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Abstract — Water soluble organic and inorganic species are important components in atmospheric aerosol particles and
may act as cloud condensation nuclei to indirectly affect the climate. To characterize organic and elemental carbon(OC
and EC), water-soluble organic carbon(WSOC) and inorganic ionic species contents, daily PM, ; measurements were
made during the wintertime at an urban site of Gwangju. Average concentrations of WSOC, NO3, SO3~ and NHj,
which are major components in the water-soluble fraction in PM2.5, are 2.11, 5.73, 3.51 and 3.31 pg/m>, respectively,
representing 12.0(2.9~23.9%), 21.0(12.9~37.6%), 11.6(2.5~25.9%) and 11.7%(3.8~18.6%) of the PM, s, respectively.
Abundance of water soluble organic compounds ranged from 5.4 to 35.9% of total water soluble organic and inorganic
components with a mean of 17.6%. Even though the sampling was performed during the winter, the average contribu-
tions of secondary OC and WSOC, as deduced from primary OC/EC(or WSOC/EC) ratio, were relatively high, account-
ing for 17.9%(0~44.4%) of the total OC and 11.2%(0.0~51.4%) of the total WSOC, respectively. During the sampling
period, low SO3~/(SO%™+ SO,) ratio of 0.14(0.03~0.32) and relative humidity condition in the winter time suggest an
possibility of impact of long-range transport and/or aqueous transformation processes such as metal catalyzed oxidation
of sulfur, in-cloud processes, etc.
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TS-E0] Tt 7840 ol dw=2] &8l g&l =
. T84 718 (water soluble organic carbon, WSOC) 3}
LPAE FEte] ti7] Foll A4 MiEEE 1A 2997 o
sk SR 3RS Bato] AAdE 23 99
AUtk W7l F 22 frlellol =& A
WSoC Q2 9ddoR AdefA §lof[5], WSOC =2
kA o del of tigt A= AR sl =R
22k f71RkA olo]®2E Yxke] A E S ATk At sk
o R S Wl it 7] 5 WSOC =2 A= 7]
Ak EFAY T Ao EAM AL el IF6,71=
T she] Whol & = glom Fg-ole] e Ak
= T UTHS8]. YA F59S ARk B 54, S
9 2SS RISAI O RA] o] BAPd el Fa3t
S sh 75 A E e JEE mIXIch o9 & WSOC sh
o AHEE 3R t7] AelXFeE AF-EHAREE ] vA]= o7
oflo]ZZE2] FPHLet JFe o2 FAIEC] sl BgskA I
5]o] Utk Maria S [9]o <5k wWsoce] sl o)== 1154
1 7197 ARl Wzt E = 12 9 23 7|4 oflojzEe] 2%
AR 715 AR oF 7o) o] ¢ & Ao AFH1
UATE ASA e o8] e EEEE 2ty vk 784 f7]
B Rke] S T T8 ollo]2E Aol uist 7] 2 7]
geHEe] iRl ARt E vl Brkek=t] ule- SQsith
7] B 7] 249 ghEhd g4l Aolelw Etskal = oigt
T84 RS AEES 7] 9 WIS sk A=Y
T-E-54(CCN, Cloud condensation nuclei)®.ZA] 2-8-3tc},

71 B ATl &JekH WSOC 33heS vk st oF
= 2HAehE RO0E ZARE G oM A 9 Al9]X]SellA WSOCE
71 % & vadE2 20~67%2 AEAISISITH10]. S22 3 Siqh
A elA] ofF 9 Aol nAYRte] F v F 28~61%7F
WSOCE o]F0]7] Qli= A o7 ZAMTH11]. B8t Yu[12]2] =
el olab SFeli WSOC 3Rt & 784 cloj=E Aol
18~32%%E AAleks 202 AT 22y ule] 9=
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3t A= Park 51319 A5 AlQlehd 53 Aol nw
wsocel tigh 3221 A7} & Al-el vi-g- Fsitiar ke
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SAIA S 7] ofloj2E iRke] A4S FgelAl ddista
3 A 3% Sl AL 20074 128 1192008 29 23yl
o]Fo St} th7] ello] == IAke] AF = 24417 7155(09:00~09:00)
° 7 F AE?] PM, ; AJ0]EE(URG-2000-30EH) A& 5 A3}
o] Fapsloleth. S 9R0= 22 E2elA ©F 100 m "ol Qlrt.
AFT #AIYAHPM, 5) A5 AFEE, §7] 2 48 (organic
and elemental carbon, OC and EC), ¥ 484 #7] 4 57+ =
& Sl ARSI PM, 5 Aol EE AEE S AIFH S 167
L/mino]™, YJAFA1F o] AHEH o1 A]= 47 mm 27 2] A< TE]

‘0] st Szt 21

(Pallflex Tissuquartz 2500 QAO, Whatman)@ A & Al &9
EAE s RS AR $lske] 500°c2] SE U
oA oF 1043F &<t A Aeleiltt. f7leasidtas o7] 574
Al =74 mj ol 714 31E-S] S (positive artifact) == HF 3
W] f718kE2] 4 (negative artifact)el] TAIE S5 4
Hhsk= Ao oA Qlek14]. witA] AER & 2192 E 9ol oC
4 wsoce] 71A shekae] Frell ggt S eAlE Hasksh]
flsto] PM, 5 AlolE2 3} BB # Afolo]] o 25 cm Zo]] ¥4 T
*7H (activated charcoal impregnated absorbent surfaces strip, Sunset
Laboratory)s AX|3I31T}E F PM, s ARIEE 5 shhe A%ss,
OC, EC 3! WSOC A= the shhs 5784 ol2dEse o5&
A4S flste] ARE-ESITt.

PM, s YA s ti7]dAk AlsAs A5 A9
AZ vlo]| g2 A (Satorius CP2P-F)2 st 5 AAsIc}.

T PM, s ARIEE T shellr] AFE Alse A92E 9 1/42
71 B PAeie] FEE WAk, 3/42 WSOCE 24dh=
] ARE-8I3ITE. OC2F EC 4% 412 NIOSH 22 %241 thermal-
optical transmittance(TOT)[15] ®Hel 2J3}°d w]= Sunset Laboratory
Inc.oA 34 H et EA A vl Tt & A E (blank filters)?] W7
SRS B flsto] Al SR 10%e] idshs & AR
= B AFA RS AP sk dRstste] ARSIt
OCe} EC 5749 A A AR T 12%e] thall 23] w43t
Ao oJshd ZH2F 5.4, 10.1%% ZAFEN S M, 42.065 ug sucrose
of thst HEw A d el 2Jshd 42.74 ug sucrose ato] o]
wjof Aol thet Al#] = Ssittar & = Slrh 0Ceh EC &1
o] AEAIE ¥ AR # ZEHAL) 382 ARksiglon 77}
0.36, 0.05 pg Clem*|$it}.

WSOC 45 91811 3/42] FEAEE 40 ml Hfe]de] ¥ 3
2F SFRT(182 MQ) 30 miE FY S ¥ oF 60 U 2oTE F
=310t} FE ML syringe HE(0.45 um)oll &J3l o333k & TOC
(total organic carbon, Shimadzu TOC-V series) 12371 2J3l] A&
skallth. WSOC= TOC #4710l elate] dste & 58744 &
Ao} F7] 84 w0 Alole] el AET vle] 9l FEE
A SO o]Folzl Y] 78 ¥have dAko® AMISIAIA A
Sk obsiRias A ool ofel SEAA H] At 4214 (NDIR)
A7l oJsll sttt & AR Wi s s BAdsh] flste]
ANHAEZS] oF 10%0] & ANEE wRAH AE FE2Exe) 5 2
& o ® &34 TOC 55 F33s3it.

859 o] A E(CI, NO;3, SO3, Na', NHj, K', Ca?", Mg?")
A& SIS AEFES WSOC Ao F20H 3 sYaHl et
Ak, 283 FEAE 045 ume] HEfe]] 2Ja] A FAIR & o]
ZOE T3] (Metrohm 861)% 35153 o] 240 4] 2}
AEE] oF 10%2] 3 AEE wAste] AR EAddtel] & Al
59 WFEEE BASISIT
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Table 1= 573717kl E& PM, 5, F71822(0C), FAEA(EC),
284 4718 (WSOC) W 8%2] o] &4 R5e] Hifer Ul
Hele] Qoks vekditt, 18] o S nte) sk A=
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Table 1. Summary of PM, 5 mass, EC, OC, WSOC, and ionic species
concentrations observed during winter intensive sampling period

. This work Park et al. [13]
Item Unit
Average Range Average Range
PM, § pug/m® 274 56903 22.1 6.3~45.1
oC pg/m® 445 0.88~15.69  3.62 1.05~7.98
EC pg/m’ 175 0.33~7.03 120  039~223
WSOC  ug/m’® 211 0.17~8.41 144  028~3.72
OC/EC - 268  1.55~3.92 3.16 1.73~6.04
wsoc/oC - 045  0.19~0.68 040  0.25~0.57
cr pg/m’ 1.17  0.48~2.23
NO; pg/m’ 573 1.51~21.92
Neore pg/m’ 351 031~14.77
Na* pg/m’ 0.83  0.34~2.02
NH; pg/m’ 331 0.28~12.52
K* pg/m’ 025  0.04~0.98
Ca** pg/m’ 0.41  0.01~0.80
Mg pg/m’ 0.11  DL~0.72

Table 2. Summary of PM, 5, EC, OC, and WSOC concentrations and
meteorological parameters observed during some high pollution

events
PM,; EC oC wsoc Wind
Date speed  Weather pattern
pg/m’ pgm’® pg/m’ pg/m’  mis

2007-12-17 29.67 231 475 241 1.7 Haze
2007-12-18 3435 256 528 265 1.7 Haze
2007-12-19 2875 2.60 532 295 1.7 Misthaze
2007-1220 9030 7.03 1569 654 12 Misthaze
2007-12-21 4493 191 560 2.15 2.0 Rain/mist
2007-1222 3786 377 736 276 13 Mist
2008-01-04 3252 203 4838 133 15 Mist
2008-01-05 56.56 470 939 634 15 Mist
2008-01-06 67.54 431 1104 618 13 Misthaze
2008-01-07 8891 357 1359 841 14 Misthaze
2008-01-08 59.18 243 811 523 1.6 Fog/misthaze
2008-01-09 41.85 220 542 354 15 Misthaze
2008-01-10 4535 194 547 272 1.7 Misthaze
2008-01-16 926 033 088 017 33 Clear
2008-01-17 1449 156 343 158 2.1 Clear
2008-01-18 1075 074 232 056 24 Clear
2008-01-19 37.83 226 753 328 14 Clear
2008-01-20 2077 143 443 178 12 Mist
2008-01-21 569 059 101 058 1.0 Rain/mist
2008-02-11 2226 055 215 103 33 Clear
2008-02-12 18.88 059 178 0.76 3.6 Passingsnow
2008-02-13 1399 0.67 203 098 26 Clear
2008-02-14 2499 178 392 116 2.1 Passingsnow
2008-02-15 841 056 134 072 3.1 Passingsnow
2008-02-16 17.30 075 2.63 0.75 25 Passingsnow
2008-02-17 12.58 1.08 258 120 23 Passingsnow
2008-02-18 1559 129 384 181 20 Clear
2008-02-19 4122 3.10 7.64 322 20 Haze
2008-02-20 28.58 2.16 591 257 2.1 Misthaze
2008-02-21 5229 3.62 971 502 15 Haze
2008-02-22 3629 159 500 249 32 Misthaze
2008-02-23 1666 057 212 092 34 Rain/snow/mist
T s Yt Park S(1310] BEE 2007d A AR
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EC vs. OC vs. WSOC

—e— Elemental carbon (EC)
—6— Organic carbon (OC)
—e— Water soluble OC (WSOC)

EC concentration (ug C/m®)
OC & WSOC concentration (pg C/m3)

12/08 12/15 12/22 12/29 01/05 01/12 01/19 01/26 02/02 02/09 02/16 02/23
Measurement period (2007-2008)

Fig. 1. Temporal profiles of EC, OC, and WSOC concentrations.

F 20079 A&Hel vl E3 24 o5
ST, o] 2L ol 5471zt ti7] A& oksiAl7|=t

Q7Y &A%, HHEE o] 20074 AL Hisle] AR @
TO|TH16](Table 2 %), ¥ Aol ALH
5.6~90.3 pg/m* (A 274 ug/m’)E FAFE 0,
OC/EC H]E= 2,682 2007 3.1690 BItod 2Rk Wil B Qi)
OC/EC H]€] ¥shk= EC7} ©:Ad3#-9] 1A} vilEd 224 11
Hofd 4= Qiths dAlske] viE 29, edle] WYY =
293¢ A X952 ks ISt 5 gl AAAIEA] ARSE] O]
A 4= it} BEdel] WSOC/OC Bl= 0.45= 20074 0.400] H]sto]
Rt = AR QI

Fig. 12 53717t % 4oj% PM, 9] EC, OC 2 WSOC 559
oI B¥Z HolE), Fig 104 Bi= ule} o] 21gx o7 71 A
=0 v T7Re] A5ESE o5 SA7IkE 5 Wit
Al F50] | whe FE5, A W uhE A4 w0 2 AFE EItK(Table
2). o1} 2 7P ERE W] F 29E4e] FAkE Azl B

5O 1

PM, ; AFEEE

et s, eP=Ae] sE ST FFA%el 2008 1€
64 ~7Y0l T=3F PM, ., EC, OC 2 WSOC 5= 217} 88.9, 4.7,
13.6 2 8.4 ug/mo|3tt. old ez PAJw AL Js} 780l
o= o] X9 o}F] HA 7ol 7ol o|HTt H2 Y3t 2-3%
=715, d5ele & 3717 SR whA g 9 371 wEcEis |
wioltt. of7]el wEsh 3717k @Al sl ~1 mise] £
T AHH o7 A8 folEle] el 2 3719k Fus]a oY)
wizol] Q7N @] A5H U Zojrt. B tf7] Tl 5 71 75
o] S sl AFals w719 A Ag fAlE L s A
= ol ddol A& olfrolth17]. 181 FFANS 9t A
=0l Z1 W7} AAI8| BREE WshEA ti7] FE kAl &EhA

< A0 % IS (Table 2).

WSOC 4] 557845 Ak ] flste] wsocsl 84 ol
Z713E) el AUARl oS vl FrhE AL F8
skt 71 V= st Ao alolel Etatal Eell
gk =84 ShEhEe] JsHES 7] B IS ek At
9] CONOZA ARgato] 7]5 1 zkaate] 7]ofghtt, & drollA
T PM,s A ARF7IHRIS ) e 2R AEE 54
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Fig. 2. Temporal profiles of PM, 5, NO3, SO3", and NH} concentra-
tions(upper part) and WSOC fraction(%).

UG U b Q)] AFFEFIE HojEn), 5

RS ° =
71ZF F PM, 5 SIAF Ul EAehE T 8GR AR A
FEE T WSOC YA 2HA|ah= -&2] WHelE vepdtt. WsoC
3}3Eo] A WSOC E50l 1.62 Fato] AXFsIITH18). Fig.
204 = nlel o] WSOC 31E et AHE-82 17.6%% 5.4~
35.9%= HERISiom, S491A7F G5t 2007 1~280) S35
WSOC 3F3Ha Bt AZHEE9) 20.5%(9.9~40.0%)%) GAFSE 5=
o|9lt}. Park S[13]°0 2Jale] 2007 128 Aolo] =43t M E
2] MOUDI(Micro Orifice Uniform Deposit Impactor) Al 5ol i3l
A7 (0.056~18.0 um) F 5873 ooI2F A% F WSOC7}
A B AFE-ES ZARISIE A7 19 WE WSOC IAR=
T 58X AR AFEE F 163-393%S xHEIN o, g &
WSOC 5159 A& 7]oJ= 0.056~0.095 pmellA #50] &
STt Seinfeld®} Pandis[19]9] 2JahH, =A] tf7] dloj2&e] 4= &
T gl 7 S RES AFEhE <01 pme] AHE
o o FHHrha Btk B Adshs A A8
o CCN YAF= Afolelldl WSOC &4 2] dho] Hof ~40%E

2 84 1A vlaste] A skl QAL EA] o
Az ZY 5719k FeAg-S ATsk=tl SloiA wsoc 3lgt
£ Ags 7 ¢ gle-S 9nlsit)

3-2. PM,; X} EMEE 54 2 UMY J0iz oIS
Table 1°1] 2J5PH OCS] 5T 4.45 ug/m3(0.88~15.69)= OC
3 (=1.600)[18] 71502 PM, 5 =2 26.4%(14.1~39.4%)

‘0] st Szt 23

Table 3. Relationships among PM, s, EC, OC, WSOC, and CO concen-

trations
Dependent variable Regression relationship R?

PM, < PMZ.S(Hg/mi):12.04 EC(pg/n}3)+6.29 0.71
> PM2.5(ug/m”)=5.72 OC(png/m’)+1.96 0.89
EC EC(ug/m?)=0.62 WSOC(ug/m>)+0.44 0.71
EC(ug/m?)=3.24 CO(ppm)-0.41 0.66
OC(ng/m?)=2.18 EC(ng/m>)+0.63 0.85
oC OC(ng/m’)=1.65 WSOC(ug/m*y+0.96  0.90
OC(ug/m?)=8.08 CO(ppm)-0.95 0.73
WSOC WSOC(ug/m>)y=4.14 CO(ppm)—0.65 0.58

= 2B eH, Park 51312 594 7¢} vl OC 3=
71018 (26.1%)& K]tk 18]al ECOl HusRts 1.75 pg/m’
(0.33~7.03)% PM, 2] 6.5%(2.5~13.3%)°] a5t

Table 3%} Fig. 32 EC, OC, WSOC ¥ CO AlF-E Alo]9] Al
BAE BojFr} 2 ool WSOC/OC = 0.19~0.68%F A1
2101 (Table 1), 2 WSOC/OC H]= =& 584 0C 248 9
ulah, A3k gha ofloj o] 121491 OC HjEel 23k Zlow
st = Q& Flolrt. 7] A7 e sk, PM, ol =]
U WSOCE SAAY B Aldof we} st 2fo]E Ho|m,
PM, ol E1E10] Q= OC F 48~77%5 AFAISH= 102 A
SITH20]. #H Al =AIAS) (Amsterdam, Barcelona, 2! Ghent)ol|A]
=73 PM, 5 WSOC/OCE Aol 0.33~0.40% ZAFEIQITH21]. 7L
231 2006 +ell HelsinkiclX] 5783 WSOCE PM,;, OC2] 55~
68%= AA|BR= A o7 ZARE T AAEA (OCHEC) 75202
= 574717kl wEt 40~52%5 2HAShE F10E FRlo] F 9t} 22].
Fig. 1 2 20] 9J&Pd WSOC F59] Al F0)= 23} 84
7] NAZZEAA, A, dEED)S o9} vlsEAl &
ZE ). o]} 22 w5ATe| 25k PM, s Ul WSOC “d°] 2
24F 07 s BAEQS A ow g8k k. Fig. 3049}
2], EC ¥5E WS0CS Cortelel 714717k 242t 0.62 W 3.24
2 Ao AGATRYE 242 071 2 0,660 % 52 g
A& BolFQIT) B3k OC = 94 EC, WSOC 2! CO 559
- e AAIAE ERH A 0Z Hot 312 A4S T3

T+

EA tiZ]ell e 2 2ol i WAR B HolwiA
th7] Foll skl 9lie & 5 Stk OCek EC Aol 9] A=

=
2 0Cg} ECS B2 ko] 12} 29 o8 viE=E
g Stk ARA 0% FFA oA AL 4%

= 33ler ukgol 2%k 23149l AR |
2HAR1 vllEe] & o] Mgk Ao® st 4= gt

7] F f71eka oo]2E Yk 299s Sate] AA wiE
(12F 29h=AY 7] 5 Fskst wheAk 23y B3l A
] 44 W& 23 T B A9e] 71 9 irlgkst 23
ol Qs g @S] ARl 7]ol et gt dA]
2AE f7) ololz2E2] 13 9 23} A el tis 7o =E
7¥ep7] f15k A3 AR1 WS Q7] wiitel] 12} i A4 292
FAAE g AARARE D8k (A1 WhHo] ARSE 3L
UTH23-25]. AARR(EC)HE F7]E2] Axd=EA AF W&
7] wiitell, T 12} wiE 0Ce] FAAE AR = gl o] 9
YIS AR 7124l 7Pge ECeF 14F A 0C7) BHE B
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20
184 @ WSOCvws.EC Dec '07~Feb '08
0 WSOCvs.OC
16 1 —— WSOC-EC regression line: 0
" (=0.62x +044, R>=0.71) e
=== WSOC-OC regression line: 70
24 (y=1.65x+0.96, R=0.90) e
yg

EC and OC concentration (ug C/m3)

'WSOC concentration (pig C/m3)

Fig. 3. Relationships among WSOC, EC, OC, and CO concentrations.

HiE 2 eE k7] ot Folxl A|jel] tht 12} A4 OC/EC
o] tiEAR] v7F EARE & AR 23] & AelA F
43 PM, 5 OC(E= WSOC)2] 22 4 7104 5=e] 2]l g7}
= fleliA EC Bl oce] th7]157ell T2 2J&eh= 124]]1 OC/EC
S ARSI

(Oc)sec:(oc)tot_E Cx(0C/ Ec)pr[

714(00),, 2= 22+ A OC F5(ug/m’), (0C),A= 0C] A
F1(ng/m’), (OC/EQ), = 29 T3 3] wiE== oC/EC
H]E oJujdlit), 2 ATt A (OC/EC) Hli= EC2} 0C2] A8 3|7+
4] A7(Table 3)ell 2J5te] A48t oM 1XHOC/EC) HIZ 2.18¢]
AREEIQILE, 3, WSOC 559 12} W 23} 7|18 Hrlsl=t|
A= 0oCe} FYsH Fa8518 e 12F4](WSOC/EC) HIQ! 1.65
7} AR I TH(Table 3). Fig. 4= 573713 & % 0C 4 2%} OC &
=9} WSOC 9 23} 4 WSOC 5128 #3lE ®ojz=t}. 23} OC
o] 2% 2] 7] = 0.78 pg/m’(0~5.8 pgm’)E A 0C 59
17.9%(0~44.4%)= XFA|5FC} 124421 OC o] ZE2 3.7 pug/m’

20
e

—— Secondary OC
16 1

OC concentration (ug C/m’)
S

I ||‘|r i
12/08 12/15 12/22 12/29 01/05 01/12 01/19 01/26 02/02 02/09 02/16 02/23
Measurement period (2007-2008)

2- l
04 i ) | MW A | M»

20

181 @ COwWOC Dec '07~Feb '08
0 (Ovs.OC

161 —— CO-WSOC regression (R*®.58)

7 Mt CDOCtegtwsicxrRZo#).B ,

WSOC and OC concentration (ug C/m?)

(0.73~15.3 pug/m*)= 7= 0. 22k A4 1 WSOC 5= 0.34
ug/m>(0.0~4.3)2 F7FE ) o, AA] WSOC 52| 11.2%(0.0~51.4)2
AT 2 el A Bk 23k B4 WSOC T 7|01
Park ‘5-[13]0] A&el| 8t A7 (23} WSOC: 0.24 pg/m’, 13.1%)
o} frAkskSiTh.

33 84 0[24E =Y ¥ S0 ARt MNPy

AL AESA7IN F AL BE A5 gk & U ol
AF-E2] A4 (charge balance)s FAFSISItH(Fig. 5); & %ol
2 FEHEE (neq/m’)=1.06xF 50| FHEE (neq/m’)+0.02, R=
0.98), & &°0]&9 FHFE I (neg/m= [Clm+NO; +2S077 |2 %
O]9 GEEE (neq/m’y= [Na™+NH,+ K +2Mg?>'+2Ca*" 10|t} ©
2o oJehd SAE PM, s YAR= APIRTH: dte] 54
Hol= Zlo® ARSIt &, 34X 7] Foll Akt Ak
NH.°ll ¢J3}%] (NH,),S0,2 NH,NO, 3}eHa-S AAJst e Fi
Sk NH; 7kt EAIS 2ulsith. 471t F o2& Ul 5 &
o2& AL NO)olH F oFol-2 AR NH ISt Atk

o ML o nlo

d

10
N 1 WSOC

— Secondary WSOC
8 4

WSOC concentration (ug C/m®)
W

il

12/08 12/15 12/22 12/29 01/05 01/12 01/19 01/26 02/02 02/09 02/16 02/23

Measurement period (2007-2008)

Fig. 4. Contributions of secondary OC and WSOC to OC and WSOC concentrations.

3lerast w48 15 20104 22



FTFAY PM,
1.0
@
0.9 1 ®  Charge balance
Linear regression:
0.8 1 (y = 1.06x + 0.02, R%=0.98)

Total cation (peq/mz)

0.0 T T T T T T T T T
00 01 02 03 04 05 06 07 08 09 10

Total anion (peq/m3)

1.0
(b)
0.9 - O 2SO4+NO3 vs. NH4
—=——Linear regression:
0.8 4 (y = 1.04x + 0.01, R*=0.96)
0.7 - 0
— 7
‘2 06 ~
g -
4 7
2 0.5 89/ .
T 04+
z O 4
03 - 986/
021 &
0.1 °
0.0 . . . . r . . ; .

00 01 02 03 04 05 06 07 08 09 10
2S0."+NO; (peg/m’)

Fig. 5. Charge balance; (a) between total anion and total cation; (b)
between SO3™+ NOj and NHj.

W2Ks07) = F HWHE%T 3t 2ol E*DIE](Table 1 ). NOy,
SO 4l NH+4 FET 7 PM, 59 21.0%(12.9~37.6%), 11.6%
(2.5~25.9%), B 11.7%(3.8~18 6%)— AT, Akl a Aated
& %‘Egﬂ%ﬂr AgPA oz o] Hrt {2[S03 ]+ [NOs et
[NH;] AFol©] 3] 2] 3% {[NH;]=1.042[SO3"]+[NO;3] )+0.01,
R>=0.96}0] 2J8h 71&71% 18} ozt A7) Lt o= Ko}
S3€ 7] clojzZo] oRkE el Ads 2k Qe Zlow %
CHETh(Fig. 5). oli= HA| gol& W ol FAId e} AA| g
SO7-¢} NO32| 53} At & ZHole 3d dngoe] 1y
A Aok el EAs] A F7EE S Aol
7] F Ak 0,91 OH 2He) 22 7)1/d1k-8-(S0,+OH— H,S0,
+HO,) ¥ 75 944 Ul $0,°] 589 Wgte] ofs] ATt SO;
/80, E&EHl= e Y B 2G9S AR AR
% ARGEITE S0,9F SO Atele] AR S| A v At
SO,(ug/m*)=0.23-S03~ (ug/m*)—0.94, R>=0.54. &1 5= OH =}
]z o] FF10= Q18 s0,9 S0 29| st 4tsls s}
o] S0, & FHadh vhdo] AgHel = Alglgo] s E
SO, T/t T7Fsh= #/dS BRItk S0;- S S0, Al
off o8l JFE wH=th 5 AF Al we n9) w2 U7 atke}
A FEuEe)] T AEEEE YERAT Fig. 5% SO4 T s}
of] wh2 8037/ (803 +S0,) H]2] WglE HofETt Fig. 6014 Hi=

P 587

‘0] st Szt 25

20 0.5

[ Sulfate
—— S04/(S04+S02) ratio

SOf_ concentration (ug/m”)
[SOZ1/A[SO,] +[SOX T ratio

0 alllly
12/08 12/15 12/22 12/29 01/05 01/12 01/19 01/26 02/02 02/09 02/16 02/23
Measurement period (2007~2008)

Fig. 6. Variation of sulfate-to-total sulfate ratio with sulfate levels.

0.5

Effect of RH on sulfate formation

0.4 4 O RH vs. sulfur ratio
Linear regression (r = 0.60)

0.3 4

0.2 1

S0,/(S0,+S0,) ratio

0.1

100

Ambient relative humidity (%)

Fig. 7. Effect of relative humidity on sulfate formation.

e} 7o) S0, FrE7el Wt s0F- FE%E B3 SR A
© = golo] EQIt}, Hl SOF/(SOZ +S0,) HIA= 0.14(0.03~0.32)
E AZHe 739 71E A7EHe} AR Bl(0.2)7F ZARE ST
SOZJ OH zjt]Zte] 23t 3hrlgl o = 9] el
WA IAE THEE, 2 ATelA %kﬂ% H}ﬂ 7‘01 74534_
oﬂ ko SO/ (SO +S0,) U7} BZH I W vl S0,9) =+
AR 7PAsgo] So8H4] Saa 7HIXIt o5 S
A2t AAE o)l 23t T E= o] FEFmtel, 5
ey T3 2 g A e Wk el o3l AENE A
o= F4Hct
Fig. 7 Atz Estel] W Ak QIxte] A4 vlE e}
th 24717F F AEEE B 61%(31~92%)E T8 B
137} in-cloud HE¥}go] gt Ao o8 2Hagle o
2 AZHE giilel, =3 50,0 71AksESell o] Ao
A T o] A W S037/50, FEH] 0.17+0.11
7HAgkE Zlolct.

>

=

il

4.8 E

B Ao o)7] 5 A7) 2 AAs0C 9 EC), 8
7TEHA(WSOC) ! o] 244859 38hd EAE A1) S8k

Korean Chem. Eng. Res., Vol. 48, No. 1, February, 2010



T

26

J

o 1

FEAellA 2007 128 119~2008F 22 23U Alolef| 2447
7122 wAIIRHPM, )5 S7833ith OC AFE] Bt e 4.45
mg/m3(0.88~15.69)% PM, ; 552] 26.4%(14.1~39.4%)= X}A|51%]
on, WSOCE OC 559 19~68%%2 A&t PM, Wl & &
£ /3% F WSOC glghEe] AAehs AFEES 54~359%=
WSOC &go] <40%elA|ut tf7] o252 57]9ke] F5 g
< olalish=tl WSOC 3lgHE2] ojsto] Fa3ks oJnjgitt. EC 5
Az} 7102 7K PM, 5 OC B WOSC A2 221 A4 Ht
7195 212 ¥ 0C 2 WSOC &% 59 17.9%(0.0~44.4%) 2}
11.2%(0.0~51.4%)% X553} F:4]9 AL 543 3t
AR W& SO/ (SOF+ SO ¢t Al EREE v S v
T2 ZA olF, 89 JH 80,9 B v e 5 Ul
g o] M-S Flo] AFEUS A oR kit

z Al

o] 3=t 2006 TS T2 Adem s=mATA
ko] 2 91S who} =aE o U tHKRF-2006-331-D00287). B3k
20089 % AT (ST Algor dF g
A9 Wl SralE 7] 2ATARII Y THRO1-2008-000-20255-0).

M

s

I

Ju—

. Andreae, M. O., Jones, C. D. and Cox, P. M., “Strong Present-
day Aerosol Cooling implies a Hot Future] Nature, 435, 1187-1190
(2005).

2. Andreae, M. O. and Rosenfeld, D., “Aerosol-Cloud-Precipitation
Interactions. Part 1. The Nature and Sources of Cloud-Active
Aerosols} Earth-Science Reviews, 89, 13-41(2008).

3. Jacob, D. J. and Winner, D. A., “Effect of Climate Change on Air
Quality]’ Atmos. Environ., 108, 1-19(2008).

4. Zhuang, G S., Yi, Z., Duce, R. A. and Brown, P. R., “Link between
Iron and Sulfur Cycles suggested by Detection of Fe(Il) in Remote
Marine Aerosols, Nature, 355(6360), 537-539(1992).

5. Saxena, P. and Hildemann, L. M., “Water-soluble Organics in
Atmospheric Particles: A Critical Review of the Literature and
Application of Thermodynamics to Identify Candidate Com-
pounds;’ J. Atmos. Chem., 24, 57-109(1996).

6. Malm, W. C., Molenar, J. V., Eldred, R. A. and Sisler, J. F,,
“Examining the Relationship among Atmospheric Aerosols and
Light Scattering and Extinction in the Grand Canyon Area) J.
Geophys. Res., D1(19), 19251-19265(1996).

7. Saxena, P., Hildemann, L. M., McMurry, P. H. and Seinfeld, J.
H., “Organics alter Hygroscopic Behavior of Atmospheric Parti-
cles) J. Geophys. Res., 100, 18755-18770(1995).

8. Facchini, M. C., Decesari, S., Mircea, M., Fuzzi, S. and Loglio,
G., “Surface Tension of Atmospheric Wet Aerosol and Cloud/Fog
Droplets in relation to Their Organic Carbon Content and Chem-
ical Composition} Atmos. Environ., 34, 4853-4857(2000).

9. Maria, S. F., Russell, L. M., Gilles, M. K. and Myneni, S. C. B.,
“Organic Aerosol Growth Mechanisms and Their Climate-forc-
ing Implications’ Science, 306, 1921-1924(2004).

10. Decesari, S., Facchini, M. C., Matta, E., Lettini, F., Mircea, M.,

Fuzzi, S., Tagliavini, E. and J.-P. Putaud, J.-P., “Chemical Features

3lerast w48 15 20104 22

N I L

254

and Seasonal Variation of Fine Aerosol Water-soluble Organic
Compounds in the Po Valley, Italy, Atmos. Environ., 35, 3691-3699
(2001).

11. Yu, J. Z., “Chemical Characterization of Water Soluble Organic
Aerosols in Hong Kong) 20th Annual Conference of American
Association for Aerosol Research, October 15-19, Portland, OR,
USA(2001).

12. Yu, J. Z., “Chemical Characterization of Water Soluble Organic
Compounds in Particulate Matter in Hong Kong} Research Report
(Ref # AS 01-018), Hong Kong EPD(2002).

13. Park, S. S., Hur, J. J., Cho, S. Y., Kim, S. J. and Kim, Y. J., “Charac-
teristics of Organic Carbon Species in Atmospheric Aerosol Par-
ticles at a Gwangju Area during Summer and Winter} J. Korean
Soc. Atmos. Environ., 23(6), 675-688(2007).

14. Turpin, B. J., Saxena, P. and Andrews, E., “Measuring and Simulat-
ing Particulate Organics in the Atmosphere: Problems and Pros-
pects;, Atmos. Environ., 34, 2983-3013(2000).

15. National Institute of Occupational Safety and Health(NIOSH),
“Method 5040 Issue 1: Elemental Carbon (Diesel Exhaust), NIOSH
Manual of Analytical Methods, 4th ed., Cincinnati, OH.(1996).

16. Korea Meteorological Administration(http://www.kma.go.kr/sfc/
sfc_03_02.jsp).

17. Korea Meteorological Administration(http://www.kma.go.kr).

18. Turpin, B. J. and Lim, H.-J., “Species Contributions To PM, 5
Mass Concentrations: Revisiting Common Assumptions For Estimat-
ing Organic Mass,’ Aerosol Sci. Technol., 35, 602-610(2001).

19. Seinfeld, J. H. and Pandis, S. N., Atmospheric Chemistry and
Physics: From Air Pollution to Climate Change, John Wiley, Hobo-
ken, N. J.(1998).

20. Zappoli, S., Andracchio, A., Fuzzi, S., Facchini, M. C., Gelenc-
ser, A., Kiss, G, Krivacsy, Z., Molnar, A., Meszaros, E., Hans-
son, H. C., Rosman, K. and Zebuhr, Y., “Inorganic, Organic and
Macromolecular Components of Fine Aerosol in Different Areas
of Europe in relation to Their Water Solubility’ Atmos. Environ.,
33, 2733-2743(1999).

21. Viana, M., Maenhaut, W., Brink, H. M., Chi, X., Weijers, E., Querol,
X., Alastuey, A., Mikuska, P. and Vecera, Z., “Comparative Analy-
sis of Organic and Elemental Carbon Concentrations in Carbon-
aceous Aerosols in Three European Cities) Atmos. Environ., 41,
5972-5983(2007).

22. Saarikoski, S., Sillanpaa, M., Sofiev, M., Timonen, H., Saarnio,
K., Teinila, K., Karppinen, A., Kukkonen, J. and Hillamo, R., “Chem-
ical Composition of Aerosols during a Major Biomass Burning
Episode over Northern Europe in Spring 2006: Experimental and
Modelling Assessments; Atmos. Environ., 41, 3577-3589(2007).

23. Turpin, B. J. and Huntzicker, J. J., “Identification of Secondary
Organic Aerosol Episodes and Quantification of Primary and Second-
ary Organic Aerosol Concentrations during SCAQS;, Atmos. Envi-
ron., 29, 3527-3544(1995).

24. Cabada, J. C., Pandis, S. N., Subramanian, R., Robinson, A. L.,
Polidori, A. and Turpin, B., “Estimating the Secondary Organic
Carbon Aerosol Contribution to PM, 5 Using the EC Tracer
Method;’ Aerosol Sci. Technol., 38, 140-155(2004).

25. Park, S. S., Harrison, D., Pancras, P. and Ondov, J. M., “Time
Resolved Elemental and Organic Carbon Measurements at the
Baltimore Supersite in 2002, J. Geophys. Res. Atmos., 110, DO7S06
(2005).



