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Abstract

The objective of this study was to estimate the emission characteristics for PM, PM,,, and PM, 5 in the various
stationary sources. The particulate matters collected in the various stationary sources such as power plants (Coal
and B-C oil), incinerators (municipal and industrial waste), and glass furnaces. The PM and PM,,, PM and PM, ;,
PM,, and PM, 5 samples were collected using the cyclone type PM,,, PM, ; samplers and 30 species (19 inorganic
species, 9 ionic species, OC and EC) were analyzed by ICP, IC, and TOR/IMPROVE methods. The mass concen-
trations of PM, PM,,, PM, ; from nine stationary sources ranged 0.63~9.58 mg/Sm’, 0.26~7.47 mg/Sm’ and
0.13~6.34 mg/Sm’, respectively. The level of PM,,, PM, 5 portion in PM calculated 0.63~0.99, 0.38~0.94,
respectively. In the case of emission trend for species, power plant showed high concentrations for Al, Mg, Na, Si,
V and SO42’, respectively. Also, Ca, Fe, K, Si, CI", and K* showed high in incinerator. In the case of glass furnace,
Na, Pb, K, Si, Na* and SO,” represented high concentrations. Power plant showed higher EC/OC concentrations
than other sampling sites. These results suggest the possible role for complement establishment process of emission
inventory and emission management for PM.

Key words : Stationary sources, PM, PM,,, PM, 5, Emission inventory
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Fig. 1. Schematic diagram of particulate matter sampling in stack.

o 4% Pol 43 35 348
35% HAF 3mLE 7Fet ¥ power 49} 304 242} 6%
4 Agaled S1HE 408 SEei A4
g5 Age Z8jz239 A2 2] 50 mL centrifuge
tube (Corning Co., USA)o| Grof} B4 A7lA] WAkaro]
A 4°CE R399t AX Y7 955 A2 ICP-
AES E4H (DRE ICP, Leeman Labs Inc.)& ©]-&3}9
Al, As, Ba, Ca, Cd, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb,
Se, Si, Sr, V, Zn 53 22 % 197 =of tjgt 24
2 ST ol LA RS XS 2% 871 s-;z
244 30mLE B 5 287 A7)0 Yol 3087}
2210} 22319t} o] £o1& Az -"JE](ACI'OdISC
PVDF, 0.2 um, 25 mm, Pall Co.)& o] &3}o] ofu}2 3}
3 50 mL centrifuge tube (Corning Inc., USA)o] Ho}
BA A7kA AR & o]3 ZnbE J#) 3] (Model
ICS-1000, Dionex Co., USA)E o] &3}o] & 97) o]
AE(S0,”,NO,”, CI", F,NH,", Na*, K", Mg**, Ca’")
2 B9t
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Table 1. Summary of sampling sites and mass concentration.

. . Prevention PM PM,, PM,
Plant Fuel, material Capacity facilities (mg/Sm’) (mg/Sm’) (mg/Sm’) PM,/PM PM,/PM
Coal 800 MW SCR, ESP, FGD 3.66 3.58 2.52 0.98 0.69
Power plant 500 MW SCR, ESP, FGD 550 4.14 - 0.75 -
Heavy oil 350 MW SCR, ESP, FGD 9.58 747 6.34 0.79 0.67
Municipal 12.5 ton/hr SNCR, BF, WS 0.67 0.35 0.13 0.52 0.20
solid waste 6.3 ton/hr WS, AD, BF, SCR 3.08 1.49 0.81 048 0.26
Incinerator
Industrial 3.25ton/hr SNCR, BF, WS 5.79 4.27 3.12 0.74 0.54
solid waste 3.14 ton/hr SNCR, BF, WS 0.63 0.26 0.14 042 0.23
3.54 ton/hr ESP 8.86 5.64 4.57 0.64 0.52
Furnace Glass, LNG ¢ 5 ton/hr ESP, SCR 7.46 5.96 261 0.80 035

ESP: Electrostatic precipitator, BF: Bag filter, FGD: Flue gas desulfurization, WS: Wet scrubber, AD: Adsorption tower, SCR: Selective catalytic
reduction, SNCR: Selective non-catalytic reduction, Sm*: Standard condition (0°C, 1 atm)
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AF(RA; 100mm) Bt AN 23718 2E gtz
3& o 7] Wi2olth wabA ST 2714 % &
A

ES GBS AR AgSHe WAN L B A

YA (NIER, 2010)°14 PM,,, PM, ;s =& 217}
1.54~6.16 mg/m’, 1.02~4.83 mg/m’ 522 Uelf¢l
oo, PM ¥ PM,3 PM,s9] Bl&2 27} 0.87~1.0,
0.66~0.682 AFZE QT £ A7ATe} vlas) 2H
A A AT FASEARE £ 55 A A A Y
749 PM F PM,, H] 0] ¥A SA =Tt

2 $9Y 250 AR Agas TN
oA ¥l&s= PM, PM,,, PM, ;9] == 27 9.58
mg/m’, 747 mg/m’, 6.34 mg/m’E ZAE g om, PM
% PM, 2 PM, 9] H]&2 247+ 0.79,0.670 2 AHEE
Atk FHE AEE AFESHE WHA A gt A
e A 2o, d71edEd & A4 (NIER,
2015a) Ak =29 A PM,/PM, PM, /PME FA3}H Z+-Z}
080, 0.520]], 2 Q17 ATgEE o]et fARSHAL o
& F2 Aoz eyt

A 71E AAEE 23S SAsHge, A §
A £ZkAE 2] PM, PM,y, PM, s s 242 0.67 mg/
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m’, 0.35mg/m’, 0.13 mg/m’2 RALE|¢loH, PM &
PM,, PM, 9] H]&2 747} 0.52, 0208 AFEE YT
E OE ZAH7E 27449 PM, PM,,, PM, s 5%
L 747} 3.08 mg/m’, 1.49 mg/m’, 0.81 mg/m’E ZA &
9L, PM 3 PM,,, PM, 9] B &2 Z}7} 048, 0262
A2 E| i A AT (NIER, 2013) Z&o|Al= PM,,
PM,; %7} Z+Z} 0.57~1.43 mg/m’, 0.34~1.35 mg/m’
olw, PM % PM, @ PM, 9] H]-&L& Z}7+ 0.63~0.99,
0.38~0.942 ZAIE|GloH, B Axdats APA
A} vlwste] Z2 vjES U= A2 R ALY
Att.

AGH71EE 278t AZAEE 230 S5
=8, A "R 2ZFA oA vjEE = PM, PM,o, PM,
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AME|93L, PM 5 PM,, PM, ;9] B &2 717+ 0.74,0.54
oz ALtE i T A 2ZPA oA HiEE = PM,
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m'E Yetiglem, PM 5 PM,), PM, ;9] H]&-2 7}z
0.42,0.2302 A4t= Gt d7| e HEED WHEA S
(NIER, 2015a) Z+& ] 4] PM,,/PM, PM, /PME At&5}
A, 27 0.72,0.6520H], 2 A+ A2 A HA A
oA FASHE, T2 AJdoM = tha w2 AR
ZALE|

&AL ARE LNGE AHgste=t, Hi&Es
L PM, PM,,, PM, 55X Z}7} 577 mg/m’, 5.64 mg/
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0.64,0.528 AF2E9th E oh2 §883A A% LNG
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Fig. 2. Elemental concentrations for PM, PM,,, and PM,; in power plants.
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0352 A=t A8 AL (Bhrlich et al., 2007)0) A
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mg/m’, 1.6~23 mg/m’E ZAFE|¢TH PM $ PM,, 1}
PM, 9] H&L ZH2} 0.93~0.95, 0.45~0.542 ZA}E]
o] & EHAetE tha Zol7t glglen, ol 54

WA ol M1 NEAR ohfet MaggA 2

A=l glgi7] HEo e Azgt.
3.2 27|84 55
2 é@%i(%‘ﬁ*l*é, £ZAH, 428 5)

oAl PM, PM,, PM,; 53 22 47 278 F7] 94

9 iEE AT A E Y A= AN A=
2 RSt 7 A 271 Rr)dad =8 O
d 20] Yetfilct. B-CH ARS- HAAIE S L V7t
PMO|| A 274.8 pg/m’, PM,,ol| A] 1892 ug/m’, PM, ;]| A]
127 8 pg/m’2 RAME|0] B7)1 94 5 7MY B2 BES
et glct th& o & Mg} Feo] & =2 Uehy
2131 Na, Zn, Ca, Ni, K, Al, Mn 59| o2 7+ A}

=z Al7} PMOYA] 2200 }Lg/m 2 JE I, PM,,0)
A 192.7 ug/m’, PM, 0l A 122.5 pg/m’2 A= QiTh

2902 Mg, Fe, Si, Ca, Na 59 F7|947} 2 uj
S5 ASR ZAESGIH. olH3 Ao A AR
(0i)E AAAFE H= V,Na,Ni o] F2 vj&= 1L,
AFdARE A2AHE He Fe, Al Ca, Si 50| &4
HEE o= AgdT 2ot & dAshs Aoz g
Ht}(Kang, 1998). 4=} 278 vi& E40A PM+=
B-CH ARS LHAAHS] 49V, Mg, Fe, Na, Si 5]
EA UEa, A% AR BRAEL Al Mg, Fe,
Si, Ca 50] =A vetdth PM 2 B-CH AHS- A
Aol 4L V,Mg, Zn, Na, Fe, Si 59| &2 5=8, &
At AbE A EL Fe, Al, Mg, Si, Na, Ca 5°] &=
< =5 UE PM, = B-CH AR HAA
9] A2 V,Fe, Mg, Zn, Na, Si, Ca 5°] &4 A=
I, FAg AR IHAIEE Al Mg, Si, Fe, Ca 50| &
Al Yttt

RN 718 £ZHAE Ferl PMof|A 258.7 pg/m’
2 ZAMEQIT, PM oA 230.6 pg/m’, PM, ;o)A 31.1
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Fig. 3. Elemental concentrations for PM, PM,,, and PM, in incinerators.

ngm’2 71 A AEE 22 Na, K, Si,
Ca 59 o2 ZAE T AMYA 7| E 2ZHA1 A9
9L Cao] PMo||A 233.1 pug/m’, PM, ol A 83.7 ug/
m’, PM, ;0| 4] 27.5 pg/m’E RALEQITh th2 0 & Na,
K, Si, Zn,Pb 5°] 2 5E& UE = ALE XA}
HATH(IE 3). 43 271E viE EA0lA L7
= 2ZHAA Y PMoA= Fe, K, Na, Ca, Si 5°] &7
e, AFgAH 7|8 &2 A Aol A= Ca, K, Na, Si,
Zn 3| ¥& FEE YENT AgHrE 27A1E
9] PM (ol A= Fe, K, Na, Si 5°|, Arg3#H7 & 27+
Aol A= Si, Fe, Ca, Pb 5] & 202 ZAE G
o AGH7)E &ZHA 9 PM, oA=& Na, Si, K, Fe,
Zn 5], AR H 7 E 2ZtA Aol A= Na, K, Ca, Si,
Fe 5ol =7 Uetgth. £Zkx Ao A& Ca, Fe, K, Na,
Si, 183l Zn 50| = HEHE AR ZAEZS
™ (Hopke, 1985), 27+ H7|& 44 Y Aol wi&

= 77194 FA] Zo7t gl Ao g wE

FE&AEY AR 271 7194 5E Naol
PMojl A 374.8 ug/m’2 YFERGIL, PM ol 4 159.7 ug/
m’, PM, ;0| 4] 3364 ug/m’'2 AEEch th2 o2& K,
Pb, Si, As 59 22 UEHTHaY 4). §2830Al

o713 A A 32 A Al 6 &

Aol AL B3| Na7l 52 FEE Uetyed, ol
2 .ao] 2AHo] Si0,, Na,0, CaO S22 Na ¥ Siv}
=A vehd Ao 2 sETH(US EPA, 2016; Hopke,
1985). 7|0l R A0 9zt F7|dH 2rYAs =&
L Zn7} PMO A 147.6 pg/m’2, PM, ol A 135.8 ug/
m’, PM, o4 393 ug/m’2 ZAEQIch ot 02 Fe,
Si,Pb,K 59 -2 & YERTHIH 4).

3.3 0|28 sk

7k £ A oA F71 949 B9} n7t A 2 PM,
PM,;, PM, s 53 Z-2 AR} 27|18 o] A& (%ol 5
N FE, ol 1 FH)9 v A4S ¢35kt
B-CH ARS- T A} 2719 o] 248 55+
SO, 7} PMollA] 4,469.3 ug/m’, PM, ol A 4,373.7 pg/
m’, 18] 3 PM, oA 4,541 4 pg/m’E RALE]o] o]
AE T 7 22 555 U= Ao 2AES
th. oh& 2 2 Mg™, NH, 7} 7)) Uebshon), Na*, Ca™,
ClI' 59 o2 AT fdT AR A9
Uz} A7) o] 24 E T SO, 7F PMA 761.8
pg/m’, PM, 0l A 1,171.6 ug/m’, PM, ;9| A 696.0 ug/m’
2 ZAEY PM oA 7HE & s=E YEWSltH
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Lo7 Mg™, Ca’*, NH," 59 ¢08 RAEgL, o Ca’™* SO, ,NH,*,Na" 59| 08 o =

NO; &= HEHA gAdh(ad 5).

A 7|5 27k o3t o2& HiEs
o] AL CI'7} PMOA] 303.5 pg/m’, PM, 0| A} 227.5
ug/m’, PMy ;oA 131.6 pg/m’2 71 &4 wi&EE
Aoz zAE| QL o2 Nat, K'Y, SO, Ca¥' &
9 &0 g =2 s Yt A E 27
o 93t o] 2AE Fk= CI'o] PMOf|A] 263.9 ng/m’,
PM, A 23.1 ug/m’, PM, ;oA 10.6 pg/m’E ZA}LE

= 3%

Hehe 2oz 2AFEATH(E 6). 53] CI'
4o A2l @ WY EE 2] 2879
7 Solq F2 ijEEs Aoz deid glo] & o
FAve} 2 AR5t A2 HAETH(Kumar ef al.,
2015; Hwang et al., 2008; Chow, 1995; Germani and
Zoller, 1994).

&AL Y o] 2AE T YA Z7]00 4
glo] SO,”, Na’, K", NH,", CI" 9] 5=7} &4 vt

l‘>‘ o it *Q
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Table 2. The EC and OC concentrations of PM, PM,,, and PM, ; each sampling site.

EC (ug/Sm’) OC (ug/Sm’)
PM PM, PM PM,, PM,
Power Plant Coal 112.54 94.86 137.99 104.54 29.78 32.14
Heavy oil 428.16 898.75 465.26 621.23 703.43 378.90
Incinerator Municipal waste 143 0.84 1.58 41.88 2.76 0.83
Industrial waste 5.15 3.65 0.64 45.20 50.94 4.00
Furnace Glass, LNG - 0.05 - 2.13 6.15 1143
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