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Abstract

The purpose of this study is to present the source contribution of the fine particles (PM, ) in Chungju area using
the CMB (chemical mass balance) method throughout the four seasons in Korea. The Chungju’s annual average
level of PM, 5 was 48.2 ug/m’, which exceeded two times higher than standard air quality. Among these particles,
the soluble ionic compounds represent 54.2% of fine particle mass. Additionally, the OC concentration in Chungju
stayed similar to other domestic cities, while the EC concentration decreased significantly compared to other
domestic/international cities. The concentration of sulfur represented the highest composition (8%) among the fine
particle compounds. According to the CMB results, the general trend of the PM, 5 mass contributors was the fol-
lowing: secondary aerosols (50.5%: ammonium sulfate 26.5% and ammonium nitrate 24.0%) > gasoline vehicle
(18.3%) > biomass burning (11.0%) > industrial boiler (6.0%) > diesel vehicles (4.4%). The contribution of the sec-
ondary aerosols was the main cause than others. This impact is assumed to be emitted from air pollutants of urban

cities or neighbor countries such as China.
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etal.,1993). AZzo A= oln| Zu|AHA] HF2 &
gJsta ik £3] 2u|AHA| o eFE = o, 7t
g, &, G2 obd, YA, 35 59 F55°] A
of FHY TF7] 9 =87 A At ofyzt 2l
A AgE op7|sh= 5 A A3/l 10 pmeoj 8|5k
24 zob fuzEte] Beol= dr|1gg e A
g E]o] 20153 K5 AP et

7] & PM,s= EY 50 22 AQAQ wisde
7|7k ¥ v, Q19 ARl wiEdolA AR wiE
e YAEEAY 7loq=rt Aoz ok 2y
TEA719] - 7k R EC] 7] FolA skt
Soll o AP EHE oA AAGEZ Y 7]q=7t &4
Uehdth $a3% o3 A EA RS SHteE, A4
ek, gEYok A4t 55 Z3 AFEdo] 7]
oA Fest wkgol o A== B, 24,
FEUEY Fol PJEHoIm of o= LA £71%
T2 ola) AHE YA §7IRLe) A w3
=2 AoZ yehta ok (Kang ef al., 2011a, 1997;
Kang et al., 2006; Lee et al., 2000, 1999, 1993).

22 vt 2uAHA s dste 51
AT A 20113 241G Aol Joted A 3
&+ PM,s 55L& 28.1 ug/m’ o &2 7|84 712 25 pg/
m'E 25T Qe AR yehgon £EA(293
ug/m’), F2A (309 pg/m’), FHA (324 pg/m’) 5 A
A 2u|AUA] = SAEYL FEAYGY =717t
& w2 oAE Uelle Aoz £4HA. ole &
< Y =AY 2uAEA] = £E2 HFY F8
6t EA (RAE, A7LT, A, LA, YAEDC, T E
2O|E) Bt 14pg/m'Eet 26 o) & oM,
AAEZA7]F(WHO)2] A117]%21 10 pg/m’e] 3ujo]
gl Ao 2 YEGT (http://www.nier.go kr/NIER/
EgovMove Page.do?linkPage = /kor/nf/nier-nf-03).

FERE L ZARAFo] G vA= T4 HiE
o] TR 24 wjE oA dubitE 71qstertE
St Aol mie F-&3 WRolth ol 3 mdS
A FHRE, Al - 370l OE s 22
8& ol f85t e ZuA|HA] B2
oA viEd 7= 4 % FFI 23 wiET
= Ash] A AR 59 45 Sl =ed
c}.

T Fe BHL FRU AN FFA 2

]

o fob oX e

z

N
pacs

s
e
=2

re

Fa7ISE A A 31 F A5 &=

AR o] G v|A = HiEY 7|25 24
3l= ZAo|t}. CMB (chemical mass balance) 8R4
2 20139 SHEHE 20149 149 Atolo] AEE 734
Z 2870 Aol Het viEd 7 =E HEste A+
of ol stsict.

2.1
FFAE fFEUEtY SR SER HAsH
7 127°45'~128°1" B9 37°16'~
36°18'0] ¢zt WA o] 984 km’E A]&9] 1.64]<
A o|w HAAHAH ] 65%7t AHA 2 A= oSt 5
FAY AFoZ ST, GHOE AT RS,
EHOT 7= FATTt HAAE o|FL gl 9
o] Ao g FEHR] BEAloln Feta dH el S
FAE BEse 5 Aol FRE WFEA O 914
Sk Itk 7144 Amell o5k 2007 FE 20134
7] APFLEE 114~120°Ce 2 2gyet 37
2l 7134 EA4E vl itk 5419 B3
S 12503 mmolH 7o) oF 50%= 7~9Y
Atol 9] a7 o] FFEE Aol ol o= &
b o]k R F ol 715H Q] ATt Ueh=
Adetd 399 @4o] A5 dAdsta ot
39 YL dEd WEAALS F 22370|H o]
FolA Bl 7t F 1~3F AFgAel 1670(7.1
%)0] 1L, YH A= 4~5F AAE FH7} 22 AFLT
o] JREE ARt Qith FE9 TAYE vl
=4 HelFo|E By AMYFEEL FHadt= v o
7o dEd o a3 iEdY bl AsAY A%,
AT57 R A o= vjd g S5
7} F7kekaL glem 53| A7 Aol §435H
718k it} S5O Aol HiEEE LHER
2 2005d =0 o|AkEA AT} 5235 kg/dayR 71 &
gom, ofgHib7k A= 130 kg/day, PIAIHA| = 443 ke/
day 502 FA5}3L Qlth(Park et al., 2008).

al
ES

2.2 23807 & =0IMEX[2| Al=AHF R
A

MR

=]
=

A7 T 2ulHEA HF = FFA =4 A

ot



SFAl ZUAEA] (PM,5)9] W& 7]o= 240 wgk A 439

i B
aeig
EEL ] |

*
B2

Nam-Han River g«w D
2304
UaA3Y . .
sseny Sampling site
([ ]

87
0eEY

24
A

Fig. 1. Schematic diagram of sampling site.
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Table 1. Source profiles for soil, gasoline and diesel vehicles, biomass burning, incinerator, industrial, ammonium sul-

fate, and ammonium nitrate. (unit: wt %)
Species Soil Gasoline Diesel BIOHTaSS Incinerator Boiler (NH,),SO, NH,NO,
burning
Na 0.104 0.768 0.019 0.208 2.185 1.990 0.000 0.000
Mg 0.773 0.328 0.005 0.070 0.582 0.501 0.000 0.000
Al 4912 0.311 0.010 0.094 1.050 0.000 0.000 0.000
Si 7.352 0.560 0.043 0016 1.151 0.134 0.000 0.000
P 0.026 1.114 0.131 0.000 0.028 0.000 0.000 0.000
S 0.166 1.346 0.635 0.520 1.810 14.85 2427 0.000
Cl 0.045 0.162 0.024 1.360 23.611 0.242 0.000 0.000
K 1.693 0.276 0.017 1.704 9.482 0.055 0.000 0.000
Ca 4251 2.676 0.174 0.020 8.609 0.050 0.000 0.000
Ti 0457 0.059 0.000 0.000 0.254 0.000 0.000 0.000
\% 0.000 0.002 0.000 0.000 0.003 0.537 0.000 0.000
Cr 0.010 0018 0.001 0.000 0.009 0.000 0.000 0.000
Mn 0.279 0.075 0.002 0.001 0.048 0.000 0.000 0.000
Fe 13.990 1.499 0.045 0.007 1.800 0314 0.000 0.000
Ni 0.002 0.009 0.005 0.001 0.000 1.122 0.000 0.000
Cu 0.009 0.119 0011 0.003 0.095 0.000 0.000 0.000
Zn 0.237 1.008 0218 0.027 1219 0.033 0.000 0.000
Br 0.001 0.004 0.002 0.010 0.228 0.000 0.000 0.000
Cd 0.003 0.091 0.006 0.010 0.033 0.000 0.000 0.000
Pb 0.029 0.039 0.002 0.009 0.404 0.000 0.000 0.000
NO,” 0.045 3.039 0.802 2.304 0.000 0.143 0.000 77.50
Noks 0.014 3.646 1.466 0.768 5919 31.78 72.70 0.000
NH,* 0.053 3.501 0.374 1.387 0.234 2.203 27.30 22.50
Na* 0.034 1.715 0.130 0.216 8.523 1.586 0.000 0.000
Cr 0.137 2.032 0.185 1.177 26.251 0.263 0.000 0.000
K* 0.049 0.879 0.119 1.926 8.724 0.055 0.000 0.000
Mg™* 0013 0.242 0014 0.052 0.191 0.009 0.000 0.000
Ca™* 0.034 5.119 0.243 0.513 6.519 0.610 0.000 0.000
ocC 2.844 38.32 2595 53.648 3.934 1.743 0.000 0.000
EC 0.000 422 54.48 16.247 0.000 2.129 0.000 0.000

HAE 247 141 ~26.25 pg/m’, 1.81 ~23.21 pg/m’o]
Tk NH,"9 Hd SEE 6.14 pg/m’o]Qlar, 49t
HAdsEE 22t 145, 1241 pg/m’ 22 Yehgth (&
2).PM,; & 8 84 ©]2 SO,-, NH,", NO, ]
Y2y JFAO R 21%, 13%, 20%= SO,” > NO, >
NH," o2 yepgon, za el gk 4 5
874 ol2AEo] AA et HIEL 54%E W T
H&S Uehfa Itk 354 o229 B+ v
+ 39 20] Yehd uie} o] = - 9] 8 EA
A ZAFE Hgt] 2 FEE UEHL Sl5S
& 5= QITHE 3). 0|9} o] ZH|AHA] F o] 247
o] F=7b S B =AA o) Hlste] wje- A UEr

wow, o] 84 ©]22 SO, NH,", NO; o] 4%

S

FE di7] FolA APE oAU H&o| £7] 4
ol 2341 2uAHA] F @2 FEo] R YA
olFEo] FF& v|A= AR HekE

SO, 79 AZE B vxE &, 98, 7, AL
Z+7} 12.06, 13.22,8.90, 6.37 pg/m’ 0.2 QA Q] T4
A9 AL ALH 1L A8 R Ad HES
Bol= ¥ (Kang er al., 2006) & AFo|A= &1k o
ol =1L 71T ALHo| Ropx= A4 ¥E 54
< B NH, 9 AZYE B¢ 55 &, 95,71,
AL Z+z} 6.50,7.09,5.74,523 ug/m’ 0. &2 o SFH o]
EolAl= S Ho] ditdor 2=z Y3f o
FHo] ¥ 2=7F W2 ST AL EokAl= H
d¥ & HE5E UeEtlslt NOy &= ZH2 12.86,
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Table 2. Summary of PM,; components at the receptor

site.
Concentration (ug/m’)
Species

Mean SD Min Max
PM, 48.2 12.7 16.0 75.6
NO;~ 9.84 5.61 1.81 2321
S0,” 10.14 5.73 141 26.25
NH," 6.14 2.61 1.45 12.41
HNO, 3.644 2.200 0.025 9.373
HNO, 0.651 0.623 0.000 2715
SO, 4.628 3.858 0.070 12.740
NH; 6.178 3.121 0427 12.604
ocC 5.84 2.37 2.90 12.55
EC 1.79 0.56 1.04 331
Na 0.267 0.102 0.058 0.448
Mg 0.064 0.032 0.000 0.111
Al 0.201 0.110 0.057 0.570
Si 0.348 0.159 0.120 0.727
S 3.845 1.761 0.683 8.270
Cl 0.650 0.716 0.027 2.746
K 0412 0.155 0.162 0.802
Ca 0.158 0.089 0.047 0.438
Ti 0.018 0.008 0.007 0.038
\% 0.003 0.002 0.000 0.009
Cr 0.002 0.001 0.000 0.004
Mn 0.019 0.007 0.007 0.036
Fe 0.314 0.105 0.156 0.632
Ni 0.002 0.001 0.000 0.004
Cu 0.011 0.004 0.005 0.020
Zn 0.114 0.046 0.049 0.257
As 0.001 0.002 0.000 0.009
Se 0.002 0.002 0.000 0.008
Br 0.012 0.007 0.000 0.028
Pb 0.055 0.022 0.015 0.099

3.85, 12.02, 10.64 pg/m*o]YthH(2E 3). NO, = o &
ol wste] B 7Rl 31 ol ¥ FEE W
Ehfi it °]= NH;-HNO;-NH,NO, Fg= =
=7 ¥2 d5Ede AL R o]Fste] NH ¢
HNO; 5=7F otAal 2&7F 92 AZFe 24
/el NH,NO,7F @ol A7) ol vehd 23
2 Bl AASA 7|70l et 84 ol24d=Y]
sEWshE I 33 g

3.2 ZolMEx|
FAA ZAT B, B,

i 5 £

7 A 2oAH

x1 % gasEE ® 49 19 49 Uehygict. 0Ce]
LEl 200~ 1255ug/m’ o2 BFE 584 ug/m’ o2
AR 9] 12.1%8 JFAsGYen], ECO FEE

1.04~331 pg/m’2 2 HFL 179 ug/m’ 02 Zm|A|
A9 3.7%F FASFATE OCY| = gUHY FF
o Mg FolA F3E 5= FASIE LU <=9
T2 TAQ Hlaste] B AHFRERE QI 7] L Fo]
ARt Hjo| ot e kool -2 Y Ao H]Eho
OC 5&7} BA Yekth ECY & W - 99
ArAdte] vt o9 22 £=X& Yehf it EC
= dEEo] At AL oA A d7] F
o2 MEHEe I3 LHEAY 7Tt B2 AR
deA Qick whEbA] o]e} o] ECY F=7F B2 A
2 SFAGoA AFAQ] wiE=Fo] B =Alof Hlsteo
Z7] qiZe] w27t BA vehd Aer #dEt. 1
g 4ollA AA| SHFAE e OCe ECY AdAs

Table 3. Data comparison with other studies in different locations.

Conc. (ug/m’)

Category Location References
PM, NO,” SO, NH,* HNO, HNO, SO, NH,

Metropolitan
Seoul 42.8 7.1 7.5 55 Kim ez al.(2007)
Seoul 48.5 7.59 6.46 3.26 549 1.23 7.35 4.46 Kang et al.(2006)
Seoul 432 Jung and Han (2008)
New York 13.64 2.00 391 1.756 Qin et al.(2006)
Chicago 233 421 5.55 2.74 0.99 0.81 212 1.63 Lee et al.(1993)
Mexico 46.9 3.12 7.49 3.68 Vega et al.(2011)
Beijing 554 Yu er al.(2013)

City
Gwangju 404 8.18 9.86 6.02 Son et al.(2015)
Chuncheon  36.8 3.38 548 3.97 Jung and Han (2008)
Suwon 46.3 4.35 6.69 2.78 Lee et al.(2009)
Chungju 482 9.84 10.14 6.14 3.64 0.65 4.63 6.18 This study
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Table 4. Comparison of EC and OC studies for PM,.

Conc. (ug/m’)

Samp?mg Reference

location OC EC OC/EC
Beijing 9.1 3.6 2.53 Yang et al.(2011)
California
(Mira Loma) 10.8 2.1 52 Na et al.(2004)
Mexico city 6.4 2.1 3.0 Yu et al.(2009)

. Lee and Kang

Chongju 499 444 1.12 (2000)
Seoul 128 598 2.14 Kang et al.(2006)
Chungju 584 179 3.26 This study
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Fig. 5. Seasonal variation of major element.
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Table 5. Seasonal variation of source contribution for PM, ;.

Al 2H|AHA] (PM,5)9] HiZ

A 7]oE Ao B AT 445

Concentration (mean + SE in pg/m’)

Component
Spring Summer Fall Winter Annual
Soil 1.0+0.1 1.0+0.1 0.7£0.1 05+0.1 0.8+0.1
Biomass-burning 39+1.1 43+0.1 43+13 79+15 53+10
Gasoline vehicle 83+0.7 9909 8.1£0.5 89+0.7 8.8+0.7
Diesel vehicle 14£08 50+£08 14£09 09+£09 2.1+£09
Municipal incinerator 19+04 0402 14+0.1 3.1+0.2 1.7£0.2
Industrial boiler 0.7£0.6 0.1£0.1 8.6+3.9 0.1+0.1 29+12
Secondary sulfate [(NH,),SO,] 152+14 19714 69+22 89+0.7 12715
Secondary nitrate [NH,NO;] 143+£19 46+0.7 149+19 125+1.6 11515
Coal-fired power plants 1.9+0.2 1.0£0.2 13+0.2 14+0.2 14+02
Total predicted 48 48 43.6 45
Measured 48 53 448 48
R-square 10 10 10 1.0 10
Chi-square 1.4 1.5 12 12 14
Percent mass (%) 101 91 99 94

Coal-fired power plants
Secondary nitrate
Secondary sulfate

Industrial boiler
Municipal incinerator
Diesel vehicle
Gasoline vehicle
Biomass-burning

Soil

6 8 10 12 14
Conc. (ug/m”)

Fig. 6. Average concentrations of source contributions to ambient PM,; in Chungju.

& 9o semUel o FRolun Hzd 3
EPA9| A 5L 3FAFA|Z] CMBS (chemical mass bal-
ance, version 8.0) =& 292 0|83}t

CMB =824 ZA1o] HF& CMBSo| 284 21
T Sle 2y A S 2
oA & Aol A ARERE CMBB
S Rosquare2 AAME AEEwo] Hirog
AN AEE 5 e S35 L9 EAMR R-squaregto]
08~1.09 HYES 71X =A] &el5t¢ 1L Chi-square=
2 gio] g AEE} AR 230 AFL
HSAT AL SHFES AXlsTe Wi & o

ATk B 13} 24p0]0] ZHAAE BTt
t}2 22 Percent mass= SAEH FHFEo] gt &
dof 2JsjA 3% Z+ SCE (source contribution esti-
mates) 2] 3] HIERE 80~ 120% HHE 7HA=A &
18t}

I 50 FFA 2HAHA] ] sl ZH vjEeE 7o
58 7% 27E ALEE Yerpoch E SoH B
H, $hA A3 CMBS 829 9] ZA| A Ql Meka s
¢] R-square, Chi-square, Percent mass $-0] ZZ3%t 7k
o HAYE & 4 Aok

a9 60l= 2P A PM, o et viEdE ¥
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G 2de, ojdAt 5 870 HiEdEolA SHA
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H3uoh A 719=7 7P} 2 BES 2
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(11.0%), 2.9 (6.0%) pg/m’ 2.2 =7 Vet 7)oz
7F MY w8 HAAEES 8 T 22 a4
19.7, 152 pg/m’ 2.2 A vepgon Jdjzoz st
SH 152 pg/mY)ef 7MY e 7| =g Yehfgict
AAARES 79EE &7, 7H, AE 47 143,
149, 125 ug/m’ 22 GAReE 7|98 VEbd ¥
AgHeole 46ugm'o 2 7Hg EE 7)o =g Yeh
et o= AAdEESY S 7IR0] SIte oAF
Aol olAdAY] Aol AAE A7) wZel vehd
Az YztEct. AEALE ALH 79 pgm’o
B Aldo] vlste] F uf 2 7] =E YERRSIT o]
o 22 Adte A FHAGAN FIHAE &
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Hot zojAEA] o it +EEES 3T Ay} 7}
24540l 47] FollAl whgol sl BAEE oA
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