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Semi-continuous and Filter-based Measurements Using
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Abstract Carbonaceous aerosols contribute a significant fraction to PM, 5, and play important roles in the radiative forcing
of the Earth and in global climate change, accordingly requiring their accurate measurements. Highly time-resolved measure-
ments of carbonaceous components in PM, 5 have been made to better understand their emission characteristics and dynamics
of secondary organic aerosol (SOA) formation. However, an accuracy of carbonaceous aerosol data from the high time-resolu-
tion measurements should be evaluated to provide accurate estimation of their emission sources, SOA dynamics, and the glob-
al climate forcing. In this study, hourly concentrations of organic and elemental carbon (OC and EC) in PM, 5 were measured at
the air pollution intensive monitoring station in Gwangju for two intensive observation periods (IOPs) (January 15~February
10 and March 11~April 08, 2018) using a semi-continuous carbon analyzer based on the NIOSH method 5040. Additionally,
24-hr filter samples during the two IOPs were collected and analyzed for OC and EC determination to evaluate the accuracy of
the hourly OC and EC measurements. Diurnal averages of OC and EC were characterized by pronounced peaks in the morning
and evening rush hours, indicating common sources of two carbon components. A comparison between semi-continuous and
filter-based carbon measurements indicates that semi-continuous OC concentrations were approximately 27% lower than 24-
hr integrated OC concentrations. While semi-continuous EC was approximately 1.0~1.2 times higher than 24-hr integrated
EC. Lower concentrations of OC in the semi-continuous measurements were attributed to higher face velocity of air passing
through the filters (111.1 vs. 20.1 cm/s), the different NIOSH temperature programs and residence times, or to OC-EC split time.
The discrepancy for the EC data was likely attributed to the high detection limit of EC in the semi-continuous carbon analyzer,
difference in the temperature programs, and the OC-EC split time. In conclusion, it is suggested that OC and EC from semi-
continuous carbon analyzer need corrections to examine accurately the mass balance closure of PM, 5 and to estimate the rela-
tive contribution of carbonaceous particles to the PM, s.

Key words: Carbonaceous aerosols, Semi-continuous carbon analyzer, Filter-based measurement, Thermal-optical transmittance
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(Ma et al., 2018; Tan et al., 2018; Zhang et al., 2018;
Park et al., 2006). ©A/dE2 ThA] 57184 (organic
carbon, OC)2} YA &4 (elemental carbon, EC) 2 &
=38} 4~ 91 © ™ (Seinfeld and Pandis, 2006; Park ef al.,
2005a; Bae et al., 2004), 2]-7HdA 02 Eoko] EA}
MIAE F4 T AR ZA A7) 77
FFE A= EHEC|tH(Seinfeld and Pandis, 2006).
7] 954 7o) 2.5 umE ek 22 UAAF BA ¢l
PM, 5] 8518 242 174 A4 0.9 BRSO o)
AR50 o] S5, 27 A A,
CREEERETLEE S EEERE L
Tr=t}(Yu et al., 2019, 2018a, b, ¢; Park et al., 2013a, b,
2005b). ©]¢F Z2 M-S 147 o]l o] B2 F7]
w45 MstE=R PM, 9] HiE 29Y 54,

A AT B4, ti7] g 3 52 dol A olsfst
71 fIsiAE AR 2=t E2 PM, 59t 0159 oF
StA z Ao tigt At= 7}t = Q 5t} (Park et al., 20134,
b, 2006, 2005a, b; Solomon and Sioutas, 2008; Weber et
al.,, 2003). o3 o= Qlsf] = - eJofl A PM, o] F
8 3ot JEZE00 Higt & AAR B AARE S
7Jo] ErstA| Y= 1 1T (Yu et al., 2018a, b, ¢, d;
Park et al., 2006, 2005a,b). 12|t} = AAZF ZA7E
ol-g3ll T=3t PM, 5 2ot 250 244 A=l A
Sl FEA] e Ao BUET Utk (Park et
al., 2013a, 20053, b; Bae et al., 2004). & E°], u]=
ARIEFo|A-FAR 7] 0 @FE G L0l A 40
3t Ax}o] oJ5tH F AAZFERA EA 7|2 24524
AZE HF OCE}EC S 24417 Bt B A
(T Oiee] Aol ot srsRet oF 7%t 5%
7 B7EE] ATt (Bae et al., 2004). FTH| 0]=- EE|

t}(Park et al., 2005a). E=SF 515}—7'1— Z]Cﬁ")ﬂ/ﬂ Park et al.
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(Yu et al., 2018a, b; NIER, 2016).
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H (thermal-optical transmittance, TOT)& ©]-83F &
AAZE B4R R B4V (4F-semi-continuos carbon
field analyzer, Sunset Laboratory Inc., USA)E AF8-5
of S5t & AARE AR 2471 PMy;s
AolZEE ol FUE 371 Al=E U Uil &
2 A g ofTbA]of] 4587 Bt AFRATE A=

A 7 A U] dolgls 2712 BES 085

(@ 310°C, 70%, @ 480°C, 60%, ® 615°C, 60X,
@ 840°C, 90%)= o] Fo|A St} WE-AtA 79171
ZZo| A EC BAE S =5 22012 2 dA(O
550°C, 35%, @ 850°C, 105%) 2 FAl&]o] Tt HEPA
I o] &3l TARF A= (dynamic field blank) 2]
OC%}ECO] Byt Fk+ 190l 0.48 +0.107} 0.00 +
0.01 pgC/m’*°] Lo H, 3¥ofl= 0.74+0.207F 0.00 £
0.01 pgC/m’*e| Atk FA| = 9] B+ FE= OCL} EC
O AA| T E Attt HASHI ®3t A=
Q2 (sucrose) EF -2 (2.105~8.420 pgC/uL)oll o

94 5719 SRS Y ZATe] Hha B
Aol WIISSIEE, F AN BAAE 24710 of

= AA EaAR 54 Qo FAT A4
oF Tt 7|7kl 24A17F 1HA 9] PM, 5 Al B E A
SETE PM, 59 A= 5= PM, 5 ARl 28 Al ST
(URG-2000-30EH)E ©]-g5to] 2 10:009014] th&
g 09:50712] o] Foi itk Al FE flste] 550°C
ofl A oF 10417+ F<t A A 23t 47 mm 27 ] A Y
o] 7] (Pallflex Tissuquartz 2500 QAO, Whatman)&
AHESEATE A= A F 5 A oAzl 714V 771
=9 F5oll o3t 54 22 (positive artifact) &
z|2-31517] 91510 PM, 5 Aol 22X T = Ato]d
©F 25cm Z0]9] B4 $HA] U] (activated charcoal
impregnated absorbent surfaces strip, Sunset Laborato-
ry)E AAISHTE A G ofa=e] JFHE AlE= OC,
EC, -84 7148+, 121 o] 244 (Na¥, NH,",
K, Ca®t, Mg?*, CI7, NO;~, $O,27)& BAs= ©] A
43513t =2 A= 0Cet EC B4 Aol tisjA
T =05kl A o3pA] o] AFHE A mE=FEH
OCe} EC A9 A% +4-2 NIOSH Z2EZ?]
TOT 5040 5 (NIOSH, 1996)°]| 2]5te] 435}t
AE =917] BHEOA OC BAS 9T &% T2
e D 310°C, 90%, @ 475°C, 70%, @ 615°C, 70%,
J2]3 @ 870°C, 11022] 4THA| 2 A E|o] 9lom,
4 B39 OC (pyrolyzed OC)= A% AHA|E 5t
HA He-Ne tho| 2 E djo]#] Hlo] Bl & WU E
Joto] HASHALE dE-ATA REOA EC A4S
Ast 2 2328 6 A (D 550°C, 452, @ 625
°C, 45%, ® 700°C, 45%, @ 775°C, 45%, ® 850°C, 45
2 ® 870°C, 45%)% A= 2t} ocet ECO
A Z AR} oA 1.5~3.0 cm* S, U A= 5§
719k 77] o]l 2dE5S B4 5= Hl AMESHR
.OC % EC F= 9] +4 Aite] thgt vig A& 9
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Sto] PM, 5 A3 Almo] 24 B FUSHA AR o] A 7o) ofjt = EARE
s}t o}, Eoh 2R AIZE 5}t

3. 49 9 y% et al., 2018c).
O9 2= 189399 HF 54 713 5 OCeHEC
3.1 & AAIZH &£H ocet ECO| s 5} FL O] AIZF BE 50| (diurnal cycle)E H o=t} EC
29 12 20189 19 15829 10209 A% 2 AR A9, 1939} 390] Faigh A7 s 54,
4 71Z% ()T 39 119~49 84 BE A S8 71 S, oA FH1L s E Hl & Agto] Age
2 o)el 24T 1A B 0Co} EC 520 A7F  wheh AA8] Zhasshrirh AuAlztel thal S7kshe
WS Holfrh gadgditol tigh AlHE 5% #st  J EAo] BESH U oy} Ay & Bl AR
Lol5o HE 0d B4, 5H A% 54 223 o BEH B F7H= AF 23 Fke 43D
Aol it AEE o]sfch= ]l ko] "k A& o7l Sl 71915, B Azl vt A @A
5o, G0 HiE 0 EAY Ao, ok 2 A 233 Aot tlEo] t7] Ate] el 7]
A9 A7t B2 0cst ECol Falgh 55 27k <@k oC Ate] AgolE 197 3ge] 27 7|7
274 A F00) A5 ol o)t dFoR AW F EC UAko] AR Bk Fole} the AbshaTt
o 7Hsslet. ALl EC Smot nmef 0C B9 ol H4 Aol A T FR HaYRL GAR
FAT F7He 514 AR Asat opetulele 0 542 7SS oulaint
16 - - 8
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Fig. 1. Temporal variation of OC and EC concentrations during January and March intensive observation periods (IOPs).
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Fig. 2. Diurnal profiles of OC and EC concentrations during January and March IOPs.
3.2 £X ol xtolofl 2|5t ocet EC O+ 9] 2] ool 7] 1%kt
Skl Hlw AipAog 2 SAA glHd F AAE 24
EAGE sEo et e ST EAAT S 0C HE0 AWM 27%)E S 24 ARE
4 Atole] Bl Axfo] ofshH 7 W Afo]o] & 0|85 AP E= PM, s =] AL ol EER
Al Bk Apole 54 A, S U, E4 T PM,soll tiRt g2 viEd, tir] A T, A

P
o

' ol wjet 9] DIt ark et al, 20130, 200505 A 59 A BAHE SlAE 2 A7 57
Polidori et al., 2006; Sullivan and Weber, 2006; Bae et  OC2} EC 9] 25t H #J o] o]Z oz o} glr},

al., 2004; Schauer et al., 2003). 13 33} 4= Z+7} 2018 F AAZ S H I DA dolx] 0C 59
W 199 3o S DE AT Sunset Labo] &= Aol E op[shs YRlo R ta AYES AHY
AXZE A Y] OCSFEC 520 24A17F B ARE & Utk 4 I tirg x| o7, A2 E 1t

H| gt Zoltt. Sunset Lab2] & AAITF &4 547] 5= 3719 W {5 (face velocity) 2] ZFo], OC-EC
O] OCot EC @52 1M 54 1tAS = IY 2 E7]AXH(split time) 2}o], 2= T2 THT} A FATE
3 IRie] v s fI5to] 24417 B A E Aldtst o Ao, ©had7E HE (NDIR/CO,2} FID/CH,
of ARESHATE OCot EC H= 0] 7 W Atole] 4 W) Gofl osl] 7]QlETh. whef "y ARHo] gha
W (R v =A] ZAME I 22fvh OCRFEC &3] Hlr b7 A= A] o2 A foll= A= A 5
T ARl 7 W Afeloll & Zol7h ik 1 A oftx]o] A o] vk frlsteE
At 349 HF 54 717t F 0C 5= & AAIZE  (semi-volatile organic compounds, SVOC)©| 2=
SAWol Iy SAMEL oF 279% FA WrHE W 7FsAdo] Q7] dilwell OC =7t AAR T =4 F

of, EC kv « AAIRE S4He] I S4HET  7HE & Qo 18y & dFolie & AAE 54
oF Lo~1.28) = B7HE Qe ol A A= T 719 TE QS WA Als A I 5 I8
AgH 57 Aol Al Park et al. (2013a)0] 53 AT 4= Q= SVOC] F2te] oJ5h 57 EXP— Z|&ofst
of Aolstiltt. o] 59 AFelMe & AA 54 7] sl A g4 b HFE7E ARESY] w2l
OCSHECY] vhr T4 & tru7b AAE2] ¢ A ¥A) ddlo] ofet 54 22k wu|gla Aol
< Y S SRt 227 oF 27% R W7 28y F S oA AREE %] (Sunset Lab &
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Fig. 3. Comparison of filter-based and semi-continuous OC and EC concentrations for January IOP.
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FAFWA S 2 8L/min (=133.3cm’/s)9] 3717t &
Tota 2 pM, s AE2 9] A ol H|gte] ¢F 55
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Apolo] Jgt §7122] F2 4] 0|9} NDIR (&
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O A O O
mTa=

7VE op7|gt Yol e 2 gt

= AATE 54 EC T 9] 117 B4 fI9t

EC 2% T2 OC-EC B7| 7t} et iol 4
= o] Zpolof Q5] 7]l Ao wetEt &
=7 e 9t EC 5k o] 54 2= 7] F EC
FL7F W] wigel] ocet ECe] E71AIz o] At
FFS FUS Aoltt mEbA] oA AFeH & A
F 54 0C5%9 AH7= EC sk o] 11F7HE of
71k gk Ylo] S Aot Bt opy e}, WS §45
L oc 2= a7l ZaetA dzte] A= ocet
EC Y7te] ks B35 ot T Aol ot
ECO| vk o] BUAE T7MIHES AR Tt

(Cheng et al., 2011; Reisinger et al., 2008).
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Fig. 4. Comparison of filter-based and semi-continuous OC and EC concentrations for March IOP.
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(blow-off), U=t ZFHAITkE] 2polof| ofgh f7]Ee
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