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Abstract

Water content of PM,, 5 (particles in the atmosphere with a diameter of less than or equal to a nominal 2.5um)
was estimated by using a gas/aerosol equilibrium model, SCAPE2, for the particles collected at Seoul and Gosan,
Korea. From measured and analyzed characteristics of the particles, the largest difference between Seoul and Gosan
is the proportions of total ammonia(t-NH;=gas phase NH;+particle phase NH,*), total nitric acid (t-HNO;=gas
phase HNO; + particle phase NO; ") and sulfuric acid (H,SO,). Even though both sites have sufficient t-NH; to neu-
tralize acidic species such as H,SO,, t-HNO;, and t-HCI (total chloric acid=gas phase HCl +particle phase Cl7),
equivalent fraction of t-NH3 and t-HNO; are higher at Seoul and H,SO, is higher at Gosan. Based on the modeling
result, it is identified that the PM, 5 at Seoul is more hygroscopic than Gosan if the meteorological conditions are
the same. To reduce water content of PM, 5, and thus, mass concentration, control measures for ammonia and nitrate
reduction are needed for Seoul, and inter-governmental cooperation is required for Gosan.
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Fig. 1. Water mass fraction and deliquescence relative
humidity (DRH) at 298 K for the selected binary
salts.
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Fig. 2. Averaged equivalent fractions of all measured data from Seoul and Gosan.

Table 1. Measured conditions and estimated concentration of ions, water content, and water content per ions concentra-

tion.
} Measured total Measured Estimated water Estimated ions® b

Ste SE ey ionsugnt) <000 T contenw) gy (1) gy VT OO
Spring 48.5 24.6 52 285 7.7 242 317

Seoul Summer 85.8 51.0 68 301 40.0 51.3 77.9
Fall 56.4 232 61 287 17.3 217 79.9
Winter 45.8 17.0 54 272 74 179 41.6
Spring 231 9.3 72 285 10.3 8.8 117.2

Gosan Summer 232 10.8 82 293 159 10.2 156.9
Fall 184 8.2 66 290 52 7.4 70.1
Winter 18.1 7.9 65 282 55 75 73.3

aThe sum of SO,>, Ca2*, Mg®", K*, NH,", Na", NO,™, and Cl~ mass concentration

BWater content per unit mass concentration of crucial ions(Tl).
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Fig. 3. Scatter plot between measured and estimated ammonium concentration at Seoul (left) and Gosan (right) in fall.

Roz Azt e o el Axshe wlge] 4
7] wmel Yake] SR mAE e gw
b, AL, 2hatel) wlsl) wlw)stet.

z 12 =X3" PM,s; Az x ¢} (measured total
mass), SCPAE2¢] §J¥HAg 2 o]4E Foo]2
SO~ Cat, Mg?*, K+, NH,*, Na*, NO,™, CI" 9] =
(measured ions), & A19] A= (RH)<} 71 (T),
SCAPE2= AAkgl iz}e] 453 eF (estimated water
content, W)} SCAPE2=2 A4l =, 3 A efoll A2
FQ0]22] =% (etimatedions, Tl), 18] 12 F L2 o]
Pt 2RPFWT)S Feld Zolch 241 5
wsh w4 AR Smel] Hol7h vk ol g
HoAed S 9w, 24 Gl olLEel P
o ol=A F7] WEd S 9ot

T 3 24 gk ZRAAA gk Aelr} by 2
ol He3h TAke) Qhmipel e FE 24 % ®
DA o) JAAAE el Zeleh 2AAS) )
717} 10l A 55 2HA AR AR
W7k Fel =2 Ao B 4 gla, WAL 1
o Fhess mdAne 24 ke 49T 4 9

e}

L

o

R

# A3} A28 A9 7hge] Kang(2003)3} Kim
(2006)] 427} M2 BHe F4E vehile o) ¥
o gA52) YR1e]gie Kang (2009)2) A=k
2 A9, AR 10002 34 P} w2
A Ashe) RS Fort 71471} 1412 ma)

=714 A 2649 Al 1=

AL A et Z2A ebde 22 ARE A3
7t FA R Z AE 34 Al dAPEe] of
U AEe] REAAA AR T EHAE
viebde) Ak AAl, stryelrl 34 ol o, 3
AR B gk ow EXsi gRuyele HALR
o ik - o Agsiaz, 3ake] 4, vt
U, 250 dAE g4 5 d2> k2 =25
UEES FAT M EellA 7hEel A A
v 15%, FtE ] ole] TFEpn]s 58%= 3
Yol slsi7] el A BF RS
o ARE T, A E=3 25 Aagie g
& 5 oa T3y FA AR o]Ee] %
DA X3 &, YA obH] FAEHA X3
2 gtEFolo] opd gtmu]e}l 7]A, AL
o Aal ZAl2 SAEHA "ok 2de At
7HAE7] WEel &4 #EG dA B2 w=rt
7 vrebdet vk 2, Kim (2006) 7 324ke] 79
AL 2o} 7]e7)7 242 0.65¢) 0812 =H
AR A7 A gt 2HA el o] 7]l
Y sx 2710 JAE A AEEA dovt
Aoz SAA A YAE FAAH Aol A, &

Aot 7k el sl

£

o
N

o o
>
>

o
o, of

ko

ot fr 1o

:

]_

[

o
ol o
ol
2

ol oX o oft

f
o2
flu}

a2 ¢

°]

(
o
—_

off
ox

3

o

i

rlr

= 1o)A] estimated water content= =2 A ALS =
3 7GR SE FEFeln, o] F AR Fool
T2 uRe el WITIZE Ak 8845 sl
I E 5 U WITIE A3 24F Addsxs)
7], 4R o] 2zAd o]tk 1/ 1o|A B 4 91K,



~
&

Concentration (nmol m™3)

Concentration (nmol m~3)

~—~
E

Concentration (nmol m~3)

Concentration (nmol m~2)

200 200
i —e— Water content
175}¢ Spring ——0-= (NH,),80, 1175
U S et ot SR SR SR S NaZ 4
150F s A NHNO, [ 1150
—-0— K,S0,
1254 * —=—KNOy(s) | {125
\ ———CaSO,
100} | —e— MgSO, 1100
175
150
125
0 0
0.0 0.2 04 0.6 0.8 1.0
Relative humidity
200 200
Fall —e— Water content
175+ —=0-=(NH,),SO, 1175
NaQS(SA
—-a—-NH .
150 T NHN o, 150
3 ——0-— K,S0, J
125 *-\_\ s céso: 125
100} \ T Meso 1100
75 \ 175
50 )-~c>~-o—o—o—o-~o~-o\ \\ 150
g \

o <R S S\

%o

0.2 0.4 0.6 0.8 1.
Relative humidity
70
rin —e— Water content

ol Spring

501

40 L

30t

-O--0-—0—0—0-0--Q

20 \

\

10} bl
OAAA:AA:\L:_E\:- e
0.0 0.2 04 0.6 0.8 1

Relative humidity
70
Fall —e— Water content
601 ==0-= (NH,),S0,
Na,SO,
50t A K50,
e 2]

40 L

30f OO

20+

10+
o s
0.0 0.2 04 0.6 0.8 1

Relative humidity

Water content (ug m~3)

Water content (ug m~3)

Water content (ug m~3)

Water content (g m~3)

Concentration (nmol m™2)

Concentration (nmol m™3) Concentration (nmol m™3)

Concentration (nmol m~3)

A&t Ake] PM,s 2-gak A" 54 99
350 l_ 350
00 —0—0— OO Summer
3007 o0 0'0-0‘0—0—0.,‘3 1300 _
\ ¢
2501 L 1250 E
i (=]
\
200} —e— Water content \ {200 S
——o— g\‘NHS%SOA 3( =
L E% . 2
150r [ e \‘ 150 g
—-=— CaSO, \
I . T
100 MgSO, \ 0 g
50t i =
0
0.0 0.2 04 0.6 0.8 1.0
Relative humidity
200 . —e— Water content 200
175+ Winter —=0-= (NH,);S0, {175
SLNme <
150} N H I 3
L —o-- K,SO i
125 P v SR B e
. — Caso, 4
100 I—'—'—I\‘./.\ M MgSCi, 100 g
75t 175 8
o}
k)
=
06
Relative humidity
70 70
Summer —e— Water content
60+ —=0-= (NH,),SO,4 160
Na,SO, {P
50} 2 150 E
L o oo oo —a— MgSO, =
40} . 140 =
~ 5]
30} ™~ B
20+ 120 ©
8
10} {10 3
Oftjﬂ’{+tt*‘:;: 0
0.0 0.2 04 0.6 0.8 10
Relative humidity
70 70
Winter —e— Water content
601 =-0-= (NH,),SO, 60 -
£
(=)
3
g
c
8
o]
8
=

0.2

0.4 0.6
Relative humidity

0.8

Fig. 4 (a) Estimated particle composition over relative humidity for each season at Seoul. Note that the summer has
different scale. (b) Estimated particle composition over relative humidity for each season at Gosan.
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