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Abstract: The concentration and coating thickness of black carbon (BC) were measured along with
fine dust in the fall of 2018, at the Seoul Metropolitan Area Intensive Monitoring Station (SIMS). In
fall, the concentration of PMi and PM,s was 23 + 12.6 pug/m? and 12 + 5.8 ug /m3, respectively, lower

than that in other seasons. The BC level, measured using an Aethalometer, was 0.73 + 0.43 pg/m?,

while the levels of elemental carbon (EC) and refractory-BC (rBC), measured by semi-continuous

carbon analyzer (SOCEC) and single particle soot photometer (SP2), were 0.34 + 0.18 ug/m3 and

0.32+0.18 pug/m?, respectively. As such, the concentration level differed according to the measurement

method, but its time-series distribution and diurnal variation showed the same trends.

The BC concentration at SIMS was primarily affected by automobiles with higher levels of BC during

morning and evening commuting times due to increased traffic congestion. rBC, measured by SP2,

had a peak concentration and coating thickness of 84 nm and 43 nm, respectively. Notably, the coating

thickness had an inverse relationship with particle size.

Keywords : PMzs, Black carbon, Coating thickness, SP2 (Single Particle Soot Photometer)
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W7l 2 a7t 5o AargS S viEE e
E 712 (BC, Black Carbon) @ 7 I =}H(Soot
particle)= H-& AFIA| 7] 7| = SFA|HE 2 545}
of BGsts 545 7HAAL §lo] A7 EA el Y
A Ao 83 dT-E ot= A= A Qlok
(Bond et al. 2013). ©]¢} #& BC= 550 nm 3¢
of| ] AeFE=thH(MACS, mass absorption cross
section)©] 5 m?/g O & X FAL 7}HA F4=5kaL
(Bond & Bergstrom 2006), 120 A& oL o1
gt W2k (refractory) 545 2o F 4,000 KeilA]
|l ok (Schwarz et al, 2006), F3F W&y
O ES 3ot 7] &1 B =1 tf 7] 5 oflo]
29 o7 R 5842 EAo] th(Fung
1990). BC= 7] FollA 2keh4 §hg-o] uf-$- wrop
T3 AlA 7112 54 B 114 AsHE E6 o

(31%), FA 2 Wy =2
(14 %), AR =F-=2(13 %),
ARG ER(G %), FA U ) HHARE %)
L 7IEH5 R AYRES ALISHA o AR
A BB EE l&o] 453 & SolchBond et
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7l= @ ZH Y (open burning)¥} 2 24 4
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H| & 5= v]go] =& ExJo|th(Bond et al, 2013),
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oA AA s wiEH SadA e 1 277 -
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EPAZ} HiEE = Ao AN, o]ef AR
U (nano) 42%9] 7HEE-@ (carbon black) YAH7F
7ol FH54(DNA &4)0] F7Ftehe AR 7F
ok B = ok (Lim et al, 2010), -2 vt A&9]
=2HoA BCE 54T AAHIE 53 BC= 1L
S vl et A7t HaE 9l o (Lee et al.

2007), EZF ThefE AU Foll A= A e g
719k 7ol A HH o' AREShe AR (7S, S
)9} zedol BC 9 AR} v ESeS 2714
Z1 4= 9)thBond et al, 2004).



Ao} - A - OIAE - ZHS / A8

L

Uih= E9 A 115

A7E S-2uete] As wAHA] Al
Q) o (Nier 2017), AF3]14 &
Utk AZA12] 7S wlAHA] of -7
AFL nAEAof tigt fEol dlS
H‘?ﬂ 2018\ mlAlHA] S 0] dghe
FAIE sl d7] e A2 e
7‘1]5}% %4 AT 81 9tk BCe= Z1|AId
A|(PMz5)2] 23t SFstAE F0] sl A, di7] &
oz HH%Q BCO| ol theket shHE (A4, 4
At 2 {714 )0l sk 2uAHAY s
7M1= 8o w Z}'%OW] ool BCY 5=
% YFREEE olstes AL AFEn|AHA @4
of tjgt BCY| 7]o]& /?_]’ Sh=t| vij-¢- F25tt
(Lim et al, 2010) BCE= tj7] ]01 “———] ok 10 %

Skl
e HAOU:] 017\101] 7]‘1@? 33k Eﬂrt”ﬂr by
SRR E= o]AE o] &gt id S Ha T2
H A el Xé‘%}‘ﬂgi -Er@.%E}(Shlrawva et al

= ofol=E0]
E_J 7Hd o
2 8 WAL W, e Bl 21
o] 3= oolZEo|A BC7F thE 222 A% 5
A, T2 o] BCRE 4 BREY| froz

(

Jﬂ

¢

tolx]l 71 9lth(Knox et al, 2009; Kondo et al.
2009). BC A 52 THE 318H4 o] AlAH
A AR 2702 g = fAd9 ¢43 BC

SA s HAZE A9 gled, BC 47 %4
(aging) FAY AA| 272 (biomass burning)& 53|
EEe A8 tE 771 9 771549 E£3HE0]
=7] & S 4o 4= h(Chow et al.
2004; Hitzenberger et al, 2006).

A4 vt 7l eded 5835 BC7H
S| o] QLA GEAIRE, S Fo A ek Qe §-
givet A9 di7| e AR-ES A a0l A 1A 1+
O & PMzs 9] §7]€k4(0C, Organic Carbon)2t
A4 (EC, Elemental Carbon) % E-87HE(BC,
Black carbon)& &= AA|7Fe & 233k QIth(Park
et al. 2015a), o] 23 BLATFES] FHE 918
A 71 FZ oA Aol 7RtRE dst

j
gy
7

)

i o] SOCEC (Sunset, USA)AH] 4 Zsha =
T O] Aethalometer (Magee, USA)AHIS 93
of TAIZE T 9] FEE AAISEL Lo, QA9
ol B7ret A4 9 wlE 54 Atoll 81t
Ul gt R = gle Aol

2| WG = of Ao A BC YARs =t A7
Lol et A7 MeYE vzt qlow, o] dofA
of xJofl 7|9kek 7H A1 SR o] L] o] A
gt WG =42 A8-sto] BCY 5% 3
FITHOR et al, 2014; Oh et al,
19 B Aolehz 24 22} v A
‘/}EMM o zoll, At 22 =AAY
Tk} H|LsHH 1 Zpolef EAS mhot

=2
ofo
ﬂJR r
JIN'
O_u

2 oo rlr K
5 ox
g r_lu:
e &
N m{m
=2
>
ol

° _|l>1' dm -

% o 9
4 X L
=2 S
o <r7 = (ﬂjlo

rhz e

r& E

=2

mﬁ

JEER B ApdAs BoS) FE Y JFRE
spolstaial A EAl] 9X|a SE A7) 297
2ol A 7Hed Z2u) A A) (PM:s)2t BOS 9
Aslct, E/\]oﬂ RS SR R 0:1‘1,]-5]_;51 PSS
al

Ll I ol mlm

=

2 Ae A 28 B3l 9 =
7] @ 8 H =24 A (SIMS: Seoul metropolitan
area intensive monitoring station)ol|A] SOCEC
(Sunset, USA), Aethalometer (Magee, USA), SP2
(DMT, USA)E o|&sto] YAV THAA S A6t
o, FAof e g2 ©]-8-g BAMI020
(Meton, USA)Z o|-85}o] PMudt PMasS &4 5}
ALk, SAAIEE AE SE5 el $1251H, Figure
1o A=k /AE AR O = Yehf Tt SIMS
o] K 2]&] 92(37.6105 °N, 126.9336 ‘E)= A=



16 SZSEIt M2sH HMi2E
Table 1. Daily weather conditions during the study period at SIMS.
Period Temperature Relative Humidity Wind Speed Wind Precipitation
(m/dlyyyy) °C) (%) (m/s) Direction (mm)
9/5/2018 — 9/10/2018 20.6+4.6 50.2+10.6 1.33+0.96 ESE 1.5 mm
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Figure 1. Image of SIMS location map (Google Earth Pro, Ver 7.3.2.5491, Aug. 2018).
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Figure 2. Plot of the Wind rose of study period at SIMS.
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© HEP S of8sto] M7 1A o2 S45)
%3, SOCECE 0|85} PMas 52| EC (elemental
carbon)E &43F3tt. 1281 AethalometerE ©|
3"3}04 PMzs 59 BCE S43I3itt, ol Al 74 B

< W oAl 7HHe SO R 247} 14]
(PM25 SOCEC) ¥ 5% (Aethalometer) 712 9]
715 M= Rl SP2e oA glol AH A
SR ARE FHUHE FAAA AATe R SF

3t} T3 ThE Al B PMs] WAool 2E

AN o

of tiet S AASHAIRE, SP2+= PMuo o]5k9] ¢
Aol thsto] HAIZFO = TARIAE SF745H= Alo|
o] It} Aethalometer® =43t BC= BCZE X
718k oH, SP2& 43t BCx A8 AFE91A
st st (refractory)] %5 29 rBCE
UERY I THOR et al. 2015; Kondo et al, 2009;
Schwaz et al. 2006)

2) PM2.52} PMio Z344
AIZF A0 ] % oA e S s =
T Sl WlEHd ER1 9] PMes9F PMo 54 AH
2] 0] AlF AT} A ES 3E sl 9ate] 2014
SHE7| e 27|24 A28l (National Reference
Method system, NRM) Gt&of whe} F7]2¢] Ax
HE7F 4952 QIth(Park et al, 2017), 2 7o)
H AFE-3F PM2s2t PMio 24419 A =e]= 2}
4749} I S S84 3 ol F
l S4sto] 57HIB7HE skl e, S
Hl WA AR 349 7187 0.9~1.1 W8l o
QAL AHE + 2,25 o|W = B7P S TSkt
(NIER 2016).
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Table 2. Instrumentation of the BC and PMzs Measurement at SIMS.

Instrument . . . Sampling Measurement
— Principle Particle collection Items flow rate ‘nterval
%%gf)o f-absorption bulk aerosol PMio mass 16.67 t/m 1 hr
B(%g)nz)o [B-absorption bulk aerosol PM:5 mass 16.67 t/m 1 hr
SOCEC Thermal-optic
(Sunsef) NDIR absorption bulk aerosol PM. s EC mass 5 0/m 1 hr
Ae(t;/?all(;ggter f-attenuation bulk aerosol PM: s BC mass 5¢/m 5 min
Sp2 Laser induced Al ..t PM, o rBC mass 120 ml/min 1 second
(DMT) incandescence gep rBC size (real-time)
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3} Zof] NIOSH (National Institute for Occupational
Safety and Health) 5040 protocole] W2} =&
200 T~950 T R PlM DAA L2 S5t '
AEs F7Ieaet datta R Fejste] BA45=
o |th(Han et al, 2013, Park et al, 2015a). &
Ao A= A& 9 (sucrose, sigma—aldrich,
99,999%, USA)S Z&,= 3l4510] 1,32 ug/wl &
Lo RFAIRE AZSHAL, 10 wt AR E o] &5}
3 Foll AR F HEHE ARES % *40“103]1]

ﬁ

S

SEqre 743“% A 0}0‘1 11}(Park et al, 2015)
24l of EHOM *%51 12} 3l A A9 7)1 &7)=
AAA L (r2)-& 0.9997
e L}EPH‘”E} 2 HeEAl=
ug/m?, Z3EE WL 0~40 ug/mgoluﬂ(Park et
H Ao A= SOCEC AH|2 EA4%
42 3o aws Aol SRS ol gallt

4) AethalometerS 0]-&3F A7 Ed7lE
S

58 A0 2 PMas 59 S7HE
Aethalometers= 4G oI Z]of| A2 H A| A
H g EY SeATE ol8sto] SR
TE5 =%3%t= Wo|t). Aethalometerg o]&
C £443 di7] 5 BCYAS A=FgadHS
520~550 nm®| 7FA[3A] T 910l 4] 8~14 m?/g
O] g 7w (Park et al. 2018), S4upako] w2t
ol:?_} 71—_0_ L]_E]—LH]:]- 1 o] = BC olz}',] _Q_Od 0_]
g__ﬂ /%EH /K}-E]— :IE] Hl U] _\J—b‘/\ _),]—X]—oﬂ IL]—E]»
S grol Wisksy] g2l Ao -L}O}Qﬂ O‘E}
(Part et al, 2018). ¥ A4 H-&H BC S+A
= %% Hansen 5(1984)0] A|A3t p—attenuation
Yoz A AgofAlof ZHE AR FolAE =
APFAE o 4 9]412] 880 nm oA Hofzl
16.6 m?/g®] #h= A-&-sto] A5l om, AELA
+ 0.005 pg/m?®, 74 ¢1= 0.01~100 ug/m3o|t}
(Hansen et al, 1983).
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g AAte s
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T Q) el tiek EW7REY] B
B 4= glom, A AfollA w2

(Baumgardner et al, 2004; Schwarz et al. 2006,

Moteki et al, 2007). SP2& BC Q%] #o| 4 & #
=4 oY L2oA e of A= W
(Incandescence) °|J A7} BC L9} vl dl= &
A& o]8sH= FWRolth(Eckbreth AC, 1977
Melton LA, 1984; Stephens et al, 2003; Schwartz
et al. 2006; Moteki et al, 2007; Oh et al, 2015).
TEMeo R E2] #|o]A4E Nd:YAG (Neodymium:
Yttrium Aluminum Garnet) crystaldt WFAF&
99.9999%2] coupler Atolol| A FEsle] o)A ¥
4 %’é}f_’_ 2,000 K =& A1 wfizoll, AAIZE
FYEE A aﬂom 1E sakeh o o
ﬁxl"% Soto] Abek 9w wk-go] XgE L) ¢
Aol Aol ug Bed 1}01% Ce} oh2 A& 7t
O A2 AZIAFE MAAI7] L, o] & o]-&5to] 4
H YAE FolA BCYAE ‘f‘rraL < AtHOh et
al. 2015, Schwartz et al. 2008, Moteki et al.
2007; Schwartz et al. 2006; Stephens et al.
2003). SP2E ol-&3F &S] 54 % HEW e
AN B2AF 3 120 ml/m 274 1~12,500 7§/cc
o|n, AW (precision)= 20 %, 3= (accuracy)
=10 % ol = Ao 2A o&Est= Ao U
A Q) tHGysel et al. 2011; Laborde et al. 2012;
USDOE, 2017),

Jgug, & Ao A8t BC s= A
9Jste] Oh 5(2015)9] °q¥é Rratsto] ok ol
WS AASHIT WE7 1.05 g/em?®?] A
(PSL, Poly Latex, Styrene, NIST, USA) 200 nm,
220 nm, 240 nm, 269 nm, 300 nmE FY3s}te] ¢
Ajo] k1SS Zgstelon, e Qe o] Ak



(Mie—Scattering) E/dof| w}2 Algh
AZE olgste di7|A & A A4S Ar=Est
I3 13} S| AHAA S bt 2ol AREsk,

y=155x105x,12=
y=13.5x108x, 2=

0.99 (Scatter high gain)
0.99 (Scatter low gain)

BC iAo WA =5 wAstr] flsto] Yzt 1.20
g/cm’?] Aquadag (Aquadag, Aqueous Deflocculated
Acheson Graphite, USA)& ©]-&38}%] 150 nm, 175
nm, 200 nm, 250 nm, 300 nm, 350 nm, 400 nm
U] WA} =S ZAsto] BC Ao A=
221 A o2 AbEskl e, o] gk 485t
BC -"‘—E—‘:Z' /\]-Eo}oﬂr/}

y=197x104x?>+1.20x + 0.67 (Incandescence
high gain)

y=18.94 x 104x?+1.20 x + 0.71 (Incandescence
low gain)
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Figure 3. Time variation of PM concentrations (left) and scatter plot (right) at SIMS.
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Table 3. Summary on concentrations of PMyo and PMzs.

Items Mean S.D. Max. Min.
PMio (pg/m?) 23.0 +12.6 58.0 4.0
PMas (ug/m?) 12.0 +5.8 28.0 3.0

Temp. (°C) 20.6 +4.6 27.1 11.1
RH (%) 50.2 +10.6 70.3 29.6

ug/m?) > E(24.5~44.8 ug/m?) Y 7F&(01.9~27.9  HE7} =A YERFOU, PMase 3
ug/md) ) o48(19.2~36.1 ug/m?) &=ou}, ol A 7|F7F 499 v £ EAS BT} olegt 4
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Figure 4. Pollution rose of PM1o (left) and PMas (right) at SIMS.
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Table 4. Summary on the carbon compounds as EC, BC and rBC

pg/m? Mean S.D. Max. Min.
EC (PM2s) 0.34 +0.18 0.98 0.06
BC (PMas) 0.73 +0.43 223 0.10
BC (PMi) 0.32 +0.18 0.95 0.03
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Figure 5. Time variation of carbon compounds (EC, BC and rBC) and its scattered plots at SIMS.
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Figure 6. Pollution rose of EC (left), BC (middle) and rBC (right) at SIMS.
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Figure 7. Diurnal variation of PM (PM+o, PM2s) (left) and carbon compounds (EC, BC, rBC) (right)
Table 5. Summary on the PMzs, EC, BC and rBC in case of the rush-hour and non rush-hour
rush-hour* non rush-hour
Items
Mean S.D. Mean S.D.
PMas 14 +233 11 +2.02
EC 0.44 +0.09 0.29 +0.05
BC 0.96 +0.16 0.61 +0.10
rBC 0.42 +0.06 0.27 +0.04

*rush-hour : 06:00 ~10:00; 19:00~21:00
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