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Abstract

Elemental carbon (EC) and organic carbon (OC) thermal/optical methods for the analysis of ambient particulate
matter were used to analyze twenty-two PM,; samples along collected from May 28 to June 20 of 2016 at the
Anmyeon measurement site (36.32°N; 126.19°E). The three laboratory OCEC protocols, which are the National
Institute of Occupational Safety and Health (NIOSH5040), the Interagency Monitoring of Protected Visual
Environments_A (IMPROVE_A), and European Supersites for Atmospheric Aerosol Research2 (EUSAAR?2), were
utilized for the aerosol characterization experiment as in intercomparisons between three protocols. There are
excellent agreement for total carbon (i.e. sum of EC and OC), but statistically significant differences were observed
in the split between the measured EC and OC. IMPROVE_A EC values were always larger than both NIOSH5040
and EUSAAR?2 protocols. These methods exhibited significantly different temperature-distributions based on
thermogram analysis, which is normalized to total carbon. In this study, a protocol for carbonaceous analysis is
suggested for the Korean Peninsula.
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1. M = 7] of|o] % (organic aerosol)S BT AT EA517]0]
Hx5t= 7|e2X A7} 9tk Bae ef al., 2013). ©]

ZUAHA (PM,)E 43 Q= 8 7419 § o, 2u|AHA] W &3 $27] (mass balance)E ©] 3}t
£ 3% 2N, 7] olol2E $84 (Totl
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AEFA (Elemental Carbon, EC)S EA43t= 7]&0] &
P AEE WA= ek (Park ef al., 2015). QurH o=

OCECE HA3te 7|2, A9 o770 24 dj7]
% ZUAEAE F38 (thermal/optical) & o] &3}
o] A3} (Park ef al., 2016; Cho et al., 2015). 7tk
8], 0C= FAka 2794 CO,2 4Het &, SHag &
A AA4E CHZ EZol3} F&7| (Flame ioniza-
tion detector, FID)2 A5t} o]& AbA FQ) A9
A EC7F 22 e AX BEAH B3 B4 o3t
A W EtdstA #i2Eo] s OCECE 4gs] &
gataz} go|AE o837t FshA HhHo| o]gHr.
gojAof osf 2HE EHHE VLR, 4k Y
ZANA BEAEE 0CE EE3| g4 (pyrolytical car-
bon, PC)2kar grggtet. OCEC 833t 242 (1) &
2 2= 9 gAE AEARE 9 (2) FEI/HEEA o
o3 A9 ofzx W 2HH TC F, 0Cet EC £
ol Y& EF=H (CHy ol ol B 24 €t
1990 = 7l National Institute of Occupational
Safety and Health (NIOSH5040) 4] %] (Birch and Cary,
1996), Interagency Monitoring of Protected Visual
Environments IMPROVE) B4 & 7juto g HA o
=7} 744E IMPROVE_A 549 (Chow ef al., 2007,
1993), u}x]9t o 2 European Supersites for Atmospheric
Aerosol Research (EUSAAR) 24HE 7|Hto 2 3t
EUSAAR27} = ZAR o2 o] §Hth Ak 24 &
o 2= 5 800°C o]ArC 2 A 3= NIOSH5040 E4
HEe PM,s Y A8 +& Q&= 784 (inorganic

carbon, IC)E BT 4= gle Aol ok sAh &

S A, GEbA Rl PM, s W Fr|ekaTt A S EAEt

ok Q18-S 71g3te], IMPROVE_A X EUSAAR2
4ol A= NIOSH50400] H]3j| Aoz e 2
=2 eetn itk 2, 7 Ao Haw Ao
o aust B4 242 e B4 298 Yehin gl
o 5, TCE FAHORE BAY 7 5= Aol Ho|
I YA Fouk, OCECY] At £&0] uf¢ th=A &
&3 It (Wu et al., 2016; Kim et al., 2015; Bae et
al., 2009; Subramanian et al., 2006; Currie et al., 2002;
Chow et al., 2001; Schmid et al., 2001). ECE Z &3t
AA A7) 23E di¥shs g4 ZFE4 0] EA)
A gong, EAY 7|EL AyAuia}t b2 1

o713 A A 34 A A3 &

HER, A AAFR o] E4Ro] FEs= A A
oA, FAE o5 9 ol F7IHE F ol Ldd
o 2NE S v EvE tiy] oF ddd &
= B4 24 AL vf$ F4a5ith(Bae er al.,
2017; Oh et al.,2017a, b).

2 Atode Az AT 714d 7] TSkt
AolA 2-E 49 otz AlRE NIOSH5040,
IMPROVE_A ¥ EUSAAR29| ]3] TC, OC, EC £4]
sto] 2= OCEC & % 7t H4Ho| 2 =9
zpolg yErdch E o3 ARAS B 4 24
Hol| 2 B4 2% oA ALTAE YeR Q.
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Fig. 1. Sampling site; Global Atmosphere Watch supersite of the World Meteorological Organization in South Korea.

Table 1. Experimental parameters of the thermal/optical analytical protocols.

Step NIOSHS5040 IMPROVE_A EUSAAR2

Gas Hold time (s) Temperature (°C) Hold time (s)" Temperature (°C) Hold time (s) Temperature (°C)
He 10 1 150~580 1 10 1
He 80 310 150~580 140 120 200
He 80 475 150~580 280 150 300
He 80 615 150~580 480 180 450
He 110 870 150~580 580 180 650
He 45 550 - - 30 1
O, in He 45 550 150~580 580 120 500
0O, in He 45 625 150~580 740 120 550
0O, in He 45 700 150~580 840 70 700
0O, in He 45 775 - - 80 850
0O, in He 45 850 - - - -
0O, in He 110 870 - - - -
Total (s) 740 - Vary - 1060 -

"The residence time at each temperature in the IMPROVE_A protocol depends on when the flame ionization detector (FID) signal returns to the
baseline.

T g eE AR dojzith olo], & B4 Agke  AHc)
Ngel 9t $2 Alzel ol td e,

EUSAAR2 B4e BALA z76]A NIOSH50409}

IMPROVE_AS] ¥7t 2% ol o 650°C2 FEay 3.2 1}
= ©|-83to] OCECE &8, 4 AI7HS 10602?:01

th. NIOSH5040 EAHlHS 235 oRmzEdol ot 20169 5¢Y 28YURE 2247 7| WA Aof A
2 (sucrose) 2] o] U ﬁfgxq A= stolst EYI A9 o= NIOSH5040, IMPROVE_A,
gtk 2 Ay, TCO AT 025%2 BAEQTE = EUSAAR2 BAHL o] &5lo], FE=3} 2l Zukajo] 9

3 A& ARREA 7R 4 EHX}OIH—“,—rE% 276%%2 & 7 OCEC 24 2E & 20 it 2 AolA
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Table 2. Statistical results using NIOSH5040, IMPROVE_A, and EUSAAR2 protocols.

NIOSH5040

IMPROVE_A

EUSAAR2

Transmittance Reflection

Transmittance

Reflection Transmittance Reflection

(ug/em®)  OC EC oC EC TC oC EC

oC EC TC oC EC oC EC TC

Average 1153 124 825 452 1277 1017 250 661 606 1267 11.13 124 734 503 1237
SE" 125 0.2 090 048 135 1.13 024 076 059 133 126 0.13 083 054 137
STD? 586 055 424 226 634 529 1.2 354 277 624 591 063 391 254 641
min 410 051 292 1.6 468 369 107 266 214 480 446 050 307 189 496
max 2593 249 1878 942 2820 2435 518 1459 1295 2753 2823 281 1826 11.67 2992
n 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22
CcL? 260 025 1.88 100 281 234 049 157 123 277 262 028 173 113 284
Vstandard error

Ystandard deviation

995% confidence level

AgE o ARE BE B4 A8 A ol et A WAL FIDo| ols) #4 ZUdH § CHE| ppm

t}.
TCS] 7% NIOSH5040 12,77+ 1.35 pug/em’® (B +
EZ 22}, IMPROVE_A 12.67 +1.33 ug/em?, EUSAAR
21237137 pg/em’E EAZ §2] Fo|A F
2 o2 EAHRI. s1ARE NIOSH5040 351}
0Ce] 7% 11.53+1.25 pg/em’, IMPROVE_A A}
0C 6.61+0.76 ug/cm?, EUSAAR2 =3} OC 11.13+
1.26 pg/em’E IMPROVE_A B4 Au}7} o2 = B4
Aol sl FAXOCE FoT FEo A wlS T=A
Uelstth ECO] -9, NIOSH5040 &3} EC 1.24+
0.12 pg/cm?, IMPROVE_A 344kA} EC 6.06+0.59 pg/
cm?, EUSAAR2 FE3 EC 1.24+0.13 pg/cm’Z,
IMPROVE_A EC #4431} dA] of-¢ o224 yebyt
c}.
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ot ol5 3l Hoh Bt & 2= DA E &
2 @3 BX BEAS ¢ 4 A B4 1 vaE
g 4= §lth. IMPROVE_A EAHE 7} 2% dA oA
FIDo| o] £ 5= g4 FFet A 37} upg gho=
oA & oS 2% dAR do7p] wizoll, A& W
o2 £4A7HE et oo, IMPROVE_A 41
A 2 2= A W, £4 AR Afskete
T3 EXE BT
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EUSAAR? E4pe] 12 o2 Qo) 258 ek
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F A= &A (SF 300°C)ell A TC 5% A3t CH,
=7l A2 vyt 349, IMPROVE_AS] 7
% 480°C 5 TA oA A/ CH, s&=7F Urehd vt
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650°CollAl AH9] CH, s=7F &A=, 433t £x
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A g FETL Aol & ¢ Ut ol F T A
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Fig. 2. Carbonaceous thermal distribution normalized to total carbon measurement for the sampling period using (a)

NIOSH5040, (b) IMPROVE_A, and (c) EUSAAR2.

IAE yehich 0Co 4%, EUSAAR29} NIOSH
50409 7]L7]7F 097 1*=098) & =& AAS e
Yo, IMPROVE_AS} NIOSH50402] 7]-&7]7} 0.58
(*=0.98)2 e}, IMPROVE_AS] OC7} NIOSH
5040Hth FAHCR W w2 A ¥,
EC9] A<, EUSAAR29} NIOSH50409] 7]-&7]7}F
099 (*=073)2 & B4 B¢ s=& A &2
Szo 2 HAE oL}, IMPROVE_AS NIOSHS5040

o] 712717} 481 (*=0.79)2 UL}, IMPROVE_A 9]
EC7} NIOSH5040Et} o & =2 =g BAE QI
%, TCx= Al 4% 2% SAZ 19 $3olA 22
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Fig. 3. Comparison of IMPROVE_A, EUSAAR2, and NIOSH5040 daily integrated fine particle carbon concentrations: (a)
total carbon (TC); (b) organic carbon; and (c) elemental carbon (EC).

Table 3. Coefficient of Divergence (COD) between
NIOSH5040 and IMPROVE_A & EUSAAR2.

TC oC EC
(NIOSH5040) (NIOSH5040) (NIOSH5040)
IMPROVE_A 0.013 0.280 0.657
EUSAAR2 0.030 0.037 0.118

al., 2010). TAHAI = o592 Aof osf A4t= ATt

1o (X, =% °
H;(Xia+xik )
o]7] A, a, k= IMPROVE_A, EUSAAR2, NIOSH5040
AR 9% TC, OC, ECE YEH L, nd A|&4= 22
ot} CODZLZ 09l 75 F+ E4WHY e &
ARLR & ol YAFTE vehlH, 12 EYXE
Uebdch A}, TCO] %% NIOSH50402F IMPROVE
A % EUSAAR2E 7}7} 0.013,0.03020.2 EAZog
L= gho] 4x8t4ith. A9, OC ¥ ECY A%
NIOSH50409} IMPROVE_A|| 4] 0.280, 0.6572 57
Hog EYXsts Zeg BAFo], TC Y OCECY
&0 th=2A vehds SRt

olF & o AAIS] EAstA, ZF EA R e &
A & gAY FUEAE 31 49 3" 5o YEh
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A (PO)7HA 2 B-5315lth NIOSH5040 24 o] A%
Part 35 870°CE 7|EL2 F GA R F&35F3Ath(Part
3, Part 4). 0]o]], % SERFE 4T o] OC 5=

COD,, = (1)

o713 A A 34 A A3 &
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0.69 (’=098)2 FAHOZ g B4 S Yerl
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3IAA OCE B4 7154 (Chow er al., 1993),
MPROVE_A £ o] 4] PCo|| 2R5}t= o|AF-F{7| &
Eo] EC2 EAEYE 7F5A (Bae et al., 2009) S-0|
BauE ot spA|qh, Heket wehd FH-2 ofA 7t
B b ik olof ZF vepuich Bt et A3t
H OC% ECY &43ks 47] &, A1 di7] /71 &
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Fig. 4. Comparison of IMPROVE_A, EUSAAR2, and NIOSH5040 OC concentrations: (a) 0 ~400°C (Part 1); (b) 400 ~ 500°C
(Part 2); (c) 500°C ~ O, (Part 3 & 4); (d) O, ~ Splittime (pyrolytic carbon, PC).
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