
2013). wEhA], A Ao A HiEE = PM, 9] #7335t
2 FFZ olslista, s Haststr] AsiA= ols
o] gle} 249 EAE oldliste AL B4Z ol 5t
Auk, Tl e Mgk Ao WS PM, oAl
B ooj2 9] 35t 240 tigt A7 A= 7}
Ho] EXo] ojgt 21} (Saixiyaletu ef al., 2013) o=
olH7iA HuET A bk 1 9] A AaEoA
2o 9 F340) g7t 3kt 24 A7V AT 3
th(Kang e al., 2012; Park et al., 2008). 71 8}9] d4uj
£2 V) 89t 24 ATE AFA WA et =
A A7) Tk (Son et al., 2016; Kim et al., 2014; Kim
et al., 2013; Kang et al., 2010). €& oo]2E L 74

She TR f7148ES Uit 28 f7148

olE

7SS IA A 33 A A3 &

=5 Eske 542 7 7] g2el di7] g4
NoIZZel M fIIHES EHFY Bh ofo2EY
& F7e F=E AFBehe o ==0] dot
(Lee et al., 2009). ©| 2|3t Hj &2 vpA 2K Hj&-A9
R7HEEY FF 4 B SHL BIAA 1Y
7|2H oz wiEdE FU14EEd] B a7 A8
gojof gttt a2y oA ob HiEdd {71
dEeol g B2 54 a7 nled Aol

2 ATl df7] g ooj2FoA dRtxe=
AEEE 67 2159 §718EE (PAHs®} n-alkanes,
hopanes, dicarboxylic acids, n-alkanoic acids, levoglu-
cosan)& A& Aofx AT PM, oA £4]5}o]
N Az WEUAAY 7RSS EYL ot}
& Rk

Mgt g A BAEE PM, 2 SH 0] v de

e BARE W3NS ol §3te] WAIAFT
Aao] A4 27 ©E PMys Y & ofoj2F
s wskE Tolsly] 95 LEXAS 4714
(550°C2} 700°C, 900°C, 1100°C)2 &3l AgS
JYsHHTH AR B ofo]2E 9] BHEA S o)
oFsl7] sl OCeF ECE #4138, 11 9] 671 159

7 /714 & (PAHSs, n-alkanes, hopanes, dicarboxylic

acids, n-alkanoic acids, levoglucosan)& AAl, A% &
Asto] Mgt oA 2 HiEEE fr|EE0 F
AAAE getstgirt.

2, |+ 4y

2.1 A=

£ A7 A Here ARG fA%oR Fd
S50 grstenRAsd A UA AgHD 9
2011~2013 0] Yo AHSE T Y ARG &
S| Q144 FHAFY FRghS 5893 keallkgolTh.
QAT A B GATY 2HL FHRGL
12.49%0°]11, 0] & A-J4-EFHF 540%E A3 14
A E 4923%, FEEL 31.62%, A= 13.94%0]|t}.
3, fa B4 (7A4) AT A BraTEL 69.79%0]
3l 540 TEFS 4.48%Q ACR HIE 9tk
(Kpetro and KEA, 2013).
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Aol n)Eet d&A] XAk H 4 HHY (Pulverized coal
combustion of continuous type)S EAFgH HFS-AHE
o]-g-3te] NPstgict. Ak AadH o e 7HeFstA
208HA, At A4 8357 (Solid aerosol
generator SAG 410, TOPAS-GMBH, Germany)Z- o]-&
5lo] n|EES ool Z2E e Z A4 Z (Drop tube fur-
nace with quartz tube, Lindberg/Blue M, Model HTF
55342C, Thermo Electron Corp., USA) Y2 F<3}¢]
AlZHE T A28 2= 1200°C7HA] A|oj7} 7158l
o, A2 AAYZ A LS S AAHE
&5 b g4gE frgE ol&sto 7ty 4
2 AAT &, ol HiE == PM, s YAE 47mm A g
AR2E 285 B AR A 4ARE ol
450°Co| A 7FEAIA AR EES HA36H
ok ool da 2HE M2 ERSIET, ghke

267

2 g4 A4 2%7} 800~850°CE A 9l
7] Q2o 1 AE 2% 700°CSH 900°CE A4 27
o7 dAstint TS, 94 AT A4 RERGD &
2 1100°Ce}, A& o] mAeA0] Aart AzhE 7]
e LE2701 550°CE A4, & 4714 A4 2o
2 A" daE AAS. Ao ARE dRH Y
ke Wit oF 2.4 g0, PM,; TR} S B
2623} 16.7L/mino| QJch. I e Q4w S 27}
2 2A(BS5ghee} 72ghr o2 ARt AFstHs
o], Wang et al.(2013)o| A A|A|St 3.5g/hr Z2AT} T %
A9 2824 o g2 HEdAE FEsk] A 72
ghrE ARt 28 10 Ag A48 Ay
mAgletgh AL AEe 98 =7 FEeE
HeNE g Zes BHEGT, Ad 257 £&
2 S mHE oz FAEYTHIY 2). AFH7}

100°C ~550°C ~700°C 900°C 1100°C
bustion temperature
- Furnace: HTF55342C and quartz tube (1200°C)
a. H20 vapor

b. Devol:

:'=3.'-“.-E$
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Fig. 1. Coal combustion characteristics according to the combustion temperature.

(a) 550°C

(b) 700°C

(c) 900°C (d) 1100°C

Fig. 2. Colors of PM,; samples collected from the coal combustion with the temperature of 550°C, 700°C, 900°C and
1100°C.
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Nge Zd 870 oa Jae Hasie) 9
5 nsigon, B4 A WeolA BT & 9
S H2357] 15 SAI Aol Yol 4 24413k

oy Hustglrt. *]i % 1.5em’:= OCe} ECE =4

S o ASHAT, YA $ES AY 8714988
BB o) AHgE St
2.2 N2 Hxz| ¥ 24
2.2.1 OCQEC
0C¢} ECE= SunsetAl2] OCEC Model 51L& ©]-83}

o} BA5t¢ 3, £A49-2 NIOSH (National Institute
of Occupational Safety and Health)2] TOT (Thermal
optical transmittance) 50402 %83}t (Birch and
Cary, 1996). OC®} EC £4of tfgt ==& AAIsH
QoG 1). £4ZT9] HS T = sucrose EFAIE Y
Y FARO FUstel BAY AR Prlsgn,
EA 43 sucrose FUZF] B 93% 2] & UEHY
Act. FUEL 5 ARE 39 BEst] 24T A3}
o] AHEEZHAZ AAISHFHIL, OC2 EC Z+2f 8%2
15%°] 3t v A1 gk Bt Al2 9] OC EC
o] 4% olste] e AT

2.2.2 ¥ R7|48
NBEE 125mLAE] 2] W1 gujel tj2aa
Wty wete o] 3: 19 EFHE oF 50 mL =U5HA

Table 1. QA/QC of OC, EC and individual organic compounds.

EISERE LR BN
Q&= 1159 WREZS
50 uLE FU3 3 22 20°ColA] 308 F9tF =
o &S FEEA2 e Bl iz]lnm_ thA]
A o AR7E H2 2] SomL AE 9, 3
2 59k 220} 229 5 go] 221 g7} gatgl
t}. &ML FA%Z7](Turbo Vap I, Caliper Life
Sciences)E ©]-&3}to] 20°C %94 <F 10mL7| €
H7HA] FEART FE5AL 5 W FEEE A
Ast7] Y8l A#A] EE (0.45 um PTFE Membrane,
PALL science)S ©o]-&3}o] oJutA|Z ). oJut=
o 1‘/\7}/\(’\5 99.9%)2 FF HIE 500 uL7}A|
EA712L, B34 718252 HIE 7tAaEnE
j.EHu-]/ AZFE A7) (GC-MS, Gas Chromatography
7890A-Mass Spectrometer 5975C, Agilent, USA)Z &
At FAR7IAEES GC-MSZ E43517] 93t
o 2% 5599 S0uLE Fste] TMS FER|3H 74
AYstgict & AtolA 283 F
=Ast EZ-&, Pyridine®} N,O-bis(trimethylsilyl)tri-
fluoroacetamide (BSTFA) with 1% trimethylsilyl chlo-
rideO| Y2, FEA| = 75°CollA] 90& F¢t 285k

212 ) £714RE

Z (surrogate standard)

> do dle tlo

S

_1.;72 OH

(derivatization)<

49452U)2 A}g5ho] Wk iJEEur GC- HEU}EZ
Be| B RS A7h Wlw P BHste] AL, 4

Relative standard

Al Field blank -
Name ccuracy (%) ield blank (ug cm™) deviation (%)
Average (n=5) Stdev' Average (n=6) Stdev Average Stdev
oC 93 2 0.62 0.34 8 4
EC - - 1.93E-05 0.04 15 8
Concentration (ng)
2 Recovery (%)
Compounds szmge .Of o for Field blank
calibration curve MDL3
Average Stdev Average Stdev
PAHs 0.996~1.000 112 3 N.D? - 0.01
n-Alkanes 0.999~1.000 100 17 0.14 0.01 0.12
n-Alkanoic acids 0.998~1.000 106 9 0.51 0.28 0.24
Dicarboxylic acids 0.980~1.000 101 3 N.D - 0.18
Levoglucosan 0.998 109 2 N.D - 0.12

Stdev' = Standard deviation
N.D?=Not detected
MDL’ =Method detection limit
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74% 92 PAHs 14, n-alkanes 173, hopanes 6%,
dicarboxylic acids 19, n-alkanoic acids 171} levo-
glucosano|th. & & 7WE f7]/4d 2ol thg =
BT E 19 AN

3.8t ¥
3.1 OC%t ECe| sERXE
AR da 258 B 0CY ECY 555
29 3o AA BT 550°Ce] H4 oA dad
Aekeko] o3t OC HEE= 704 pugg ' 02 ] g4 o
& 2k F7M 2 OC =5 7Hith 22 gile
2 ECY H# L& A4S Z3},700°CY d4 2%
oA 7HE & = (825+35ugg HE 7HEoe, 1
02 550°C A4 LN ETh olgt 2 A
@ ez exd 0Cs BCY 357} th2d tehfe
olfE 1 13} o] A LEY AT AATHEA
om Y 4 Sk ATE 100°C ol4e] Ak L=
oM sito] AZE, LE7} Kol U5 £E Ao
Ol5t AE | A (thermal stress) 2 Q13 211 2L TtHE
2 7| A}k (Fragmentation). 18|31 £=7} ¢ HolX|H
A 3t vk (FE3) HH3, Devolatilization)o] 4
ojufa Aek yo EAiste AR 7HAA 7ha
N BFE (tar)7} WA ULITE R $EdRo] AR
AU e 2FA 02 char2 97| Erh(Brown
and Fletcher, 1998). 71 o|30]), 550°C HZ29] d4 &
ToflA g E-oA U AR Thaes g
ALHA B2 JES52 ¢ daEA Zata 54
A Aa=Ed, oy theFe] OC7} Wi&E Aolzta &
ST E3E, charke ofF] &3] dA4EA EZR7] o
2ol ECY #=7 =4 AEH S Aolzt wetE
2 AT 550°C i T4 F SAAdE
(Total Carbon, TC, OC+EC=TC) & 0C9 H]&&
95% oo 2 ECO|| H|3] 4= oz w3t I 99
& ¥4 2% (700°C, 900°C, 1100°C)of| A= 3129
A Y AEEY & A4 T o 550°C A4 2
£ 0C $EE % Rojohn BuH e, A4

800 -
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200 A
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Yield (ug/g)
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Combustion temperature
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Fig. 3. OC and EC concentrations in PM,; of coal com-
bustion by the temperatures.

=7t o BA HEEH . 514
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2ol
= e
-
2
X
rr
@)
@)
KT of

i

E4 9 char JEE0| 1204
=, |2 Qg & AL-go] Yojdtt. E3h, Wang
eral.(2013)°] 95t UH ALEZ] 3 HE RS
2 BI71Eo] F&ol 93 T BEuks 4
v-goll FstA] oA "ok A= olx| 1 ot At
2O 2,900°C o]4e] A4 2EoA Bt 2 JE2 F7]
E9 F&of ot Baut iR dbef FrtstA| &at
A =3, o] HjEof ujgFe] OC7} HAYE <= 9t} whet
A, & Aol 900°C 4 258 A% d49 &4A
A4 AEZA Uetd 4= 9l Aol AddEh

<

3.2 g4 254 32 0tEJ ™ (Chromatogram)
39 4= AEAEES d4 2 IZ2ntETH
< B33 v} I8 404 EZo] 550°C A4 &
EojAe] ARTtEIAAE Fie] BE 5
I o= QASITh BRE ol g}, 550°C A4 2EofA
= AIAEQ A EHE YR ESE dAE A%
UCM (Unresolved complex mixture) H& &S &3}
ok o HoflA Hrget upe} o] Uk oz 550°C
Ad 2= Zo] Fe 2 B A8y da

3H da2 ¢

o4 $urEel wAE e JRo Bk
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Fig. 4. Chromatogram of PM,; samples from coal combustions at each combustion temperature.

8 OC 4ol T W&Eslol7) e 0ce] 5=
7H %3, olsh BABE] GCMSOIA THE A4 LEH
o 4rEoz oC Y A f7148 50 Bl FEE
orka R} 550°C olgle] e dx 29 2
2ok el Hago] AY AEHA Yk, ol
£ oA A iot go] B2 JuEol 94 A4

H7) ez wdd

3.3 671 18 718 RIIEES sEEE

&2 dFolA A% 67 2FY N fIIEEE
e s E 20 A& 2R Attt 550°C

2 &AM 67 2EFY dEECl ZF AEEHIA

H|, &3] n-alkanoic acids®} n-alkanes®| FE=E9°] &
UTHAF 5-2). 700°C o] Ha =0 A= PAHs
2} hopanes, dicarboxylic acids 1552] tjiE AH&2
£} levoglucosan®| HEE R 99k, n-alkanes¥} n-
alkanoic acidsS HE dA 2ToA AEEHQUH &
3], BE d4 2% XA A n-alkanoic acids7} 7H-
FZo HE(AA Y oF 60~90%)& AFATt= A
AT 4= UATHaH™ 5-b).
AFZA oA BEASE PAHsE & 14F 2 2 550°C
2rof MRt HEFHU o] F Peryo] 7H} w2
2 AZ2% 9T, Fiti} DahA, Chrd] 242 %
ofth B A7 ATE Y A A Perydt Flrol

o H
B g rlo

oo e
i1

7SS IA A 33 A A3 &

71 =2 55 B Y4 Oros and Simoneit (2000)2]
A2z} fAFSHAT

n-alkanes2 HE d4 2 A A&, A
o BAHET} WS C24~C27 AREQ &7} F
2 AESHAAT 550°C A4 2=o|A C2471 7H =
2 FEE AEFH o, 700°Co| AL €26, 900°C
A= C25, 1100°Cof| A= C270]9th n-alkanes?] F&=
E% 9 p-alkanes?d ©4Fo] WE BEEAAEE
3448 B} ZA8] AFskATh

hopanes'= HA] 550°C A& ZLoARt HEo] &
%11, hopanes®] 7/HEAE F 17a(H)-21B(H)-22R-
homohopane©] 7} £& & (2247ngg HE AZH
ct.

221 A Q] utA 2 AR E 3 QlE dicarboxylic acids
= 550°C g 2&oA phAZF 7MY £& FERL
™, C4-DiA%} C9-DiA, C6-DiA 40 2 =T 7} =ofc}.
700°C o]/d9] A4 7oA C4-DiAgt tere-phAS
Aot o YRS HEEA FuTh

H o)A n-alkanoic acids2] 7]8 A& = Cl16-A
9} C18-Ax BE A 2= AEFH2H, 550°C
NN =7t 7P AL, T2 1100°CoA =%
7Y HE TE GHESY A4 AROIA nalka-
noic acidsE EX3%t Bi er al. (2008)9)| A= C16-A%}t
C18-A9] =% 7} 714 =9ttt ¥HH, Oros and Simoneit
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Table 2. Result of carbonaceous aerosol concentrations according to the combustion temperature of the coal.

Combustion temperature (°C)

Carbon fractions Abbreviation 550 700 900 1100
Yield (ug/g)
Organic carbon ocC 704.10 12.85 333 6.00
Elemental carbon EC 30.34 82.46 N.D N.D
Compounds Yield (ng/g)

PAHs
Phenanthrene Phen 2.24 N.D N.D N.D
Anthracene Ant N.D N.D N.D N.D
Fluoranthene Flt 9.36 N.D N.D N.D
Pyrene Pyr 6.64 N.D ND N.D
Benz[a]anthracene BaA N.D N.D N.D N.D
Chrysene Chry 7.06 ND N.D N.D
Benzo[b]fluoranthene BbF 1.35 N.D N.D N.D
Benzo[e]pyrene BeP 0.70 N.D N.D N.D
Benzo[a]pyrene BaP 0.84 N.D N.D N.D
Perylene Pery 10.04 N.D N.D N.D
Indenol[1,2,3-cd]pyrene Ind N.D N.D N.D N.D
Dibenz[a h]anthracene DahA 8.60 N.D N.D N.D
Benzo[ghi]perylene BghiP N.D N.D N.D N.D
Coronene Cor N.D N.D N.D N.D
Sub-total 46.83 N.D N.D N.D
Flt/(Flt + Pyr) 0.59 - - -
BeP/BaP 0.83 - — —
n-Alkanes
Eicosane C20 43.75 N.D 0.64 N.D
Heneicosane C21 87.67 N.D N.D N.D
Docosane C22 118.65 N.D 344 498
Tricosane C23 167.60 2.73 2.28 344
Tetracosane C24 218.88 N.D N.D 2.15
Pentacosane C25 184.71 1.27 8.76 4.62
Hexacosane C26 152.67 3.05 1.01 422
Heptacosane C27 188.05 0.83 0.76 7.70
Octacosane C28 74.05 1.71 331 3.30
Nonacosane C29 97.78 1.26 1.28 2.84
Triacontane C30 49.61 1.28 1.20 2.82
Hentricontane C31 14531 N.D N.D 1.91
Dotriacontane C32 56.47 1.97 2.28 N.D
Tritriacontane C33 72.60 2.52 1.88 N.D
Tetratriacontane C34 11.14 1.39 1.31 N.D
Pentatriacontane C35 549 N.D N.D N.D
Hexatriacontane C36 N.D N.D N.D N.D
Sub-total 1674.44 18.01 28.14 37.98
CPI 1.3 09 1.1 12
Cmax 24 26 25 27
Hopanes
17a(H)-22,29,30-trisnorhopane C27-a 293 N.D N.D N.D
17B(H)-210(H)-30-norhopane C29-pa. 10.00 N.D N.D N.D
170(H)-21p(H)-hopane C30-af3 2.29 N.D N.D N.D
17a(H)-21B(H)-22R-homohopane C31-af-R 2247 N.D N.D N.D
170(H)-21p(H)-22S-bishomohopane C32-ap-S N.D N.D N.D N.D
17a(H)-21p(H)-22R-bishomohopane C32-af-R N.D N.D N.D N.D
Sub-total 37.70 N.D N.D N.D
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Table 2. Continued.

Compounds Yield (ng/g)
n-Alkanoic acids
Octanoic acid C8-A N.D 86.79 32.57 N.D
Nonanoic acid C9-A N.D 59.88 20.63 N.D
Decanoic acid C10-A N.D N.D 114.61 8.17
Undecanoic acid Cl1-A N.D N.D 24.63 4.12
Lauric acid CI12-A 2553 N.D N.D 10.88
Tridecanoic acid CI13-A 16.28 N.D N.D 3.25
Myristic acid Cl4-A 91.05 N.D N.D 39.07
Pentadecanoic acid C15-A 4231 N.D N.D 4043
Palmitic acid Cl16-A 626.44 133.93 155.82 1107.61
Heptadecanoic acid Cl7-A 69.18 ND 37.24 50.59
Elaidic acid C18:1-A 412.50 N.D N.D 6.95
Stearic acid CI18-A 77091 114.69 67.37 1342.35
Eicosanoic acid C20-A 153.49 N.D N.D 2.57
Heneicosanoic acid C21-A 59.74 N.D N.D N.D
Docosanoic acid C22-A 153.09 N.D N.D N.D
Tricosanoic acid C23-A 98.46 N.D N.D N.D
Tetracosanoic acid C24-A 566.15 N.D N.D N.D
Sub-total 3085.13 395.28 452.85 2616.01
Dicarboxylic acids
Malonic acid C3-DiA N.D N.D N.D N.D
Succinic acid C4-DiA 4941 N.D 55.29 2498
Glutaric acid C5-DiA N.D N.D N.D N.D
Adipic acid C6-DiA 35.26 N.D N.D N.D
Pimelic acid C7-DiA N.D N.D N.D N.D
Suberic acid C8-DiA N.D N.D N.D N.D
Azelaic acid C9-DiA 39.97 N.D N.D ND
Sebacic acid C10-DiA 24.87 N.D N.D N.D
Undecanedionic acid C11-DiA N.D N.D N.D N.D
D-malic acid Malic N.D N.D N.D N.D
Maleic acid Maleic N.D N.D N.D N.D
Fumaric acid Fum N.D N.D N.D N.D
Methylmaleic acid mMaleic N.D N.D N.D N.D
Phthalic acid PhA 91.09 N.D N.D N.D
Iso-phthalic acid iso-PhA 13.21 N.D N.D N.D
Tere-phthalic acid tere-PhA 27.18 N.D 8.66 N.D
Methylmalonic acid iC4 N.D N.D N.D N.D
Methylsuccinic acid iC5 N.D N.D N.D N.D
2-methylglutaric acid iC6 N.D N.D N.D N.D
Sub-total 281.00 N.D 63.94 2498
Levoglucosan Levo 41.00 N.D N.D N.D
(2000)o A= Cl14-A9} Cl18-A, C19-A EE0] 713 A A o) A= n-alkanoic acids7} Bj&E| 11, o] = C16-A
e BEES HA A4S B FANGY 2 ¢ CISAHRE| F2 wEHE AL FAY 5 9
EHo|A A AAh ARE EA% Zhang et al.  iTh.

(2008)9] Aol A AHeIg Aot FA Y &
EH BE CI6CA Jio] 74 & SER 2E
SH9l3, The-0 2 CI8-A Jito] ESih. o2 Fal, 4
W odd ) EE e da 2T RS Ao

7SS IA A 33 A A3 &

WA xZo] npAR AMEEIT Q
550°C 94 2Z A AEEY
Me AEEA &ttt

A= levoglucosan
AL, THE A& 229
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(a) Concentrations of individual organic compounds
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(b) Distribution ratio of individual organic compounds
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Fig. 5. (a) Concentrations and (b) ratios of six groups of
organic compounds in PM,; from coal combus-
tions at each temperature.

3.4 RIIGEES skHIE Set ME
AL ML ’.‘_F_*ﬁ*(Diagnostic index)

471 & PM,; Wl PAHs®} n-a

HESFE Brtste EH:‘E& J ARELRE E8ET
ch. PAHs®] Z2oll= £ 259 B &S vige
2 Neta A9 g BrFekaL, n-alkanes B
220] BANBE] =TH I} =AU BALy} He
BEE(C20~C24)8] F&7} g7t g2
(C29~C3)H} JHoz o A& FF
o] & ZAoZ HTsltt(Zhang et al., 2008; Oros and
Simoneit, 2000). & f oA 7]& Ae d49 7
HEE &I e #E0] & dFdAE HEEH=
A& "otstr] flste], & 20 2 AFoA Y Agt 4
o] tfgt PAHs$} n-alkanes Ad&o] gt AdHES
& A A8t

PAHs?] H|ZEA 2 E & FlY(Flt+Pyr)e 058t}

alkanes2 34 AR 9

NEE
o=

A A 273

2 Zhe JlAW, BAE Tl Ae da 04~0509
SR, 04 vjgtold H8e] JFoleln Rl Ha
2t} (De La Torre-Roche et al., 2009). H o3L9] 550°C
A4 & oA Flt/(Flt+Pyr)= 05924 7|2 A32
Tof| A A Aek Aaof wjEEAd o] UEbgT

E3SH BeP/BaP= 1.0 7|&2 2 10Xt AL 1]
L% B2 7R AREEolA v WEE Ahe
grkebe). wh, Lowe 2 ke A Hd gl
Hj&E & BaP9 35HiH3o| o] A= IPE et
gotste] =3ty YAekal H7pstct (Oliveira et al.,
2011). 2 dA3L9] 550°C QA4 2% 0|4 BeP/BaP g2
0830 2X dAuiZolA HIZ HiEdE S4S Hole
1] Zkat $ARAt

n-alkanes®] H|&EA A FE £ CmaxE n-alkanes A
HEE & 31X 9 L& Ho]= n-alkane JE9] g4
W32 om3it} 7|2 ATLANES 2)5hH Cmax gt

o] &L= 3lMAgE dA4o wjEYgTo] Aty B
=31tk (Simoneit et al., 1991). & HFo] A= Cmax
7} A4 &=7} 550°CY wj C2490]9)3L, 700°Coj| A=
C26, 900°Col| A= C25, 1100°Col| A= C272 d4 &
=HE 747 g2 £t shAT 2RE da 2
ZoA #aHTSTE 2R CmaxE 7HE 38534
A& H ). Oros and Simoneit (2000)= J3 2
1ZE o Cmax g2 C240|3leH, o}gFe&E
1ZE o Cmax h-2 C27, 2L A2AHES 0
Cmax ZF2 C300]31t}. Bi et al. (2008)9)| A= A&t
< A2AFHE 1 Cmax g2 C20~C23 W= 9F
we] gubyRe] sheko] wah 217} o)z wolen,
F=2 Zi—‘%‘—Z]—Ek n-alkanes &5 (C20~C24)0] 7} &=
AL shelgt % ATt Bk of
o FRe FU EL T
914 250 ueh Cmax
£} 7} A& n-alkanes A&
Eahe AL AT 4 A3t
A4 (Carbon number Preference Index,
n-alkanes®] ¢4 E= I3 HjEEALS
Golw7] I8 AE2 AGHR Gom, Bads T
42 ZA3}t= n-alkane AEEY] HEof B4E £
3= AEES Xk H|Z AAE o)At (Simoneit et
al., 1991). ¥k o 2 CPI9] Zlo] 19 7t7kSH 219
A w2 oJgt Aol AuHel Ao2 HuET 9

r

rlo >
o
rm J

An52 F4, A0
_1

o
N, for o
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t}(Simoneit, 1989). 550°C A4 =94 C20~C36
7}A CPI k& AAREHE 1.30]313, 700°C d4 2
T=0.9,900°C 94 &%= 1.1, 1100°C d4 %9
A= 1.20]9)t}. Oros and Simoneit (2000)9]A = 2 &
T RAHA CPIS] 2 1001908, ol HEre &
ANRE 0 Eg 102) 2 7w, B AT
ol A ALHE CPIgEE, QI91F vi& (A dA)of 2%
Az A E4E 2 vt gloke ddE i

4. 29 U HE

B AL TR LR A Hek o] b
S5 PM,; U &2 ooj2E JEE9 545 A
Btk da 227 F& H9(550°C AL )4
L 0OC Hx7} 7F3 =9ka1, 700°Co A= EC7} 7V
90T} ol Here] BUAH Qlzol /AT Ao B
ST 6189 Y R7IHRES S0°C A4 £
oA S ABEH AT, T00°C ol4e] b LEAA
= PAHs9} hopanes, levoglucosane A& % A] 93ttt
700°C o] A4 2roie FIIHEEY HE
Z o] RoJX|X] P& o|FEE WA IR &4
A7 AYPE G 7] gEo 2 BtEH) n-alkaneset
n-alkanoic acids:e RE A4 2ToA A&}
900°C o]49] da LEoAM = EC= AEHA Fte
o, B OCH HEo] Hlth ol F71&9 &
o ogt Baut wfjiof n|Fe] OC7} wh-3-of Zrofstx]|
Zokal ZHESE AR didEn £ /714
HE9 sEHE B8l At d2oA wiEdE f74E
9 A A4 RHYgoRE HEZ A3, A da9
ARZ AFEI = Fl/(Flt+Pyr)= 550°C9] A4
2LoA 0.592MK, 71 At Ao o3t viEEALS
Uetll= A& FARRE g2 7HATE n-alkanes?
Cmaxe 94 2% wt h=2A YebdAw, 354
O F C27 o|3}9 &ASg BXEFY L, CPIo W
0.9~130]9ic}. 45 448 THT AYH S
A19] n-alkanes2 Cmax7} C27 0]3}9] AgtA2 B
8ka1, CPI9] Zho| 19 7tk 71& A2 E &t

S £ QTE A4 SERALclA He di
A A PM, 7 obd Sl A A gAle Bal

7SS IA A 33 A A3 &

3 NRS AL WA PM, ] Bk ool 2E| 5
3 242 serstgch. whebd, B d1dut A% 4@
ol Tt Bk ool 2B BRIHR SR WY &
SUAGE, SR et STl olE B
ol SAHE AT Qe & A7AT] Ha) Hek
CRORSH S £5 2 A4 2A)MY AT dhd o
3 T ojol2Ee) 33} 24 A7t AYHLHE 4
ol ol o wrh Awel B4 BEY 4
e RO 7ot
ZAtel 2

2 A3 “njAzgsr R/t AT PER Y 20
HHZA g A7 AHY T (Project NO. NRF-2014M3C8
A5028593)"] A Qo2 £REGon, o] A=
Yt}
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