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In this study, to characterize chemical compositions and identify the sources of PM, 5 in the urban area of
Jeju, Korea, PM, s-bound concentrations of 8 ionic species and 12 elements were measured from samples col-
lected at the downtown area from January to December 2017. Positive matrix factorization (PMF) was applied
to these PM, 5 data-sets to identify the diverse sources in Jeju City. The average PM, 5 mass concentration for
the study period was 18.31+9.72 pg/m>. The contributions of water-soluble ionic species, elements and
unknown components to PM, 5 mass were 55.8%, 2.1%, and 42.0%, respectively. PMF analysis showed that
a total of six source types were identified to be important. These sources are the industry related source, sec-
ondary sulfate and oil combustion, soil, biomass burning and vehicles, secondary nitrate, and sea salt.
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Fig. 1. Sampling site.
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Table 1. Analytical conditions of IC

Anion Cation
Tons Cr, NOy, SO/~ Ca®*, K¥, Mg®*, Na*, NH,*
Column TonPac AG19-4 mm (Analytical), IonPac CS12A (Analytical),
AS19-4 mm (Guard) CS16 (Guard)

Eluent 20 mM KOH 20 mM Methanesulfonic Acid
Flow rate 1.0 mL/min 1.0 mL/min
Suppressor ASRS 300 mm CSRS 300 mm

Injection volume 100 pL 100 pL
Detector Conductivity Conductivity

& syringe filter(PVDE, 0.45 pm)Z 343t & Jon
chromatography(ICS-2000, Dionex)E ©]&3}] Nat,
NH,*, K+, Mg+, C2*, CI, SO, NO; 4%e 2
AR BAZALS Table 13} 2tk AAFA 2434
3 BE AR kol 0999 ol de® yehgon, 7
%3 (detection limit)e 0.004~0.012 pg/mL =&
HERH AT

YA/E B4 o] E B4 ¥ 2 PTFE o
o] 123 £ (5.55% HNO; + 16.75% HCI) 10
mLE #3)-87](Teflon vessel)oll ¥ 3. microwave F=
A (ETHOS One, MILESTONE)E o]-&3}o] £3f
(200°C, 30min)slth. FEH| 225 ol HEd
F= 20 mLE 2 o o#sk § ICP-MS(7800,
Agilent)Z o]g3le] 127] F4594 (Al As, Ca, Cd,
Cr, Fe, Mn, Ni, Pb, Tj, V, Zn)E 439 o™ ICP-
MS EX42AL Table 20 YJeERNATE A4 2494
I 2E AJEC] Fgre] 0.999 ool en, A&l

0.2~1.5 ng/mLe] HHE YeERNUTE
2.3. PMF
AT x@% TSIl S o 2] o
gk FAAR] 29 EREUE vhAEY] UA] e A4S
V= PMFS} o] S840 A3 w4

¥ SEARE 0UN FHY e FEmdS 3
Sk ol MKl £ AFote W 14
B 12274 A28 PM,; AR ol Faels

HE 4u:m&.%

Table 2. Analytical conditions of ICP-MS

Variables Conditions
RF power 1350 W
Plasma gas flow rate 18.0 L/min
Auxiliary gas flow rate 1.3 L/min
Nebulizer gas flow rate 0.9 L/min
Replicates 3 times

& BA3% 222 EPA PMF 5.00] 2-8sle] 2154
TA g7 FEE vAE AR 29YS 9
otel 7|o=E B7lak

PMF 2d&& HOH"ﬂt A EARE dig AR
A B9} FEES AR
= FAg ol jELO}E‘r. q%ﬁflfﬂ(method detection
limit, MDL) ©]&}2] x}59} Z=%k(missing value)°] =
o] sk AFEE AL, Ca?*3} Cagl 7o] o
23 daAdEe] FE HAE RS F AR dxE
E HE $ AR & 7] RS MY ste] Hg-s)
At
PMF 5.0 AHAL vl el 2d9S 15
SEIA 1007 o el AlFEel ik A& 4
£ AL gl
s Al B ﬁ}%“’] Zasith B AT
e F glole] B7HE Ss) v Wel we) ¢
HAEE FH|SIAL E’_‘QE st w7t AES
ART & A9 B3%= +(concentrationxerror frac-
tion)®+(0.5xMDL)*© = 0]'93\‘:} MDL o]s} %}'9— MDL
o] 122 thAISALL old] th&EE ESEE 56X
MDLZ A=A, 283 AS3E T97% L—E A
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B 5 AA37] 28] AATFE 4~1017EA] Z;‘PP
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Table 3. Weather conditions during the sampling period

Precipitation (mm)

Sampling days (n) Temp. (°C) R.H. (%) WS. (m/s) number of rainy day
Spring 31 144 62.9 2.7 92 /9
Summer 32 27.1 80.3 2.6 1579 / 15
Autumn 52 19.6 70.8 2.9 196.8 / 27
Winter 37 5.8 61.1 4.2 193 / 17

*Temp.: Temperature, R.H.: Relative Humidity, W.S.: Wind Speed

Table 4. Seasonal average concentrations (ug/m>) of PM, - mass and chemical species in PM, - collected at the downtown
in Jeju city

Tonic species

PM, 5 - - Elements Unknown
< Anion Cation
Annual 18.31+9.72 7.70+5.10 3.04+1.83 0.34+0.15 7.23+3.50
(Mass fraction) (100%) (39.71%) (16.15%) (2.14%) (42.0%)
Spring 21.91+9.74 9.33+5.37 3.51+1.74 0.43+0.15 8.64+3.47
Summer 20.96+9.03 9.51+4.76 3.79+1.73 0.37+0.11 7.29+3.53
Autumn 15.25+8.21 6.14+4.59 2.59+1.83 0.34+0.15 6.18+2.59
Winter 17.31+10.91 6.95+5.14 2.62+1.76 0.25+0.12 7.48+4.21
< 012 A3k 2 350 ugm*S 235k go] A #=Y9) 59%¢2]
98)2 B=HQcHFig. 2). T8 PM,; TS F3
3. &3t & 1nF 2 Awud BAE Age) vigo] Bole u vlwd &=
L T8 BYtHHg. 3). &3 3 e d=E E
3.1. PM,; E&¥=sx o 717 B5S FH8 & 2HEFg 9 T ek F
PMys AF=E SR 7100l gk AFA 22 AR U /IRt AFAges 498 Ros 3
o] 7JBEAEE A sle] Table 39 eIt A=Y

AFA H7)e2 16.8°C, e 69.0%, BaFEH 20173 AEE PM,; 3+t 5= B(3~5%), 956
3.1 myseINA FEE AT Aol AEAT 54 ~8Y), 7R (9~119), AE(1~2¢, 12¢€)°l 7+t 2191
77F Bk preEe oj2Annd 9358 7FeHo] wek  +9.74, 20.96+9.03, 1525+821, 17.31%1091 ug/m’
S W oo} At A5E I Btk 53] PMys cllen, B3x 53] v AdnY A el
—;Jéé}% ol Wi kel 42%7F 1080 HEE 3L 7R P W =S HItHTable 4). ¥ =
S 2 213 Fholl Y2 148 G SRt delx AFHe Hs| 7k H 23]
o|Att. S F=TF et A2 7ReE A5t 2Y ol A
5 AgFeEel T 3 £H o] Boks ¥ ohEt A5 ok washout
°54 ‘PQJ"] 01& 2l %i*é%é—;—ﬂ 21k, 7%1 A Fwst ol o3k AR o] A Eadrt vigE Ao v
olE AEEC PM,; AiFs=el tigh #9uE Table T E3F 2017900 AFE AGe] 7F3AP} 8 A
4 UepiTh Table 4914 BH, AFA] =X = ASEA] gton, 99 o|F AlFAolM PM,; F
PM,; 25w A9 1831+9.72 p.g/ms_o_i 2 oHyF wEE ARIE AT
MAR AFHF 71521 15.0 pg/mgiq- o Fx
oAt} o]k e AFA] AR oA 9] PM25 TEE 3.2. PM,;°| =4
S F8 EAKE, tA, ek WA (@ )l Table 4014 HZo] Al AR ellA AHH
A Z4E Pgrohs B 329 Rz yelgy® Al PM,ole oA Eo| 55.86%, 1Y YAaAE
T iAEE SAAH A SHE PMy; 5 2.14%5 AR Lo, £ dAellr] sleRiAl S
(18.7 pg/meh= W2 S0l ATk 20179 AIFAl 8 18] £e AR (unknown)] H1EE 42.0%%)
ARl H2 g E 2407 PM,; t719V47] o= wetE gl
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Fig. 2. Daily variation of PM,; mass concentration during the sampling period.
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Fig. 3. Polar plot for PM, 5 mass concentration in 2017 at
the downtown area in Jeju City.
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Job 1D: 152487 Job Start: Mon Mar 5 13:18:35 UTC 2018
Source 1 lat.- 33.480000 lon.: 126.488700 hgts: 100, 500, 1000 m AGL
Trajectory Direction: Backward ~ Duration: 72 hrs
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Fig. 4. Transport pathway of air mass arriving at Jeju city
on January 19, 2017. Red, blue, and green lines on
air mass trajectories indicate heights of 100, 500,
and 1000 m above ground level, respectively.®
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Fig. 5. Composition ratios of ionic species and elements in PM,; during the sampling period.
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Table 5. Average source concentration and contribution for PM, 5
Identified sources Concentration (ug/m°) Contribution (%)
Industry 0.66 3.7
Secondary sulfate and Oil combustion 5.36 304
Soil 1.40 7.9
Biomass burning and Vehicles 5.47 31.0
Secondary nitrate 2.94 16.7
Sea salt 1.79 10.1
Total 17.61 100.0
AE PM,; Wirs e 1761 pgm’2 Uepstth £ PMF 23] A5t BE 24 Z4€ PM,; 5
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o] 7l Ak B 09 37%, 22 B R o AT 0861F Fed we e, Ve
UAZL 304%, EF HH 29D 7.9%, vlolerls A 0.826010TH(Fig. 8). ol=H A w), E A=7|7 §
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icted concentrations of PM,5 in this study.
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