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Abstract

Organic carbon (OC) and elemental carbon (EC) in PM, 5 were measured with Sunset OC/EC Field Analyzer at
Taehwa Research Forest (TRF) near Seoul metropolitan area from May 2013 to April 2014. During the study peri-
od, the mean concentrations of OC and EC were 5.0+3.2 ugC/m’ and 1.7 + 1.0 ugC/m’, respectively. They showed
clear seasonality reaching their maximum in winter (6.5 ugC/m’ and 1.9 ugC/m*) and minimum in wet summer (2.5
ugC/m’® and 1.4 pgC/m’). While OC showed greater seasonal variation, the diurnal variation was more noticeable
for EC through all seasons with a clear maximum in the morning, which reveals the influence of vehicle emissions.
In contrast, OC exhibited a broad second peak in the afternoon during May ~ June, when biological activities were
the highest. Using the morning peaks of EC and OC, primary OC/EC ratio was assessed, which was assumed to be
anthropogenic origin. It was the greatest in winter followed by spring and the lowest in wet summer. The seasonal
difference in primary OC/EC ratio implies the influence of non-local sources of OC at the Mt. Tachwa.
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u] M| A} (particulate matter, PM)= 7] & W3S}, 714
A e, AE A Aol 5ol 2A 7]0Igtch (Ander-
son et al., 2012; Rattigan et al., 2010; Hopke, 2009). &
8] 217 2.5 um BTkl Z2O|AIYAH(PM, )= ol 23t
S ohet Qzte] Ty 3F7l0] L A
Aoz A& A 9tk (Bond et al., 2013; Janssen et al.,
2011; Bates et al., 2005; Li et al., 2005). oo w&} =
WolA= 201595 E ZrAYAE FAS7] AT
PM, ;9] 7|87 7|50l Z=UAE] 20149 5o AlY
Z QR E AP35} HKMOE, 2013).

PM, & F4%t= 3, 24, B23E § gaAE
2 374 YAEA (elemental carbon, EC)Q} §7]ekA
(organic carbon, OC)Z2 FLEEt}(Chow et al., 2009;
Szidat et al., 2009). EC= F2 AA| 47+ (biomass
burning)Zt Agt & oA Ao HY (soot)o] Pl
Z &5 (Chow et al., 2010), )& 7] Fo2
A WrEEE= 12 2 GEZo|th(Sandrini er al., 2014).
OCE FAIA wat QI9A B AR viEHo
A B9 dam Ay HAEE 12 {7194 (prima-
ry organic carbon, POC)Q} tf 7] & 343}s} uk-3-of oJst
22} 718k (secondary organic carbon, SOC)Z2 L&
El ok (Gentner er al., 2012). SOCE F=2 3t §7|35}
& (volatile organic compounds, VOCs)9] 333}l A+
rEo g B FU|YE e ANER HEEH=
AL 3 71417} A2 A2 (gas-to-particle conver-
sion)E] o] YA =} (Seinfeld and Pandis, 2012; Kroll
and Seinfeld, 2008; Na et al., 2007). ©] 23 SOC] A
T 7SS T2 SAENA WiEEE AT 9
9 77]318HE (biogenic volatile organic compounds,
BVOCs)Ql 21:=-g 23 (monoterpenes), o] A
(isoprene) T HZ=AJOA HiEEHE= 194 7149
WS ©a3RHE (benzene, toluene) 59| 7|40l
9% Aoz 4HA drhung et al., 2009; Atkin-
son, 2000; Andreae and Crutzen, 1997). ©|2]¢]] POC7}
AFeke} 1 3lbgS A WA SOCE ¥ighE 7| & ghrt
(Szidat et al., 2009; Robinson et al., 2007). o] 2% OC
£ ECo|| vlsj| Aeat ArEdol] vheFata Bt
7 EY Bt g 53] SOCY| et ofsf= v F

IS A 2 AL =

Z3}c}(Turpin et al., 2000). WA HRE POCE 3
A3}o] o] 5 7|HFOZ SOCY HES 7HgF oz ALt

o

1= W So] 7l2E| Q1T (Chou e al., 2010).

TS HT oM BARAY 4] Frtet FH A
Hol oz Q193 2 AENI A7 wiEEo| 4
o] f7)ollo2E Ao BRI HA AYH wiETt
tEo] 23 wiEe] Faxo] A ok T A
Toll A oto]azAo] NO& E3tE+= H¢ {719
o] 2% AJAJeFo] Z7}5+% 1 (Shilling ef al., 2013), F
Ho Abgo] Exte TA|A (7| 25T At
Ao S7HE PM, 7t S7ksHe A2 YERSTH(Ying
etal.,2014).

SHuete A FEQ 65%7F Abd A o), 147}
LR =9 FS APH o2 Abof Eute Qe
Fol gon & I B¢ 5 529 ZUIR Qs 4
YR 9L 72%= © AtH(MOLIT, 2014; KFRI, 2010).
a2y 7129 Iy 37|38 AFE gEE BAY 3
=9 JgL mpotsly] Y3l AR IS TR 3
=o], A He EE v T8 BAIY S5t
Abgo] =A] 71 d e | Gl tigt ofd= mf$-
BE3Ic) 22 AFRIA Y 220 gigt A7t AR QL
I EEo] BAazA BA7} 3 ofo] 2 dig A
7F A2 E itk (e.g., Kim et al., 2015a; Kim et al., 2015b;
Kim e al., 2013a; Kim ef al., 2013b).

&2 AT =AY NO, HiE3 49 BVOCs Hil&
o] o] A ti7] T LE3} Jo2E WIAH
< o3ty §igt BHoz P H B7= FFA] H
stk di7|HE A0l P AR AL 2
737] dzAlol 25ty Sy Fgedol B2
e 9o 2, PM,; 5 OC9 ECE 4 £A3t] &
T Bxot Adusts metsiyleh. 1 &3 AR
£ 7|¥e & POC 7|9 = :4& 53l t=A a4
A9 PM,; OC 54 olafatarzt at¢ict.
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Fig. 1. Site map of atmospheric observatory at Mt. Tae-
hwa.

ot et e d ol SR et A AX7E o
7)13Z 24 (37°30'N, 127°32'E)ol| A 48 = Qict. e 3hAk
71 dSaes e G55SR oF 45km Ao §A]
s EZ0 7 ARFRIEER (F 2.7km)7b AUl
B2A7} B YTk 1),

Bshate] Hm ol oF 644 molu, 7| BE4
AETEL oF 170 molch. Bat AL HURR
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H4 3™ (283ha, 35.6%) 22 FAE, 7| HSa
+ Aol A AFE (16ha,2%) 0.2 SRk QL
o}

PM,; % OC2} ECE 20134 5¢ 795 ¥ 2014 4
2 30 (3R s 79 A27A 1% BHez
AX7E g4AEA 7] (Model-5 Semi-Continuous OC/EC
Field Analyzer, Sunset Laboratory INC., USA)E A&
3to] g3atA FhE 9 (thermal-optical transmittance,
TOT)3} NIOSH 5040 Z 2 & (protocol)S 7|22 4
% 243519 tHNIOSH, 1996). o] 7]7]% 2.8 gtof §]
13 ZEf PM, & 2T & 225 2 g7}
2= o] FAYsH= CO,9| For HdasES 2%
ot o F FE2gHQ A (A", sucrose: C,H,0))
421 pg/pLe) BACFT 7] 27) BAAS(194)F o8
3t 71719 Agtw BA A} (4.61 pg/ul) 23t H9)
£5% o2 B4 34 Bei ) wort.

49 WElE Azl AR met FYwrt F7Hste]
o] & B A A4 (laser correction factor)7} ZAsIEZE
o 0.88 0|37} §7] Aol ZAsE AE BT (Yu
et al., 2009). 0|] Tt WEIZ TASAT FolA ®

i

o e

B34 PM,; OCSF ECS] W3t 54 23

i
{i m)«

A Wgto] & OCet EC Atol9] BAE A 2
gout FARCR Fo7 S A Eth
SEA|RE lo]A RAA S Hdae 4 OC 559 5
7hel Wizt Ho] fARRE FEE BTt wEkA ol
A BAAS dae] W I8 wA7E 0Ce ECY A
H 524 o3t gaof AYH o T|osiA s ¥ A
© 2 gE ¢tk (Ham, 2015).

AQ dEE nAY tjuitt 534 FA|E (filter
blank)9] F=5 ZAsI3Th Q-test A1} 53] F4 F
A A F HA S0 oS 339 =SS
O£ Ze g #wdEo] olF A BE SHY B
TFE5EE OCS ECY FA R FE2, #FHAH(0)9] 3
v Zt& AETHA (detection limi 2 AA st Tt o]F
A 225 0Ce ECo] ZA8 &t 7H2} 0.2 ugC/m’
9} 0.004 pgC/m’, 18] AE3AE 22t 0.2 pgC/m’,
0.01 pgC/m’o]gict.

Hi3tat 7] BE5E 41 m 59 of A A ol A
2" AL T3 F77F FUEl HUEEE AA
71712 F¢=o] 0,,NO, NO,, CO, SO, 7} 18 7+7 o
2 =X X9 11(49i, 421, 42i, 481, 43C, Thermo Electron
Corporation, MA, USA), 7|38 4= 5E 717402 =
A= ATH(LSI meteorological instrument). 0]& 7F2A¢
729 7144 AEE OC, ECE] HIRE §J8f 1A1%F
A o7 Batsto] o]kt

Of

3. @t ¢ nF

3.1 OCZ} EC| sk H5}

AF717F 3 OCS} ECY| Bt 5= (£ FFHAD
27 50+£32,1.7+1.0 ].LgC/m3 1231 OC/EC H|&=
+(FEZHAD) 3.2 140|3lTh B X H3} v A] OC
9} EC Bd-5E+= =AY A& (e.g, Kim et al.,
2007), A3l (e.g., Feng et al., 2009), 33#$-(e.g., Duan
et al.,2007)Eth= @31, A|F HAb(e.g., Han et al.,
2013)7F Q]9 W LAY (e.g., Yin et al., 2008; Duan
et al., 2007)Eth= =9kch(18 2). B84 OCe} EC
o) = Z47F 0.2 ~24.1 ugC/m’, 0.2 ~ 8.0 ugC/m’
Aol Faste 1 =& 74z 20149 19 1793
2013 59 28Ul #EEUH(TE 3). OCL ECY
FEe 050 EUY 6~8¥o Wton 050 RS

L
p
hy=
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Fig. 2. Comparison of OC and EC concentrations mea-
sured at Mt. Taehwa with those from previous

FE7F W& AL Sy Mute A4 e &
ez AA o= FH71e FFol & AS UE
W (Shim ez al., 2014).

A&HE 0CY EC 5% 37t B W7 £
712 93459 34 2 viE STl ot Ae=
b=tk (Samara er al., 2014). 0|9} &4 A1} £of

= 45, A} AFE FEHEE FAF A7 A B
=g, oln) 22 1%% 0CS EC7 T2 9t} (Park
et al., 2013; Park ef al., 2005). 5~ 692 & 7|3}
F 7ol wAE O] F7I7F A 2o A A
23 Al7olth £8jue} 0,9 &7t =2 A719L 9]
i OCS} ECO =% A3 BHris wopz|ul 7+
71 B2 R 5ol vHsiM= ESTh AF2 ofAlo}
228 ¥R gRE b7] AEEY s B
I OCE 7P Wttt Aol w2 OCet ECY 5%
W37} FR)5H Yeeng 0Ce ECE AdE=
Uiro] EAE BAST 3~492 B,5~692 &
= A o8 oF, 792 22 R Qs SF o] AA
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Fig. 3. Variations of OC and EC (ugC/m®) and gaseous species (ppbv) for the entire measurement period.
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Table 1. Seasonal mean and standard deviation of OC and EC concentrations with gases and meteorological parame-

ters.
ocC EC 0 NO NO SO RH Temp.

S OC/EC s 2 2
CEON (ugCm’) (pgC/m) (ppbv)  (Ppbv)  (Ppbv)  (ppbv)  (ppbv) (%) 0)
Dy 48427 18408 27+13 29+18 377488 10409 70446 21+14 82419 187+45
summer
Wet 55414 14406 18409 16+13 217497 14+22 48+37 12408 095487 212439
summer
Fall® 33422 14409 23408 13485 3554176 49410 97473 23+19 84+19 48+53
Winter? 65436 19+1.0 34+13 95+69 498+203 59413 90454 27427 83+19 —23+38
Spring” 61427 18+10 33+15 22411 411+136 07421 50439 21423 76424 92458
E:rtlléz 50432  17+10 32414 17414 401+181 33490 75456 22422 84+20 79+102

“Dry summer : May ~ June

" Wet summer : August ~ September
9 Fall : October ~ November
9Winter : December ~ February

© Spring : March ~ April

Season
10
mmm OC :
8 —3 EC .
O 6
()]
=
5 | il
w 44 °
$)
° il = H
2 é ! % % %
0 : : " : :
Dry Wet Fall Winter  Spring
summer summer
Season
4
5
3<
i)
s + . @
g 2 7
(&)
(@]
14

Dry Wet Fall Winter  Spring
summer summer

Fig. 4. Seasonal variations of OC, EC, and OC/EC ratio.

Hatgto] & 19 A= it
OCY Fre A&, 5,018 95 7FH. =959 <
M2 Eqkon] ECO) v AZYE FFEE Zo|7t A

(1Y 4). AZE OC/EC v] FJA] OCt Zo] AL
(3.4+13), B (33+1.5), 0|2 &J&(12.7+1.3), 7}
(23108), 2992 (18+09)2 £oF =9t} 7|Z9
A Aate OC/EC H7F 32 &0 =2 (e.g.,
Park er al., 2002, 2001), 2 A7 Ao A 42395 9]
Sol= Est AL} Foll OC/EC H7} &9t A
A OC HasEe COLt /ol ECte] AaAd
A2 90t 53] A= 0C EC B5 CO2te]
Aol R*=0.689F R*=0.672 7P AA A% %
FE IA TS A wEks fEuet oog
£ AT A F A1 AR} AL AHIE A
AR LRSI 2). A7 F LA F 123
o] ARG} A AH F AL Bl 937 TP =
o] (KMA, 2013 ~2014), o] BFEszi H] AR A]
of s} OC+= 1.75), EC= 1.88 &Sttt AF7F At
o A AT AL Qlo] FAE ARl ZFSkS
o},

0Ce} EC 5z 9] ddsle ARz AgEm OC
= AdERE 93}t AT & Aozt Foh(ad 5).
9 ECE 240 F718) 21 w=0f o]& & 4t
o] 230l ¥ FEE A FAol A Aol
AA FAFSHA et o] 23k OCet ECY| YW=
Ao R ZH40] FA WIS RHTtH (Y 6).
LR FEH FFO] FAIEA FH YA 14
T2ol Y& o7 ojoj7] AAAH H uhE =R o
o] Zich v 3ol Abdo] BEsH= AET &
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Table 2. Average concentrations of OC and EC during event and non-event in five seasons.

Dry summer  Wet summer Fall Winter Spring Entire period
5 event 55 32 4.6 8.0 6.9 6.6
OCHeCm) | h-event 33 24 27 46 40 34
3 event 1.9 1.3 2.0 23 2.1 2.1
ECheCm)  n-event 15 1.4 1.1 1.4 1.0 13
haze 2 1 3 3 9
Event
(frequency) dust !
duency haze & dust 1 1 2

Zo|A uigo] Bolo =2o) AYH GFS T2 ©
Al FAFE RO ekt 12~ 174] 0CE] CPF
Fgo wAglel
F&o] 22 1) Bl F7Hte] 00 AYIFS

T 4 Glek AT FRHOR BAZS) AN
FEES JFL W ALE YUt olT S

(Conditional Probability Function)+=

NOS} CO9| st Bxo|AE EalA viendc}
(a9 5).
OCE ©Ao] H1 Eo o2t FA-L ECo &

Afstg Ao wet gyttt Ago] oA A)Zk 537k
7H ¥ EC 229} 7Y FARITE sHA| Tk 5~ 6
Yoe 2T & 0CY] &7t 2718t A9 X717t

A=A FAENT, 0,9 H3 s== Ad F
ESkth E3E o] 7|7toll= BVOCse] s&=7tF 7MY =%
© B & (Kim et al., 2015a) A oA 8jZ= BVOCso|
oGt o|ZHAYA ofojRZF0] ©F A7) OC 5= F7t
o 7| A2 FHHh

3.2 Primary OC/EC H|2| =3

PM,,2] % OC % SOC7} A3l H|E 248 o
Vg el AgEE $HE OC/EC uE o|g3tol
POCE ZA3sl= EC 3ZA} ¥yol|th(Turpin et al.,
1995). POCE 4 ¥ ZEL ECSt 7|92 2ol gt
= 714 sloll OC/EC ¥l 8 %o} 2% EC2Re 4t
ZEt ol A Aol BCol ALY ¥ BE BEE
Shahat 240 vAE AHA FFS 2 e
B2 olg olgste] OC AL AN JFe
primary OC/EC ¥]2 mheal 4} shic}. o] 2 918 7}
Z 9] AME-EE deming regression®} linear regres-
sion (OC/EC B9 247kt 319 5%, 10%) 2S4S &
SHAE 19 Ao Ags) 2 23 Pl e wjolr}

IS A 2 AL =

o9 ZAth(Ham, 2015). o]= AHo| w2 7% 2
% A S40] T2 $2luet BN E 1S o
F3= prlmary OC/EC H] == | o]~— 740] A A3}R

0}rO A

ECO £x & a‘—% 7]‘?}2i e ahik —ﬁ—;‘éé\ﬁﬂ’ﬂ AA
H2 21914 7|9 primary OC/EC ¥]E A& 3} T}
o] Bl ECE 7|t 2 A&E I & A4 71d
S 1A o252 2 2 YRt Xt AL
2 g A (Agarwal et al., 2010; Elbert et al., 2007) ©]
of oat Jare RAFSCIR 7Hakec

ECe] Qs BEE U Wzl ol o4 Az
off AujA S AlAFsh=T A-EE AZHE OCe EC
o] e BAT A AR 24 Azt 7t
% F9kth 293 OC/EC H|9| RIS A7HEE 24
% A% drre Azdeln JFREL tehte
)& 015, %015, 79l 9 6~ 104/l 4B EE
7 £ o]F 22 g AH &l o3t prima-
ry OC/EC H]| 2 A g3t} (Ham, 2015). ©] primary OC/
EC H]= 0|2 o5 1.5, 592 1.2, 712 1404tk A
23 Folle AEEE Uy A% 39 e
primary OC/EC B|§ AAstHa 1 g2 Zk2zk 1.9¢9
170131t =214 vj&qto] POCS EC 5= &S
o] Xtk OC/EC H|7F Aol wret 24 th22] gof
of gtk (9] Gl 7MY & 7ol 740l HA
&), Akt ARA oM SAE ATl AL
9] primary OC/EC 8|7} 713 =8 AL F37|A39]
Zpolof| wg AEA wjFd7]e S4oz Helth o
WS ARt AdER FHE POCe OCo gt
POCO] H] (%)= AL 3.6 ueC/m’ (55%), & 3.1 peC/
m’ (51%), 0|2 o 2.7 ugC/m’ (56%), 7} 2.0 ugC/
m’ (60%), =5 1.6 ugC/m’ (64%)2 OCo|| 3k
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Fig. 6. Windrose and CPF plots of OC and EC for every 6 hours at Mt. Taechwa: (a) 0-5h, (b) 6-12h, (c) 13-18 h, and (d)

13-23h.
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