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Abstract In this study, to characterize PM, , concentrations and chemical composition, seasonal PM; 5 samples were
collected using a single channel particulate sampler equipped with PM, ; cyclone and quantified the chemical compositions
of PM, 4. The sampling of PM; , was carried out at the Seoul Metropolitan Area Air Pollution Research Center located at
Bulgwang in Seoul. The 8 ions (CI~, NO5™, SO,27, Na*, NH,*, K*, Ca?*, and Mg?*), organic carbon (OC), elemental carbon (EC),
and 13 elements (As, Cd, Cu, Zn, Pb, Cr, Mn, Fe, Ni, K, V, Se, and Al) were analyzed in the PM; 4 samples. The annual average of
PM; o mass concentration was 18 + 10 pg/m? with the highest in winter as 30 +9 pg/m? and the lowest of 12 +6 ug/m? in fall.
Among the chemical components of PM, ;, OC was the most dominating component, and variations of OC and S0,%~ were
not significant, whereas NO;™ and EC showed distinct seasonal variations, highest in winter and lowest in summer. The
distributions of precursor gases, oxidation ratio, and meteorological data were used to characterize the difference in PM, 4
chemical composition between normal and heavy pollution periods. High PM, 4 concentrations in the spring were associated
with increases in precursor gas concentrations, whereas in the winter, transport of PM, ; could cause a significant effect on
PM; ; concentrations with chemical components.

Key words: PM, o, Mass concentration, Chemical components, Seasonal variation
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Table 1. Sampling period and the number of samples at each
season in this study.

Season Sampling period Number of
samples

Spring 2019/5/17~2019/6/4 19

Summer 2019/7/29~2019/8/14 15

Fall 2019/10/1~2019/10/31 31

Winter 2019/12/21~2020/1/4 15
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Fig. 1. The location of sampling site.
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Table 2. The conditions of IC analysis.

M2 7] & PM; 02| AEE setxd £4 855

lon

chromatography Condition

Target ion Cation Anion

Column Metrosep C 4 - 150/4.0 Metrosep A Supp 5 - 150/4.0

Guard column Metrosep C 4 Guard 4.0 Metrosep A Supp 5 Guard 4.0

Eluent Nitric acid 34 mM/Dipicolinic acid 14 mM, H,0 Sodium bicarbonate 64 mM/Sodium carbonate 20 mM, H,O
Column flow 0.9 mL/min 0.7 mL/min

Conductivity 715~720 uS/cm 15~20 pS/cm

Pressure 6.0~10.0 MPa

Temperature 15~25°C

Table 3. Filter blank QA/QC.

Amounts in ug/47-mm filter

Species

Total no. of Field blank Root mean squared Blank precision Average field
blanks std dev. (STD) blank precision (SIG) (0) blank (B)
cr 23 0.156 0.186 0.035 0.156
NO;™ 23 1.645 3.296 0.488 2.877
Na‘t 23 0.136 0.206 0.030 0.158
NH,* 23 0.052 0.094 0.013 0.080
K* 23 0.086 0.138 0.019 0.110
Ca** 23 0.379 0.856 0.19 0.772

Table 4. MDL of ion species.

Species  CI” NO;~ SO, Na® NH,m K' Ca?* mg**

MDL (ug/m3) 0.01 0.02 0.02 003 002 003 002 001
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Health) 5040°] ]St TOT (Thermal Optical Trans-
mittance) Y'H.2 2 OCEC 4% (Model-5L, Sun-
set, USA)E o]-8sto] 24513t 157] Al 240t

Table 5. Evaluation of OC EC analyzer performance with refer-
ence samples.

Step Sunset (n=3) Ewha(n=3)
Ewha/Sunset
Concentration (%)
Average STD Average STD
(ug/m?) 9 9

TC 1554 0.32 15.18 040 98
ocC 11.43 0.31 1117 035 98
EC 4.1 0.09 4.01 0.07 98
EC/TC 0.26 0.01 0.26  0.00 102
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Fig. 2. Correlation coefficient (r) indicates the correlation between PM; , and PM, 5 mass concentration at each season (a)
spring, (b) summer, (c) fall, and (d) winter.
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Table 6. Seasonal variation of PM, ; and PM, 5 mass concentrations and ratio of PM; 5 to PM, 5.

Spring (5/17~6/4)

Summer (7/28~8/14)

Fall (10/1~10/31) Winter (12/21~1/4)

Item Unit
Average Range Average Range Average Range Average Range
PM; o ug/m? 19+12 5~58 14+6 6~24 12+6 4~25 30+9 14~46
PM, 5 pg/m? 26+15 6~75 17+9 7~37 22410 8~57 38+14 19~61
PM; o/PM; 5 % 74+£10 52~101 87+18 57~133 56+10 36~73 8111 64~100
(a) 2019 PM, , average (b) Spring (c) Summer (d) Fall (e) Winter

9.9%

26.4%

24l 36.4%

NH,” = NO, m SO,

I OC m EC M Elements m Crustal ions and others

31.4%

14%  21.8%
14.1%

12.1%

2.7%

25.4%

Fig. 3. (a) Annual and seasonal, ((b)~(e)) average chemical compositions of PM ,.
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nium-to-sulfate molar ratio in PM, 4.
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Table 7. Pearson correlation analysis of chemical components in PM; ,,

Spring NO;~ 50,2 NH,* ocC Summer NO;~ 50,2 NH,* ocC

50,2 0.67 S0,% 0.46

NH,* 0.88 0.94 NH,* 0.52 0.99

ocC 0.38 0.42 0.44 ocC 0.52 0.55 0.59

EC 0.37 0.61 0.56 0.77 EC 0.76 0.49 0.50 0.54
Fall NO;~ 50,2 NH,* ocC Winter NO;~ 50,2 NH,* ocC

50,2 0.52 S0,% 0.81

NH,* 0.78 0.94 NH,* 0.98 0.77

ocC 0.63 0.58 0.67 ocC 0.67 0.35 0.71

EC 0.43 0.34 0.43 0.77 EC 0.62 0.34 0.65 0.87
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Hl-&9] S7h= A 40 s B9 A
AR YL O] FFo] T7IRE Ao = sfA oKt

Cl = ALo] Bt 03403 ug/m> 22 T2 A Ao
Hlaf oF 6~308H =tk CI'2] 749 2 YA G
M= sig7Iel ot FaFol A, mAIdAFe] 7
G Gt o g O o TVt AtdE Aol 2
9 Mgk A4 9] 9sF(EMEP, 2019; Zhao and Gao,
2008) 0= AdefA Sk whebd 2 AT 717 AL
A2 o= QIgh Mgt 4-0] o] F 2o o
.

3.3 7|MIXLSEt O|XIFE7[0|2 7t At

7] F ASHEE UHUlE ARE AAEEE
Nitrogen Oxidation Ratio (NOR)2 7| A=<
NO,5} ol2H77101 241 NOy- olehe] 43t 2ol
SEE 53l ATt (Sun et al., 2006).

NOR =n-NO;/(n-NO; +n-NO,) (1)
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£ o|n|gtc} (Sun et al., 2006). 13 69 NOR
S ¥R YER|QLY, NO, sk oojTe|otef A
Algshes 28T SAHLY] AR S RS 4 &9
2 goto] A8-SHAT (https://www.airkorea.or.kr/
web/pastSearch).

NOR©] 0.1 o|5te] gh& vrebd off, dz wiEd
of olgt Fkell ot Ao m LA SIth(Ohta and
Okita, 1990). & 19 717t -&%F NORS HiA[A S
B 932 S UEH ol NOs o] =213 o k|
o5 F2 BAAEUSE & 4 AUtk (Kaneyasu ef al,
1995). AR A A 7]7bol| tiste] oxidation
ratio®} A5 TF ATdS Bt o, AdE= 7]
=710l Zfol= o, o5 AT &, 7k, A
oA NOR7} 5=t @7 S7tstke FA1E 2
th. 30°C ool Hi7] 9 NOs = F2 7EAAFe]
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Fig. 8. Chemical components in spring polluted event (May 22~24).
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Fig. 9. Backward trajectory in spring polluted event (May
22~24).
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Table 9. Meteorological conditions during polluted events.
Spring (5/17-6/4) Winter (12/21-1/4)
Meteorological index
Polluted event 1 Clean days Polluted event 2 Polluted event 3 Clean days
Relative humidity (%) 458+0.7 543+13.6 68.1+8.3 593+11.3 52.0+89
Wind speed (km/h) 69+1.4 7716 5714 6.1£0.4 9.3+23
Wind direction w w NE NE ENE
Temperature (°C) 219424 20.3+29 23x19 0.2+0.8 -0.4+3.9
Pressure (hPa) 1009.0+2.8 1009.2+2.7 1023.7£3.1 1028.6£2.2 1026.7 £5.1

Fig. 10. Fire events during (a) May 22, (b) May 23, and (c) May 24 observed by NASA/NOAA Suomi-National Polar orbiting
Partnership (S-NPP).
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Table 10. Concentrations of gaseous precursor, secondary
inorganic ion and oxidation ratio in winter.

SO 50,42 NO NO;5~
Winter 2 4 2 3
(ug/m)  (ug/m®)  (ug/m?)  (ug/m?)
Clean days 9.1 2.66 428 5.26
Polluted event 2 6.9 4.79 65.7 13.42
Polluted event 3 9.3 4.15 703 13.91
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