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Abstract

Little information on HUmic-Like Substances (HULIS) in ambient particulate matter has been reported yet in
Korea. HULIS makes up a significant fraction of the water-soluble organic mass in the atmospheric aerosols and
influence their water uptake properties. In this study 24-hr PM, ; samples were collected between December 2013
and October 2014 at an urban site in Gwangju and analyzed for organic carbon (OC), elemental carbon (EC), water-
soluble OC (WSOC), HULIS, and ionic species, to investigate possible sources and formation processes of HULIS.
HULIS was separated using solid phase extraction method and quantified by total organic carbon analyzer. During
the study period, HULIS concentration ranged from 0.19 to 5.65 ugC/m’ with an average of 1.83+1.22 ugC/m’,
accounting for on average 45% of the WSOC (12 ~73%), with higher in cold season than in warm season. Strong
correlation of WSOC with HULIS (R*=0.91) indicates their similar chemical characteristics. On the basis of the
relationships between HULIS and a variety of chemical species (EC, K*, NO;, SO4 , and oxalate), it was postulat-
ed that HULIS observed during summer and winter were likely attributed to secondary formation and primary
emissions from biomass burning (BB) and traffics. Stronger correlation of HULIS with K*, which is a BB tracer, in
winter (R*=0.81) than in summer (R*=0.66), suggests more significant contribution of BB emissions in winter to
the observed HULIS. It is interesting to note that BB emissions may also have an influence on the HULIS in sum-
mer, but further study using levoglucosan that is a unique organic marker of BB emissions is required during sum-
mer. Higher correlation between HULIS and oxalate, which is mainly formed through cloud processing and/or pho-
tochemical oxidation processes, was found in the summer (R*=0.76) than in the winter (R*=0.63), reflecting a
high fraction of secondary organic aerosol in the summer.
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al.,2005; Yu et al., 2004).
1. A 2 WSOC A= thA] Ao a4 E82
T ok A A71ERMES Bl Ao 7t2E
7] Foll EAsks et E42 IA YA 71 A, 7E2EY, of¥l, saccharides 51 2 7154 1%
Aoz EReTH AT EE2 S8R, FUl0lR 28 Akavt s Eol ZRE Sl St wt
i 9 FAHROR o]RojAHQUTh BAGRY dF W a4 fTERES gaAkedort A1 g5
ol §718tAE= C,0,H, N2 LA Ko glon, & - Ao] okt & o]w, HUmic-Like Substances (HULIS)
HHAOE WS T = Ao Z R X9 7] 7} o719 FETh (Kiss er al., 2002; Krivécsy et al.,
S H3lo]| FJF2 m|A= Ao=w AdHA Q). SHA| N, 2001; Decesari et al., 2000). HULIS= ©3l4i A&
9 Af AA F 71 AFY T slo|l=EAY], FtEEAY] FtER YV E e U
10~30% A =9 3}8h4 AJEgto] FrEoglet. ojg]  IL@|FE (poly-cyclic ring structures)2 o] £ 5§
g HolA E o, obA71A] W AA g f71EEY A 7|8RHEE (Graber and Rudich, 2006), EF} 4>
Alagt At & 4= gk Aol EAste §718% F9 (humic)4itat E4] (ful-
vic)Aba} H]S=8to] Zoi o] Foltt. o] £ 7|9
A2 771 oZE U fVIEEY AP RS ARG (Kri-
vécsy et al., 2008; Limbeck et al., 2005), H% QXA
oA ZME W Y8 F435}a1 (Lukdcs et al., 2007;
Hoffer et al., 2006) S| 2Z3} ¢Hlo] FAAHL 7
2A7)E S5 RS A1 e TrEe 24t
(Kiss er al., 2005; Decesari et al., 2000). HULIS= 3
U= 9] quinoid A€} carboxylate 152 E§5H= A
< &5to] di7l 5 /71

2 A7t Sis] XY
A A 2k

4 e a9
S0 80 o] BESS FAAUT

o2 IA o WERS

E
E3], f71E
A, o] F 22 8% =3l Hu
ool 2ET} HAH 84 784 (water-soluble or-
ganic carbon, WSOC) £4] 2
3L o dubA o2 WSOC 3htas ©@add
2 A 71gaEd 9] 20~ 80%F AR (Park
and Cho, 2011; Wonaschiitz et al., 2011; Jaffrezo et al.,
2005). WSOC= 444 QA=A oojz2&d 5 A
0] 9] A& A8 (Decesari et al., 2005), YAFL] SA1A| A
9 AR A FRF AT FTH(Watson, 2002). 7 S FEBA
s AH O E 2-gsh= WSOC= A4 7]Ff 932  (Moonshine ez al., 2008).
o x| w, Q1Zke] Hof A FE Aol FFFE 2T AT AP =
g 2L 7S 23k BE)S Fok A
A=t} (Graber and Rudich, 2006). tj7] oo 29| 3}
o124 £4 2AMAF} HULIS= Hpo| 2mj A 4 HijEof
o5to] AFs] 9k W=t} (Lin et al., 2010; Lukécs
et al., 2007; Mayol-Bracero et al., 2002). HULIS= 4
B4 $ANN BAES Bkl AU (Decesari er
al.,2002), $3F= sfo] =54 AH(Gelencsér et al., 2003),
levoglucosan (Holmes and Petrucci, 2007), a-pinene
(Tinuma et al., 2004) & isoprene (Limbeck et al., 2003)
o B Askagel gotol YYRtD BuEw 9

CELN

=z o

= ©
WSOCE 299& T A% &=y di7] gl
T

X = Ao & A 9t (Facchini er al., 1999).
Al R8RS BEE AeRke 23 A=
E3A ABAETLE 22} §7]9)| 0] 2= (secondary organic
49 7154 2& 6
Aoz o]Rojx 84

HE O
*é_\l?x——_":

=
ok E3h 2 2RO @A) A= 22; Aol
3t ZA 7} g ATk (Krivédcsy et al., 2008; Lukdcs et
al.,2007). 22 HULISY ¥ 9 A7 2] o
Aygjolt} (Lin et al.,

aerosol, SOA)2] G4
3 A4z ojshe o 3]
AR 28 7] 29 % WSOC B HULIS

O|lEEA 7lERY K 7}
EAEEA, AEH SHE tFEY SOAZE WSOC
zaki et al., 2009; Saarikoski et al., 2008; Weber et al.,
ol A3/dE SOA o]
g, TEEF 9

2010; Graber and Rudich, 2006).

of sFE iy 4HA o} (Park et al., 2013a; Miya-
2007). WSOCE 7|44HeHH-& 5
eJol e, 12} f7lofo =& 4tetat
e 71EEY dAMEe RS o)F B AMdoj=2E
UAEH, INFE & B4 2 =42 AL
F919 S sepkga o s = A4 (Cho
and Park, 2013; Park and Shin, 2013; Lin et al., 2010;
Hennigan et al., 2009, 2008; Huang et al., 2006; Lim et

Fa7IE SR A A 31 E A3 =



9] A=Fsto] it A+ F= TSP, PM,, PM,; 52
E4o] YA AU 2 A/Mi7H A A (Park and
Cho, 2011; Lin et al., 2010; Hennigan et al., 2009, 2008;
Sullivn and Weber, 2006; Kiss et al., 2002; Decesari et
al., 2001), o] w2 AxA7]o ot FF FF2
v} 7 X ¥ (Mayol-Bracero et al., 2002; Gelencsér et al.,
2000), =A] ¥ 3|27 (Krivdcsy er al., 2008; Cavalli
et al., 2004; Havers et al., 1998)o| 4] o|FoH . 18
U YolAle oF7HA] th7] 5 PM,,e] 244 WSOC
o s gst= HULISO| gt A AE LEeE At
7} §loH, SOAY] 3gst= WSOCe] thet A A
u]u] gt Abejo|c} (Cho and Park, 2013; Park et al., 2013a;
Park and Cho, 2011). wrghA B2 AFoAE= ZAIRY
oA oF 1d 52 PM, 5 745t WSOC| A3t
BEe AAsku 9t HULISY 2Qubs sk 54}
AR 2RSS,

2. 4

£
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2.1 SHXH

24X7t 7128 PM, 5 A2 A F= FF2 Aol 913
gk 3 gt A& 3% SA4FG5°1IN, 126°54°E) (A8
A 3= 459 9F FAHE AR)AA
201349 12¢ 24 ~2014 119 49 Alo|of o]FoH
ok FAHQ A2 H A2 2013 129 29 ~2014
| 24 28U Atolol= A9 wiY, 2014 39 1Y ~5
4 31l 6Y 744, 68 14 ~30dell= A9 wid,
74 14~11¢¥ 4¥9= 64 HH L2 o]Fojzlom
ER717t 5 & 137719 ARE A6 PM, ;9
AERFH = F HES PM,; Aol28 HE (URG-
2000-30EH)S} 8+ |E o] AHME S AFL51] 09:00 ~
0930838 oF 24X\t F2F olRol et AZAHE
A5te] 47 mm 279 A9 o]Z] (Pallflex Tissuquartz
2500 QAO, Whatman)2} 2%£2] HZE o] (Zefluor, 2
um pore size, Gelman Science; Teflo™ 2 um pore size,
Pal)E ARE-SHGITH A G o x| ot HIEE Ao HHE
NRE AsE, Bady, oledl 3 Qe
Qepsto] Agsiodch PM,. o AL ARA 3
A B HEE ofx] (Teflo™ 2 um pore size, Pall)e] &

EAA S PM, ;9 HULIS 38t 54 2l A 3 24 241

AE 1pge &S 2k3 9l ulo] A=W 2 (Satorius
CPP-F)2 st Agstgch AR 2 Fuief
et 8-S Yuer al.2015)0] AAISHA| 745 o] gle.
2 AFolA= G5, 848 e E 2 o]
JE9 EAY Lol tsfiAgt 7=ttt

2.2 il-%l'x-l A‘I_E__E_&Il

2.2, A
A8 Aol

rm
B

9 Y AErA (elemental carbon, EC) A E9] AgE AL
NIOSH Z 2 &Z2] thermal-optical transmittance (TOT)
5040 B9 (NIOSH, 1996)0] ©]3e] 233ttt OCet
ECS) BHE % ol Aol 15~30em e, tofAs
WSOCSH HULISS BA5h=t] AH3t9ith OC 2 EC
A4 23] ti3t uRAI = (blank filters)S] HiHs=S
BAs7] flste] @4 viFAIRE S0 (BA A7 F
9] oF 10%)sto] X AFAI=9 EAYHIL U5}t
A AH&SHEE. OC 2 EC S o A= A
A3 A 1377 % 1500 ol 2818 2Hste] 24
stgom ztzk 27, 48%0] %tk OC 2 EC %29 7
AL AR kel E2UAY 32 AL 39
] Z+Z} 0.60, 0.03 pgClem’® 0|tk WSOC2] EA-&
5kl OCeF ECE #A5t E-2 oJXE Hio|do|
Y3 40mLe| 32 FR,E A I 259 =
712 A2ofA 602 5 &ET T 025 um A
A "o 95}e] ojx}st oM (water extract)S TOC &
437] (total organic carbon, GE Sievers 5310C)°] 2]5}¢]
33t shth WSOCY] A9 @ HIA|RE ©]&
sto] HIRFAIR Y| A F=S BASHFh OC, EC ¥
WSOC9] A o] thgt ARt A2 & AL FAA
WFESE =R & 7]&E o] )t (Park et al., 2013a;
Park and Shin, 2013; Jeong et al., 2011).

olAHL HZE oj7] (Pall Co., Zeflour™, 47 mm,
20 um, USA)oll HFE AN8E5L AMEste] 245131
o AlgFE 9 oabyS WSOC] Wt Fdst
A =Pttt FEA2 o]z 2uEIH T (Met-
rohm AG, 861 Advanced Compact IC, Switzerland)©]|
o3| 8%9] o] 2A4E (CI,NO;, SO,”, Na*, NH,", K*,

Ca®", Mg} oxalateE B354t} o] A H o] AL

@ 4o fo my
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\_ ) acidified by HCI (pH=2.0)
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OASIS HLB SPE Cartridge
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}

Elution with CH;OH/
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N

¥ Isolated HULIS
Dryness with N,

WSOC are measured . = Dissolution in water
using TOC analyzer = Effluent ‘

HIDROPHIX ABCIHIS BUANCE

HULIS measured with
TOC analyzer

Fig. 1. Schematic diagram for OC-EC, WSOC, and HULIS analyses.

= oAz (R AR oF 10%)9] R EES B
stol AR ol SAE HEES At ol LA He
B HR AR ABE 7% B 2 veht 9)
o (Yu et al., 2014; Park er al., 2013a,2011).

lo

2.2.2 HULISO| 22| U Xzt
WSOC] Fa3t &4 &<l HULISS] £4]&
WSOCE ARSI} e 23S olgato] HL
(Hydrophilic-Lipophilic-Balanced) ZAA} &
(solid phase extraction, SPE)]| 2]5}o] =35}t
dtollAl HULISY| #25 fl8f AMg-3F -2 Lin
al.(2010)°] &3 AH&-E HHe 712E £ &
o Sojgl tjRie] Brlo|edR, A BAltel
Ah, @5 52 HLB SPE 7FE Ao FolglA] &
EE 49 (effluent)of] EA$tct HLB I A4 7FE 2| ]|
(Oasis HLB, 30 um, 60 mg/7}E 2] x|, Waters, USA)]|
O3t HULIS £ 9 A&3k= 34 HLB 7tEZA] A
Aol A2 229 24 9 53] A oz AR
t}. WA SPE 7}E AL WES 1 mL, 242 | mLY

of

[e3]

e E

t
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=
]
o7

Fa7IE SR A A 31 E A3 =

23] AlA %, pH 29] A& (HCI AHE)S 8- 5to]
293t HULIS O #3]= A2 592 pH 22
Z4 (HCI AR &, 0] &9 3mLE 539 2A4 (%
15mL) SPE 7}E&]®|¢of| &83}1, &4 I mLE 23]
AlFste] sttt 7tEZ A9 £2H HULISE
2% NH,/CH,OH €89 0.5mLE 33] uhzste] 23
3 7 82AS AuB St eiot. 859
& 7}ep7bAEZ7] (EYELA MGS-2200, Tokyo Rika-
kikai Co., Ltd, Japan)E& AR&3}o] 60°CoA AA7FA
2 BRslo] BEARY. 53 ARE 284 15SmLE
7¥ete] 2ZaHE4 7|4 &3 &, TOCZ HULIS &

&8 BHs4CL

2.3 HLB SPE®Z 0|28t HULIS E2|%H
g7t
HLB SPE #Ho] 9t {7549 E8+= o1 +
ooz e HULISY HF Eago] 93 Hz
t}. SPE 7}E & X of| £ ¥ HLB &&H4| &= hydrophilic
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Fig. 2. Interference of water-soluble inorganic ionic species to measured HULIS concentration.

N-vinylpyrrolidone2} lipophilic divinylbenzeneS -
skl Stk 77] o2/ Zolut A EAEY R714k (el
£ S5°] oxalic acid)®t 22 Aol A3t HAEES
HLB SPE 7}EZ A& A FHskA, WIS et
Sasr} a7f olikel FhEEal Akg ik ShakE
S< HLBO| 2ttt wh2hA HLB SPE 223 9|
A A5 B Setel @ olelzE ARe) F
8 A2 77) oA el A%t FF (b) o
EAQ F F79 HULIS 289 38 d¥S 73

ST

2.3.1 HLB E&tx|9| HULIS Z™of LSt 27(0|2
29| 7t st
HLB 3372] R7]0] &850 tigt 2 are
B71e}7) Slstel SPE e A S FHel7] He] 22
o7} CH,OH/2% NH,Z H 2|3t 8590 tfate] 7]
ol £ 23} oxalate] FEOIHE ol 2ntE 15 3]
2 Byelgrh 19 2= B2EA @3 grlolelzE
A& D)l Hels £7] Lol&(Cr, NO,, $0,5)%

oxalate J&2] 7FEZA] Fi-g AL 334 35t
o] dojzl Aztolrt. ol JEE (Na’, NH,", K7,
Ca’*, Mg’")2| SPE 7}E2|7] £3-& AgATt] 3]
A =2l ZHATIA e, &S A9 A
SHA Gt 5ol RS9 T AdZdTl 9
3} NO,", SO, % oxalate®] %-$ol= £& o)A
57 FUATH(EE>99.5%), CI” 22 oF 80%2]
27188 HojRlr thE RS Hlale] Cro W
< Fik&& ofnl:= HLB 7FEZ RS pH=22 43}
A7) oA AHEE HCIO| g3Fe = watet.
2Hx] §EHol A F7]o]-2/d 8T oxalate & 1]
&< HULIS 345 =0 thet 37 o] Q&S0 st
o] o718 4= Q& positive artifactS FAT = UL
Aoltt.
2.3.2 HLB &2tX|9| HULIS M29| 3|48 T}

B ATl HULIS HRY 858 F71E 9istol
I £3F9] HULIS #&9 “Suwannee River Fulvic Acid
(SRFA)’2} “Suwannee River Humic Acid (SRHA) 'S
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Table 1. Recovery tests of HULIS using HLB SPE method.

HULIS type n Initial concentration (ug C/L) HULIS concentration (ug C/L) % recovery as HULIS

3 618+8 587+32 95.0+42

3 1053 +40 105417 100.1+2.4

Suwannee River Fulvic Acid 3 2417+38 2564 +79 106.1£1.6
3 2563+6 2701£235 101.3+8.3

3 5073131 4564+ 89 90.0+14

3 529+10 507£25 959+3.1

. . . 3 175020 1604 £92 95.1£1.7

Suwannee River Humic Acid 5 1843 £6 1861 £55 1009+2.7
3 3617+50 3551+60 90.0+7.1

ARESETE ZF sl thef 334 HhE AR A9E
3 10 A2 sklct. SRFAC] thsto], 618 ~5073 ug C/
L9 27|%%o| t3te] dojx HULIS &L 587~
4564 pg C/LEA g = oA 90.0 ~106.1%2]
3L At E3 SRFAS tha)A], 529 ~3617
pg C/LY) 27]F=o] thsto] dojxl HULIS 5=+
507 ~3551 ug C/LE g = YelA 90.0~100.9
%9 JrasS HojFoith F HULIS A &9 I8
AR AT o5tH tj7]A| 82 HULIS EA4Z3to] of

 AREE e Erhn & 4 e Aelth

3. dn ¥ nF
3.1 WSOC ¥ HULISS| dutx 3tstH Ed
=EollAlE 20139 129014 20149 10 Apo]9

ER717 F AFT F 1377 PM,; A& F HULIS &

29 B4 gho] 30% oo BEEE 2= AlRE Al

95t 1077 A& HULIS #4 A }of| thsjAnt 2t=

A& FY5T & 2= PMys Y o8] TR B

AE (EC, OC, WSOC ¥ HULIS)?] %%, WSOC/OC,

WSOC/HULIS ¥ =84 o] 24859 s=of disto

AdE=R A3t otk 54717 F EC, OC, WSOC

2 HULIS®| B =Lt 7217} 1.65+0.71(0.44 ~3.86),

5.70+0.80 (0.80 ~21.85), 3.84+2.02(0.61 ~ 10.45),

1.83+£1.22(0.19 ~5.65) ugC/m*o| ¢ t}. HULIS 9] A&k

7129 %% (HULIS-M =1.9 x HULIS) (Kiss et al.,

2002)= BHHLE PM,; =9 9.0%E AHA5H4iT

WSO0C9] Ba5Ts 0C2 69% (44 ~ 89%)E 2}A| 5}

Fa7IE SR A A 31 E A3 =

o™ HULISY Hi5EE= WSOCE] 45% (12 ~73%)
£ AA 8T & Aol A gelE WSOC/OCe] H+t
H] (0.69)= A 2 AFIAFNA FLTT S A=
oA dojx WSOC/OC H] (0.62) (Park et al., 2013a) %
o ok A ATk RAT Aot 2 )
oo BN WHT JoI2E AR (biomass
burning, BB)ol|A] F 30%2] WSOC ££-¢] HULIS]
FE s A2 (Lin e al., 201005 25t 2
AtollA &85 45%9 HULIS £&2 BB 9o]2&
Qo& o e g¥S0] HULIS F=9] S7}o] 7|3
& Ao 24T 4 9 Aotk oloh e THL o
7] dojzZ YA} BB ooj2F A&+ Wi HULIS/
K* v]o] u]E Fato] %] 7Hssith 480t 5
g5 4 FRA GURE 5O SR g2l
K'Ee g 2459 d274E 53l wiEs=e o
B2Eof| FHHA &AL sF¢ict (Park er al., 2013b;
Lin et al., 2010; Falkovich et al., 2005). Lin et al.(2010)
o] ¢1of oJstH PM,; Y HULIS/K' €] Hl= BB ®j&
oA 05~1.09] g2 7HAH tf7] ofoj2F dAkE
o} of 4~ 0w} witkn mIskeTt. o] AL 7] Fof &
A= HULIS Ao] BB UAE2] di7] %4 (atmos-
pheric aging) #H7o] WP= = 5% F2 o] & 9n|
st=dl =, BB ool2F fok tE wiEd Ex o
7gtbyS Fsto] HULIS7F A EASS Al
o B dAFoA] g HULIS/K' H]&= 13.7(3.6~71.0)
2 BB w299 2A%2 AW K'Y FEr} &L
2499 A9o] HLA S HULIS HEot W
HULIS/K* H|7} S|l o|E Sof 2013 12¢
319,20144 2¢¥ 249,69 16¥, 109 299 9] HULIS
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Table 2. Summary of carbonaceous and ionic species concentrations in PM,; (average + standard deviation). The val-
ues in parenthesis indicate concentration range.

Species Unit All Spring Summer Fall Winter
Number 107 9 31 8 59
PM, }Lg/m3 404+£23.6(60~121.5) 429+152 372+179 256+11.3 439+27.6
EC ugC/m3 1.65+0.71(0.44 ~3.86) 1.72+0.68 121+£041 1.59+0.62 1.87+0.76
oC ugC/m3 5.70£0.80(0.80 ~21.85) 4.92+1.60 402+2.14 4.03+£2.01 6.92+3.61
WSOC }LgC/m3 3.84+2.02(0.61 ~10.45) 361127 2.99+1.66 2.80+1.44 445+2.15
HULIS ;LgC/m3 1.83+1.22(0.19~5.65) 1.87+0.80 1.27+£0.92 1.224+0.68 220+1.33
WSOC/OC - 0.69+£0.10(0.44 ~0.89) 0.73+£0.07 0.75+£0.09 0.70£0.07 0.65+0.10
HULIS/WSOC - 0.45+0.12(0.12~0.73) 0.50+0.09 0.40+£0.14 0.44+0.11 046+0.11
Na*® ug/m3 0.24+0.23(0.01 ~ 1.69) 0.20+0.14 0.17£0.16 0.52+0.52 0.24+0.17
NH,* }Lg/m3 6.02+4.32(0.28 ~20.86) 521277 6.18+3.48 2.79+1.36 6.53+5.00
K* ;Lg/m3 0.35+0.27(0.01 ~ 1.69) 0.35+0.15 031+£0.34 027+0.21 0.38+0.25
Ca™ pg/m’ 0.294+0.30(0.03 ~ 2.44) 0.17£0.12 047+0.19 0.55+0.78 0.17+0.15
Mg“ ug/m3 0.07+0.06(0.01 ~0.54) 0.07£0.04 0.06+0.03 0.15£0.17 0.05+£0.04
CI ug/m3 0.50+0.44(0.01~2.42) 0.26+0.23 0.15+0.14 0.24+0.31 0.77+£0.40
NO;” pg/m’ 8.18+6.74(0.45~30.77) 7.36%6.62 4.87+3.56 4641392 10.65+7.45
SO,” ug/m3 9.86£8.27(0.50 ~ 34 .98) 8.05+3.50 15.00£8.85 6.15+3.48 7.84+7.78
Oxalate ug/m3 0.28+0.18(0.05~1.18) 0.28+0.12 035+0.18 041+£0.34 022+0.14

oK' s=& 22 4607} 1.03,4.907F 0.89,4.737  BwtY skshghgo] £33 A PM,s $=9 S7F @
1.69,2.649} 0.73 pg/m’2 oW HULIS/K'= 85,105, A& op7|#& Aolch. EE OC/EC, WSOC/OC %

5.3, 690tk 181 uj& =2 HULIS/K' (>30.0)
£ K" 527} o wob(<0.04 pg/m’) b A2
A HjF-E2] HULIS7} 7] & 22} & of SJsfA
AT & 4= & Zo|t}. & 30 & Aot 7]
Zof| 2A+E HULISE} HULIS/WSOCH| S A 2]3}¢tt.
dutA o 2 HULIS ¥+ tf7|7} vlojujA d4d
719] FFE Bol v A F7Iskem (Lin er al.,
2010; Salma et al., 2010), & SR T}= vlo| o AE &
A3 ARAEO] FTFsHE AR =2 £EF Holy
HULIS/WSOC %A ALl oJFET &4 ZAFES
th o]AL AL A8AME-Y F717F HULIS A4
AR{H o7 7198k Sl ou|eit)
EC,OC,WSOC ¥ HULIS?| H1usr 7o} ut
FaAdo] AsHA vehd 20134 124 5U¢] ASEHS
o PM,,,NO,”, SO, NH,", K", CI" & oxalate %%
L 7k} 1009, 26.77, 11.88, 12.17, 0.79, 2.43, 0.39 pg/
m’o| Qi o] 7| AZ AL v e BFFL(0.6 m/
$)7 =2 ANEGE(83.1%)F FASHA=H Rl of
71g4to® QIR e HEAEY HIAFAL Sk

SO,, NO, 3 &7 |etasighae] 84 A<

HULIS/WSOC H|= Z+z} 5.7,0.48,0.549.2 % WSOC/
OCH|E= AA HFHEH= 2 HULIS/WSOC H|= A
A FoEths =3t 2y H9 PM,; FE (1215
pg/m)7t 235 201449 29 24%0) EC, OC, WSOC
9 HULISY] %X 7}7F 274, 11.54,9.13, 4.90 pgC/
m’o]glen OC/EC, WSOC/OC, HULIS/WSOC H|=
Z¥z+ 42,079, 0.540]9th. 1811 NO,, SO, NH,",
K', CI" @ oxalate 3% 7Fz} 27.61, 31.91, 20.86,
0.89, 0.68, 0.47 pg/m’o]gitt. ol 7|AZ AL F40]
R (1.3 m/s) FHEE (49.1%) A Wi ZA FA 5
T} 29 240 A= OC/EC H|= 20134 12€ 5
2l9] OC/EC grEth @A ZAE IS Y WSOC/OCE=
A3s] A 2AEAT T 5P Y9 H|S7E HULIS/
WSOC 4|9} SOA7F WSOC9] F£8 2 g2l & (Kon-
do et al.,2007; Weber et al.,2007)2 11831 2€ 24
o £74E WSOC YAl 433t 49 214 WSOC
o] FREUS Aolrh o] AL 29 244 8] F2 A
gEEol= E6kaL 22} 84 o] 2L EY s&Tt
20139 12 599 22t o] 2L S FEET X
E& A7 A5 WSOCeH 23t o] 24 & (S0, NOy,
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Table 3. Comparison of HULIS and HULIS/WSOC in biomass burning (BB) sources and ambient aerosols measured over the world.

M
Region Site type Site Sample Sampling period Period type H[(leinlg\;[ HULIS/WSOC  Quantification References
Jan.5~ Apr. 11,2000  Heating season 437 54 Gravimetry .
Rural K-puszta, Hungary PMis Apr. 12~ Sept. 14,2000 Non-heating scason 34 59(38-72)  and TOC Kiss et al., 2002
Urban Budapest, Hungary PM,; Apr~May 2002 Non-heating season 2.00 62 Gravimetry Salma et al., 2010
Europe Urban Budapest, Hungary PM,; Apr~May 2002 Non-heating season 1.63 25 TOC Krivacsy et al., 2008
May, July 2006 Spring/summer 4.7/3.8 47/—
Budapest, Hungary PM,;
Urban May 2008 Spring 1.65 35 TOC Salma et al., 2010
K-puszta PM,; June 2008 Summer 22 48
(S;;);i:r?e’)v 222002 R event 43 63
Am.azon A pasture Rondonia, Brazil PM, Gravimetry Salma et al., 2010
basin site Sept. 18 ~ 22,2002
. BB event 60 76
(Nighttime)
Marine urban Auckland, New Zealand Jan.~Feb., 2001 Summer 0.63 51 TOC
Marine urban <o rnureh, Jan. ~ Feb., 2001 Summer 043 34 TOC
New Zealand
Australasia PM,, Krivdcsy et al., 2008
Marine urban Auckland, New Zealand Jun. ~ Jul., 2001 Winter 3.82 47 TOC
Marine urban C o rnurch. Jun.~Jul., 2001 Winter 9.85 45 TOC
New Zealand
BB-influenced 11.8 60 (46-72)
Pearl river delta, . .
Rural South China PM,; Nov. 2007 Sugarcane burning 221 31 ELSD Lin et al., 2010
Rice straw burning 1178 34
Coastal Maofengshan,
° ’ Mountain forest park, TSP July 2006/Jan. 2007 Summer/winter 5.7/13.3 40.5/39.4
suburban .
. Guangzhou, China
Asia
Coastal, Universities Town, TSP July2006/Jan.2007  Summer/winter 4378 31040 ~ Cravimety - Songeral.2012
suburban Guangzhou, China
Coastal, Wushan, . TSP July 2006/Jan.2007  Summer/winter 5.8/13.4 36/40.6
urban Guangzhou, China
Urban Gwangju, Korea pM,, Dec- 2013~ Feb. 2014/ o summer 42124 465/40.1  TOC This study

June ~ Aug. 2014

Note) HULIS-M ((ug/m’) = HULIS (ugC/m’) X 1.9 (based on Kiss et al., 2002).
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Fig. 3. (a) Temporal profiles of WSOC and OC concentrations, and (b) relationship between concentrations of the two

species.
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Fig. 4. (a) Temporal profiles of HULIS and WSOC concentrations, and (b) relationship between concentrations of the

two species.

NH,") Ato] 9] &2
20132)& 1#3E WSoC uf 2
37t 7S 4EET

a9 33} 4= 2A7|7F = 0CeF WSOC sx9] 99
(19 3) @ WSOCL} HULIS 5= (18 4)9] ¢ ¥
3= B2} £33 0CL WSOC @ WSOC$H HULIS
Aol 9] Aol tigt 1ol xJE o] gt} 19 3
T} 40 9J5tH WSOC %= OC(R*=0.87,p<0.001)
9} HULIS %% (R°=0.91, p<0.001) Afo]of & =2
BHBAE Hole AR ZAEY 7|& A2
o o5hd WSOCQ 8 2 JYL FTAR7ISFE
o] F3}e}t ARtAE S5 AYEE SOAR UEA
Q) TH(Weber et al., 2007). wakA OC, WSOC @ HULIS

AHA] (Yu et al., 2014; Park et al.,
44 WSOC =x9]

3.2 WSOC, HULIS & SkH[2| 7| ZEX
HIEY

3% 5& WSOC, HULIS, WSOC/OC 2 HULIS/
WSOCY| Add Wghs HojF= T1golth. & 29+ 1
¥ 52 ®¥ EC,0C, WSOC % HULIS =& A&
FIL A5 W2 T3 AR 54 BRI )
th. WSOC/OCSH HULIS/WSOC A Ad7 E4<
Ho|A|gt FEREo} ThE BZEAS WITh WSOC/
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OCE 5ol ¥ ALl R& REZEALS
HULIS/WSOC= o5 B3 g/AZe &
UER Itk WSOC/OCE &, 95, 7 %
7} 0.73,0.75,0.70,0.655 HULIS/WSOC+ 0.50, 0.40,
044,046 YeHITh & AolA F s=HE &2
A FSE Al e Zol7t vEhA] g ol A
ohE AW YA P 2HDAT AR 4
Zpolof 7]Q1E Rew wdETh dytF oz WSOC/
OCE OC Yte] Sf3t4 Walmgol Suele g
th. OC & WSOC &&& Z=AIA oA ujd E= o
Rz P4s EE Aguchs oige] F7RHe
A8FS Bt} (Park et al., 2013a; Park and Cho, 2011;
Kondo et al., 2007; Miyazaki ef al., 2006). 121 x}=F
S3o] A ==y SH AT &JshH WSOCE OC
9] 12~23%E AA|gtckal 3}t (Yu, 2002; Ruellan

Fa7IE SR A A 31 E A3 =

and Cachier, 2001). webA] &2 A tolA] 2AHE AEE
WSOC/OCE "¢ 2 2825 Eo|H 13} vjEd el

£ 8% Lg¥So] WSOC 9#ke ool 433
7193E Aot} o5l &4 2AH WSOC/OC= o
ol 735t di7] Fteidshgoz Q% 23 f7]0
ol2F 9] o] FxH o] Uehd A4l whdel AL
ol SOA 9ol ulolonj2 Qa8 HHT 1R
AR Aaz dddte] 1%} WE U ool F7HY
7] g2o 2 AR E . HULIS/WSOC+= BB ooj2&
ARl dfsfixl= Blolemjs F5, Ao, AY 5
o o} th2m 0.15~0769] We wele) he 2=
t}(Lin et al., 2010; Salma et al., 2010; Mayol-Bracero
etal.,2002). ¥ tf7| @A o)M= SHA G (A B
we]), A (HF/AL), Hiol e Aadr| o) F3F
fri Soll wet 24 S wom FHAHoR 025



~0.629] 7r& zt= Zlo2 HIET Qth(E 3 FR).
Aol A ol Srth Bt AL HULISWSOCS] 37}
L 23} AL vholo 2 A4 9T F7ke} SOA
G FAE A3 ehd Ao BRrE

3.3 {E ! 7= wSOCe2} HULIS?|
ZAL

WSOC 9 HULIS= tj7] % 22+ /314 4t of
Yzt vlo] oA Aol 22 13 i 9S Fof A4
He Aoz dE A 9lth(Saxena and Hildemann,
1996). & AFoA= oI 9@ ALl 4% WSOC
B HULIS®] 443148 ZAj5}7] $iste] WSOC (%
HULIS)S o] 099 28205 Aolo) 4BENE
Astoch B 9 ko] £ B oiet AgTY 2
Ao 24 AR 27h e Mol AHolA] Aelelsict.
AEA0] AHEE FAAE ECHER w717,
K* (gho] uj & @4), 27} o] 24 & (NO;~, SO, (23F
AY73) & oxalate (22} 7)ot} Oxalate= th7] 5 7}
2 FRE L2 B Ao g 23F A TA T} uho] @l
2 Aaot AFA}F 7| kA 2 13 2 HYS F3
HiE 5=t HEEY] oxalate:= 22} df7|HEE Fof
A= Aoz A A It (Huang et al., 2006; Kawa-
mura and Yasui, 2005; Yu et al., 2005; Kerminen et al.,
2000; Kawamura and Kaplan, 1987). 218 62 AL
((a)-(e)) E & ((H-()) WSOC (Z HULIS)¢} EC, K™,
NO;” 4 oxalate 5% Ato]8] FHEAALE HojE
ok I9 69 AWEAATE T8 404 WSOCe
HULIS Ato]9] £2 Ad4dS 1Estd WSOoCe
HULIS&= |3t 848he E4E 7M1 Sl 2SR
Holug =&of|Al= HULISY A4up7g o thsfAnt
o},

a9 6(a)-()E EW AL HULIS H%9 EC, K*,
NO,™, SO, ¥ oxalate 5% Afo]o] z+z+ 0.42, 0.81,
0.71,0.50,0.632] A4 (R, p<0.001)& Hgom o
2 HULIS %X 0.35,0.66,0.50,0.37,0.762] A4
(R?, p<0.001)& RAFch AHEA o 23t AL
4 ojF 54 HULISE 2 Hio] 2|2 A48 NO;y,
SO, ¥ oxalate?] 437 FAFEE A2 (22 AAT)
£ Sl BAAEHUE Aem FA e, AFAL w77k
of ot FFE ALol WIoFet ti7|S4t e ofE
Hohe= o 2A UehdS Aolth AL} o5 5%

LS

EAA S PM, ;9 HULIS 3l8F 574 2l A 3 24 249

° HULISS| wj&int 44 249 Foajnl ol
WAEA ghorort, Agol wpoleris Andlz|e}
NO, At fAHE AEE FF 27 f71olol2E A4
X 2po] SAIR W], oSt oxalates} §AHE
SOAS| A I (L7133 75 Wl 89 4t
SHg) I} mlojemjs A4 HijEHS] FIo] AR
Ao FAsUT 2y ek oz iheS Z3gH
Hpojemj A AAIAL 7] 20] W =7 Aol
HIREHA Y E o Fo= Hio]emjA A7)
ol muF Aoz FA o, B dFolM=
o} 5ol S4 € HULIS 527} Hio| Qufj 2 A v
o Sl e Wke Ao 2 ATt e
o 59| HULIS F&=of gt Blo]emjX d4d7]9] ¢
F& 2AFSH7] f1ste] MODISS] 94 94 (http://
firms.modaps.eosdis.nasa.gov/firemap)™} PSCF (Poten-
tial source contribution function) 2d-& 4335} T}
PSCFo]| o3t Y-8 Park et al.(2013¢)o]| A}A|3] 7]<&
ol et Zters] drshd PSCF= AAIAY Ld€
Y 7 AYS B7HE o e FE 719 FeEA
A SAAG FFE VA= WL dEEY oF
BE2E 719 9HAS Aitste sk, o] 943
= ¥ SEAYNAN & $=E Uede 993
AR dfste] Abste &2 e Yehde A
e LHYY WA AYLer ush= Aotk Aol
A PSCF Aitoll 283 37] A2 =9 NOAA
oA A&3l= Hysplit 2@ (Draxler and Rolph, 2014)
= AR e, AR S A S A9 fEet
BEs Edof gstar, q5d ANrAFH 717H6d |
d~64 30¢) Z=(100m~ 1500 m, 100 m 7+2})o]
gste BHE e ol FH2E vl AIRPE= Ff 9641
Hoz ALbstAtt 19 70| o5d MODIS 944 9%
(201413 69 12 ~302)7} PM,;©] PSCF 34 A2
LrER )it MODIS g% At=29}F PSCF a4 235 ¥
G FHA oA AFo F47 HULISS AR
€ T 5E Aol 2T A= A719 BAT ol
ol oJste] FEFe WS Aol A& E0l. T=L
Z5E ZAY ol gt vpo| A i A7)
ggko] YeERE 20149 69 16Yo] WSOC, HULIS 9
K'9 H&X 922 ugC/m’, 4.73 pgC/m’* 2 1.69 ug/m’

2009 O BE $2E HejFYch
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Fig. 6. Correlations among WSOC, HULIS, and other chemical species in winter ((a)-(e)) and summer ((f)-(j)).
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