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Abstract

To improve understanding of the physico-chemical characteristics of aerosols in the national park and comparing
the air pollution between national park and the urban area nearby national park, the aerosol characterization study
was conducted in Bukhansan National Park, Seoul, from July through September 2017. Semi-continuous
measurements of PM, 5 using PILS (Particle Into Liquid System) coupled with IC (Ion Chromatography) and TOC
(Total Organic Carbon) analyzer allowed quantification of concentrations of major ionic species (Cl~, SO,*", NO;",
Na®, NH,", K*, Mg”* and Ca®") and water soluble organic carbon (WSOC) with 30-minute time resolution. The
total mass concentration of PM,; was measured by T640 (Teledyne) with 5-minute time resolution. The black
carbon (BC) and ozone were measured with a minute time resolution. The timeline of aerosol chemical
compositions reveals a strong influence from urban area (Seoul) at the site in Bukhansan National Park. Inorganic
aerosol composition was observed to be dominated by ammoniated sulfate at most times with ranging from
0.1~32.6 pg/m?® (6.5~76.1% of total mass of PM, ). The concentration of ammonium nitrate, a potential indicator
of the presence of local source, ranged from below detection limits to 20 ug/m® and was observed to be highest
during times of maximum local urban (Seoul) impact. The total mass of PM,; in Bukhansan National Park was
observed to be 10~23% lower than the total mass of PM, in urban area (Gireum-dong and Bulgwang-dong,

Seoul). In general, ozone concentration in Bukhansan National Park was observed to be similar or higher than
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urban sites in Seoul, suggesting additional biogenic VOCs with NO, from vehicle emission were to be precursors

for ozone formation in Bukhansan National Park.

Key words : National Park Air Quality, PM, 5, Aerosol, Particle-into liquid system (PILS), PILS-IC, PILS-TOC,

Water soluble organic carbon (WSOC)
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Fig. 1. (a) The location of measurement site at Bukhansan National Park and two urban sites (A: Bulgwang-dong, B:
Gireum-dong) operated by KECO (Korea Environment COrporation), (b) and (c) Instrument setup at Bukhansan

National Park.

2.2.1 Particle into Liquid System (PILS)

PILS= WHolA AE 12 =378 &
7] & ZuAIHAE 1~10 um o439 473 27|12 A
A A AAE ZA = AR o]tk (Weber et al., 2001).
PILSE %49 (DI water)S 150°Ce] A4 2% 3}
of 2gez vhso] PILSE f4E ZuAHAY ¢
2 2718 AAAZIT 2" Qs AE 4R 5
=% (impactor plate)o] £H& Hopl WEL AFH
ZE AgSte] B4R o] FA|7|A "k (Park e
al.,2014). & JFo A= PILS Fd+o AX % PM,;
AFo]E2 (URG cyclone, URG Corp., USA)S F3f
16.7 L/min®] 902 ZuqHAE PILSE $9A|
#th.

2.2.2 #2838 RIIEHL FF
Water soluble organic carbon (WSOC) &74-& 9|3
PILS9] Total Organic Carbon(TOC) analyzer (GE ana-
lytical Instruments, USA)2} A3} =84 7|84
2 =439t TOC analyzers 449 A2 Y £7
RHEY] 4gE doA WAshE o] 4kalgka (carbon
dioxide; CO,)Z2 & F7|8t4 (total organic carbon;

TOC) =& AFEstE Aot TOC analyzerZ

¥ ME2 TOC analyzer 2] UV % AtshA| 9} wh-3-

to]l & BhA (total carbon)@} F7]EH4 (inorganic car-
bon)E #AEHIL, F TAof Fr|EAS FE A0lE
3l 6 THH 2 WSOC gEE Ah&sH g 4%
W 484 frIRE 2L il PILSS] A1 $9)
ol 72 4 (carbon denuder)E 2|3t f+UH
WE ol 7t B Rk BHE (volatile
organic compounds; VOCs)S A 73}t VOCs7} A
AR A e B84 F7IaE AR Hete]
TOC analyzerZ &°]7}= tubing®f 212+¢l ¥ (inline
filter, Metrohm Inc., Swiss)& AX|sl¥ o 544 &+
7Iga7t AAE HEL TOC analyzere] 23] £45
QATh(Park ef al., 2016) (1 2a). B A7 A WSOM
FX+= Timonen et al.(2010)9] BHE &3}
PILS-TOC AH|2 E3] 2HE WSOC E%o OM/
OC ratiog 3+ AH&3H3th. WSOM At ARE-H
+ OM/OC ratio= Chan et al.(2010)9 4] A|AJgE 1.9
2 283t

ol

223 RI| 0|2 42 =¥
F7] ol A& (CI, SO, NO;, Na*, NH,", K",
Mg™", Ca*)& &7st7] 913f PILSo| o] 23 2ntE
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Fig. 2. The diagram of (a) PILS-TOC and (b) PILS-IC at Bukhansan National Park (adapted from Park et al., 2016).
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L3519t (Park et al., 2010).
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Fig. 3. Timelines of the total mass concentration of PM,; and chemical species concentration of PM,,; at Bukhansan
National Park (note that WSOM=WSOC * (OM/OC ratio (1.9)).
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Fig. 4. Daily concentration and chemical compositions of PM, ; at Bukhansan National Park.
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Table 1. The concentrations of PM,; species during this study.
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(unit: pg/m?)

WSOM Nitrate Sulfate Ammonium BC Crustal Others
Mean 2.6 2.3 43 2.1 1.1 0.5 2.3
STD 2.1 2.7 3.8 1.9 0.8 34 1.9
Percent (%) 16.8 153 28.6 13.8 73 3.1 15.1

Table 2. The concentrations of PM,; species during the period of concentration higher than Korea air quality standard.

(unit: pg/m?)

WSOM Nitrate Sulfate Ammonium BC Crustal Others
Mean 6.0 8.5 14.9 6.6 2.5 0.8 3.7
STD 24 34 4.0 1.7 09 0.5 33
Percent (%) 14.0 19.7 348 154 5.7 1.8 8.5
Others
(a) (b) 8.5% Crustal

3.1%

Nitrate
15.3%

Ammonium
13.8%

Average PM, 5 = 15.2 pg/m3

Crustal

1.8%
BC

Nitrate
19.7%

Ammonium
15.4%

Average PM, 5 = 42.9 pg/m3

Fig. 5. The composition of PM,; during the period of concentration (a) lower than and (b) higher than Korea air quality

standard.
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= #SEHAG(TE 4). d7AE7IE 20 71t F
oto] ZulAHUA| 9 HF FEE 429(+74) ug/m'ZE
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Fig. 6. Rose plot of (a) wind speed and (b) PM,; concentration with the highest 25% at Bukhansan National Park.

971 % shehubg (BRI, SAAEho] o8 2
YE) o] A e @Uo] Ao He
ERATYTUY A9 BN = e ol
2 =YAGNA G egol FUE B9 7] ol
Y2 w7t 27 F7HGTHLI e al., 2010). S
el 49 AHe APSEst A

=2
ArjHoz 7] olee] Hs| LE F7% Ao B
St}

3.2 =X

ool
T e

BRAFATLNA 2T FT L 4 A2S v}

= EAAGoA BT A7 edEE Y &

wet i |*E=E2

AN A& 25% o] gk 7|7kl PE=
golEE ARESt QI EAHAHORRE Y| gk
FUE Bl en (I 6b), F2 FEdol s 2
& Yol YA Aoz FFHUY. ol SAA
& 71E FEE Wl AAT Ae ST 2
g d7ledEdo] gEael o ols H FdE A
o= gE

)

3.3 27| 0|2 d4& &4
7] AAE2l ammonium}t AHJE W= nitrate, sul-

o=
fate I F=2| o5 vlust] S=dI3d W =
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Lee and Hu(2016)= NO,/SO,* A ]S o]&3}o]
zu| AR Rt ol Fe AU THHHY FTF
< B7lellch AP AfoA e T ZHAAY 2
Beijing 0.71, Shanghai 0.602 #= %31t} (Lee and Hu,
2016). Ko et al.(2015)= A1-€-2] NO, /SO, Aku]7}
0952 #HEHS =, 59 ZAAYLS olFedd
I 3P HY B Z HFE AASHAT, A& A
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Hlg) 22 ez HEHUH. o= R=EE
AT ZAAGY YRESHE B AEE204 T
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U 718 FF2 T2 Q= Aoz HeETh(Lee
and Hu, 2016; Cao et al., 2009; Shen et al., 2009).
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Table 3. The comparison of PM,; and ozone between
Bukhansan National Park and urban sites.

Bukhansan N.P * Bulgwang-dong Gireum-dong

PM, j**
Ozone***

12.8(+£8.97)
42.9(£20.9)

15.5(£10.1)
37.3(£229)

16.7(£11.0)
284(x194)

*: National Park, **: unit pug/m’, ***: unit ppb
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Fig. 8. The comparison of difference of the total mass concentration of PM,; between Bukhansan National Park and
Bulgwang-dong (or Gireum-dong) with the different range of the mass concentration of PM, .
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