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A Study of Emission Characteristics of
Polycyclic Aromatic Hydrocarbons in Flue

Gas from Waste Incinerator

Kyung-Soon Ha

Interdisciplinary Program of Earth Environmental Engineering, Graduate School,
Pukyong National University
Busan 608-737, Korea

Abstract

An exposure to high levels of Polycyclic Aromatic Hydrocarbons
(PAHs) compounds are known to be associated with cancer. Especially,
Benzolalpyrene (BaP) is well known mutagen and carcinogen, which is
considered as an Endocrine Disruptor(ED) in view of the environmental
toxicology.

In present study, the waste incinerator were categorized based an

waste characteristic and the air pollution control devices.
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In order to examine a variation of PAHs concentration and the
distribution in emission gas from the municipal, the industrial, the
hospital waste incinerator and the sewage sludge incinerator discharged
into an environment, 16 PAHs compounds were analyzed from 16

incinerator facilities.

The result, shows a wide distribution in range of PAHs concentration.
The concentration of PAHs in the emission gas from the waste

incinerator ranged between 4.9 to 394.04 ug/Sm'.

The amount of PAHs released from the waste “incinerators were
estimated by, Top-down approach. ‘The PAHs - emission factors of
municipal waste, industrial waste, hospital  waste were 1,247.5 mg/ton,
5607.3 mg/ton, 2,164 mg/ton, respectively. In 2012, emission of PAHs
from municipal waste,  industrial waste and hospital waste are 5.58

ton/year, 19.59 ton/year, 0.3l ton/year, respectively in korea.

Keywords : PAHs, 2 PAHearc, Flue gas, Incinerator, Emission factor,

Top down approach.
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Table 1. The physical and chemical properties of PAHs
(Ming-Yen wey et al., 1998)

Melting | Boiling Vapor
. ,. |Chemical |Molecular . . Pressure
Compound Abbreviation . Point | Point Structure
Formula | Weight . . (mmHg,
(C) (C) .
25C)
Napthalene NaP CoHg | 12816 | &) 218 | 71x107
Acenaphthylene AcPy Cobs | 15220 | W | 255 | 67:10° | (Y
Acenaphthene AcP Colo | 15421 | 9% | 29 | 22x10° | ¢y
Fluorene Flu CigHio | 116622 117 | 2% | 60x10*
Phenanthrene PhA CiaHo 17822 100 340 1.2x10 Og
Anthracene AnT CuHio | 17822 “[.218 342 | 60x10°
Fluoranthene FluA Citlo | 20226 110 393 | 92x10° 018
Pyrene Pyr Citlo | 20226 156 404 | 45x10° “‘0
Benzo(a)anthracene B(a)A CisHiz 228.29 159 435 21x10°7 OO‘O
Chrysene Chr CisHi | 22829 256 448" | 6.4x10° oé”
Benzo(b)fluoranthene B)F CaoHiz 252.32 168 393 NR 0'80
Benzo(k)fluoranthene B)F CoHp | 25232 217 480 | 96x10 1 0008
Benzo(ajpyrene B@P | CuHy | 2232 | 177 | 4% | 566107 | /7Y
Indeno(123-cdpyrene | TP | CzH | 27634 | 162 | 84 | NR | 5
Dibenzo(a,h)anthracene DbA CooHu 278.35 262 535 NR. g@g
. . = -10 O

Benzo(g,h,i)perylene BghiP CooHpo 276.34 273 542 | 1.01x10 O?




Napthalene2 100% 7}~/ o 2 EA8tar, vwhH 5~6702 WA 18] E 71X
11 )+ Benzo(a)pyrene¥ 7]E} PAHs 3T EES YA =20 & A3}
A F#&Hl EA4TY. 28 3~471¢ WA s 7FAa 3= PAHS
stE e 7t dAd e Al =AY driE ¢ PAHs 3He
< ‘long-range transport’ ol ©]s] WIE AU 3 o] flo] 3]

AY7HA = AgHeHBjorseth and Olufsen, 1983).

H715 PAHs 33EE 05 93] Wstan o F& AHelA 019 ppm
9] O o %% Benzo(a)pyrene® W77} <F 40% A XZo]H(Lane and
Kats, 1977), Benzo(a)pyrene®} Antracenes 2| ozonlysisol &g wzl7]+=
Jojd o= mlarz gk 9HA - Benzo(b)fluoranthene ¥} Benzo(k)fluoranthe
ned 71 #Holw, Benzo(e)pyrene®} Pyrened 1A% st
Benzo(a)anthracene &} 23, ozonolysisel]l &3k Wk7t7]= 708 A wld 1
a Fakslel i Mz 7b 12 AEZ FESo 93 WIngE 1

&o] tha ofsitta & 4 Qlth(Kats et al., 1979).
) 7] Fol 4] Napthalene, Phenanthrene, Anthracene® W77 217} 124

7F 8AIZF 3AIZF A= R G Al Q)AL nitrationo] 23 W 3lo] F=217] 9]

t}H(Brnson et al., 1985).



2.3. PAHs¢ QA4

g7l2 wEd d7jedEdz2 A3 ZAWaAEo] Frtsta Ut
(Bayer-Oglesby et al., 2005; Morgenstern et al.,2006).

53] PAHsE BolA 9 §almrh a f718velAe §awst e A

IARC(International Agency for Research on Cancer)ol*+= PAHsE
Table. 2 ¢ o] Group 12 <SlA¥e;=E 2 (Careinogenic to humans),
Group 2A+ 23 <A A=A (Probably carcinogenic to humans),
Group 2B% /7FFdh QA #ketE A (Possibly  carcinogenic ' to  humans),
Group3< SIAEUdE=d=2 EF 5 gl &2 (Not classifiableas to its
human), Groupd:E fEst#x &S SlA WA & A (Probably  not
carcinogenic, to humans)® &3l AT}

PAHs= AAHol A a2 A5 =40 SAHFTZE Qs BPH=

229l diol epoxide. 2] o]A & A7} PAHs SAe &= 2ddA
ow, 53] benzolapyrene® = HAFIAC A ABAHH = FHEHEQ

benzo(a)pyrene 7,8-diol-9,10 epoxide(BPDE)= PAHs WA= F 7%

s

ol

facs

Ao A3 Aow Hux i ¢om Fig. 19 benzo(a)pyrene®] thAlaA

< YEM A H(Ushar, 1939).



Table 2. Classification within carcinogenic for PAHs

(IARC, 1983)

Group Item
Class 2A Benzo(a)anthracene
(probable human carcinogen) Benzo(a)pyrene

Dibenzo(a,h)anthracene

Class 2B

(possible human carcinogen)

Benzo(b)fluoranthene
Benzo(k)fluoranthene

Dibenzo(a,e)pyrene

Indeno(1,2,3-cd)pyrene

Class 3

(unclassifiable as to carcinogenicity to

human)

Chrysene

Dibenzo(a,c)anthracene

Co-carcinogenic PAHs

Pyrene

Fluoranthene
Benzo(e)pyrene

Benzo(ghi)perylene




Benzo(a)pyrene

CyP450

Glutathione GsT v
conjugation €——— Arene oxide > Phenol

Sulfate

EH
esters

v
Dihydrodiol(diol)

CyP450
v

Glutathione _ Gs1
conjugation €———Diol epoxide —> Tetraols

Benzo(a)pyrene- \

7,8 diol-8,10 \
Epoxide y

(BPDE) Urin, Bile

Fig. 1. Proposed metabolic pathway of benzo(a)pyrene
(Neil et al, 2012).
G.ST : Glutathion—-S-=transferase, CyP450 : Cytochrome P-450;

S.T : Sulfotransferase; EH ! Epoxide hydrolase;

G. T : Glucuronyl transferase.

_10_



24. =W H71E ¢ R A IR

g AV EdY e 7SS AR ey Ak &l 2
884 ofysiAl B SZ'=AM, 27, AxA, o, HAF, HA4, ddgt
g, s=e Al S dAlete] Aejstar (Y Al2x). 1AM e A

ol et ARANE, AR BALAANA D) TR 9ler, 27
HQom falddl wheh A EANT R, A7) (e w7 B)=, 37
Homi MASAe] whel AL AEA )R, AL RS A A A 9] B
AdAE, JdRA7E Sor BHeln g A% BRE Fig 20
B9l
gy
g ApEt
7|2 Yk 7|2
H7|= = Al Al
ArHEF HA
H7|E H 7|
X174
= oz 8
H7 2

Fig. 2 Classification of waste.

BEA 2 AE dArlEs 2Fste T EAFS A FUhsa A,

of walgel 744 2 GRS F el UM

ATh (2012)°] w=w 20129 % FH7E TAFHAAE A9)
o1y 382,009F 07 Hyd thH] °F 2.3% Z7}3ch #H | E AR =

_11_



AAH 7= 48.9%, At EA A A A 7] = 383%, ALH 7= 128%= 4
2373
20119 HA7l= Agdsds 2 484 92 AdES 2= AA 9
71%9] 9.37%7F " ¥, 5.92%7F A7), 83.02%7F A&, 1.53%7F 31 wiE
= ugk FEor F7HE g, WidEd Hr =
FAE HolFa ot AgHAriEd v gAYy
&o] A SrolAHA A&dgo] AA o glow, A7 AHgeS A
UTH =, 19950l = 723%E5 i HA

2 7] FFA-AA 2 ALEAE S

o1

-~

of djel 2011del= AL Eo] 59.1%E A S7H(10d hH] &%
Z)sta gAY E2 172% % YolAE s H 7 =AY 27t Aded Y
o7 HaHM 9= A E T UTh

AQEANEES AR RS fAEA el &% e AsHow

o,
0
o}
o
X
fru
)
>
>,
A,
/i
S,
N
o
=2
o
ot
i)
Ak
o
D
=
o
o
&>
wQ
w
&>
wQ
&~

of Wbl AH(FH7d 5, -2013).

_12_



Waste generation amount{TonidayH
450,000

400,000 [359,206| [357,861]

| 33?,158'
350,000 e
300,000 i Tootal
250,000 i CONSTrUCTION
waste
176,447 183 351 178,120 186,417 186,629
200,000 172,005 2 FRBRILRT
o - waste
150,000 e
M—d e [l unicipal
146,380
137 8375 1378961 £ waste
100,000 A 130,777 133 604 ! ,
50,000 & + 4 i = %
50,346 52,072 50,906 48 159 48934 48 990
L]
a7 o8 09 10 11 12
(year)

Fig. 3. The amount of waste produced from year '07~'12
(374, 2013).

523 [534] —
e e — i,
a = e P2 clamation
60 e . =
e [niCineration
40
i B2 CyCling
20
e (O 2 20 & Mission

Fig. 4. The ratio of various waste treatment method used from
year '07~'12(&7 %, 2013).
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Table 3. Information of incinerator facilities

thlélitiféglcﬁ)iiy Cgrﬁqganli;g? ! Waste type Prevention facility
Capacity
A L Municipal waste | SNCR-SDA-B/F-SCR
B L Municipal waste | CY-SDA-B/F
C L Municipal waste | SDA-BF(1,22})-SCR
D M Municipal waste chrﬁ];]?e?—]‘é?Et—y\g\lfS
E M Municipal waste | CY-SDA-B/F
F M Municipal waste | SDA=-B/F
G L Industrial waste | SDA-B/F
H L Industrial waste. | CY-SDA-B/F
I L Industrial waste | CY-SDA-B/F-WS
J M Industrial waste | CY-WS
K M Industrial waste | SDA-B/F
L M Industrial waste | SDA-B/F
M M Sewage-sludge+| SDA-B/F<WS
N L Sewage sludge | DR-B/F-WS
(0] M Hospital waste | SDA-B/F
P M Hospital waste | CY-UFA2] A A4 -B/F

*SNCR; Selective Non Catalytic Reduction
*SCR; Selective Catalytic Reduction

*SDA,; Spray Drying Absorber

*B/F, Bag Filter
*WS; Wet Scrubber

*CY; Cyclone

*DR; Dry reactor.
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B Incineration facility
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FY Fy Fy Fy Fy
244 248 g s arzUo}
gelgl _OizE) | | EUass
C Incineration facility

1100°C 300°C 187°C 185°C 165°C BO'C 55°C
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- £l — - —_ - - E= = |H
(SNCRJ | ° -

D Incineration facility

00°C g50°C 200°C 155°C
100 mad] o [mue| > fcv| = | soa | = | BF| - [ora| -[as

E Incineration facility

T B R s Y e I e FA B EE
F Incineration facility
1000°C 285°C 180°C 165°C
127t @48 = |222| = |SDA| = | BF [ EZ7| = &=

G Incineration facility

Fig. 5. Process of incineration facility.
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J Incineration facility

q17C 207C 156°C 152°C 150°C
[ oag | = [2ua] s spa|l - | Ba] = o] - | 'ms

K Incineration facility

q17c 207C 156°C 152°C 150°C
[ oaah|' = [22a| - Fsoal +18r] - o] - | =8

L-Incineration facility

950°C 240°C A70°C 160°C 55°C
|22tz | - [222| - [soa| = [BF| = [gez2a| - | ws | - |=s

Fs F
Rar =Y BB L ERI(20kg/day)

M Incineration facility
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Fig. 5. Process of incineration facility(Continued).
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Fig. 5. Process of incineration facility(Continued).
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3.1.3 PAHs A A& ¥4

AAR AR F APNRE 1L BAIFo] ¥u FE ) EFAR o}

22 sgon, 4 AH9
B
E

0
FEE ANBE FZ 2EE 41~43C= st 3 AAFF5=7](Rotary
evaporator : EYELAjit)E °¢]&3to] AlsxdAe] F37F ¢ 10mL7F 5 =5
FESAY o] F 2mLE EFH 5ol PAHs 24 & 98 A8=E a5 4
A ZAHE FHA717]-9ete] A& 1mLel Keeping solvent® A7 ¥
n-Nonane(Fluka jit) 3005 FH71g 5 A2 A Tolueneo] €3] 1o
A w74 AAL(N2) 7F2=~2 purge Al Zh-5 n-Hexane(J.T. baker jilt, &5+
TR g o R Sjdst st A8 A= A Silica gel(Merck

it, 70~230mesh, Art. 7734)= 600T 2] A7 = el A 243t &<t A3t
cm

sto] 21 giAlAl oo B ¥ AL 15ecmx25cm 8 3 Columnol 32
sto] AAstATE XA = Toluenel 2 AlA - Axy gAw T34t
YEF lcm, 600C oA} 2412 &4 3} 3k Silica-gel b5g, T+TIAUEF

lemel oz FHFAH.. 2 A AEgE Cleanup  Column
Chromatography £ Fig.. 69 YElR o™ Alge] Cleanup up & &5
Fig.. 7 YEhHATt. Al8¢ AHAE Silica gels X3 ZHS
n-Hexaneo 2 A|A3 & AlAE Columnol AEE Y1 && AHT &
A5 st fraction® n-Hexane 16mLE wjx 1W&9 f&5o=2 £53)
¥ a1, 2nd fraction2 10%9] Dichloromethane(Yakuy pure chemical, #
T8 )/n- Hexane 50mLE §FA|Zl ¥ 2nd fractions %o}l Rotary
evaporator® =% & HAAI7}IA(N2)ZE purge ¢ H, 5 s=%S 100
S

= ol GC/M
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Samples

Soxhlet extraction Liquid/Liquid extraction
- Extracted with toluene for 24 hours - Extracted with toluene
Concentration with evaporators Concentration with evaporators
Transfer to n-hexane Transfer to n-hexane

Activated silica gel column chromatography
5 g/of Activated siliea gel at 600°C for 2 hours
+ Elution with n-hexane/DCM (9:1) 50 mL

Concentration and purge of second fraction

+ Final concentration volume : 50 pL

GC/MS SIM  analysis

Fig. 7. Flowchart of sample cleanup.
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A N

Fig. 8. Activated alumina column chromatography. for PAHs

analysis.
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32 4zxd 2 ¥H9

PAHs #4d Agd 7|7l 7IAAZZvtE 28 9)/4 32 Al (Agilent
6690N GC/5975 MSD)olH, & & <& Algd EA#ZdS> HP-5MS
(30 m x 032 mm x 0.25 mmE AH&3F3ich 16% PAHsol digh 71A A= w}
Eddu/AdFREAA B2 2 B AlgE 7 o] o]2H| &S

Table 6 o Yetlaz, GC/MS 4 x5 Table 7 o YERH AT
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Table 4. Selected ions of GC/MSD analysis

Compounds Selected ion(m/z) RT(min)
Naphthalene 128 129 4.62
Acenaphthylene 152 153 9.59
Acenaphthene 154 153 10.22
Fluorene 166 165 12.38
Phenanthrene 178 179 16.67
Anthracene 178 179 16.82
Fluoranthene 202-200 2212
Pyrene 202 200 23.08
Benzo(a)anthracene 228 229 278
Chrysene 228 229 28.92
Benzo(b)fluoranthene 252 253 33.45
Benzo(k)fluoranthene R %R 3355
Benzo(a)pyrene 252 250 34.61
Indeno(1,2,3)pyrene 2176 277 38.78
Dibenz(a,h)anthracene 2176 277 3895
Benzo(g,h,i)perylene 278 279 39.59
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Table 5. Analysis conditions of GC/MS

Item Condition
GC Agilent 6890series
MS HP-5973
Column HP-5MS (30mx>0.25mm*0.25/m)

Interface Temp.
Injector Temp.
Carrier Gas
Injection mode
Purge on time

Ionization mode

280°C

240°C

He (1.2mL/min)
Splitless

1 min

EI mode

GC Program

Initial Temp.

Program rate

Final Temp.

80T (1min)
7C/min—240C (2min)
4°C/min—280C (2min)
280C (14min)
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Fig. 9. Concentration of >PAHs of each incinerator.
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Table 6. Concentration level of XPAHs

Conc.(pg/m')

Compounds (Min. ~ Max.) Average Conc. STDEVA
NaP 1.0 ~ 360.0 1554 85.2
AcPy 0.0 ~ 169 2.2 4.3
AcP 00 ~ 2.2 0.2 0.6
Flu 0.0 ~ 62 0.6 15
PhA 0.0 ~ 97 2.3 2.7
Ant 00 ~ 789 5.2 19.7
FluA 00 ~ 175 2.5 4.5
Pyr 0.0~MN28 | &5 3.4
B(a)A D088 0.6 2.1
Chr 00" ~ 21 0.3 0.6
B(b)F 0.0 4.1 O 0.3
B(k)F 0.0 & 55 0.4 1.4
B(a)P 00 gm 186 3.1 6.3
Inp 00 "~ 03 0.0 0.1
DbA 0.0 .0 0.0 0.0
BghiP 0.1~ 90 15 2.5

1670 22t w7k 2~ =FTPAHs 16% 9] 7t 33 Ed
His: 2 FFHARFE yeErd Table 8& ®W  Napthalene(NaP),
Antracene(Ant), Benzo(a)prene(B(a)P)e] $-Als+ Aoz YElyhon,
NaPe] PAHs 16% 3}¢& & 834% AFAsto] 4zk= wj7k2 PAHs & 7}
& AA R shekE R UEEth
Yang et al.(2002)o] ¢JstH =5 wE7t2~ 5 AR stehEo] $-AsHA
Yety® 2 5 NaPo] Ht 89%E #HAlste] F 3tstFels W3l #F 9
=3
NaP2 o2l 71¢] WAl ae]E 7FA= PAH SolA 2709 aes 7HA =
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1652 PAHs & 349 x5 714 2~671#9] iz i
skxd PAHs® E2& Table 9 o Yepdoen, &

2} WAH &8 Fig. 140 Yebgl
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Z+7 Ringd %

Table 7. Classification within ring-group of PAHs compound

3 Ring 4 Ring 5 Ring 6 Ring
AcPy FluA BM®)F InP
AcP Pyr B(KF BghiP
Compound Flu B(a)A B(a)P
PhA Chr DbA
AnT

% NaP<2 2Ring.

12

10

CONC. (j1g/5 m)
[a)]

ZRing 4Ring SRing BRIing

Fig. 13. Distribution of PAHs concentration by each

ring group.
Fig. 14.9] Vehd npsl ze] 34y
sk Heko = Ehvbyba 9lew, 3 Ring » 4 Ring » 5 Ring » 6 Ring 33

TEXE Ay HE™A 3Ringo] 54l

H

2 w22 YET Ring®d WAH] &2 3RingY 4Ring 3t&=0] 74.5%=
A& A yelyrew 1 83 3sE<2l SRing¥ 6Ring 33 E-S 255% =
RS
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Fig. 14. Contribution ratio of each Ring group.
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1670 ¢] PAHs 3}%%E < IARC(International Agency for Research on

Cancer, = A gAFAE ) A ok A= T Hokal A=
Benzo(A)anthracene, Benzo(b)fluorancene, Benzo(k)fluorancene,

Benzo(a)pyrene, Ideno(1,2,3-cd)pyrene, Dibenzo(g,h,i)perylene 67| 3}38}%
o] FLEF y}otsto] PAHcarc.(BaA+BbF+BkF+BaP+InP+BghiP)Z 1}
B ATt ZF Azprdell A wdebAd, vk sHetE el s=E Fig. 16 o o
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Fig. 15. Concentration of 2 PAHs and >XPAHcarc

compounds.
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Fig. 16. Contribution ratio of PAHcarc compounds.
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42 ¥H71E F7FE PAHs9 wW&54

%

2 AFdME A4 Ao e BFE PAHs W& 545 #ost]
3te], AEH7E 2F(Group I, n=6), AFFF LA 7 E 15 (Group
O, n=6), 575 I5(Group I, n=2), s++<41A Z&F(Group IV,
n=2)% ¥ A
Group ¥ ¥ ZPAHs(16%) dl&5 %+ Group I, Group II, Group
M, Group IV 4% 2+7F 206.2 pg/Sw’, 171.1 pg/Sm', 1459 pg/Sw’, 128.5
pg/Sm'= Group 1%l A& 7] L7 4 o] 71 =& F2& B, th&

o AYFABLYY) 27, o)ndE 274G ki deton a

Hir

< PAHs® & 7P w2 FEFE AAT sddEL Group [ olA]
Anthracene©] 33.1%, Group II 4] Acenaphthylene®] 34.5%, Group Il
] Phenanthrene©| 47.4%, Group VoA Fluoranthene®] 37.3%% 7} =
< FEE Btk Group® SEE TANEHES Fig. 18] HER AT

Fig. 195 X W 3Ring+4Ring 3}3&°] Group I, Group I, Group II,
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Group VoA Z+7} 919%, 85%, 74%, 73%<] AU &S YERUM $-Alsh
A YEb o™ Group M(S] 57 7]1%E), Group V(st-E2A])elA 6Rings}
| \lag =A debst g Hr|Ee] 45 AdHrsoly AAYH
dntdZ|Ed 2 dre] ALE flo] FAY] & Y Fe HERE
E3pste] B AzbA Y dbedl, SRR FE &7 A e A #H7

A=A YERA LI et al, 2001). et
o] ta =A YEd Ao=m

&

o
i
o

ﬂl

HolAl PAHs9 A9, Group I+ #Hi =PAHcarc. 55+ 9.36 pg/Sm3,
Group O+ 2.051 pg/Sm’, Group I+ 0.186 pg/Sm’, Grup. V&= 0.098 pug
/Sm’ 2 Group 914 #etA PAHs7F 7Fd =2 v5=2 A S
Group I, Group O, Group IVi= Benzo(a)pyrene°] Z+ZF 69%, 82.9%,
386% THEHo=r JIF =L JdEES  HYIL - Group ME
Benzo(a)anthracene®] 515% StHoR 7}4 =& J|jojvZE HIIY. =
PAHs®} XPAHcarc®] #AH] &S Fig. 20 o YeERA S 3, SPAHcarcs &
2 PR ¥ E Fig. 21 ol Ui i

Table 8. Comparisons of PAHs concentration from other study

Study and year Concentration(pg/Sm') Burning Type
This study 1959 Municipal waste
169.3 Industrial waste

145 Hospital waste

126 sewage Sludge

WHO, Itary(1987) 7.5-208 Municipal waste
Kim JH(2013) 0.62-6523 Industrial waste
Wen-Jhy et al.(2002) 587-1290 Hospital waste
Park JM et al.(2009) 1.15-189 Sewage sludge
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Fig. 24. Profile of PAHs compounds each prevention
facility.
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Fig. 28. Process of Bottom-up approach(left) and Top-down
approach(right).
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Table 9. Emission factor of > PAHs

Concentration | Emission gas Amount of Emission
(ug/Sm') amount(m'/hr) | facility(ton/hr) | factor(mg/ton)

211 44,366 104 898.7

165 24,598 4.16 977.6

municipal 107 17,260 417 444
waste 242 896 0.19 1,141.5
171 1,969 0.3 1,774.1
341 1,980 0 2,248.9
Aver. 1,247.5
154 32,315 gD 1,990.9

D 11,419 2.0 28

industrial 108 19,328 2.0 1,043.1
waste 394 1,840 0.03 241715
32 1,140 0.08 1,173.5
283 924 0.05 5,236.8
Aver. 5,607.3
hospital 112 6,468 0.25 2,899.7
waste 145 4,931 0.5 1,428.3

Aver. 2,164

27t 237 PAHs® wiEAlFE A9 4kl 7] Eo] 5607 mg/ton®
7HE Eokal, theo R omuv|Ee] 2164 mg/tonE YERG D AEH =
o] 1,247 mg/ton® 7} & s UESlH

AT A A7t g wEAT B =S val s W, A
g7 &0 AQA7IEY A AR el ez gkgtod B =1 3
o WiEAS ol AA el B =F3te] ZA3uuE Table 10°]
LhER AT
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Table 10. Comparisons of PAHs emission factor from other study

Study and year Emissonfactor(mg/ton) Burning Type
This study 195.9 Municipalwaste
145 Hospital waste

Mi et al.(2001) 748-992 Municipalwaste
IFEU (1998) 0.3-25 Municipalwaste

Lee W] et al.(2002)

IFEU (1998)

24,900-85,600

2.5

Hospital waste

Hospital waste
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