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Abstract The high temporal resolution (1 hour) measurement data at five intensive air quality monitoring stations from
January 1 to December 31 in 2020 were used (1) to find the characteristics of fine particles (PM, ;) and (2) to estimate the
sensitivity of the fine particles mass concentration to the variation of major ambient inorganic species, such as sulfate, total
nitric acid (nitric acid + nitrate) and total ammonia (@ammonium +ammonia). A gas-particle equilibrium model, ISORROPIA II,
was used for the analysis. The acidities and aerosol water contents at the five stations were comparable to each other. The
annual mean values for pH and the concentration of the aerosol water content were 3.7 and 15 ug/m?, respectively. At all
stations, the fine particles mass concentrations were most sensitive to the variation of the concentrations of total nitric acid
followed by those of sulfate and total ammonia. Ammonia reduction was effective for PM, 5 reduction when ammonia was
reduced by more than 60% of the 2020 level. Further research directions for effective air quality management are also
suggested.

Key words: Gas-particle equilibrium, PM, 5 control strategy, Intensive Air Quality Monitoring Stations, Inorganic ions

LA & FEE A7 = B
oAl et SRlEe] B2 201395 EH &
(AR B SHolA Ao FAlT £ Zsio] nAAAL BHEAZS Fo] AR EA R 914]
ofuzl, F8 7|FHeIZtR Agoh= Q1914 4 w& Aslo]th(Yeo and Kim, 2019; Kim ef al., 2016).
Edo|t}. A E7A7]F (World Health Organization, AR ulqHz|2 A}5]2] Aoz ol4stT glo

b st

Ir

[e]
WHO) A5t =419 4 (International Agency for ™, AR} 0 2 2013 0]T FE38] n]A|Hz] A

Research on Cancer, IARC)= UJAHZE 155 (Group 7S 93t A, o2 Sof, uyAz|Ha|Eshl &
1) EAEd= ZFSIAT (IARC, 2013). ZUAA] & 57 @ 2510 k. 20199 ‘0] 4HA] 47 &
€ SFetAEol wet BifEAPIAE ] 92 vA el Bt Edwro] ARE Y, SHHAE 1
715 gt 95 Fe AT V19 d=d sr uwx] o] it HIAAY 2X]oA] Rzt

(Short Lived Climate Pollutants, SLCP)9] shifeo|t}.  H=o] olmigo] ZAE nlastic) o]} 37 ulA|
EQF 7 A R E SEAIA FPARE ob=t AmlA vz AFBE AL 201995 E AIBE T Qlo] w]A]

=71 stE|X| M 39 E M55


https://crossmark.crossref.org/dialog/?doi=10.5572/KOSAE.2023.39.5.600&domain=https://jekosae.or.kr/&uri_scheme=http:&cm_version=v1.5

l

2] T Aol F3-& Fol Tefsta qirh AL
2 Alo] AREA BIAHA] 1EE A4S olsls
1 AE motete] ZAIE siFsh] I At F
7¥sHAL Qla=tl, o] A2
B AR A8 digt R 88 (I &1 S, 2018;
CNI, 2017)°] & o] &th o]3gt A= =214 1]
AHA] st g A0S ootstal ZAIE sf4s
7] 9l B eskARt, =7t &), B dEE 24
sf2 ke A5k oM d=olu #Y B9
o] 2l A%} meto] g sirt
A=g AR FEoto] nlAHzA] 7] Fo]
A E AL (Kim et al,, 2018) %= AT A9 E
T} 7o g AR ek A A5k = st 22
Lt o7 g2 219
Wol, g wjEEA o Y5=o] 718 e
1&

& I s WAk I A

SoF AL, 334 P SHEE S o) gt W2, 9
ol WEE FYHOR ofsfel AT A
s gk T S8R 120G Tt
L mgo] Wit 2% 0 HBA 0G4 st A
glo] Itk Eat 37k /ISR Ee FEHS ol
sholl Wrol 2wk, Wagh AR} ALt eol
714 Zgef Alsto] et

oleigh B9 Bgo| AL HFSH ol o
L} zulAm A o) shebge] watel uhe 2ulAH
A W W P velst N7E Bajolc,
=, zulRiAe] F9 4RQl 7] ol el Fi
waell w2 ZulAvA] ARsE ot NAES ot
ofafed, EHWUW 2 7hed] 94

¢

¢

11

>
_\1
o,
;1o ¢
\l
.
flo 4
r& r

=
& 5L HstE melohE Ao v & Zoltt o]
Sl 714 270] AsAH ulA|
AL (NOy), FAtE (),
il

YEE (NH,") 52 PR ollA Az F3deA

Sa|Ltat FHH R0|MBHX| AT X2 st 601

2 o271 gle mu
= -1 ET

Fotuzt 714191 E4HHNO;) 4
AHHCL), FEYoH(NH;) 2t 3 EHAE olF & ot
= Zlo]th(Seinfeld and Pandis, 2016). 73 tjEZ o

2 g3 o7t 7120] £ AF o= nAHA Y
At o] Bste] Fato &2 EAfste] ulAHA] At
A L7} Polx]= @Aro|tt(Seinfeld and Pandis,
2016). o] @A) elgt lAA) ABE cjze]
o7} v F FRALNH FujEFS Sl vl
el o} et FAge] ko] Fue
tiAlske] mlAH 2] 9] gyt w8517 fisl wlAlH
A Airg o g o] Fsto] MR AFsrt St
& Stk WY md A4t Ayto]tt (Ansari and Pan-
dis, 1998). -eUeto| A e B RE-S E-gsto] m
AIA] Hep s} FohEA, e 5ol 54
= 185k A7F XY= Ut (Lim et al., 2020; Lee
et al., 2017; Choi et al., 2010).

AR AL B YA AP AL <)
2pe] SRt AEE Zo] AL S}
£ ERe oMol o4 Hlgo] X0l §
40 BT, HEE Ao ol A7) d7le] =
AR SR e SRR sl 214
SlollA] BEARE vAIRIA] APSELE 2L AT
Aot} (Shin et al., 2011). T=hA A=} =
SOfSHE AL A DA o A
A7 Wst metol] Zasht, Eat
O] A AHI = wAHA] Bl Tt
L o 7|8 9] QAA}AS oﬂﬂ-u]—_o_o]b]- H]-#2
Hg-om, o] 5 mofsh= A2 mlA|
E49] o]gflof 3] FJ(?LE]'E]'(Seinfeld and Pandis,
2016).

o] AFoM= FHEAFIETA 57 7]
TAaollA 20208 1€ 197E 129 3197H4] AAIRE

H

& Aeke

Ml

3
o2 BHT AN Qs 7] ole 4
P EEL DR
1, 20 S5 Azl Fag sty
slof, 5 4= Aol 2w e o
@ At 278 Agsad W dAaddT

vpeto g Ao

J. Korean Soc. Atmos. Environ., Vol. 39, No. 5, October 2023, pp.600-614



602 22, gy, UgE

iy u]xﬂlﬂ;q J}a]a}o]-g =
Akato] o] oML A7
of|A] BAS fotal AuE A ATsHATh

2. 7 =% YH

2.1 Xt&
o] AN Ly, SHA, T9d, I
718 g71&84 A749] 202049 1Y€ 1Y€ 0A1HH 12
31 24A17H4] 9] 1A]7F
(so42' NO;, CI7, Nat, NH, ', K, Mg?*, Ca**) 5=
T2 ARSI TS Zo] W53t 1 3

SO,, CO, NO,, PM, ; AaF5 o} d4s =719l 7]
2}

H

74 EZEe] 7] o].2

QA (L 2L, 55) RS 7] o
SfAofl -gotdeh & Aol AR AA=E
o oFatdeh.

7] o]&& o] AH d&Z=A7]| (Ambient lon

Monitor, AIM, URG-9000D, USA)Z Z#35}3ct. ]
7171+ ZU|AHA] (PM, ;)& AF 5], Zu]AH ] <]

ol g miAZ oA zntE T HOR A%
A4 ZA3He, o] 7171 H 1092k 72l A5-ex

r

o] 7Fsattt. ARt 74 2 A B2 =S
74145+ (NIER, 2015)]] A= o] 91

190 ZF 7@ A Al] B7) ol Fk AtRE
Zo] Blrh £7] o] 7t Fited, A, ot iE
0] 29] FL7} thio]o)A] the AoflAl= o] Al o]
2 5L o] Hglo] M2 MigE A4S fstct

e

2.2 DAL g

o] Aol A= HdrdZ ISORROPIA IIE ARE
Shof, ZA|AHZ] o] 2 A& 5k #gte] ohE Zn|A|
U2 A e 242 Sasieith 33nd
71A|et dAfel A ] FAE Atolo] dofetA i
Bl 7MYt Ao s g

2 23%]0] (internally mixed) £

>~

oﬁ
o
Mo 1
=

=

P

].

n
;.zruﬁ 12

)
[ o
ol o>

2

7}
S 242 0T PR E, A
F7] ©]2(s0,”, NH,*, NO;", CI', Na*, K+,
Mg*t, Ca*h) T =52 -3t tHdE A (multicompo-
nent system) 2 7Hg3tc}, o] el 7R 25t

Stal QA et o= 717422 Z1A1eh AASelA

R [ rlo
|
—{H

N
ko

Table 1. Measured species and particulate concentrations of inorganic ions in each intensive air quality monitoring station.

Concentration values are mean + standard deviation.

Species Metropolitan Jungbu Honam Youngnam Gyunggi Chungcheong?

PM, 5 (Hg/m>)? 226+157 23.2+14.6 21.7+14.9 1424104 27.9+186 28.9+21.1
50,2 (ug/m)? 31426 3.69+2.46 3.68+3.30 337+3.14 4.69+3.95 2.56+2.13
NO;™ (ug/m3)? 49+57 5.50+6.34 433+5.28 2.82+3.62 7.37+7.88 5.45+561
I (ug/m?)? 0.23+0.26 0.28+0.35 0.54+0.60 0.25+0.28 0.64+0.77 0.75+1.04

a* (ug/m3? 0.05+0.08 0.14+0.13 0.12+0.14 0.13+0.16 0.10£0.13 0.04+0.04
NH,* (ug/m3)? 2.79+2.66 2.85+2.47 3.18+2.66 245+2.11 4.34+3.59 3.08+2.55
K" (ug/m3)? 0.06+0.06 0.14+0.12 0.16+0.24 0.05+0.06 0.14+0.16 0.14+0.62
Mg?* (ug/m3)? 0.01+0.02 0.02+0.03 0.01+0.01 0.02+0.02 0.03+0.03 0.01+0.01

2* (ug/m3)? 0.04+0.09 0.10+0.16 0.01+0.02 0.04+0.08 0.06+0.07 0.02+0.06
SO, (ppb)? 3.12+0.71 2.1940.87 2.3440.56 2724137 2.93+1.07 3.85+1.12
CO (ppm)® 0.47 £0.25 0.43+0.18 0.35+0.13 0.41+0.16 0.45+0.21 0.45+0.16
NO, (ppb)? 183+11.6 19.4+133 11.0£6.62 12.0+7.58 234+154 21.3+16.2
RH (%)° 625+19.5 69.7 +20.7 71.0420.1 65.2+21.2 63.1£243 73.7+17.5
T(Q) 12.0+10.0 12.8410.1 13.749.36 15.149.00 13.2£105 9.44+9.45
Wind speed (m/s)° 231+1.16 1.43+1.04 1.30+1.41 1.92+1.36 0.81+0.65 1.51+1.46

Jntensive air quality monitoring station
PICity air quality monitoring station
9Closest automatic weather stations (AWS)

YNote that Chungcheong intensive air quality monitoring started to fully operate from 2020.07.20.
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Fig. 1. Summary of the comparison between the measurements at five intensive air quality monitoring stations and the

modeling results. (a) Nitrate, (b) Chloride, (c) Ammonium.
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are mean + standard deviation.
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Metropolitan 3.7+0.7 13.2+21.7
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Fig. 5. Sensitivity of the estimated concentrations of (a) major inorganic ions and water content of fine particles, (b) partition-
ing of total ammonia between gas and particulate phase and (c) partitioning of total nitric acid between gas and particulate
phase, based on the variation of total ammonia at the metropolitan area intensive air quality monitoring station. Base case is
the mean conditions of the measurements in 2020. The arrow indicates the mean conditions of the station.
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Fig. 6. Sensitivity of the estimated concentrations of (a) major inorganic ions and water content of fine particles, (b) partition-
ing of total ammonia between gas and particulate phase and (c) partitioning of total nitric acid between gas and particulate
phase, based on the variation of total nitric acid at the metropolitan area intensive air quality monitoring station. Base case is
the mean conditions of the measurements on 2020. The arrow indicates the mean conditions of the station.

Table 3. Sensitivity rate of PM, 5 concentration of major dry inorganic ions on the variation of total precursor species in each
intensive air quality monitoring station. For total ammonia, first and second values are sensitivity rate around the current concen-
tration and that after the inflection point, respectively. The inflection point concentration is given in the second row along with

the reduction ratio from the current concentration.

Site Sulfate Total nitric acid Total ammonia
(ug/pg) (ug/ppb) (ug/ppb)
. 0.04, 1.62
Metropolitan 1.37 338 4ppb (73% reduction)
0.03,1.78
Jungbu 135 340 4ppb (72% reduction)
0.05,1.58
Honam 137 3.36 5 ppb (66% reduction)
0.06,0.70
Youngnam 1.36 3.7 5 ppb (65% reduction)
) 0.15,1.81
Gyunggi 1.36 337 4ppb (76% reduction)
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