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Abstract

The literature data of the mass concentrations of TSP, PM,,, and PM,, and chemical composition of PM, 5

(sulfate, nitrate, ammonium, OC, and EC) from 1985 and 2013 at Seoul were collected and the temporal trends

were discussed in relation with the policy directions. Generally, the mass concentrations of TSP, PM,,, and PM, s

at Seoul have showed decreasing trends. However, it is not clear what might be the major reason(s) for the trends.

The concentrations of ionic component in PM, 5 showed different trends, sulfate being reduced during the 1990s

but no trend during the 2000s. The concentrations of nitrate and ammonium were increasing during the 2000s. The

concentrations of OC show no apparent trend while that of EC decreased. Further policy directions are suggested

based on the temporal trends of the chemical composition in PM, s.
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Table 1. Comparison of the PM, air quality standards in several countries (unit: pg/md).

24-hour standard Annual standard Imple-mentated Year References
USA Primary 35 12 2012 USEPA, 2011
Secondary 15
China 75 35 2011 Wang et al., 2013
EU 25 2015 NIER, 2013
Japan 35 15 2009 NIER, 2013
Korea 50 25 2015 NIER, 2013
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Table 2. Analysis methods for OC and EC and the study results using each method.

Methods

Study results

NIOSH* 5040 method
Thermal-optical Transmittance (TOT)
IMPROVE method

Thermal Optical Reflectance (TOR)
Thermal Manganese

dioxide Oxidation (TMO)

Lee et al. (2010); Shon et al. (2012); Park et al. (2012); Jung et al. (2009);
Kim et al. (2007); Kim (2006)"

Kang et al. (2006); Kim (2006)”

Kim et al. (1999)

*NIOSH: National Institute of Occupational Safety and Health
DMarch, 2003 ~ May, 2005
Y April, 2001 ~ February, 2002
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Fig. 1. Trends of the TSP, PM,,, PM, 5 annual mass concentrations and PM, 5 annual and short term mass concentra-

tions from previous studies in Seoul.
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Table 3. Mass concentrations and composition of PM, s and chemical compounds in Seoul (unit: pg/m®).

Kang et al. Kang et al. . Kim et al. Shon et al.
(2004) (2006) Kim (2006) (2007) (2012)
1996 2001 1996.10~1997.9  2001.4~2002.2  2003.3~2005.5  2003.3~2005.5 2010

NO,”  449(89%) 7.59(16%)  5.97(10%) 7.78 (16%) 7.64 (18%) 71(7%) 1226 (49%)
SO 5.62(11%)  6.46(13%) 8.7 (15%) 6.42 (13%) 8.16 (19%) 7.5 (18%) 5.18(21%)
NH,*  295(59%) 32647%)  4.19(7.4%) 3.3(6.7%) 5.57 (13%) 5.5 (13%) 4.56(15%)
oM" - 20.48 (42%) - 20.88 (41%) 16.26 (37%) 1632(38%)  11.02 (44%)
EC - 5.98 (12%) - 5.95(12%) 4.2(9.6%) 41(9.6%)  2.07(8.2%)
PM, 5 50.3 485 56.9 49.6 43.64 42.8 25.20%
YOM=0C % 1.6

PShon et al. (2012) claimed that the PM, 5 mass concentration might not be accurate

J. Korean Soc. Atmos. Environ., Vol. 31, No. 2, 2015
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Fig. 2. The emission changes of total SO, in China (SEPA, 2013) and SO, in Korea (NIER, 2013) and concentration of

nss-S0,% in Korea (Kim et al., 2011).
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Fig. 3. Trends of the SO, mass concentrations in PM, 5
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Fig. 4. Trends of the number of vehicles and NO, and
NO, concentrations in Seoul (NIER, 2013).
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(NOy W&ol & & o 28y o= NO, &
7t ZAadhe A ART 4 e ¥uY, F2
A Aaet e AeE 243 2E¥ A7l 9
&} (Kim et al., 2013) $-2jvg} NO, vi&= Al
4] A Roz IotE i) uheba wEek
TR old Aoz Rl

A S=AN7IRAE A8 A Abs bl -3
3t DPF (Diesel Particulate Filter)v} DOC (Diesel Oxi-
dation Catalyst)ell 2]&] z}Ex}el|A] w25 = NO7}
NO,9| ez wjZE=HAM NO,9| sxx =/ W3}
7} glert NO®l EE AREYE 4 Ak Ae
AT (SL 2010l wp2H FPol M= AFAHsAlel
DPFE 333fel] met NO, Jel= wi%=: 13} NO,
o] o] A Eo] NO9| F=rt 24 &2 d4
o] WAAF ], 7]E2] UYAHE A A= HeflelM 4
Z}e} NOZ FA)o AASIE Aoz AojAAE ¥
Ase AL 1 gtk 28y o] dRtez =
A gelM FZHE NO2 Fxrt ZH4ashA] o+ 3
A ARslr)E sk Ay 2005~20124 %
DPF$} DOC 59| x|} .r]HLH-ﬁJ]i}s?-—‘% =] 7F
Ag 309 del) RAslon, o] Pat wAe)
o WAE oln AEr AWT 4 slert o9
=& pEsheh ALQ 7Y L 201DeIA A4S o
2 HelA Wi EE= 12} NO, vlgo] #7H44] B
1332} o] 37} ZA WalA] ekgkom, o] i
724 €] NO Abstel] o] ofgfe] v
A & ZAolgke AL on -

vpAl o 2= A1E w7]9} AbEHdEle] WSl
Lee et al. (2006)0]|x] | As}d o] tha ¢ B
W&o Walx] g3 NO, vlZThe £ 7% NO =
Aol ARgEe] 2™ OH %5 A2 (oxidants)2]
TE7b FobA B3shibgo] A 23]7 PMy;s
o} 9 Fxrt ke Aoz dEA Sl o9t
7o) APl 7b 7kl whek NOLo| =+ £
21} NO AL 5715 o] NO, g=7F €4 ¢ 7
A 7hsAe] ek webA ols FEE] 3 A
Al A7) @3y BAS 7T devt ao
19 5& 53] NO°| Aoz A= NO; 9
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Fig. 5. Trend of the NO;~ mass concentrations in PM, 5 in
Seoul.
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(2007)el] 2]3FH 200034 2005 Ale]o] F=-2]
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A fRvEhs FHo2RE] ARASHE o] Fo
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Table 4. Comparison of the major emission sources of VOCs between the emission inventory and the receptor model-
ing results. The emission inventory data are from Environmental statistics yearbook (2001 ~2013) and the PMF
result is from Sl (2012) and the CMB result is from Kim (2009).

Fraction (%) Vehicle exhaust Solvent usage Others
Emission inventory (2009) 24 (gasoline evaporation not included) 69 7
PMF (2 sites) (2009 ~2010) 44~ 48 (gasoline evaporation included) 31~37
Emission inventory (2001) 28.8 (gasoline evaporation not included) 65.0 6.2
CMB (1998 ~2000) 52 (gasoline evaporation included) 26 22

3.4 PM,s2 XA B2 43l 7)e] =2 H71519de) Kwon ef al. (2013)& A&
+ =7] §715k&(0C, Organ- 1A PAHs$} n-alkanes 8- $Asle] A7 o

PM, 9] YA 't
ic Carbon)$} €444} €4 (EC, Element Carbon)2 v} A3l #o] EAS A=E3AC E3] 7 148S
Foh WA 0CY 7% etar} §7)|8atet AgE A BASHA H9 AR wlEEHE 13 AR dg7)elA
Bl= 12} OCs} 22} OCZ vpdo) 12} OCE <l91®  #3shibgel ofs) AAE 22 Aed 78 4 9l
w zpdd Aol o] A wjEEE= Ao 2 of, 7133 TeE] AA Yo T =] & Aelnt
2} OCE w7] Follx] ubgoll 2s) A== Aelok.  (Lee et al, 2015). T2v} obx] ZA43 £4 7]&e]
ECE F2 da eld d7] Feoz A4 wz AR glo], PMysoll A& BE #714%8S ¥
H3 kg A} Wb} Al e)7] wEel 12} 37] FEH, o]F aIH oz $3s] 93 A7t
2999 A ur) HE EA o). 213 = 31 ¢l} (Hwang er al., 2014; Lee et al., 2009).

I3 82 1993dRE 9] OC 32 vehd # ot} 22} OCx: 7)ol 7|44 VOCse} 12} OC2] %
0OC %+ 1990 dde] w]3) 2000um1 b= 7 EEhRgel oJs A" 71Ad VOCse] s
231 2o} 2000 bl malsl Aske 19999 <F 250 ppbCell A 20041 121 ppbC, 2008
Frol® 7] 35t} 96 ppbC 2 FtAsl= Fo]F Holar 3o} (Shin er al.,

OC r=vre 2= QXYY F7 7|d=s A3k 2013b). o] 74w 22} OCE st T 2 4
317 stetslr] st wpebr FH s OCE oz W]l WEFEsIEHEe] 232 0C2] 90% o)i-& 433}
WAz FRsle] AFsta glok 2 ked s E He® <& ek (Shin er al, 2013a). °] 5 W
0CZ 4~84-%-7]4 % (Water Soluble Organic Carbon, ~ F3EEE F2 fuig} o] F2dUelA wiE=HE
WSOC)} ¥]4-8-4 471438 (Water Insoluble Organic 22 7}¥ 32 QI5H(MOE, 2001 ~2013). & 40]A]
Carbon, WISOC)2 FE3}l:= Aeolth dutd oz  BXo| AL wiEdF k5o &J3lH VOCs: F2 &
WSOCE #7134l Akt Aavt =35 AR 7] ARl wiEsEe Zle= vept S (MOE,
S fj3Ee] 22 OC7} WSOCe| ==t = of  2001~2013). Z2v} 322 & 4o vepd F 4}\—%.‘?_
2 FRL OCE #AMF= Eote] Feteryg wste @ A 109499] Aol x B3l BF o] F
(thermogram)& EAsle] WYY FHe}TA} s G wEe] B $83 Zloz= g Fstn &’lv‘r
Aelet. o] W Ee e o] Ackbde] glovy,  wEk $Ejvel VOCs wiEsF 2t A4S 7
7P &S i OCH =389 A¥ES shpy 53 Fa7t glok
Agsahe Aol I3 99) EC =i 0Cehe @) 20009 4t

e, T2z A% whel wet IR wE 7 A&ste] Aoz Ahadka 9luh ECE #7]
E4o] th2r} o] & Eo] Lee and Kim (2007) o3t 249 Egddieln F2 iAss A¥e= 3}
1} sk=el3l 424 (Polycyclic Aromatic Hydrocarbons, A3} A &7F Ao F=2 dAYsic). o]
PAHs) A28 EA st Ap5a A, Aeke] 71 FFo] EC7F 3tashe e 25t o8 AA (A
Aol K2 i, AHxelxe) g, Tl sEwbd A8 AR AT Y F4], AS HaE ATk WA
Zol|Ae] da, T Harkaeh Axazte] Al 2 wA 2 mjd AR A S)e] Aot
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