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Abstract In this study, light absorption coefficients of equivalent black carbon (eBC) in PM, 5 were observed for one year

in 2019 using a real-time seven-wavelength aethalometer at an urban site of Gwangju to evaluate the contribution of fossil
fuel (FF) combustion (BCgr) and biomass burning (BB) (BCgg) emissions to eBC concentration. The source apportionment of
eBC was estimated using light absorption techniques, called the aethalometer model, which was proposed by Sandradewi et
al. (2008). Daily average contribution of BCgg to eBC concentration ranged from 4 to 66%. The concentration of eBC was
generally dominated by FF emission sources during the study period, but there were also cases in which the influence of BB
was dominant in winter. A seasonal clear diurnal pattern in BCg;, which showed a sharp increase in the morning rush hour, then
decreased, and showed a gradual increase in the evening rush hour, indicated that the diurnal variability of BCg was associated
with the typical hourly traffic volume change trend in urban areas. On the other hand, there was no clear variability except for
autumn and winter, which showed a slight increase in the morning and afternoon, in the hourly variation of eBC due to
seasonal BB emission. Results of filter-based measurements performed as a case study (May 1~June 12, 2019) indicated the
hourly contribution of BCgg to BC during BB episode occurred at the site, in which 24-hr average OC, WSOC, K*, and CI”
concentrations were highly enhanced, was in the range of 25~99% (a mean of 64%). Also the contribution of light absorption
by brown carbon (BrC) particles to the total aerosol absorption at 370 nm wavelength ranged from 25 to 67% (a mean of 47%).
However, the hourly contribution of BCgg to eBC for the periods when only the concentrations of OC and EC increased without
increasing K* and CI™ was in the range of 4~46% (a mean of 20%), suggesting that the measured eBC concentration at that
period was strongly related to FF emissions. The contribution of BrC light absorption to the total aerosol absorption at 370 nm
wavelength ranged from 10 to 30% (a mean of 20%). Results of the study suggest that it will be helpful in establishing a
strategy to reduce BC particles emitted from urban areas. However, further modeling studies are needed to evaluate the effect
of the reduction in the emission of BC particles in urban areas on the change in the concentration of PM, 5.
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T T8 849 g4 YA A 77 ©4 (orga-
nic carbon, OC)2} Y4 B4
= Ball7}E (black carbon, BC) O 2 o]F0A Q1o
o, Blg & Ee AR o BN R 7S] S8
ot A St (Geng et al., 2020; Bahadur et al., 2012).
4 s 12 HlE L9Y (RFEAE E7 17T,
4 vlo] Qu A A4 (biomass burning, BB))
o 7] F 22 S Faf LAY (Conte et al.,

2020; Vicente and Alves, 2018; Yan et al., 2018). 912~ H]]
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(FA, w22 ARE B Aol e viEH (Deng
et al., 2020). Y¥rH 07 BCE 217+e] 7A7tol gt
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AZFeE @2 WA 3L QTH(Wang et al., 2020; Wang

et al., 2016; Liithi et al., 2015). SFA9H OC A= H
T 9 AT ooleE R or TSR,
ARl B -2 ool A Bl AFsHAl &St
=4l ©] oC9 FEF &2 4H
carbon, BrC) 2 £ A=} (Pandey et al., 2020; Laskin
et al., 2015; Andreae and Gelencsér, 2006) 715 BARY
A2 B A 2o di7]eket +E 50 BC Y
Aol ot FutS Aot /\V‘ ofl &= =k, of
2] ol oJshH EARZAH | thigt BrCe] 7]l
AA] 23S A5t Tt (Zhang et al., 2017; Saleh
et al., 2015; Shamjad et al., 2015). 22 AJEo]HS
Soll B71et BrC &5l o3t BARIAIRS +0.22~
+0.57 W/m’2 BC g0l 2§t BAPFAIE 2] 27~

g4 (brown

70%°l| SHFFTHAL SFAT (Lin ef al., 2014). 120t T
oFst &Y 7199 BrC YA}e] EAst gfsta %A
of eJgt BrC U4AHe] F4-5 etstA FEelste =
|7} o45] = Q S}t (Laskin et al., 2015)
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oF A, Hi7] &4 ( atmospheric aging) 5
of eEste A SFEEN FF-ELETAIT (abs-
orption Angstrém exponents, AAE)of| &J35f] &5 &=
21tk (Romano et al., 2019; Pokhrel et al., 2016; Stock-
well et al., 2016). 35 2] tit viE L HY =
A4 stete QuAoR ds P B, 5, SR
(fossil fuel, FF) 9149} BB2 FEalo] =3hot=
o] (Dumka et al., 2018; Favez et al., 2010; Sandradewi
et al., 2008), ©17]4] FF $14-9} BBO] AAE g2 4yt
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BC A= ~HEY o24
BB HZ ofo]2E A}t 9= 2-Ae)A o § 9
(<400 nm)°o|A] 725t AHEZ 9]EA (AAE >2.0)

= 7FAtt (Kirchstetter et al., 2004). @A7H2] BC A=t
o] #& 2 A Yol thgt 7]ol = B H= thut aethalo-
meter 27 S ooj2E AAre] AA F5Al
=57E BrC YAE =eohs WS ol-gsto] 9]
ot X3 =]o] ¥} (Rajesh et al., 2021; Dumka et al.,
2019; Wang et al., 2019; Zhao et al., 2019; Healy et al.,
2017; Briggs and Long, 2016; Sciare et al., 2011; San-
dradewi et al., 2008; Kirchstetter ef al., 2004). ol & &
o], A9A RHIZE A4 FFH AtoAE &
= eBC (equivalent BC) ‘5ol T3t BB H+ 7]
o= oF 12%2tal H115}9] © ™ (Sandradewi et al.,
2008), 2912 T4 H AlZ 2 oA BBO] H+t 7]
T 24~30%2 AT (Herich et al., 2011). &
gk, Xiao et al. (2020)°] S= 37 o] A HofA]
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9 WA B A= Al glgick BCY &
710 7ot AR oA 38 eBC}
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2015). E3H 2419 B35 (2018 99) T} AET
Aot (20198 A7)l =77t rBC2 EC9
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aethalometer 2 5-E] 18 59F =435 PM, . 2] A A 34
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2 FATE AE33 71719 ZHARRE AR ooz
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I (cross-sensitivity to the scattering, 10%) (Healy et
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(20194 59 19~6¥ 12¥)°]
ZE 7129 PM, 5 AlEE AFSHIT PMy s AlEE 1
o] 1-8F A1F 7] (TE-6070, TISCH Environmental,
USA, 1.13 m*/min) 2} 1TH9] #-§5F 2F7] (PMS-204,
APM Engineering, Korea, 16.7 L/min)2 27 9A]]
A oh2d @A 8A] 502 7FA] oF 24417 52t A F st
At &= A= AF7INA AR AR]= 2
7+ 20.3cm X 25.4cm 2719] A9 TE (Quartz micro-
fiber filters, Whatman, USA)9} E|Z2 Z ¥ (Teflo™,
2 um pore size, Pall, USA)©|t}.
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PM, s A= A3 & k)
B = 3t A9 47 mm Ao HE QE}L _%,_ o] &
oA 1.5 cm?9] MA-S A Halo] ALestaT) B
412 NIOSH5040 2% Z2EF 7|5te] 4.-3g¢ St
& 2-85h= OC/EC 24171 (OC/EC Carbon Aero-
sol Analyzer, Sunset Laboratory, USA)E ©]-&5to] 4
2Fststqlet. 181 0Cot ECE BAsy g &

o] W= 20 mLe] L5 o] A2olA °F 60
B 5 2230 FE& Yottt FEHL2 0.25 um

% 2719) AR Wel2 ofnat F & £ 9L
(total organic carbon) £4]7] (TOC-LCPH, Shimadzu,
Japan)Z 484 57| €4 (water-soluble OC, WSOC)
S AT A8 AF71] HEE ZHol
AT AR o2 ARES LA 4850
o, I E 20 mLY| R 25T 5519 0.25
um®| A7 e 045'4'*]{ T ol mntE 1
1] (930 Compact IC Flex, Metrohm AG, Switzerland)
£ ARESHe] 89 o2 A (Na*, NH,*, K¥, Ca’™,
Mg**, CI7, NO;” ¥ s0,2)= B4t

2.3 BC 2XI2| HiE 2E€H 7|0i= H7t

@A7HA] t7] 5 BC YAtell thRt FF 4=} BB Hi
9 A o2 FES= aethalometer 0] =
A AFgEo] $ot (Kant et al., 2020; Healy et al.,
2019; Mousavi et al., 2019; Helin et al., 2018; Vaishya et
al., 2017; Sandradewi et al., 2008; Kirchstetter et al.,
2004). o] 232 AAER 0| )= F5p A0 57
o)L 7122 jhrh & A4 BC YAtoll ozt
7t A4 wiEde] 719 % H7H= Sandradewi et al.
(2008)©] A|QtSt aethalometer RS 7| %2 5}t
o] Aol oJsHH, =419 FF f4 & ool =&
et AAE gk ~1.09] o], BB oflozZ <] HisiA
£ >1.355 s BB HiE- Yol et FefAl= A
oz HyEa 9ok (Healy et al., 2019; Jain et al., 2018;
Cheng and Yang, 2016; Russell et al., 2010). =, AAE 4t

o] BB H&2] A o175 275k St AAA = A
SHt B A7 A AAE FEE Al (1)T Zo] aethalo-

meter?] ZA2tm 2HE AAE 2= Qic},

In (bu,bs, 370/1)(1,?)5, 880 )

AAE; s = 1n (880/370)

1

7] A, baps 3707 bapsgso> ZHZF 370 nm et 880 nm 2]
ol A ololzEe] F4AoIT FF A4
WiZ SIS BC UAhe] WL o m 024 7}
Z]11 (880 nm), BBEHE &&= BC YA FZ
R ARG e DR
o (370 nm) 5 7H2] 374-& A5 F712 FE A
2-2H(BCrp) 2} BB HlZ (BCyp)©ll thgH BC 971 71¢]
e The9 BC LAY 719 = 28 (4] (2)~(9)=
AH8-5l H7FSHATH(Deng et al., 2020; Healy et al., 2019;
Mousavi et al., 2019; Liu et al., 2018; Zotter et al., 2017;
Favez et al., 2010; Sandradewi et al., 2008).
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s, 370 = Db, 370, 7+ Ot 370, 3 2

babs,880 = babs.880, FF+ babs,880.BB (3)

buvs.s70.77 [ 370 —AABg
bussso.rr 880 @

babs.880,1~‘1~' 880

bab.s‘,S?O.BB_ 370\~ A4 Em
bz 1350 ®)

babs‘ 880, BB 880
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S (%) = T (6)
abs, 880

Tos(%)=1=fpp @)
BCp=eBCX f 1 (8)
BCyp=eBCX fp 9)
A (4)9} )ollA, AAEm2F AAEg= FF 149} BB H]
X °J°ﬂ o AAE 2H2 LRI o] AolA

L BC OEY 7|ojx RS 0] 85 AAE:9t AAE,
FEE 27 0.9~1.17} 1.7~2.20] 7P AREA O = A}
4%t} (Anand and Phuleria, 2021; Deng et al., 2020;
Healy et al., 2019; Mousavi et al., 2019; Liu et al., 2018;
Zotter et al., 2017; Sciare et al., 2011; Favez et al., 2010;
Sandradewi et al., 2008). 2L}, B Ao A= AAE:
e} AAEg = 1.07 2.09] A g2 sttt
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T2 A (2)9F (3)OA baps 370,582 bapsssorre 370
nm&} 880 nm 2] T4 FF g4 ofol2F9] 54
AE HEPATE H by 370,882t babsssoss= 370
nm&} 880 nm 9] Tl A BB of| o] 2Z0] F4Al40]
ok 289, 4 (6)S T ol D83 by, ggopre aetha-
lometerE ©]-8RF by 3702 bapssso] SAGET A
@)~(B5)E o8l AL o= Utk A (6)T (7)) fie
(%)} fyp (%)= ZHZ} FF 142} BB Hi&-Yof| 2]$t BC
J#ko] 711 8-S rebdich. Rk AAE ghol 1.0t} 2}
O™, BC YA] #iE-2 100% FF A48 TAE]o] Q)
OB fip (%) 0.00= A2|stGith HhHl, AAE £t
o] >2.00|H, BCY] 7]of-&-2 %5 BB &l &J3t A
S 2 7455t BC LY o= H7F RYolA £
(%)= 1.025 A2st3ich A (8)7 (9)°ll4 BCwkS}
BCpp= 880 nm2] TgoflA FF 449t BB 2 ¢
olsff viE¥ BC YA+e] FLE 7H2IXIth. FF9} BB HY
ol tiet AAE 7 #isto]] oE F HiE-¢ BC 719}
Lo NI E Brieteltt. 201949 19 SHAF= of
SiA TS EARE Aol oot thaat Ak O
AAEm;=1.0S AAEp=1.1 (AAEg=2.0)22 ¥17 A
%BCppe= BHAOR 6747 (53~82)%°N A 63+6
(50~77)% 2 FrASHIAITE, %BCppi= 33+7 (18~47)%
oA 37+ 6 (23~50)% 2 F7F Z71519TE @ AAEy, =
2.02 AAEp;=1.8 (AAE;=1.0)22 W7 A] %BCgp
= WAEO R 6747 (53~82)%OA] 47+8 (31~64)%
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2 AR, %BCrp= 33+7 (18~47)%°l1A] 53+
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22 (AAEx=1.0)0F W7 A] %BCp= Br2oR
67+7 (53~82)%°NA] 8416 (72~96)% = Z7}5IA|
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Bt olol2F Ao A FEASE e
11211 880 nmollA =79t eBC YAt & W 5
= e deh & 1o AEE 2 D B bupesn
2} b,ps.850 €BC &1L, eBCO] theH BiEY 7182 4
2ISFA. & B baps 3707 babsssos 24 4~118
Mm '€} 1~38 Mm™ 02 BER35}g o T mAo] A
S oo|2F A9 Al FErAT= vE 2
Oofl FEFATE. b 3707 bapsgso FITH 742 242} Hto]
QufA A7]7F BEH 69 59 (118 Mm™, 3.3Z A
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=
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Fig. 1. Temporal variations of daily average b,ps 370, Dabs,ss0- and eBC during the study period.
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Fig. 2. Temporal variations of daily average b,y gso e, Pabs 830,88 and %BCgg during the study period.

Table 1. Monthly summary of daily average b,ps 370, babs sso ©BC concentration, and contributions of emission sources to eBC.

Month Babs 370 (MM™") Dabssso (MM™") eBC (ug/m3) %BCer (%) %BCgg (%)
Jan. 27+12(10~57) 8+4(3~18) 1.0+0.5(0.3~2.3) 67+7(53~82) 33+7(18~47)
Feb. 32+20(13~92) 8+3(3~19) 1.0+0.4(0.4~2.5) 63+12(34~79) 37+12(21~66)
Mar. 20+13(7~59) 7+4(2~20) 0.9+0.6(0.3~2.6) 77 +6(62~86) 23+6(14~58)
Apr. 15+5(6~29) 5+2(2~10) 0.7+0.3(0.3~1.3) 81+4(70~89) 19+4(11~30)
May 27+16(4~76) 9+5(1~25) 1.2+0.7(0.2~3,2) 81+3(70~87) 19+3(13~30)
June 27+21(9~118) 8+4(3~21) 1.0+0.5(0.4~2.6) 76 +13(36~93) 24+13(7~64)
July 16+7(6~32) 6+3(2~11) 0.7+0.3(0.3~1.4) 88+3(83~93) 12+3(7~17)
Aug. 21+7(5~33) 7+3(2~12) 1.0+0.3(0.2~1.6) 87+3(80~92) 13+3(8~20)
Sept. 24+£9(10~51) 9+3(3~18) 1.1£0.4(0.5~2.3) 86+£4(77~95) 14+4(5~23)
Oct. 30£12(13~69) 10+£4(4~23) 1.3£0.5(0.5~2.9) 80+ 6(66~96) 20+6(4~34)
Nov. 35+12(10~56) 11+£4(3~18) 14+0.5(04~2.3) 73+£6(59~82) 27 £6(18~41)
Dec. 39+22(13~111) 12+7(4~38) 1.6+0.9(0.5~4.9) 73+4(63~83) 27+4(17~37)
(38 Mm™)olct 6E 5U ZAFE & B byessos D) ~39 Mm™! (129), 5 (48)~12 Mm™ (128), 0.7 (4
21 Mm'o]glom, 129 1080l ZAFE bygsre 111 Y)~L6pg/m® (129) 22, o FHT= AL w3ke

Mm'o]3itt & B eBC 5 EE 0.2~4.9 ug/m* o2
PM, 9] 5.6+2.8% (1.9~14.9%) 2 AFA|5}%ick 18|17
125.1_] 100101] thﬂ 71—0] Z;HE]CH_O_Eq BB ﬁi
7FARE 69 5Y= 2.6 pg/m’ol ATk &/, A5, 7H
2 ALl B eBC HEE PM,59] 43+1.9, 55+
2.2, 8425, 4.7+2.5%5 AAISH3LE 91714 PM, 5
9] Tk SAANHCERE °of 2km Hol7l FHE
BHAAA TAG7|EAT A EAH x}go]l—,}_ AA
O R by 3702t bapssso™ A= (19, 24, 129)] 7t
& Ehod, 7k (9g~119) 7%4 AT
Dabs 370 Dabssso L212L eBCO] ¥ B2 ZH2H 15 (4

o 1299 7P =3t

3.2 eBC YAt HIE 2HH 7|0 = HIt

13 2= aethalometer 2 (2] (2)~(9))2 ©]-&3}
7+t 880 nm Q] T Al FE A4 (b sso.rr) 2 BB
HIZE (b gs0,m8) Ol THEF ool =E UAFO] 4] 35
TAGt eBC kol gt BB HiE Y] 7]o&
(%BCpp)2l ¥ B Fol5 WEFATE by, gso.rrt
bapsgsopsd] @ B ZH2F 1.1~3294 0.3~17Mm ™' &
2 dubq o 2 AL gl of5of ¥ S UEh
AT babe ssopr2t bangssopsl ZTH B2 242 1249 10

Sr= 7 |2tdstE|x| H 38 2 H| 5
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