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Characteristics of Black Carbon Particles in Ambient Air
Using a Single Particle Soot Photometer(SP2)
in May 2013, Jeju, Korea
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Abstract

Single particle soot photometer (SP2) is an advanced instrument capable of real-time measurement of concentra-
tion, coating thickness, and size distribution of individual BC particle using laser-induced incandescence. So far,
there have been insufficient studies examining the real-time characteristics of BC in Korea. In this study, we exam-
ined temporal variations in BC concentration and mass size distribution of BC in volume equivalence diameter at a
background site of Aewol, Jeju in May. Average concentration and mass median diameter (MMD) of BC particles
measured during the study period (06 ~ 16 May 2013) were 0.69 +0.48 ug/m’ and 196+ 17 nm, respectively. The
BC concentration measured in Aewol was very similar to that observed in the spring of 2012 in Baengnyeong
island, and showed diurnal profiles similar to those in other background areas. MMD of BC ranged from 172 to
222 nm. It was found that the mass size distribution of BC varied depending on the location (ground-based), season,

types of air masses, and altitude (aircraft-based).
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234 EdAdaz A, 7] %—01]
A FEe 2 28AEE Fol AT ez 9%
Uz AAGAE 23} (Gebhart et al., 2001;
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Fig. 1. Description of Jeju atmospheric monitoring station, Korea.
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Fig. 2. Schematic diagram of the SP2 optical head (Moteki et al., 2007; Stephens et al., 2003).
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A. Ideal alignment B. Poor aerosol
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Fig. 3. Fundamental concepts of laser alignment.
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Fig. 4. Laser image after the reflector tuning.
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Fig. 5. Calibration system of particulate matter.
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Fig. 6. Laser chamber slide alignment.
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(a) Fit curve of incandesce channel 5 (Low gain)
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(b) Fit curve of incandesce channel 1 (High gain)

SP2N0032 broadband incandescence high-gain
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Fig. 7. Calibration curve of incandescence channel detector : (a) Low gain, (b) High Gain.

B d| o] A9} ZFo] =7} o] A o] FFeto] ofd
oAl Holut 2& Fa thE 1 Aol wet 77t
42 BojRl AT 21, o FUL B3 S A
X E 0.192um=Z BA5t] SP2E L31aT).

2.3.2 YUKXto| Lhgh S HHAZIE w7
HolA Aol HBE F FUHE Arpel That 4
7ol Mz Ee] tet mAo] Wastch ARtE

mlru r&i

53 WAl 473 E Ao}, WAzEo| A BC o
Ao Fo AN 44 £ Ao wy AAe oA
glolA FEof AR AR A FA (3™ 5)F °ol&
st AN E mAos WEsF ¢ 1.05 g/em’Q
PSL 712 olgsigton], MAZE DAl et
oF 1.20 g/lem’¢] Aquadag (Aquadag, Aqueous Defloc-
culated Acheson Graphite, USA)& o]-&3}% T}

A7 e = ZVzE 430 nm, 350 nm, 290 nm, 269 nm,
240 nm, 220 nm, 199 nm, 170 nm, 147 nm YAE R4
oz 2gegon, s Y 3719l o] Ak (Mie-
Scatering) Sl 712 418 QA 47104 2
A NRPES olgato] IR ARt AAS A
stz 1 AR AS e 2ol 3tk

y=10.7x 107"x, 1’ =0.9996 (High gain),
y=135%10""x—1.07%x 107", ¥ =0.9987 (Low gain).

W7l ZFzF 400 nm, 350 nm, 300 nm, 250 nm,
200 nm, 175 nm, 150 nm, 120 nm, 100 nm, 75 nm, 50
nm, 35nm, 20nm YAE A =2 2As1g o, Fit
YRLO] S 7oA SAHE WIAFES 0|85t
471 S BC YA A =5 APEste 2AHA
g tga o] Aich2H 7

y=0.15x10"x+0.08, 1*=0.9942 (High gain),
=0.17x*+0.12%X 10™x 4+ 3.54 X 10~* (Low gain).

PSL% A7|ER T Ho] FAA 77 mefel vt

H, BC o]l AH&-H Aquadag Y= A= T E &

7_—‘1@ FE AUAY 2429 4 F271 FdsHA &
= Aol 7] "ol 4] AR} 9=F o
235ko] AZFS A dofl= -G8 UE (effective den-

sity) Zk& AR5} (Moteki ef al., 2009, DeCarlo et al.,
2004), otz 9] 4 )= FET 4= QUth

6m
nD’

mob

peﬂz (2)

A7IM, py AAHE) fFELE, m BC A%, D, YA

w7 AR oA dEdt BC 24& 2442k Yehde. &+ 7f

of w9} A271E YAEE U e

oo WP TS +Hels A A WAREE 1
goz 4

H 7(@9] 2=} o] v

J. Korean Soc. Atmos. Environ., Vol. 31, No. 3,2015



© WAL olgS ARG HAS

2 A9 (27 (b)) A3
£ P40 AXE olg3tel )

ofN oftt

E

3.

a2

[

3.1 BCsk &%

2013 59 6URE 59 16971A] AT ofLFol
2% AFt7]| L @FFEH 004 Z4E BC, AE-
BC, PM,; =5 13 8 Yehfidt
PM,; 5%+ 28.6 ug/m’o]|$la, SP22 &A% BC
0.69+0.48 ug/m3, 1283 Aethalometer (@880nm)
Z =A% AE-BC %= (spot loading effect 7] H )=
0.76+0.56 ug/m* 2.2 ZAEIQth 18 8o oJstH
BCS} AE-BC BEL PM,, A5 ol 418 A5e
Holz Aoz eElH e

BCS} AE-BCO| A7HE FEolE Awuw of$-
FAR AFERE HIZT YOU PM,,0) TFE
@igol WY A T BC FE9 Folsh A BAHY
o} &, PM,; 557t W& $204E BCS} AE-BCS)
SEAL HEA SARE $ES 2 wRlel], PM,.0
% sz0] £& A9olE BCSH AE-BC 5E9] #o]7}
Z71She WS HolF4tt ofd) tat Bele Wee

54 717 %

o
L
-

0

ok ABA - T y

Hin)
ol

oL LT

o
o

ol

A FAT F BC EA7|A &
799 Aol &sf 71Q1E R
et al.,2011; Park et al., 2009).

2 dFolAE 59 12¢ PM,,9 sk dA4do] B4
3 A& 2ASL] fleke] A% Eel 59 1097 &
A HYSPLIT 4.8 37] 93#% =49 (Draxler and Rolph,
2014 ol&sto] 7o fFUAZE EASIT 1
FAA a4 27E I8 99 Ui 18 9
(b= 2 F8T SHLYY 1= @A) T &
Ao Al =0] (600, 1,000, 1,500 m AGL)o| A ¢] 7]¢k
9] FUARE HoET

59 10¥ BC 5%+ 0.24+0.21 pg/m’, AE-BC 0.21
+0.19 pg/m’ SEOZ AA &3 7|12 B sEHEC
oF 35% X T sZo|n], PM,, S 5= 4.5+3.71 ug/
m'o 2 ZAEQI 4AF B4 A3 Begg o
2 FAUEY AR g 7ol At A= F
202 23sto] AFEE FYHE 7IFE 59 10€
AT Zeadn 3 L 5555 Ued 2o
gotEth 59 129 BC 55E 1.53+0.36 pg/m’S.
PM,; 55X 653+15.1 uyg/m’S JeEhith ZA3
] BC =7} oF 6.48) S7keklL, 1A &4 7]
Z4¥ BC s=52} 228 & 558 Hel 1%
AtE 2 FHF B4 o3t 7% 3F0] A4
(Shanxi, (L7G4)3 AFGREE QAToA] BT AS o

Hee BC 947k o
6 2 ZA =t} (Kondo

B g e

iLoa
120 5
JEJU
PM, 5
BC
AE-BC 4 @
~ 9 £
E z
z g
: 3%
8 £
5 60 g
g g
9] 2 O
S m
: 5
= <
~ 30 8]
1 m
0 0
13-05-06 13-05-08 13-05-10 13-05-12 13-05-14 13-05-16
Date (day)

Fig. 8. Time series of PM,;, BC and AE-BC concentrations during the May 2013.
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Fig. 9. Three-day backward trajectories at three altitudes (600, 1,000, and 1,500 m AGL) during (a) clean day and (b) high

pollution day.

Table 1. Summary of PM,;, AE-BC, BC measurements in the literature. (ug/m’)
Site Period PM,; AE-BC* BC** Std Max Min Reference
Jeju May, 2013 28.6 0.76 0.69 048 2.04 0.01 This study
NIER May, 2013 - - 1.38 0.93 6.70 0.12 NIER 2013
Baengnyeong Nov, 2012 19.0 041 0.35 0.27 1.60 0.06 NIER 2012
Baengnyeong Apr~May, 2012 219 0.77 0.70 047 4.35 0.03 Ohet al., 2014
Seoul Apr~May, 2012 30.8 1.82 123 0.86 5.17 0.09 NIER 2012

*: PM, 5 BC by AE-31 (Aethalometer) 880 nm
**: PM, , BC by SP2
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£ 19 2 a7 54
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249 A7 ANEL v|watych BC/AE-BC 5&H|
£ AYEY, 2 °1¥°ﬂ*1% 9101111, 20124 A&
9] 2 g7199 AFSAH 2L 0.68 (NIER, 2012),
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I} 712 (0.85)9] &4 A} (Oh et al., 2014; NIER,
2012)= EAAGETG 52 Ao= otH o] o] f
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Aol AT, w1 7ol FRo2REH WAL LHER
=9 A7 ool A5t PM,;9 is= @40l ¥l
WA A= wWiBAY BC =9 S7H5 ob7lst
& Ao|th(Huang et al., 2012; Schwarz et al., 2008a).
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oA 23€ BC % 0.69+0.48 pg/m’2 2012 23

W2 % 0] 0.70 pg/m’ (Oh et al., 2014), TAEFE]7}9] 7
23 9oy ®2299 0.65 pug/m’ (Schwarz et al.,
2008b), 2007 B AR WHA S Fo 3 Al
FuKue 2% €] 0.1 ~ 1.0 ug/m’9} §-A}3E =& 0 2 ujo}
=] Qi (Shiraiwa et al., 2008). 73 Texas X Hoj A
WA a7t GFFoz 2HE BC BEL 1.80~3.59 pg/
mSEeR BLY ¥ £2S Uehign

et al., 2008a), A4 == AZA (%I, Shenzhen) 1.2
A ¥ 8] Aol BAA Y 2 HU| G2 Wol BC
%7} 2.60 pg/m’ 02 et (Huang et al., 2012).
0124 B3 WY=H B2E AL oF A A
BC %5 245 pg/m’ (Oh ef al., 2014)& 7| E3t5.0
o, o] & Tt BCE= A&7, A A & 2
dEd 291 ZAY L EE4 ool wet viAEA Y
o4 B2E BC FE0] AL E & Yod, HAA
oA BCY wiFF=E 4517 YsliAe 717kl
A7 #S5o) dad Z o Azt

(Schwarz
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Fig. 10. Mean diurnal variation patterns of BC concentrations.
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