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Pra=

HEFQI9E THALI £4ALE FHOR vAWA REEHL

rlo

Aty om, o] = TSP = PM-10 o]4e] BX 82 46.4%, PM-25 ~
PM-10A}o] 9] BX8-& 20.3%, PM-2.59] BxZ8& 33.2%% et =

3 3% RS BAW Ao £7A4

1
2
X
=
e

rlr
o
i
I
S
"
)
>

vl PM-109] 7-¢- 6¥1~100] =2 Z o2 UEst
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A3 A8

2 dAFdAe dE AZHVE &24AE8e] HF METFE o=
FTHEEEHES o]&std F 103 AA wAUAE A - EAEAL,
Gas Analyzerg o]&3te] vARHA AYHEHS 23 - SHAT =3,
7G4 Rd S o] &3te] tidA oA BlEE e AU 7 FHA S o

MR dEe BASA.

A1 AL AA

A= ALH7Ee 19 Hd FAHFLS 53490tone=2 47 AY
11,605ton/day = 7}& o] wAlsta, AHe  9217ton/day, A
4,004ton/day 0.2 ol WiESHTH@AR, 2018). EF 20159 7|F, A
WAA A A FElshe YA E 2GAAE 186714 F 1634 §

m W QA AEI BEO
2t FAAEAT AN Ju, YEoRE FFAME BTG ¢
om, AZolE 40004t ool AFHIL Y oltEBA L hH
A Fe] FAXL 94X s Yok,

AAAIE L 200ton/day FEE] AR wHAlS AFESHH, 2443 THE

d
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= O O
S==

80.08%<]

gFJAHIA/0, AqHH

14

o
A71BF= FA4= Ao

k!

_19_



A274d v A HA(PM-10, PM-2.5) 2 "A|dx] YHEZ
SN

1. u]AAX)(PM-10, PM-2.5) S3%H

B Aol oA A s vAER e 4L 8] oA
deo HE WETE YR F 10350 AA ABY T Ha 1
SRR

MARA $E Pl FFEEPS ALHAT. FFEEHS £

)6]'

X

H rARA Y FFE AEE Ae BHoE JAFREAF7IEY SO
23210€ 2A=Z AAPHE C
23210:2012 XS AEsHtr. =4AH|Ql Cascade Impactor(PM-10,
PM-2.5 Impactor, Johnas, Paul Gothe GmbH)9] =2=9} AR (1%
3-1> 2 <29 3-2>9F Zrh

N AFH A, &9 F57F A9 A4 97 |13 4= H
A3t ARAE A Fsta, FFFAA AN ARXE A
%, 248 ALE 0.0Img E7HA 33 o]} SASATH AR AHAE
$&}ed Cascade Impactorel] ®j717}2~ f-&o) e A 274 8mm,
10mm =&& AZ3] =5A5213]4*(Stack Sampler, CAE, USAE %
& vj717t 2 F HARAE TEFAT et SN W o HA o w

ARAE 9748 2dzAsde. 1@ vABAEs YA o3
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1

Components of the setup are given below:

Isokinetic nozzle

Two-stage impactor
Suction tube
Drying column
Manometer

Pump

Flow meter

Gas volume measurement device with thermometer
. Temperature measurement device

0. Pitot tube with differential pressure meter

SeRNANRWN=

<1¥ 3-1> Cascade Impactor(PM-10, PM-2.5 Impactor, Johnas, Paul Gothe GmbH)

e
2RI = ﬂ 2iEz2n
e punme

=22|u|=0k=0I&{ @ 24AD201Ed

z

<13 3-2> Stack Sampler(CAE, USA)
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2. MAIRA APED SAEH

B AT A3 mAUA AFELLS NOx, SOx&2 ¢ 29 =4
2 93 EPA Method 18(US EPA, 2000) WS AF&3ATH Bl 7] 7F2~ W
A LHEAS F 1080 24 +ExF F, Gas Analyzer(GreenLine

MK2)E o]-&sted Z42te] 55 433K IE 3-3> =)

: Stack
Filter * Teflon
wall i
(glass wool) ﬁ sample line Blonocics
Probe l Vacuum line
e
Male quick o
connectors P
Needle
Reverse Ball valve
(3") type i No check Air-tight
pilot tube Pilot pump

manometer

Rigid leak-proof
container

<% 3-3> Lung Samplerg ©| &% +d = (EPA Method 18)
=2] . US EPA, 2000
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2+ x£3-& Lung Sampler(ACEN, KOREA) W - Tedlar bag(SKC, US)
< 923 %, Lung Sampler®] HxE AFAA AH WRE FAo=
WEo] A8V} HIZE AXA ¥ Tedar bag Woll == 9hyoloh
gA AN BlES = w77t~ HFHF4E5S 1om/sec ©)dolx, &%
© Ho 45C = R H= AN AmAfF B o) HAdo] Lol
a2 7] wWEol] ZEdE A Ao NBAFHAS AAst] AREEEA
ot =% Lung Sampler kel Aot Aeg7hdE HS S-S A8

of w717k W e AASFARKTEH 3-4> F=).

(a) Lung Sampler(ACEN, KOREA) O AR me

<1¥ 3-4> Lung Samplerol] 2]3+ Al 5213
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A3d v A HA(PM-10, PM-2.5) vl E&A5 A48

e

AT E AZHIE LA v AHA(PM-10, PM-2.5) Hl

92 95t 2 (1)E AF&59T nAHA B Z(ng/m)= 2

AN

2,
b
2
N
il

2122 (Snd/day), 19 AZFEHton-waste/day)S ©]

o, 19
of ANUT #F B 27F AR A, PPAUZRE TMS ARE

op

CPJ\VI X Q(Z(Ly

7 x10° ¢ (D

EFpy =

EFpy = PM #}&744+(kg PM/ton-waste)

CPM = PM %:E(mg/nf')
Quau = 19 A4 Sni/day)
1% = 1Y A7ZFsH(ton-waste/day)
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34+ = = (CALPUFE), 7]

MAKEGEO

(terrain, land use etc.)

PRE-Met.

(met, preprocessor)
Surf met, upper met

CALWRF
(WRF regrid)

-

|

CALMET

Create 3D Met. Input file

CALPUFF

CALPOST

(post processing met
and conc.)

<719 3-5> CALPUFF mdeo] A4
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A4g BEAZE £4AAHe vlAEA] HlEEA

A1 A7 &4ALAY ARA R 22t BPED F=

L ARWAE 2404004 TAHE HARA $E

O g Al Ao A A E = v A A(PM-10, PM-2.5)+ 545 204

i

& 103 S ATHCE 4-1D Fx). dAEdA TAHE
TSP 6.483(+0.965mg/m’,  PM-10

e =

rr

5.488(+1.123)mg/m®, PM-2.5

rr

4.071(+1.24Dmg/m*e. 2 B2 =,
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GE4-1D> AEH7IE 244 0A B R = mAHA s5

(2 : mg/n)

s 7/‘]] =L . . ; A : :
TSP 6.286 5.429 5.909 5.157 5.450 7.046
PM-10 4.986 4419 1638 3.924 4563 6.409
PM-2.5 2,962 2.715 2,922 3.083 3.295 5.302

y X}i;]] FUE 7 8 9 10 e gz
TSP 7.135 7.047 7.944 7.423 6.483 0.965
PM-10 6.186 5.834 7.279 6.596 5.488 1123
PM-2.5 4544 4297 6.063 5,530 4071 1.241
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He EdE AAd A

100% = H

TSP=

]_

A
10pm~2.5um

o
A

PM-2.5 ©]3s}, PM-10~PM-2.5, PM-10 o]/

Ueleh A B 10um o]4to] 16%,

=
=

o] mAEA]

7114

A

A HebRTKIE 4-1D

3

H
§
i

TEIE

BEd

/
TEY
TELE
FETE

T
,,,,,,

///////

2%

19%

D1 17

3
i

100%

90%

g

co

S
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S

o

L =

(%)a3ey

22| 32| 43| 52| 62 72 82| 92| 108 Ave

13

Bosmm< Biopm~2.5im @ 10mm

<Id 4-1D AZH7IE 24A20AH TS vAlbA 2
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2. BZH7E £AANENA TAHE AEA BHED T=

A Aol A A E =
3 AAstAT. 4 A3, NOxe| B
+ 6.0lppm= uYEFGTE SOx©]

B

0.70ppm& UEPRFTKE 4-2> =

F=).

nAEA AE=d T

T -
o -1

T =

O -1

NOx, SOx #+4& F 10
23.44ppmeo]™, EFEH=F
1.37ppmelH, FFHAE

(G 4-2> A AolA T8 E = NOx 3 SOx 55

(&9 : ppm)
NEHS NOx SOx
1 24.97 2.38
2 18.64 1.40
3 18.47 2.53
4 17.44 1.86
5 22.27 1.18
6 26.00 0.80
7 34.85 1.12
8 30.47 0.36
9 16.44 0.77
10 24.87 1.31
¥ +(ppm) 23.44 1.37
33 2Hppm) 6.01 0.70
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A2d AEHINE 24N vAHA YAES

NEAAE 5 HeddolA TAsts mAEA e #AZE A=

g
=
=
g
g
=
[\
(@x]
lo
=
i
e
wn
o
=
e
e
i
2
(L
N
rl
o
St
o
flo

1 AEHANE 27NN YR tHHA YBEE

tgA el BAE = vARIAY] JdEee S8 vAEA e F

=5 g oz 1 Aol wek PM-10/TSP, PM-2.5/TSP, PM-2.5/PM-10
Al FFE ol I vles AdEgit. O A3 PM-10/TSPe] Ha&
0.841, PM-2.5/TSP<] & 0.618, PM-2.5/PM-109] #H+#-& 0.7312 }E}
WOHCE 4-3> 2 =2).

_31_



{E 4-3> AEH7|E 2ZA oA AR = vAHA] JHEE

9;751%%/\] SHS . . ] A : :
PME10/TSP 0.793 0814 0.785 0.761 0837 0.910
PM-2.5/TSP 0471 0,500 0495 0598 0.605 0.752

PM-25/PM10 0.5 0614 0630 0.786 0722 0827

) 73%;5 we 7 g 9 10 S !
PME10/TSP 0.867 0835 0.916 0,839 0841 0.054
PM-2.5/TSP 0.637 0610 0.763 0.745 0618 0.109

PME25/PM10 073 0.730 0833 083 0731 0.092
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2. AEH7IE £ANE29 vARA JFEE Bl

7}. PM-10 44 E&

A7 Az, TSP ti¥] PM-109] E&2& 084072 EAEHoH,
PM-10/TSP #&L& <& 4-Do A B uie} o] Ao meha theshA
Uebstth, thaa A o] wkx) A4S SNCR(Selective Non-Catalytic Reduction,
F-Zuf -1 4]), SDAGSemi-Dry Absorber, WHA21uH-3-&<=8h), A/C(Activated
Carbon, EAEFA4AH) 18 A Y GAZ o]Fo4x Ut &
Ao FARRE WAAES T 2AANE S tdeR dTE IHeA
F}38H(2013)e] E&3k2 0.630002 B AFEO ZJUTHKE 4-4> FF=F).

(R 4-4> B A9 71EA 79 PM-10/TSP Hla

A 7 E AZAA(HE)
=]
T WA AAEE
(PM-10/TSP)
By SNCR-SDA-A/C-o] 27 71 0.8407
SNCR-SDA-A/C-o] 2] 7] 0.6300
gAY

SNCR-SDA-o] %3 %1 0.3800

(2013) A3
A 717 7 -45 21 4] A -SCRD 0.9900
wAeded A7) % 71 -<5 2] 41 4 -SCR 0.3450

\__7 1___'{1 — - .
(2013) " °

1) SCR(Selective Catalytic Reduction): A1} 2] $+<] Z
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. PM-25 Y43 E&

A A}, TSP ©iH] PM-2.59] E&L 0617608 BAFH oM,
PM-2.5/TSP £-&& <& 4-5>04 R nle} o] Ao weta thakstA
et B AFel fAG NS 7R AGAES gides At
3 ARG A2013)2] ELFS 0380002 B AFHTE ZATH<KE
4-5> =)

=

{(E 4-5> & d7¢ 71272 PM-25/TSP Hlw

NBHAN D 22 A = )
=]
o ERE voLE
(PM-2.5/TSP)
H oA SNCR-SDA-A/C-o I}-7] =R 0.6176
SNCR-SDA-A/C-o 53] =R 0.3800
e
SNCR-SDA-o 3] =1 0.1800
2013) A3
A 7R 7 -5 2 A A -SCR 0.9400
#HRATd 27120 -2 2 A 4 -SCR 0.1860
7 -2 - .
(2013) " °
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t}. PM-10 tf¥] PM-25 Y4B & &

22 0731008 BEAEoH,
PM-2.5/PM-10 &&2 <& 4-6>7 Zo] AT webA] theFstA vey:
ok @A =7l A PM-25 wlEAS S S8 AMEE T e g
7% &ZAA o] PM-25/PM-10 282 066172 2 AFRT 39, 2
AT ARG FAAEE 71 AAAEE iR ATe 593
He 0.60000.2 B ATt ZAUYHKE 4-6> =),

{E 4-67 & A<} 7|&=AF9 PM-2.5/PM-10 vl 1L
AEH7|E A2ZAA(E)
=]
T A A AR E&
(PM-2.5/PM-10)
By SNCR-SDA-A/C-&] 74 7 0.7310
=27 A& 7k - 0.6617
EEEV RS
717 71 -4 2 A A -SCR 0.7800
(2009) IHA-s A
SNCR-SDA-A/C-&] 3] 71 0.6000
=8t
SNCR-SDA-&] 7 7 0.4700
(2013) A
A 713 R -521 A4 -SCR 0.9500
RN 2712 71-2-2 4 4 -SCR 0.4550
7 -5 - .
(2013) B °
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A3E ABAHZE LGAEe vAAA B &4 5

L BEH7IE &4AN29 vARA fEAs 43

WA E 27 Ae] vARA EAFE AR g8 AT o)
AN ERE AEY AR WAbE fF
rol ALl MEAGTE 4 (D& Afstd wAsig o, Aol
Fe| Mslvke fF a2, S8 WARA MESEE GE 4D

1 <3 4-8>9 YEFIH

1

It

>

¥a

7}, PM-10 wj&A 4

AEH 75 &AZAA PM-10 vl &4l <& 4-7>3 2o, 103 =
AE AZHIE 274449 PM-10 wWiEAS HEHd JJdze 42
0.0648kg/ton, 0.0266kg/tono.Z UEboH, HFHzkS 0.0441kg/tono 2
UERS T

(EA4-TD BEH7E L7449 PM-10 wi&A 4 48 23
A= TE AMEH AT AMEH AT v A 4
H3 (mg/m) | A4k Sni/hr) | &7 (ton/hr) (kg/ton)
1 4.986 61,466 8.07 0.0380
2 4.419 62,799 8.63 0.0322
3 4.638 61,146 7.92 0.0358
4 3.924 59,876 8.83 0.0266
5 4.563 59,148 8.88 0.0304
6 6.409 69,123 6.84 0.0648
7 6.183 65,307 7.08 0.0571
8 5.884 59,148 7.99 0.0436
9 7.279 63,305 7.89 0.0584
10 6.596 63,869 7.71 0.0546
3 (kg/ton) 0.0441
s 272} kg/ton) 0.0136
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1. PM-2.5 Wj&A4

AEH7E A4AAHe PM-25 vjE&AlFE <3
Ae ALHI|E &Z4AAEe] PM-10 8jEA 2
0.0536kg/ton, 0.0198kg/tono 2 rebkom, Hi#gte 0.0330kg/tone
Urepiteh,

i
YR

M

)

)

B

)

)

rlo

N

)

(E 4-8 AEH7E &ZAIAAY PM-25 w4 44 23

NE TE AMEH AT AEH AZE v ZA| 4
HE (mg/ni) | A4+ Sni/hr) | &7+ (ton/hr) (kg/ton)
1 2.962 61,466 8.07 0.0226
2 2.715 62,799 8.63 0.0198
3 2.922 61,146 7.92 0.0226
4 3.083 59,876 8.83 0.0209
5 3.295 59,148 8.88 0.0219
6 5.302 69,123 6.84 0.0536
7 4.544 65,307 7.08 0.0419
8 4.297 59,148 7.99 0.0318
9 6.063 63,305 7.89 0.0486
10 5.530 63,869 7.71 0.0458
3 #(kg/ton) 0.0330

3= xHkg/ton) 0.0132
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2. AH7E £AANE29 vARA WESA s Bla

<E 4-9>9

Aok ATl o7 AZurIE 27442 mA

AR W EATE BaStAT B AFoNA At ASHIE ATAA
o] PM-10 #ji&A 5= 0.0441kg/ton, PM-2.5 ¥l& 74+ 0.0330kg/ton . &
=7} dWl&A4<] 0.0362kg/ton, 0.0240kg/tonX.t} 2+Z; 1.228), 1.37¥] =

Al YEFS T

CE 4-9> B AT 7EATe) WEAS A2

(&4 : kg/ton)

o WL 7B 22k A () W) 1
= PM-10 PM-2.5 (=] A A)
B g 0.0441 0.0330 SNCR-SDA-A/C-o] 37 71

27} WA 4 0.0362 0.0240 -
0.0035 0.0021 SNCR-SDA-A/C-o] )7 71

=87t
0.0470 0.0221 SNCR-SDA-o 471 A

(2013)

0.0104 0.0099 7151 7 -4 A1 4 -SCR
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A5 BAZE L4418 FHAY t71d IF 4

WA A MESE PM-257 FHAY B A v 33e
WSS o §3te] BASYAT AEE WA WA A, 1A
ZzA) el weh AAE T AR 2AAEY NEES

A/ 7S W thr)d IS AR,

Ald dr|ged dgas

1 2943 Jdgx =

CALPUFF m9g 75317] 93] mdd 99 A7 fgnde 54
o7 AR SAWFoRE 77} 2km, BZ 2
HZE AASFHIKZH 5-1> #FX), v <& 5H-D 22 248 ¢4H

st

<9 5-1> 2dy ¢ <(8km x 8km)
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=
o

AT A FH A 9 (8km X 8km)

Grid origin X(Easting) 304814
(reference point) Y(Northing) 4132363
Grid spacing(A X) 0.1km
Nx
(no. x grid Cells) 81
Domain Size Ny
(no. y grid Cells) 81
Time zone UTC+0900
Projection UTM 52 ZONE
Origin of Lattitude 37.31
Projection Longitude 126.79
continent/Ocean Asia
Region South Korea

Modeling period

20184 12¢ 1< ~ 20194 11€¥ 30¢
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2. 71’% d¥A=

7 d mdyg Al 738G wgS fe EEE dY Aol A
& VR ELS VIAARE ol &siAn. AErEe] R9e fd s
7178 thek FAFAWSS] AR E o] &Fom, FTTde] vEs s A4t

<I¥ 5-2> 714d A=

3 HlEF A=

CALPUFF m&g o] &3] 29| &S Hristy] sixe 2dE4
HlEdel 277t e FHEY B dFoAs AT tidAddA B sE
PM-2.59] FHAY FFg dotrr] 9 A FHEEolm), W&
T AAM), #rt2E2m/fs), H7F22=(C)e 28 AFAZE AL&5

A3, A AA A=3 PM-25 &% AES AL&3stAT
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A2d AgHE &GAEY t71d 9% £

L o71d 9 4 71&

ARE AMA 2% Fule B JPo 1299 39 AF
2 WS LEE AU HAL S8 [HMAEA 15T A7
M SEmA019111)] & 20199 119 2EaATh o el E
D TAEAe] WA oAe FE Sstel FHE 187 g8 A

o

7IbESG ARBYAE =AUt oy, AdEE T AR F2 b
= TAEE el ThEe dEske 5o =AE AW A A

HrlE &4M4e AR SANYE 44 4km, EF Zkm,

6km o]A" A7t &) PM-25 1AZF A, <A, dB¥+ T
o

iz
I

S
e

B %< "Hrtetr] s Al b FES (@, 50%
7HE e O RS 1A AdleEs @7F 0.3pg/m, (b)7F 0.2

2 Uehtal, 2443 Hls 5= (@) 0.04pg/m, () 0.03pg/m 2 e}
AG T F=+ (@) 0.008ug/nd, (b) 0.004pg/m 2 EFST
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i

Az 2]

(@ &4 715 A - (b) (50% 7+5 A
<A™ 5-3> W= Wl mE PM-25 S5 Z2X%
(&4 94 8km x8km)
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o
T
=

73

1

0.97pug/m =

| AE7] f8) &
191 35pg/ni @] 2.8%° E3dt= FXS VY

FSAT.

o

°

AHA

U

=]

o
=

0.35pg/m ©]

L —

)

‘|_

FAo2 A 09kmAA MAE Aoz Jepgt

S

AE )t +

A

I

=
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Abastract

Emission Characteristics and Air Quality Impact

by Particulate Matter from Municipal Solid Waste Incinerator

Jiyun Woo
Cooperation Course for Climate Change
The Graduate School

Sejong University

In order to solve the particulate matter problem, the first priority should
be to identify the exact amount of particulate matter emissions from
large-scale emission sources. In case of emission factors essential for
calculating emissions from municipal solid waste incinerator, as for TSP and
PM-10, emission coefficients developed in the U.S. and Europe are applied
and in case of PM-2.5, they are calculated by applying particulate matter
ratio of emissions. In other words, it is difficult to calculate accurate and
reliable emissions that reflect domestic conditions

Large-scale municipal solid waste incinerator emit large amounts of air
pollutants, including particulate matter, but the related research is
insufficient. In order to calculate particulate matter emitted from municipal
solid waste incinerator, detailed information such as the process of the

emission facilities, prevention facilities and the capacity for treatment is
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needed, and research is needed to take into account various driving
conditions.

In this study, the concentration and the ratio of particualte matter were
investigated for large-scale municipal solid waste incinerator and the
emission factors were calculated, and the effect of target facilities on the
surrounding areas was examined based on PM-2.5 concentration based on
the actual measurement.

According to the analysis of particulate matter concentration of the target
facilities, the average concentration per particle size was TSP 6.483 mg/ni,
PM-10 5.488 mg/mi and PM-2.5 4.071 mg/m respectively, while the
distribution rate for particles between 10um and 2.5um and 10um was the
highest at 22% and 62% respectively. Based on the measured concentration
of particualte matter, the average value of the standing fraction was 0.841,
PM-10.5/TSP 0.618 and PM-10/PM-2.5, respectively, at 0.731. The
particualte matter emission coefficients for municipal solid waste incinerator
developed in this study were 0.0441 kg/ton for PM-10 and 0.0330 kg/ton
for PM-2.5, which were 1.22 times and 1.37 times higher than the national
emission factors of 0.0362 kg/ton and 0.0240 kg/ton, respectively.

The effect of PM-2.5 emitted from the target facility on the surrounding
area was set to a range of about 2km in horizontal radius around the target
facility and examined through CALPUFF, an atmospheric diffusion model.
The implementation of the seasonal management system, a special measure
for the case of high-concentration particulate matter resulted in a 50%
reduction in operation of the target facilities, and a 78% decrease in the

maximum concentration on the surrounding areas, which is equivalent to 1%
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of the PM-2.5 24-hour mean(35ug/m).

This study is thought to have developed emission coefficients that reflect
the characteristics of waste and the operation conditions of the incinerator of
the domestic municipal solid waste incinerator, and be able to be used as
basic data for the establishment of the national particulate matter control

measurces.

Keyword : Particulate Matter, Municipal Solid Waste Incinerator, Inventory,

Emission Factor, CALPUFF, Diffusion impact
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