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Abstract

To determine the size distributions of water-soluble inorganic ionic species (WSIS) in roadside aerosols, sampling
experiments were carried out in the urban roadside area of Jeju City on August 2018 and January 2019 by using the eight-stage
cascade impactor sampler. The mass of roadside aerosols were partitioned at 57% in fine fraction, 36-37% in coarse fraction,
and 6-7% in giant fraction, regardless of summer and winter. The mass concentrations of WSIS except for Na+ and SO42- in
roadside aerosols were higher in winter than in summer. The size distributions of Na*, Mg, Ca®" and CI" were characterized
by bimodal types with coarse particle mode peaking around 3.3-4.7 ymand 5.8-9.0 ym The size distributions of NO;™ and K"
shifted from a single fine mode peaking around 0.7-1.1 gmin winter to bimodal and/or trimodal types with peaks around coarse
mode in summer. SO,* and NH," showed a single fine mode peaking around 0.7-1.1 gm The MMAD of roadside aerosols was
lower than that of Na", Mg®", Ca®* and CI". Based on the marine enrichment factors and the ratio values of WSIS and the
corresponding value for sea water, the composition of roadside aerosols in Jeju City may be practically affected by terrestrial
sources rather than marine source.
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Fig. 1. The sampling site of roadside particulate matter in
this study.
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Table 1. Analytical conditions of ion chromatography used in this study

Anion Cation
Eluent Dionex EGC [II KOH Eluent Generator Cartridge 20mM Methanesulfonic Acid
Flow rate 1.0 mL/min 1.0 mL/min
Injection volume 300 pL 100 pL
Column TonPac AS19 (4x250mm) IonPac CS16 (5x250mm)
Suppressor ASRS 300 4mm CERS 500 4mm
Detector Conductivity Detector Conductivity Detector
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Table 2. Mass concentration and the ratio of a given size fraction in roadside aerosol at Jeju City

Item Summer Winter
PM7’ 29.3+5.9 28.9+3.7
PM, 27.6+£5.6 26.9+3.1
(111\27233) PM, .1 10.9+4.1 10.443.5
PMz, 16.7£3.7 16.5+1.1
PM, 11.5+3.2 12.2£1.6
PMo/PMr 0.94 0.93
PM,.1.o/PM7 0.37 0.36
Ratio PM,.1/PMy 0.57 0.57
©) PM,./PMr 0.39 0.42
PM,.1/PM, 0.61 0.61
PM, 1/PMy 0.42 0.45
*: PMy : Total roadside aerosol (the sum of all stages)
Summer Winter

(37%)

(57%)

Coarse
(36%)
(57%)

Fig. 2. Mass percentage of roadside aerosol in the three size fraction in Jeju City.
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Fig. 3. The size distribution of roadside aerosol, plotted as
fractional concentrations (4C/C) versus the Effective
Cutoff Diameter (ECD) in this study.
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Table 3. Concentration of water-soluble ion and its Mass Median Aerodynamic Diameter (MMAD)

Concentration, pg/m’ MMAD, um
Summer Winter Summer Winter
PMr 29.3+5.87 28.9£13.35 1.81+0.42 1.89+0.29
Na' 1.11+0.45 1.05+0.42 2.93+1.18 3.95+0.28
NH," 2.03+1.32 2.65+0.86 1.06+0.22 1.21£0.30
K* 0.16+0.06 0.18+0.02 2.59+0.60 1.79+0.29
Mgz+ 0.13+0.06 0.15+0.06 2.80+1.15 4.03+0.10
Ca*" 0.43+0.10 0.54+0.11 3.58+0.31 4.33£0.13
Cr 0.75+0.56 1.33£0.64 3.46+0.67 3.88+0.58
NOsy 1.79+0.99 5.25+0.82 3.70+0.75 1.76+0.21
SO 7.2243.99 4.88+0.81 1.00+0.61 1.37+0.23

PMr : Total roadside aerosol (the sum of all stage)
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Fig. 4. lonic balance between total anions and total cations of roadside aerosol in Jeju City.
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Fig. 5. Chemical composition of roadside aerosol in Jeju City.
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Fig. 6. Partitioning ratio of each ionic species between fine and coarse particle modes (Fine and Coarse in this figure means

PM, i and PM; 1.9, respectively)
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Fig. 7. Chemical compositions of fine and coarse modes of roadside aerosols in Jeju City.
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o] 7291 SOx2} NOx ] & E4o] The xjela}
2 3o} Q7] R0 AZHITH Table 4). ]S ol
AEEY] AARl 719 E sty ffsl mAldRket
2oL SO, /NO; HIE Abr W, wlA 2} o]
A SO/NOs Hh= o527t ALHe| 27} 15.88,
1112 & ZJolE Holx|gt =jjelz} JHolx= Zkzk
0.52, 0,547 o] ]S54 Lekgith, AFA] =2 o
o= oA mAUAE FHOA LI NOs™ Babstes A
H(3.43 yg/m’)ol| Hla} 012H(0.40 yg/m’)ol] EAE] W
k3L, SO,” HaHs = ALH(3.80 ugm’)of wisf oI
(635 ygim’)oll 2312] A Z71elSick. webA] uA
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Fig. 8. Mass size distribution of water-soluble ions in roadside aerosol, plotted as fractional concentrations (4C/C) versus

the Effective Cut-off Diameters (ECD).
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H7E 2 32 Hole Aolgal F4FriLee et al,
2001; Moon et al. 2005). Zt| YRG0 A SO /NOy
)7} e 1.2 SO,7 HrH= NOy 9] H]Zo] fo14)7] uf
EOE E=Y|, ol 7IAKe Aate] 2oiyRRe
7] AE(Ca” = Mg?)ER Q18] HA FskEld
A1 NOy 7} AJAEIQ7] wiite]] Aup2 o2 SO /NOy
B)7} 245 Aolgkal AYZFElci Kerminen et al., 1997).
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2013; Jiang et al., 2019). K'= A< QOHL NO; A9
R Foold & S3 2L ogdde
4.7~5.8 m NS SHOo= 29 ea 2 He1e] 97
oA BlERT 20 FEHE HERAL: of2Rt %52

K'o] JAREE AFE 3 siRbrlollA] 3k PH} i
THLee et al., 2003). SO,ZS} NH; = 0.7~1.1 ym <)
9] Yol Sk A= T HE FEE UeRiiaL
Ut oot T2 o|AJRES] YHFEE EYOZHE
AFA] AR 2] g ofjo]2 o] 23R =84 ©]
2RSS TRt o) 37}1]:% RS 4 8l &,
FA zojgeelx] okl RaLE Hol= AJES(Na’
Mg*, Ca™', CI), o521} A&Zof| ufe} 2|31 J7}o]
AP7F rA AT g o2 e8] otk v
E(NOy, K"), Z12]3L Ao AIgle] nlMgGollA =
e A Ak BEE Hol= AJEE(S0.7, NH, =

L=
.

n
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TSk 4= QA9

Fig. 9of= o]z dol 250l tigh JFw2s He
2 vehck JgollA B SO = 0.9~1.1 moj] =
e AU O 2EE HolHA AP droplet
modeo] 93-S UeRaL Qltk SO HEE 011*1
G o]l Fgko] oA b= A2 AFA] BRI

=29 oflojRE W) S0,79] Rl qlelAl aigolt

Table 4. Ratio of emission amount of air pollutants during 2015 in S. Korea

Area NH3/SOx NOx/SOx NOx/NH;
Jeju 4.6 8.4 1.8
Suwon 2.0 24.4 12.4
Daegu 0.5 6.3 12.5
Nationwide (S. Korea) 0.8 33 3.9




AFEA S w2 ] 5 ool e 917 245 89

120
(Summer)

100

0.80

0.60

N, -

0.40

0.20

0.00

0.1 100

ECD, pum

120

(Winter)

—+— NH4+
1.00

0.80

0.60

N, -

0.40

0.20

0.00
0.1

ECD, um

Fig. 10. Size distribution of Neutralization Factor (NF) in roadside aerosol.

B gafo] ol AlgkAo]7] wfiEe] A o= A7t
EHrh(Jiang et al., 2019). SO~ ¢} &2] NO;y o] Exl
5 Aol £85] o2 vehdedl, AgEddl=
0.9~1.1 ymelA Sgk& Au= T2 E Holx|vt o
SHol= 2YUAF YA F Y] =3k A=
ojaly HEE LA gtk ol= olFdolles =2 7|
202 I8l AAIRINHINO; 9] 2lj2]7} dofu}r] wfiZe]|
TlA| YA} G ol Sk UERFA] eiSiriar ek,
Z YA GO NOs = =2 B HA}F o] 9]
thar AZrEIc(Jiang et al., 2019).

Table 30l= 4=8-4 ] 2/dE-=2] MMADE 4=3}
o] UERdT]. Table 304 NH,'9} SO 2] MMADE
B ohE 84 o259 MMADET} of 215
ofe} AHo| vlsf of5de| ol% 22 A 07 e}
wt} Na', Mg®, Ca*', ClI'& T}2 =84 o] 25 RTH=
T MMADE HE3lor, ofF8kr= ALd A
2 YeRdth 1283 NOs2F K 2] MMAD= of530|
ASEHT & & & 4 Slok Z1E|aL Al =4AY
T2 oo]2Z(PM)2] MMADY} Na®, Mg, Ca*",
CI'e] MMADXt} 2k 21082 Ueyl=d], o= o]
B2Zof 33HE tf 2 JEE(S, YA o] 2AEE i
AEE 713EE B0l ofF ol rh= o 22 At
of FA=]o] Sl AYZ AAFSHL Tt

3.6. ZsP 0=

SO,79} NOy 9} 2R AMJo]L-8 F3}A]717] SJafAd
£ NHy', Ca™* 53} e &7te)4] o] &Eo] asih
o5 UZTA o|leE9] Z3Tlr|ojw(Neutralization

Factor, NF) & thal} o] ZF o] 2R 50 difes e
M Akl 4= lek(Kulshrestha et al., 1995).

Np—_ XT
(SO} 7]+ [NOy]

Zr A o] 2R AXRENFE Y= Yephl
o, o]F o5&} ALES H|uwsto] AXFCKFig.
10). 7P tiaz2Ql 2kl o291 NH, 9] NFE &
9, of5dol= vINIFAQR. 1 m ofsk}] Y7ol
o= ABHARE TP (2.1 ym Hok 2 Y7 ) ollA
0.2 oJgl& FA| wiefszict. 1] A& NH, 2]
NFE 2, vlA|gHolx= o521t o] oJ4s] 94|
SAJRE 2T, 53] 5.8 im ot 2 §912] Y7olA
= NFE QABIRE 2 4= 9k Ca® o] NFi= o Eda}
AEA 5 v YollA= m|efelR|TE 2o SofA
£ 7o) 4 g MRS B 4 9k Mgh &
K o587 AL Q7 NF 23t R ge=
A& gl 2ojgeolAe] NF& Ca™ o] 494
HA[ G e Bl AR & 4= Qlr K2 BE Q7o
A o= mjoRgt a0l oF = QU A2 7] &
PM,solA= NHy 2] NF7} 0.99=2 uj$- $AjskA|wt
PM, 5.10041= Ca?* 9} NH, 9] NF7} ZF2F 3.732} 0.89
2 A3} Mg™ 2} K9] NFi= NH, "9} Ca’ o] H]jA]
o5 m|oFstar WS vl QJti(Park and Lim, 2006).

w

7. s

o
o
dibz| 0 2 7] 5 ofjel=Eel| e e A4

0%

o



90 2T - e - o712
1,000.0 1,000.0
(Summer) o B (Winter) B R
. 4—Ca2+ —e—NMg2+ . #a—-Cal+ —e—Mg2+
= 100.0 —o—5042- £ 100.0 —-5042-
& g
£ 100 « £ 100
g = E =
el P a0 R Eates =
0.1 0.1
0.1 1 10 100 01 1 10 100
ECD, pm ECD, pum
Fig. 11. Size distribution of enrichment factor in roadside aerosol.
(crust), S%H(ocean) “12]aL Zi<5 Q1914 Q1 oA - Tolde 3o A siee] e 2ESI
ek 53] AlFAle bl YIRIRE mAJO| = ofjof (Parmar et al., 2001). Fig. 119lk= °H°Ur o] 3=

2ol thet Sjelo] FRe 7o melagolc Heby
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ARE ARSI QuP o SlosE AR
o= ehd 4 ik
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ke 558 LRI UmA] ol 25K, Ca™, SO.7)
S BE GAeld 1 wrh 2 ghe deRies, Ko}
SO A= 0.71 ym 22]31 1.1 moflA] & BFE veh]
Qlom, Ca™ 2] EFi= ulil] & glol|ut Q7 e
B33t 558 UERI) o] o250 Y EFE B
W o5 AL Aolofla] Kol A] thehtx] ¢F
Sttt 12|31 BF7H o)l 7Pk s |o®, 15
245 SAIUoR SjAE 4= 9lrk. &, EF7F 2428
oflol 2 Ujof) vjaig 5] Bk & 4> O‘E}
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Table 5. Ratios of water-soluble ions of roadside aerosol and the corresponding value for sea water

Season Mode Cl'/Na" K'/Na* Ca®*/Na* Mg*/Na" SO,*/Na*
PMr 0.67 0.15 0.38 0.12 6.33
Summer Fine 0.52 0.19 0.39 0.13 18.58
Coarse 0.71 0.12 0.34 0.11 0.90
PMr 1.27 0.17 0.52 0.14 4.67
Winter Fine 1.59 0.62 0.47 0.13 20.93
Coarse 1.14 0.08 0.51 0.15 1.20
Sea water” 1.8 0.036 0.038 0.120 0.251

PMr
Fine: PM,,, Coarse: PM, 19
" Values taken from Parmar et al.(2001)

: Total roadside aerosol (that is, the sum of all stage)
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