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Abstract

Carbonaceous aerosols such as the equivalent black carbon (eBC), the elemental carbon (EC) and the organic
carbon (OC) were monitored at the Seoul Olympic Park site (37.521°N, 127.124°E) during the KORUS-AQ 2016
campaign using a Multi Angle Absorption Photometer (MAAP) and an OCEC Analyzer. Averaged mass
concentrations of eBC, EC and OC were presented as 2.46+ 1.52 pg/m’, 1.01 +0.60 pg/m’ and 4.85+2.60 ug/m’,
respectively. OC/EC ratio and mass absorption cross-section (MAC) of light absorbing aerosols were calculated as
2.32 and 14.8 m?/g, respectively. Diesel OC concentrations were estimated from a source profile of diesel vehicles
as well. eBC mass concentrations measured from May 26" to May 27", 2016 showed 40% higher than averaged
eBC mass concentrations during campaign period. PM, 5 concentrations measured in this period were also higher
than average PM, ; concentrations. High eBC concentrations were observed from May 29" to May 31%, 2016 and
from June 9" to June 11", 2016, possibly due to morning rush hour and the effect of temperature inversion at night.
Diurnal variations of eBC, EC and Diesel OC showed a typical pattern of metropolitan area. In the weekend,
however, diurnal variations of eBC, EC and Diesel OC mass concentrations were different from those measured in
the weekday. It is expected that this study can help to understand the relationship between carbonaceous aerosols in
a metropolitan area.
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Fig. 1. Schematic of the MAAP 5012 & Lab. EC/OC Analyzer.

MAAP, Thermo Scientific 5012)& A}g3}o] eBCE =
Hoich. MAAPS el 7|4 Zujoja] 2t B
B AA|e} 21 ool 229 NEA Q] A4 17
1 Aolo) Asargol ofd Ay 5o EAY
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Fig. 2. Location of monitoring site.

HEet Y§ ZH|71E S8 AR F2Hd HZE
o 7}X] (PTFE, R2PJ047, Pall Corp., USA)9} A4 o1}t
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3.1 HH 7|2t PM,s ¥ eBC, EC, OC Sk

KORUS-AQ 2016 =31 7|7k B¢t A& 99T
A A 204 54 € eBC,EC H OC 5= 37 A
2 A $319] PM, s %= (http://www.airkorea.or.kr)S
a9 39 Yehfgidh

Mg SHYTY 53adA £XE eBC,EC ¥
0CY A7 F= W3}t i AP F& AR A
22 Yepyit Al 717 5% 539 eBCY B
Tl 246 ug/m’o| 9T, BEHIE 1.52 ug/m*o]g]
th &7t3 o2 2% eBC U &&= 109 ug/m’E
UEhstth EC A%, el 717t ¢t B+ 5= &
2 1.0l pg/molglod, EZ2HAE= 0.60 ug/m’, &7+
Ao HEE 3.06 pg/m’ol et AH A 77 Ft &
H ECO H# =& eBC B9 H|3] 2.5~3.38)] 7}
ZF A A= v, 0Ce] B s=o BEH
2, &7 A 5= 2 27 4.85 pg/m’, 2.60 pg/m’
2 13.1 pg/m’2 eBC ¥ ECHETt o ¥4 SA =i}
3 9o PM,s0 B¢t 5k, 2EHA E &2 Hd 5
T ke 27 29.6 ug/m’, 163 ug/m’ 2 88.9 pg/m’=
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Fig. 3. Time series traces for the 8-hours eBC, EC and OC concentration measured by MAAP & EC/OC Analyzer & time
series traces for the 8-hours PM, ; at SongPa-Gu reported by Korea Meteorological Administration.

Table 1. Summary of statistical results for the mass con-
centrations of eBC, EC, OC and PM,; at the
Seoul Olympic Park site. (unit: pg/m®)

Measurement Standard .
. Mean .. Maximum
species deviation
eBC 2.46 1.52 109
EC 1.01 0.60 3.06
ocC 4.85 2.60 13.1
PM, 29.6 16.3 88.9

3 19 AASFAT

A Q1 717t 5 579 eBC,EC ¥ OC AFs
7|¥Fe 2 % 4(a)t Zro] OCEt ECOl AHHaA|
el it &9 OC/EC RatioE AH&35191
4(b)2t Zo] eBCY F5A (B )% EC &
7|¥ko 2 eBCEt ECO| ALAAE Hetof
oo 2E 2 MAC 7h& AM&E3H9T.

AA 717 B, GubE] A3 HEN R AET
OC/EC ratio= 232921, OC 9 ECS] BH# H=2
AF23t OC/EC ratio= 4.759th E3F AA| 717 & J
2 OC/EC ratiox 2.102& A&E| 9Tt 0C2] H]&o]
ECo| vl 28] o4} A SR, 18 4(a)
of Uehbzol, oA A= #hol 052, ¥ A

H1

1 i

ot o o

ol Zﬁi‘
I

1

-

TAE EHrh EC= 2 A ARY Ao A A
HEE= 14 2 E4Q1 ¥, OCe L@ oA &
A ¥lZ (direct emission)FAY 12} & F EZo] &
43 23 B AT 238 s AYHT|E o
©H(Wu and Yu, 2016). OC/EC ratio A3}of| W=, 74
HQl 713t Foll 278 E 0CY] g2 o] 13 A &
221 Aol A 7118 Ao &2 whEn, T3 =] WA
Aol &3t FAF olF FUAHUS 7FsAol Ut
W, 39 4(b)E F8l Aol 717 53 eBCY EC
O] A E A AEEL, 0819 2 AHEA
Ao 3 7HTh MAAPS 2 AH&3t eBCY S04
2= Zk} EC/OC Analyzerol| A 243t EC Agsx 3t
< ol &3t 7] F§ F 5 olo2EY MAC g&
AEdfd 4= Sledl, oleh 22 e Cozic et al.
(2008), Gilardoni et al.(2011) Sof|A] o]-&3t AF=HH
I 2t LG YA vZ vjE 5+ eBC (freshly emit-
ted eBC)2] A%, 550nme] 13} o] Tt eBC2] MAC
£ o= 75+12m%/g9 ghe 7M. B EEY)
(Bond et al., 2013), & A2l 7]7F ¢ A= eBC
o ECE 7Hte g2 A& 3 & ool2&9 MAC
e 148 mYgo 2, tieF 2uf 74k EA AHEE
MACE ¥ &5 ool2&9 240 &3 A, d¥d
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Fig. 4. (a) OC vs. EC and (b) absorption coefficient vs. EC.

7e] 27] Sof wet A ehd 4 glos, B AL
9 B3, eBC7F f7154 E= tE Fr|Edd &
HRo] Q= Y& &3 ArE] (internal mixing state)©] 7|
of MAC o] WA £/ 428 Aoz wadg
(Liousse et al., 1993).

KORUS-AQ 2016 #|Ql 7|2t &<, PM, 5 AlgkE
AH|ZE UEhd 717 Bt SR E g R ool
Fo| DHE 54 BASTA 59 269 0
€ 279 08A17HA) 9] A E Event 1, 5% 299 08A] %
B 5¢ 319 08A71A| 9] AL E Event 22 AE5}$]
B, 57440 2 PM,8) 57k the ol s A,
eBCE S A3 69 92 08A13E 69 112 08
A 7HA] &) AHE|E Event 302 AE|sto] 7zke] A&
ul2 9 24 22ke] Aol AL eBC 1417 B
 Hlo|B & o]-g3to] A7HE ¥3E el on, ol
A7 92 &A% EC Ho]E+= EC/eBC ratios ©]
&3 1417} Hlojel = eatatsTt

MAAP2. 2 £33} eBC ©|o|E|2} EC/OC Analyzer
2 ZA43 EC% OC HlolHE 7|vte g A f71&
2x(Diesel 0C)& A& & itk £ AFtolAe 7]
Zol A5t E EC7F 9@ AFolA ST
7H3 stollA, g wj7] - viE ARAYE Z2odS
o]-g-3}o] Diesel OCE AH&3}I T Lough er al. (2007)
of Rxug oA uj7] - wjE Z2utdo] ©E EC/OC
Ratiox= 2.560|1, o] & Z3|] A& % Diesel OC+= eBC
o} EC to|e|&}t 3 AHGE o], t7] F B4 A& 9
oJ2Zo) ti3t o] F LHHUY FFY 2] o] 8E

il
=
=

7SS IA A 33 A A3 &

Uct. ok 2 A4 SAE EC7F 2E oA X
oAl AT G = fleB 2, AHEH Diesel
OC:& Fdf 7F53t Diesel OC2H & 4= Qlr}h. & A+
ofl A =783t 37119} Al ¢ &) eBC, EC 4 Diesel OC &
TE 39 58 Zo] IXZF 992 BEEL, F 29
Z-Zko] AR 717F B2t eBC, EC, OC ¥ Diesel OC9)
Bt =5 E7I5H%

Event 1 AHl= 213 S5(2)% 2t 3% 713toll= eBC
FTES VIS0, Bt 4pg/m’ o) IFE Ao
FAE ATt ECSF OCO| B+t 5= JA Z+2F 221 pg/
m’e} 780 pg/m’2 A SAEUL, Y 71 ZE
Azt ol B2 A7 olo]2E 9] uFE dAto] YEy
o} webA] Event 1 Atlol A= PM, 0l &2 A& %
g dlojzEo] Hol Z3E Ao s FWHET Event
1] Z4HE OC B 529 %, 780 pg/m’=E ufj$-
=A ERHAL, ;T 7179 Diesel OCO| F+ 5=
£ 086 pg/m’E A2 H St WekA Event 19 248
OCE 2 F3 4 Q129 o5 LaHolA TS 1
Z} 7184 (primary organic cabon, POC) 2., &4 4
7t 39 Woll A8 s Aoz 1T o, 2439
93t VOC 22+ A4 &2 (secondary organic carbon,
SOC) ¥ BEA ALE ZJ3 12 A4 84 528
7450l Ska weEct.

Event 2 A1 29 5(b)eh 2o, sig 7)7ke)
eBC, EC, OC ¥ Diesel OC H+t 5=+ 27 3.16 pug/
m’, 1.61 pg/m’, 5.25 ug/m’ @ 0.62 pg/m’E S E o
o, 25 B¢ 5% {42 Event 19] H|3} @A &35
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Fig. 5. Hour-of-day series of eBC, EC and Diesel OC (a) Event 1. May 26™ to May 27" (b) Event 2. May 29" to May 31%

(c) Event 3. June 9" to June 11™.

Table 2. Average mass concentrations of eBC, EC, OC,
Diesel OC and PM,; for the three selected event

days. (unit: pg/m’)

Event day eBC EC oC Diesel OC PM,
Event 1 434 221 7.80 0.86 76.90
Event 2 3.16 1.61 5.25 0.62 4793
Event 3 298 1.35 4.16 0.52 34.24
olth. 3HA|9F Event 20 A= Event 13} Th2 4] ZEZ

AZb 2EF F7k] mE = Hol7t #EHEY. I
F 5yl Uehbxel], 59 2993 59 304 2% A
EZIA 7} 2% B A7) eBC, EC ¥ Diesel OC2]
FE7E Skt @S HYlon, 2% Azt
2 9 030 FET ARG FE7} Hw A @A
S = ol EET At 534 A2 ¢
A% =29 AgFo] G5t yehd Atz wrty

o, Sj5 A7t 2] eBC 9 ECE F2 o]F 2 g oA
WlEE 123 B3¢ Aoz AyztEch 3+, Event 13}
Event 29] OC H+# =2} Diesel OC H# =& H|
W3R u], OCE= Event 1] B]3)| oF 33% A= W
ol A4k, Diesel OCE oF 27% A& Folx AL &
4= Qlt}. o]= Event 2 7]7+2] OC E3t POCE U= F
Z SOCZE o]FojA 11, SOCY Fg | Event 1 7]
Tl w3 Wobde yehdn

Event 3 7|7+ 17 39 Uehxol, PM,9] 5=
L t}Z Event 7]7to] H]8] W9, eBC, EC, OC U
Diesel OC2] BF %% Zko| z+z+ 2.98 ug/m’, 1.35 pg/
m’, 4.16 pg/m’® @ 0.52 ug/m’E th2 Evento] H|3] W
ottt SHAIRE Event 30] 4= 64 109 27 7A]o] eBC
9} ECol A =7} 72 8.26 pg/m’Y} 2.70 pg/m’=
Z2AE = 1% FAto] SAEHJTh o3 1 E &
o] h9le 24 % AR efak Aoz ek R
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Fig. 6. Diurnal variations of (a) eBC, (b) EC, (c) Diesel OC and (d) PM,; mass concentrations.

HA Ao g2s sk @40l T 69 108 2
I ~27 9A] Fofl o7 S AR 7E 23HE7] &
°ﬂ STAT SAAL AZ B2 9 AF 50 HE |

£ s die 4T &

s
o
i
M
> 0
=
)
3
k)
AUl
B>
rﬁ
o
o
H'U
Ui
L
H‘
H‘l
_}l_‘
Hir

ERchoie ﬁii A5 ME}-~ olE *ﬂ‘?:‘"élg R%‘°ﬂ
£ Hste] A= 3280 A3 £&
.—‘u:— J’H e 2= Aoz 7] o
*EZ.‘?FH & 5 AUk PM, 0 22 ¢
o= Xl”éﬁg AATE A3, 7]
HHo] dojub= AoRATtel YA E20] ¥4 &4
g d1 Azt H3d v 9tk (Wallace and
Kanaroglou, 2009). w2kA] Event 30| Yeld 4of &
9] eBCS} EC W% @4e H2AI70] 12 o]
T LAY F7He AokAIzt 71 94 dio]l 4 H
18l Ao g HoEr
8, 79 S04 eBCS} EC| S WBkgg A

HHH, eBCY 5= H3&o] ECY k= WgeEY

7SS IA A 33 A A3 &

Z AL & 4 U} 69 94 AR RE 25 10A17HA]
9] eBC 7 5= 2.1 ug/m’ojglon, o]l 1w
A 7F A g TAIZE 59 eBC B FE+= 6.2 ng/
m’'Z oF 38 o £A A=A FAW EC HE9
A%, 649 99 AARE 2% 10A71A] B F=7F
1.0 pg/m’®, 0]% =% AH| 7|7+ 19 ugm’E A&
El AL, F7HEE oF 28R eBCY| F7HER T ¥ttt
£ E3)A], Event 3 15X 7|7to]| 2AE eBC= &

Rl ﬂ°ﬂ I E5 B4 7= B B 9%
Qo olof gt F71HA A

mlo F> o

3.2 d¥EY sk Hal H QYdE s

KORUS-AQ 2016 7H|2l 7|7+ E¢t 234
EC 2 Diesel OC 3 E2 7]9h0 & 2447k 519 A]
BE S5 W8 IPZES PM,,0) AHEE BE e
Teze} g7 2% 60] ey Lt olnj A wlaE
PM, ;9] Hlo|Bl= A& $3 S 204 S
eBC, EC ¥ Diesel 0C2] FEL A= u]ér:s_} J}]
H3Aok 39 6(a)oll Uettzol, eBCY 7

ﬁif
= eB

B

BL
=
T+ =
[¢)



A A oo] B R ooj2E 54 AT: KORUS-AQ2016 ATl 7|7+8 F4oz 213

(ng/m’)
10

EC Diesel OC

eBC

12:00 24:00
Monday

12:00 24:00 12:00 24:00

Tuesday Wednesday

12:00 24:00
Thursday

12:00 24:00  12:00 24:00  12:00
Friday Saturday Sunday

Fig. 7. Hour-of-day weekly series of eBC, EC and Diesel OC mass concentrations.

= 32 oA Al Hd 32ug/m’E o oo
ZHAE= 1.58 pg/m’olt}h. E3F eBCO B & gt
23 2A9 178 ug/m’E AAZHS Hyon, 2
HA= 0.86 pg/m’o]th. eBCE 2% 64] o] FHE H
AH o g2 F7tske Ao 2 Uehtet], o] eBCY 5
T A7} A 27t SUbske SN B AR
o & 9 et AS WSt 2ol 3,
AEE F 3ugm’e] FEE FASHE A2 3180
Al At ukel Zo] 4ok 7|2 Jd @AY FFA A
o2 woEh eBC 7|1&, A AlZtolE 1.90 pg/m’E
7V & 2EHEAE EHoH, ok ATt B 5
T7t R 23 A7) g REEALE RS S
AUtk ol AoRATtel| 712 A A gFS W
gt whR] ¢ke gito] eBC 5% ztol7t Atk A
HojEoh 39 6(b)2t 218 6(c)oll Hehtxol, ECe
Diesel OC2] k2 Z+zF 1.35 ug/m’ e} 0.53 pg/m’2
QA TA| ol Ao, HighE oF 24] FHof
EC%} Diesel OC, Z+Z} 0.69 pg/m’2} 0.28 pg/m’2 2t
Fa Fagho] gk 2uj o) ZolE H YTt webi] EC
9} Diesel OC == H3t= eBCY = ¥H3lo} upzbr}
AR, ZET Azt W2 wF = F7He DA BA
£ zH= Ao wod.

g, 28 6(d)oll Uehd PM, 9] AIZHE B 5%
H3l= eBC, EC 2 Diesel OCQ] B wxo ¥H3lo}l

flo

o rlo 4> o

Table 3. Day-of-week average of mass concentrations
eBC, EC, and Diesel OC. (unit: ug/m’)

Mon Tue Wed Thu Fri Sat  Sun

eBC 213 220 207 267 334 262 230
EC 098 088 076 101 132 1.11 104
Diesel OC 038 034 030 039 052 043 041
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299 pg/m’® 9 232 pg/m’2 Vrepbe, A B ghel
29.6 ug/m’e} 2 ol 2 Kol ¢kgkth. =, eBC,EC ¥
Diesel OC2] ZE| A7t 5= W3t 9 AopA|7te] 1
T A4S PM, 9 FF2 ofd Ao = wekEh
3% 72 eBC,EC ¥ Diesel OC =9 9d¥ o
3t adjzol, a ¥ Y FEE & 37 Lok 8
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