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Abstract

Two identical Particle Into Liquid Samplers - Total Organic Carbon (PILS-TOC) were operated to measure fine
particle Water Soluble Organic Carbon (WSOC) for one week on Feb. in 2016. The dual instrument operations
provided validated WSOC concentrations to have a continuous WSOC measurement during the sample analysis
period. Both PILS-TOC instruments were operated downstream of an carbon denuder to remove positive adsorp-
tion artifacts associated with semi-volatile organic compounds. Comparison of WSOC showed good agreement
each other. The linear regression had a coefficient of determination (r*) of 0.92 and a regression slope of 1.01 for
the first period. The lower collection efficiency due to lower steam temperature is discussed. In addition, the
potential primary source related to WSOC based on the comparison of black carbon (BC) concentrations is
explained. The results of good agreement between two PILS-TOC measurements can provide the validation of
WSOC cooperations and knowledge regarding the origins of WSOC and their behaviors.
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1.8 &

7] 2 &X9 4 313 7% (Orga-
nic Carbon, OC)& 7|3t & 1A [-aidxte] #d
do] dHAIHUA, e HEE e 24 2 WA A
Qlo] of2] AFAFEol o A+ ATt (Bae and Scha-
uer, 2009; Schauer and Cass, 2000). o] &, $84 7|
Ek4~ (Water Soluble Organic Carbon, WSOC)&= F7to]|
0C9| °F 90%7HA] AFA|8kaL, of7toll= oF 40%712A] 2
oA Folzt Wizt wE WSOC2] #HAY €3l Ao
ARR-ETh(De et al., 2014; Sullivan et al., 2004). 333}k
Z "kg-o] CONO,, CNO,, CNH, 5 Z4 9 COH,
COC 51} 7+ Ata A §7]¥k4 (Oxygen Binding
Organic Carbon, OBOC)&= %2 84 #7133 4
55 IS Qlof, o|F
Organic Aerosol, SOA)E 5= A== WSOC2}H
o] BHAo| A= (Sullivan er al., 2004). o]o]
WSOC 3= 4 glo] SOAZ ¢&A o, Z7H5
o} 7o Ax} AEV)Y AE (Miyazaki et al., 2012), A
EA A4 (Timonen et al.,2013) = A B2 7| ost=
Ao g d#HA Qltt. E3], Sannigrahi er al.(2006)¢] 2
51, 0CY 71%7} BEA A4 &3t Aoz HE
L, Sun ef al.(2011)e] 28}, OCL] 75%7} WSOC
o G AE7IY A7 3t AL 2 yEh, WSOC
Fu 99lo% B TE WA U910 SOART o
B u&e AXshe Ao wassr,

7] ¥ WSOC= #8t ol 28 CCN (cloud
condensation nuclei) -8 W AR 70] = QJojo g ]
= A37F R E itk (Haque er al., 2016; Saffari et al.,
2016; Sun et al., 2016; Huang et al., 2006). £3], 3%
Lol A 23 WSOC HEA A4 AE = benzocar-
boxlic acids, levoglucosan 5-& L#Ue}7tA] GFS
w2tk (Bae et al., 2014) WSOC9] 353t B 287
(functional group)E EA3}7] ¢Js)A Fourier Trans-
form Infrared (FTIR), UV spectroscopy ZL2] 3L Nuclear
Magnetic Resonance (NMR)9} 22 E47]7]& o] &3t
o} (Kiss et al., 2002; Decesari et al., 2000; Allen et al.,
1989). SHA|TE, FTIRZ 24 A] KBrOﬂ o}t 4 Sl
o3 4 Jm&o] WolkAH, UVE| F ¢ nitrate 5 F7]

o] 28 Foll 93t Ao &2 FAo] golatA] Yt E
3k, WSOC 7l AE B4 0 =F Gas Chromatography -

Aal_El_o

7] A (Secondary
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Mass Spectrometry (GC-MS)E ©|-83}7| &= 3}X| 9k (Bae
etal.,2013), OBOCE 24 &7] AEozg BRI A
Bozo g 24 oA BeAA] Z7lat
o] AFHOR WSOCE HAHs 93 Atale
Qoo =39 %EH’:—‘?—@, 7] (Total Organic Car-
bon, TOC)E ©] &89k, 71 ZJAZke] wE dwst
}:I/v]_4 "cﬂ-j;“i /\1}\]{_ ;z_t] _l _\fl_/do] _9_?—5]0414—
2000t =] 72t Particle into Liquid Sampler
(PILS)= 95°C o]/de] oA AAHE =F7] 23
2 B2 Lum o) A A, SHE £A9E 5
S| FEAA BEAAE EAst= Hyoltt. o5
TOC (Sullivan et al., 2004) £4 719} AA 5] AAZH
WSOCE EAJstt}. o]& PILS Solid-Phase Extraction,
PILS-Tof-MS & thgt £4717]19F A8t of7] F
WSOC W s}k 4B 58 X7 SHeke 7140l
AFAE| 23 W= T (Clark et al., 2013; Par-
shintsev et al., 2010). PILS-TOCE: =& %7 582
et gFele &8k, PILS iu x5 &2
4 o) 7o) B4k e 41, BER NARY B4,
1 £37] fA T 8o B 247} Q7=
E3], PILS-TOC] &2 uj7 =2 2ls) WSOC
w4 AT 2 BN etk B4 dolge)
A=A SR 8. (1) B A SE 24 9
(2) o2 B3 PILSTOC 7 A44% ¥lm EAe B
Holch. AAIZ PILS-TOC 7t |3 AT $JolA] 473

HlE A ARE FoHE 5 girk ol & AF= F
o] =849l PILS-TOC A|AHS Bl EZHFor
A (1) AA|ZF PILS-TOC %74 WSOC Hlo|g A%, (2)
274 717k & WSOC =52 AeFh oz u|w BEAs
12} gk E3, (3) EYTE 2ol H|wE B8 X
Y e AE BAstuA} Pt

2, 4 H
2.1 53 ®A
t}7] % PILS-TOCZ o]&3}o] WSOCE AlA|7H &
Astaat Bxdisty 3738 (YE: 349133, Ax
126.4373)0| 4] 2016\ 29 2145 E 279717 4FY
7t 25k BEGstuE 39 AdA o] YA
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Fig. 1. Schematic diagram of measurement system for integrated samplers and two PILS-TOC systems.

UA F2 1o AHL 2, A& oF 4km A of At
o 9213} ol SheF N FRo=NE fUsE 3
g oA 2FEA Y 9 W= 3Lo|th(Cho et al.,

2015).

2.2 Particle into Liquid Sampler (PILS)

WSOC 4L 93l &= tj9] PILS-TOC RA:= 5 1
2 10] b ik 2beFal, 17 65 mm LRl wo
2 §F oF 300 liter per minute (Ipm) 27 3}of &7]7}
ST 49 PMLS) B FE 4L B o),
473 9§ 52 2T o 2% v Aol
ol8 HF Tk EAoll= 1L2stA] ¢Fgtth(Bae and Oh,
2010). Br2oJ3}+X] (Carbon Impregnated Strips (CIS),
Sunset Inc., USA)7} &H2hE 3k Q7|ekh S4=3)
(Carbon Denuder, CD)& 333t of 1}x] EHAX], &
JHE 23E 918 MAAP, 97 $5E 23¢ 9%
OPS 18] 1 & tjo] PILS-TOCS| o]3] B4 5 et =

22)7)20] o) A SAHYT 5%
37| =4 7] (Dry Gas Test Meter,
Bios Defender 510, Mesalabs, USA)o]| 93 njd =&+
QI5tgth PILS ®gko g2 8915 #7]|= CD, PM,, At
o|ZESZ AA 7479 PILSE FUHH CDE o
o] AAJsted, CD W CISOolA] &2 H Hagh27t PM,;
Aol 2204 AAF], PILSY| L H=E S5t
PILS-TOC:= t}ofst 95 24 HE Qo w2
2 g4, A%, F=l A3l B£2& 3] £47]
712 olgshs FAR, A2" W fF Ao e F

1=}

R

asfet ole] AT TOCSH B4 AelE §A5t0, 7|
7] W 712 95 AEst7] flsiAl PILSe] Aate =
£ §%8 4% A BASIt PLSE 2ap0g &
F7N(EA2EHRE: >95°0)&2 TH&¢] PILSZE ¢4
HR& A AAA (particle growth chamber)ol| A 43
& S/ B3 2epdE fFEFE EE,
$AE A% B FETAN WARIE B4
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Table 1. Operational conditions of the TOC (Total Organic Carbon) analyzer.

PILS-TOC-H PILS-TOC-M
Total Organic Carbon analyzer GE Sievers 800 GE Sievers 900
Time resolution (min) 6 4
Flow rate (mL/min) 0.38 0.50
Inorganic Carbon Remover (ICR) Operated Operated
Reagent (uL/min) Oxidizer 20 0.5
Acid 2.0 20
Sucrose check (%) 100 +4% 100+ 5%
of 7k A|A B2 olFstA "t & Aol AHE S W FrIeAY WSOC M @742 WHEA] aresfof
dolFoijstm W BETetE £§ PILS-TOCE  #ith 34 & ©29] o 30~00%8 A|she 27w
Z+Z} PILS-TOC-H ¥ PILS-TOC-MS. 2 Hrg3sls 14— A, AAZF WSOC &34 Al §718t4 7t dASH
et 5 oe] PILS- Toc4 715'— 21 9 B4 Y A $AEERE 255 Fr)skho] o§ WSOC BE
gi gou}, B4 §% 5 AR AL Al o}u} Z7h Aol ek 24 A Brleka SEe) s
PILSTOCH AS& PILSE $98 HAL olgal & ool ool F ALH 25 ICRE 4570
92k 048 mL/min AHg] 3to], d&e] = tjo] 7pA xﬂ HA Brlets 252 70ppb o5t SAFOEH &
71 A (Debubblen) 258 7|25 &9 AAT &4 XY F9 FrIgao] o frgs F= b
TOCE olgiel $A42 isich. 5 ool e AlA B 4 BE A4sisiel B4 YARE gl U3

Z] (Debubblen 258 HEH = £4 A4S ALY
tlo]l AEAQste] TOCY B4 $&4 432 et %
MERFTE 2T 55 Altel EH5HIH PILS-TOC-

G 0.61 mL/min 3}of, $57]9]
<= aAdH S8 71ZE AA
o143k WSOCE BAJshsch. wat, &
A ANE w2A-AH o RJEYste] XF F ALbol
B ARFATH(Park ef al., 2014).

==

M A|AEIL o]4of &
o) gE 2o
3t & TOC=Z

JnJ

2.3 Total Organic Carbon (TOC) analyzer

PILSZHE HjEHY ZANL = o PILS-TOC &
= olg}el o 72 (Inline Fllter, Metrohm Inc., Swiss)©]|
ofs) B84 $71BaE AT F TOCR olHol
WSOCE A1A]7F BA4aH9T). & 10] Liehdl ule} z2o]
TOC 9] 982 PILS-TOC-H 0.38 mL/min, PILS-
TOC-M 0.50 mL/mino| 3, A|l& F¢ & BX4 A7+
27} 6%, 430|Th. TOC £47]E 27182477
(inorganic carbon remover, [CR)E Z§Ht ¥h-g-o 39]
F.UV Azo] ojgh A5 g, hAgo 2 e
AAE CO,E EAslE AxT=HZE7] (conductivity
detectonZ F A|A® BT FUSHA FAE] ot
WSOC= & &9t F7etao] (2 RE WSOCE
AHEsHA "ok shATE tf7] F AR CO,0l o9t A

o713 A A 32 A Al 6 &

o] wZ Oxidizer FYF2 PILS-TOC-H 2.0 pL/min,
PILS-TOC-M 0.5 pL/min®.& $23}9.01, Acide]
A 25 20 ul/mine 2 72 S FYst4ct &
Al T (sucrose)S HARE A3t BT 100+5% o]

o] 9312 eyt

2.4 Optical Particle Sizer (OPS)

YAE s SH A YA
A 7] (Optical Particle Sizer, OPS, 3330, TSI Inc., USA)
£ o|gs}th(Park et al., 2016). 71F3], 1.0 lpmo 2
% F71=, HEPA ZHE AMEst] §¢ 427 A
AE 97175 (sheath flow)& Faf A EHE o
gfetal, o 23S 4E3tste] AR SHH
03 Mm‘f’ﬂ*i 10.0 pm Afe] 9] 167H qd el £21 —’F—%E

1=} s =
B SR &

2 w48 o wol ol5m gt = %—Low
1022 A1ZH 749 & 127) Y= A 5
Hukca 3kl ]2 PILS-TOC 2%

shof LreRy 9ieh.

rulru rr mlm mlru

|

2.5 Multi Angle Absorption Photometer
(MAAP)
Ed7IE =4S 95}o] Multi Angle Absorption
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Fig. 2. Results of dynamic blank and system calibration check by sucrose injection for the PILS-TOC-M.

Photometer (MAAP, Thermo Scientific 5012, USA)E
&35t 7 16.7L/min 23 st PM,; Y HE S
Tl FUE 7, AEBE0°O) o3 71712 &
e 28-S AAT F, 4 670nm FAkS @ FF
T 20A E7EE S48t (Lee et al., 2015).

3.2

3.1 WSOC 4 s= £H

PILS-TOC:= ¥4 5= ®7go] v Fasich w3
& u2A A WA FE9 oF 30~90%71A] UERd
F 9o, HF 5= AL Al o] HHEA] BA o g
o 2 = ARleRE a4 SRS AR
Al 5ol gt F3Fe] Sirt. PILS-TOC-HO 79 3
4 CD9} PM, 5 Ato]Z& Afolo]l HEPA H2¥-g A3
sto] REet WY g FV1HeR 54 4 BAS
Ach(a® 1). PILS-TOC-H ¥|7 ¥= 24 A 77+
10 ppb (B + EFHAHZ B H3ict. PILS-TOC-M
< AY ATz AR Y =5 HER A5t
FF 2o HAsATHaH 2).

PILS-TOC-M9| 3 4%97te| wj3 5= &4 23
108 +6 ppb (Hit + REHZHZ EAE|o] 0|5 A3}
At A T S Al o]Fd Yol dFE FY,
A AT AR B4 g 9 o] Zhe] wjge] 0,992
Ueht 22 34 A84E velth i3 =« F
PILS-TOC 25 FFofzt uf-o- AAH3HA SA = of, 3¢
LA SOA 59 9% 5 CDY m|&4 3Ly &
o] 93t PILS-TOC: f-%- m]u]3}c}.

¢

B

o=ZH di7] F 2319 WS0CH Fagt sk si4,
WSOC9| 29, OCo| digt 2 A 7] %, 3fe} vt
<. ols A2, QA i & oldiste o S8
ARE B8 4 Uk F2higta S04 20169
249 2145 H EFUE WSOC 52 &4t w3 &
EHAY 5 AN A H

7|17k & WSOC9| & 13} olgf, oo} 3 d Zu|A|

SOC AAZF 5T oAl AT v
73 = 5%, TOC AxA, HE ol 21l 5 £47]
A3 o=, 29 24l 7S UeEriA &ttt

1% 3(a, b= BF 717 5% OPSE |85t 0.3
umoll A} 10.0 um Abe]9] 124d =5 RYFsER
BHibste] Uebd Aajolct Ros % (nL/m)E A s
W, PM,, @ PM,; AA F 21.17£18.22, 16.03+
14.70nL/m* 2 ZA = ch 0.3~0.5umo| A HH 9.11
nL/m’e] Ho Rulsra A, o|F Fradtel
8.0~10.0 umoj|A] 0.22nL/m’2 FAZHS Uehdch 2
%% 97 EZ(dV/dlogDp, l/em’)E AmEH, 2
=4 AdA™EY 03~0.5 um&} 2.5~3.0 umoj| A, Z¢
Z+ 9§ 4108 ¥ 13.75dV/dlogDp, l/em’2 & BE
(mode)E UEWRIEH #3Y UWEE 1.5~20kg/LE
714 Al #E 717 B9t Bt PM, 2 PM,s sE=
32~42 9 24~32 ug/m’2 2A3t 5= Qlth PM,/PM,,
9 207602 E Z7 7|7t F2t v]AHA] W PM,;
7HdHA e e HES AT 19 3(0)=
5 717 B9te MAAPL R 534 BCY 5% ¥sHE
UeRH Aolth #& A3t 4 026004 o 27.198,
Bt 179 pg/m’2 Gepyich 3% 7|7 ek R s s
9 BC EE 2% 29 23947} 2¢ 25 AHQ o] 1
= @io] vttt

274 717+ E<9te] PILS-TOC-H ¥ PILS-TOC-M.©.

B
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Fig. 3. (a) Evolution of particle volume concentrations and size distributions by optical particle sizer (OPS), (b) time
series of PM,; volume concentrations, (c) time series of blank carbon concentrations by MAAP, and (d) time
series of WSOCh (PILS-TOC-H) & WSOCm (PILS-TOC-M).

2 BA5 AAZF WSOC 5E2E5 Z+Z WSOCh®  233+1.57 ug/m’2 0.65 pg/m’ 2Fo| S Vet o]
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F ALE 23S A B VIR el O9 3 He BRI g2 £ 4T q%e @
of debich A WA B3 7172 249 220 AARE  th 3 $37] 2= HEEA] 24 90°CoA 95°CE
249 A7 otk £ WA B 7|7he 259 AR %XWOF Gk vpxet 717E § WSOCme] &4:4:9)
g 2694 27 64] 30&7kA| 0], upAuk #Z 7)17hS S7] £E7F 60~65°CE WA MEM 24 4%
F HA #5717 ol 20470l A HA 5 ¢=_‘°ﬂ A 249 4% SRl T&3] Lol &
717te] B WSOCh @ WSOCm =+ 283+1.71, ¢S o & ALgHt}. o] H]£§% BRAL {&4
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3.3 WSOC H|m = Zq}
a9 401] UrEM T EALY ARTAE HE, A ™
Bnzo 1(r2=0.92>:?: Ee %1*3 83

& A AAGE dehict 7 laEeq ekt
B BPeka, B4 PILS 93, 9% ol% B4 5
of o5t B4 BIUEI} EAs, ol Ao oF 15%

2 Wadit ke B2
st gol $3719) Aew
BAASC =042 FF

WsoCe] w fgle o

717kl SlolAl gt ot
4o 43} o &
QAo o5

Ay ca;sao*u} o

o2 OC W OBOCe| & SOA7} AR 2 o4
Z QA% Gordon et al. (2013)0] 2J5tH 3|Erg 9 A
9] wj7|7kA 2R WSOCO| F3f, Al&A] ozt A&}
92 HiE Yl (Park er al., 2014), }‘gg}"‘ &1 2 (Wona-
schutz et al., 2011) 5 WSOC 24 goloz Izt
HiE o] FZ diFHIL Ut o]F BAstaA &
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