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Abstract

24-hr integrated PM, ; measurements were performed between December 2013 and October 2014 at an urban site
in Gwangju and the collected samples were analyzed for organic carbon (OC), elemental carbon (EC), ionic spe-
cies, and elemental species. Objectives of this study were to identify PM, 5 pollution episodes, to characterize their
chemical components, and to examine their probable origins. Over the course of the study period, average PM, s
concentration was 37.7+23.6 (6.0 ~ 121.5) ug/m’. Concentrations of secondary ionic species; NH,", NO,", and
SO, was on average 5.54 pg/m’ (0.28 ~20.86), 7.60 ug/m’ (0.45 ~33.53), and 9.05 pg/m’ (0.50 ~ 34.98), account-
ing for 13.7% (4.6 ~22.7), 18.6% (2.9 ~44.8), and 22.9% (4.9 ~55.1) of the PM, concentration, respectively.
Average OC and EC concentrations were 5.22 ugC/m’ and 1.54 ugC/m’, taking possession of 4.6 and 22.2% (as
organic mass) of the PM, s, respectively. Frequencies at which 24-hr averaged PM, ; exceeded a 24-hr averaged
Korean PM, 5 standard of 50 pg/m’ (termed as an “episode” in this study) were 30, accounting for 21.3% of total
141 measurements. These pollution episodes were mostly associated with haze phenomenon and weak surface
wind speed. It is suggested that secondary formation of aerosol was one important formation mechanism of the epi-
sodes. The episodes were associated with enhancements of organic mass, NO,™ and SO, in winter, of NO,™ and
SO,” in spring, and of SO,’” in summer. Potential source contribution function results indicate also that PM, 5 epi-
sodes were likely attributed to local and regional haze pollution transported from northeastern China in winter, to
atmospheric processing of local emissions rather than long-range transport of air pollutants in spring, and to the
SO,* driven by photochemistry of SO, in summer.
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Table 1. Statistical summary of PM,; and its chemical species concentrations.

Unit All dataset Winter Spring Summer Fall

Number 143 76 17 38 12
PM, pg/m’ 37.7£23.6(6.0~121.5) 413275 408+17.7 33.7+178 230+10.2
EC ugC/m’ 1.54+0.74(0.44 ~3.86) 1.75+0.82 1.47+£0.70 1.13+£0.34 1.47+0.62
oC ugC/m’ 5.22+3.29(0.80~21.85) 6.36+3.73 429+1.86 4.00+2.19 3.58+1.80
Na* pg/m’ 0.24+£0.22(0.01 ~1.69) 0.23+0.16 0.24+0.16 0.13£0.16 0.53+£0.46
NH," pg/m’ 5.54+4.27(0.28 ~20.86) 6.09+5.03 532+2.75 5.63+3.06 246+1.26
K* pg/m’ 0.32+0.26(0.00 ~ 1.69) 0.33+0.25 0.36+0.21 0.29+0.37 0.30+0.17
Ca™ pg/m’ 0.30+£0.30(0.00 ~2.44) 0.18+0.16 022+0.19 0.58+0.10 0.60+£0.69
Mg pg/m’ 0.07+0.07(0.00 ~0.54) 0.05+0.04 0.08+0.05 0.07+0.03 0.16£0.16
Cr pg/m’ 046+0.42(0.00 ~2.42) 0.72+0.42 0.23+0.18 0.15+0.14 0.27+£0.25
NO;” pg/m’ 7.60+£6.81(0.45~33.53) 9.95+7.88 6.45+5.57 490+£3.58 4.82+£3.88
S0, pg/m’ 9.05+7.79(0.50 ~ 34.98) 7371743 9.25+4.85 13.66+£791 5274321
Oxalate pg/m’ 0.27+0.18(0.03 ~1.18) 021+0.14 0.30+0.12 0.34+0.18 0411031
Al pg/m’ 0.17+£0.22(0.02~1.59) 0.15+0.13 0441045 0.11+£0.06 0.11+0.07
Si ug/m’ 0.48+0.58(0.05~4.23) 044+0.32 121x1.24 025+0.12 029+0.16
S pg/m’ 3.17+£2.46(0.44 ~13.33) 2.77+2.58 321+1.67 425+243 224+1.36
Cl pg/m’ 0.40+0.44(0.00 ~2.10) 0.66+0.41 0.24+0.31 0.01+0.04 0.03+0.04
K pg/m’ 0.43+0.33(0.04~1.76) 047+0.33 0.54+£0.40 0.34+0.27 0.22+0.10
Ca pg/m’ 0.13+£0.16(0.02~1.24) 0.11+0.10 0.34+0.32 0.08+0.04 0.09+0.04
Ti ng/m’ 1541+16.34(2.54~120.24) 13.15+8.99 38.05+33.07 991+4.73 11.27+5.36
\% ng/m’ 3.28+2.85(0.16 ~20.60) 2.14+1.71 531+4.47 5.11+2.57 1.54+1.17
Cr ng/m’ 1.96+£1.31(0.04~8.43) 190+£1.23 3.03+1.86 1.63+£0.97 1.60+£0.83
Mn ng/m’ 15.27+10.10(2.64 ~59.42) 15.53+10.24 21.53+13.84 12.39+6.50 11.49+6.02
Fe pg/m’ 0.25+0.21(0.04~1.57) 022+0.15 0.50+0.40 0.19+£0.08 0.21+0.10
Ni ng/m’ 1.27+1.13(0.00 ~8.39) 0.93+£0.84 1.81+1.83 1.87+0.98 0.62+£0.44
Cu ng/m’ 5.61+4.39(0.00 ~ 19.55) 6.50+4.71 707+4.56 3.02+2.67 5424217
Zn pg/m’ 0.07+0.04(0.01 ~0.23) 0.07+0.04 0.08+0.06 0.06+0.04 0.05+0.03
As ng/m’ 3.69+2.80(0.04~13.03) 4.34+£3.11 386+£2.23 243+£201 2.84+1.76
Se ng/m’ 2.16+1.66(0.02 ~8.93) 233+1.92 206+1.34 1.95+£1.26 1.69+£1.08
Ba ng/m’ 7.11£4.91(0.00 ~21.20) 6.58+4.85 12.31+6.27 5.75+2.64 621+251
Pb ng/m’ 30.77+24.77(1.35~130.32) 36.67+27.11 347742438 19.72+15.40 16.09£11.95
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Agol 714 &3 o2 71 worth 0Ce} ECel
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0Ce} EC 5% Aol Auiae] olshd 2444
RHE AL, 2,98 2 7120l 242 0.68(7]27] 3.8),
0.63 (2.2), 0.52(3.8), 066 242 T EtaXdHo o
o] Ago] what 2 Folx molx| groreh. Tt o
£ AFo] vjste] 27 Ye R'E ®al 2o 17
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Q2 Aol o7t G FAH +AA o) <
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0Ce| 27 Aol tha FAH BAL e 331
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Fig. 1. Temporal profiles of PM,; and its major chemical components concentrations.
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Fig. 5. Variation of PM,; and its chemical species concentrations for weather patterns.
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Table 2. Summary of PM,; and its chemical species concentrations during seasonal episode and non-episode periods.

Winter Spring Summer
Item Unit

Episode Non-episode Episode Non-episode Episode Non-episode
Number - 20 56 4 13 6 32
PM, pg/m’ 79.6+23.1 273 66.8+14.1 32.8 63.0+14.2 28.3
EC pgC/m’ 246+0.51 1.48+0.75 240+0.33 1.19+£045 1.75+0.16 1.05+0.36
oC pgC/m’ 10.48 +3.67 4.82+2.40 6.04+0.39 3.76+1.86 6.13+£2.78 329+1.64
K* pg/m’ 0.65+0.20 0.21+0.18 0.57+0.29 0.30+0.10 0.75+0.53 0.17+0.10
NH," pg/m’ 12.69+4.86 3524220 9441038 405+1.69 11.13+2.44 4511247
NO;” pg/m’ 20.42+6.65 593+4.11 14.63 +4.69 393+2.58 8.07+4.76 3.81+2.62
Neks pg/m’ 16.23+8.91 3.88+2.62 13.96+3.30 7.80+4.71 27.66+5.70 10.72+£6.49
Oxalate pg/m’ 0.36+0.14 0.16+0.11 042+0.10 0.26+0.11 0.60+0.19 0.27+0.13
Crustal material pg/m’ 331+145 1.75£091 7.88+7.88 5.18+£1.63 246+0.25 1.31£0.59
Trace elements pg/m’ 2.52+0.59 1.18+0.65 235+1.58 1.06+0.31 1.22+0.35 0.50+0.31
SOR - 051 0.30 0.66 0.52 0.79 0.61
NOR - 0.26 0.12 0.30 0.12 0.27 021
Primary OC % 482 60.5 76.6 64.7 50.7 553
Secondary OC % 51.8 395 234 353 493 447

Note: SOR: SO,/ (SO, +SO,), NOR: NO,/(NO,+NO;")
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Ak $3stx] gkt 1% 79] PSCF 27E 2d
Agol WA PM, 9 WAt FR|H @t
ofUgt 39 FEE g0 vjEH 2PEAEY]
AAE olFol &gt FgFo] BiHoR AgtE o] et
b @R goEn I9 89 959 PSCF 43&
HE PM,;9] ofml£EE SO,” YAk 5= STt 7]
A= AT & 4= St o] AL T2 RE 9 AT
ool gt FYFgRTb= FAH R FAYT SO,9 7
3 kst skl o8] A4E S0,79 FE 7t
7t PM, 58] B STt 9 FUE AR =44
ok £2] PM,9] ofmaEE HRE IRH G
o) ehd AoR FAHGAT FFORRE £
H Aol ot FFF A AR ZFE IS Aot &
33HAA & ogAE 712F F OC 4=+ 12} € 22¢
7|63 &) Z+2} 76.6,234% L T EHH o] PM, ;9|
Z7te gRE IAFos WEd 13 LGEATY o
7|HgIgS Salo] HAE 23 SPEH] AFow
Uehd 4oz Ayd 5 9le Aotk

1.2 B

Aol A 20139 1285 oF 1W 59t PM,,
o 2% W stebe HEEHE ST F PM,,) 7]
BAVEE 2B LEE A9 202 E45S
o} ool 2 ko] shety Aol et B4 gfel=
PSCF m9lg ALgalo] PM, ot 38 JEEe 297

9& FAA. FA712 F AR 2447 PM,
2] t7]8 7% (50 pg/m)E Zae e
303] (& 21.3%)2 AL, B, o8 2 7120 77} 20,
4,6,08 %t} A7]9d o2 F75t PM,,0 1% % A
gl o 83%7}F whrel AF T AUt #5E ¢
of WhAystgich E3F A EHe e &2 (HREE
<L5m/s)2 LFAGNA HiEE 2HEEEY 5=

o
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o, 74501]
= N03 ,SOX‘ 2 AZEA, 1221 oS S0, ¢}
22} OC7} PM, 9] T%% AL UERAER XA}
% 9ith. 3§ PSCF Ao oatd PM, 9} 8 :,m
AEEd Addle 344 % STC2REHY 29

AEY AAE ols H 7 dEole IAAY ¥
S A W2 Ao g HIEIYLh B3| T2 HL

AL2] PM,, 0] 1% x Akl €&l NO,, SO,>
9 22t OC9] Agao] 20149 29 o] A} o] o

£ Mo}, 20149 2 o]} o]Fo] ZAFE SOR
I+ NORS 0403 0209} 0.687+ 0352 2014 2€
o] %] SO,¢} NO,9| Atshgo] A &5t} 20149 2
o oA 2AH No;, SO,” & 2z} OCe] =8 A4
F}AL NO,, SO, ¥ VOCe B4 AkstatAg el wid
of, 24 o]Fo] Z4H NO,”, S0, ¥ 22 OC= NO,,
SO, 9 VOC9] 33}t Asheh-gat E4Y AE-3-<
A S Soto] AAE AR A5k A
gt FFA oA oF 139 A7+ 5 EAYgE
PM,;9] I @S Y F2 F&H2A, o=
£ AdAY 2 A4 2 eHEEAEY AAY olFel

o)gt Antz et
#HALS| =
B ATl FREATAX YA 20149E AT
AIE19) A\ (14-2-40-41) T TLGEO] YO 2 T

AT 7154@}«5%%4@4 A9 wob 4
3Pt A2 YTH(NRF-2014R1A1A4A01003896).
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