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Abstract In this study, oxidative potentials (OPs) of PM, s at an urban site in Gwangju and a rural site in Seosan were
evaluated using the dithiothreitol (DTT) assay method. Measurements of PM, s were made from October 29 to December 23,
2018 (winter) and from May 1 to June 12, 2019 (summer) in Gwangju, and from October 1 to November 4, 2019 (fall) in
Seosan. Results showed that average DTT values in Gwangju were observed to be higher in summer than in winter. At the
Seosan site where traffic, biomass burning (BB), and industrial emissions are mixed, average DTT values were observed to be
higher than those in Gwangju. At two sites, as the PM, 5 concentration increased, OPs also increased, suggesting that PM, 5
played an important role in determining OP. Furthermore, the OP in Gwangju and Seosan was 2.2 and 1.4 times stronger
during Asian dust period than non-Asian dust period, respectively, suggesting significant contribution of mineral dusts to the
OP. Correlation analyses indicated that the OP in Gwangju was influenced by the increase in concentrations of the primary
combustion emissions (e.g., traffic and BB emissions) and secondary organic aerosols (SOAs) during winter and attributed to
the increases in SOA and SO,2~ concentrations during summer. However, the OP at the Seosan site was affected by the
carbonaceous aerosols from BB and traffic emissions as well as the SOA and NOs™. In summary, the difference in emission
sources and secondary aerosol formation at the study sites could lead to the difference in OP.

Key words: PM, 5, Oxidative potential, DTT assay, Biomass burning, Traffic emissions

1. N = 3} 721 (oxidative potential, OP)0] WA= o] Q1o
™ (Lucile et al., 2018), OP+= 7] ofo]2& A=Y

2714 AL Sk B2 AE=Cl oA 4taes 548 AT & e A8 27 Aux2A H2
o B7HE Q4o ARt, Tof] mbE AR &4 #hds] AFE| T Qlok(Bates et al., 2019; Ayres ef al.,
AFAZE (reactive oxygen species, ROS)9] H & ot =7 2008; Borm et al., 2006; Cho et al., 2005; Knaapen et

& A2, DNA, i 5] &4 skl Al al, 2004). 53], FUlollA ZrA|A R el
W gl mi-¢ A2 o]tk (Rocha et al., 1996; Cross ~ PM, = EHA o] W1 H7lx] Zl%o0] AESIo] 4]
et al, 1987). gk 3}t JEEE F4E A Al AAEA 7] dizel QA Wi rFdFE vl
E42 PSS I Z4A7]0L ROSE BAdsh= AF Slth(Fang et al., 2017).
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7] olojz2E JAke] digh Ateh HAEe
= o R A AEE o83t Al 74
luar assay) ¥} M| ZE o]-851A] ¢F= H|-A
(cell-free assay) 02 EFHCE Al B
(zymosan unit)©] t|FEZo]H, H]-A| 3z BAHLO ESR
(electron spin resonance), DTT (dithiothreitol) assay,
AA (ascorbic acid) assay 5-°] FHH A=
QIth (Janssen et al., 2014). H]-A| X EXHO ML B
el vkl vt 89 B0} 150, st
£ AR dAE A9E AlgRith §9], DTTH
Aol HLA e 4 A E 9 2 9] o
A B9 44} A S Wk del A8
1! QJT}(Sauvain et al., 2008; Shima et al., 2006; Cho
et al., 2005).

DITH-S o183 A5k A BohE wo ATs]

11 9] 1 Hakimzadeh et al. (2020)-2 o]g&g]o} Ut
ol PM, 5 AFIste] AEA Atolof whE Atet
A= o] E4S E4613aL, Aol HIHsHA o] F
oJZ] 1 QI Hio] QuiA A4 FFo] AFsE Ao
3A 9 vt Yk Liu et al. (2014)2
PMF (positive matrix factorization) &2 ©]-85}
T H|o] o] TA] SAFOlA Atel FA | IF
= HA= PM, 5 LF Y] 7] =S £ 0 H, 2
A} ol (50,72F NOy Yol Atst ZA=o] 29%
7|2}l S} AT Wang et al. (2019)-2 = &A%
JollA] 1 EF AT PM, 5] 415} Z e A8
oz AIZHATHE o} St A1Zte] AT 5
=t ol 27} §7] ool2E Aol B 27
of 71Q1Ft} L SFATE. Verma et al. (2014)2 H]= ©f
Sale Fo) £41S FHUOE ZAT PM,.9] A5}
e mwold WEE 34 ARET Uy
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, Kim et al. (2019)-& = v73 2] <
HE HREE QMAE oA PM, & A FI5He] 4HS
e %ﬁé}“iﬁl FTHORRE QAEA
A §90] 94 Al DTTHO] i E7teEe &
T}, Lucile et al. (2018)2 &2 34k, 12|11
A PM, 52 AFsE Aol |z A &
AA G AT A+ ATt 9 }Eﬂ
o] et FoF ol a4 =]
7P =2 PM, 59 4tst A= Hlom, 741124
O 2= 33let ghgo] 71 St o Boll =2 At
FAEE HojFdct.

AoflA ARt Hiel o] PM, 59] 4tet A E
PM, 9] HlZ o A97} stat A4, 81 24 A
Ait AAH EA ol whegt @A B=, A9 9 A
A2 Wskg aeg 7] ool 2E YAke] 4ksh 7Y
2ol tigt B77t astet whEbA 2 AqelA=
BN 9 g B4 A FoA] AgT o Bl
= PM, ;9] At A 5498 Brletat B
AT AlE A9 PM, 59 AFSE A AfolE ZAbst
7] $15to] S HE AAHA] Ao A] oF 5km FolZl
AlZ A ellA] oF 309 E<t PM, 55 AHFote] Atst
FAEE B7lskdh
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2.1 PMys A2 ®Z
B & 24 A4 PM, 59 Al HF=
5 8850l 1At dadiste Faefet 3 A=
% S/FoA T W9 él%%é 717+(2018% 10 29
~12¢¥ 239 (A&)7 20199 59€ 1¥~6¥E 12 (A
)= &ofl WY oF 24417t BeF o]FojHith Alm
F A2 FE 42 E2o)A °F 150 m HolHl
o 9Jx|sto] 2HE AL vl 7|7k 0] FEFE W AR
ol =29 EA-E H &t (Park and Yu, 2018).
219 EAo) tigt PM, 59 4HeE g zto]
ol 7] 9ol TAHHE AL AFoll 1A%
HeE et S8 718 A4 Aol A oF

o B :.:‘ nlm mo
no. 1<
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Fig. 1. A schematic diagram of DTT assay method.
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7} 91715t AGA AT A|ele] E4L Holn,
OF 1 km} 3~5 km Hoj o 77k 2214 we}
SRR A5k Qo] wAlA] E4o] A

)

=l =
AT W8-S Ju et al. (2020)°f & YERYICE
FFolA PMys Al AFE o o] 8 AE
2 (high volume air sampler, TE-6070, TISCH Envi-
ronmental Inc., OHIO, USA, 1.13 m*/min) %} 3t T 9]
-8 ME2 (low volume air sampler, URG-2000-
30EH, URG, USA, 16.7 L/min)E ©|-&3f o]Fo]H 2
o, AAke gt tjo] 187 AlE2] (HV-RW, SIBATA
Sci Tech., Japan, 1.00 m*/min)& AH&SFt. 185
e ol A M= 203cmx254cm2] A9 &
B (335 Quartz micro-fiber filters, Whatman, USA;
#J4F: Pall Tissu quartz filters Filter 7204, 2500 QAT-
UP, Pall, USA) oW, 485 HE¢+= 47 mm 27
o] €22 = (Teflo™, 2 um pore size, Pall, USA)S
ARESHAE. A= AF Ol AHEE Y BHE AR
A A7] 2 (electric muffle furnace, JISICO)E ©|-&3
o] 550°COflA] oF 8AIZE o) AFste] ojuA]o] &
TEa Haseller, Alg A5 Sl Alm &
A g Elo] Joa WAIsH] flste] dFulE o

BT A0 PM, s A == 47mm O] HIEE 2
BIE Alm AH -T2 2 9 A7 st
A FAE HAACTE oA oF 24A17F B Bt &
Lpg®] 27 =S 2 uo|2ZMel A (CP2P-R
Satorius) S ©]-8of AFT + AU A4t A
O] 9= PM, ;0 AFEe 70| o] Fo| 2| #] ot
At A& o83l AFEsHT (Malm et al., 1996);
PM,=18X0OC+EC+Na"+NH,* +K*+Ca*" +
Mgt +Cl"+NO; +80,7". §71849] st Alg
AF 2 ZANA RIASHA &5cte 5549 F
& B {78 A (organic carbon, OC)l 1.8
< A-g5to] A4FeATth (Turpin and Lim, 2001). A]4F
A9 PM, 59| e Y4459 B 240] o]F
o Z]A] ¢k3t7] whitoll AA| FEHETh= A F7HE
< 7o)tk (Ju et al., 2020).

G716t 49} YAEA (elemental carbon, EC)2] A
F 242 L8 AF71R AR AR2TE 47
mm= A& A TEA 1.5~3.0cm’S] HAS ¥
Z]gt & NIOSH Z2EZ9] TOT (thermal optical
transmittance) method 50402 ©|-&35}o] 4=343}ct.
83 584 87|84 (water-soluble organic car-

bon, WSOC)= OC®} EC J= 245kl B T H

A
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£ 40mLY) 32} 2&42 A7 59 280} &35
T 045um ATZ] EE o] 8ot B84 HES

A AT & TOC #417] (GE Sievers 5310C, GE Ana-
lytical Instrument Inc., USA) 2 A &Fs}st et o] 529
A of ek AAIRF W85 A EdEl &
YerY Itk (Ju et al., 2020; Yu et al., 2019; Park and
Yu, 2018).

8Z9] o] 24 E (Na*, NH,*, K*, Ca?*, Mg?*, CI,
NO;7, $0,2)¢] BAL ZF 9L 47 mm HIE
”JE1 = 20 mL—°4 32t 2R A4 F ”301]/‘1 60

gt
et al., 2020). HIEE 4 A4 25 FE59L2 0.25um
A7) ez 284 AES AAT § ola=nt
E 721 (Metrohm 930 Compact IC Flex, Metrohm
930, Switzerland) S A&t A =Fatst STt

2.3 PMys2| AF5t ERiE 24

ddtz o 2 AU ROSE U] EZE 2|0} (mitochon-
dria)@} A3 A (endoplasmic reticulum)olA 2F
2] (glutathione) = NADPH (Nicotinamide ade-
nine dinucleotide phosphate)®} -2 A 2HUA| =
FE HAE Wol 414 (0,)7F #tEHE (0,) = E+H
o2u P 2 Aol 45} g 87
15 AHERE DTT 244 DTT (HSCH,(CH
(OH)),CH,SH)+= Al 7] o] ¥h-3-of] thA 4] 2
ofsto] o]sl P (-SH)=E AtstEw At Hg 3}
& S (Kumagai et al., 2002). B5 7] 5 <
12 YA A5t A AEZA DIT A E
= &R E YL B ARSI (Lucille et al., 2018).
DTT £4E°] 245 7] 5 ool=F U] 4tst
210) fog B39 Lehi
il

e

=]

JlN

2t 32t 2 FET S S ojdfo] ZaskeI.
Eh 240 ARgElE DTT2F DTNB (5,5-Dithobis
(2-nitrobenzoic acid)) A]2F2 ol ufj-¢- 7St g
S ZYBZ (Eyer et al., 2003; Damodaran, 1985) &
o ot 2HE w7] fisto] miolde = A
et e 2 ThE & A5 T (Fang et al., 2015).

< DTT 418} 219 DTT 24 &4
vheh DTT Absh B 5 A2
Z0-g 4719 vpo]o] 0.5 mLA Y, Z}zte] up
&l 0.1 M potassium phosphate buffer (pH7.4)E
0.5 mL F7Fste] 37°Coll A oF 523t WAt
DTT 2% A= DIT 4t} @A oA 1hgAI1 =+

SH=0] 2mM 2] DTTE 0.5 mL4 H7}sHAA A2}
gt DTT7F H7he 2052 47 dARN A1
(5, 20, 40, 60+H)FT} HH-G-A] 7] 3L 1% TCA (Trichloro-
acetic acid)E 1 mLA H7}sto] A= DTTO] HH&-
= AAAZH. ZAE AHelA 2mMO] DTNBE
0.5 mLA FYsto] of 523 A2 ez Fof DTIT
¢} DTNBE HH3-A]#A TNB (2-nitro-5-thiobenzoic
acid)E A/ttt ©]% 0.08 M Tris (hydoroxymethyl)
amino-methane (Tris-HCl €+5H) 2 mL2} Tris-HCl
eAe Frleta vhg2 eI ohd Hhgo
2 AAE = AFE2 TNBZF oS A 7191 2A]7F

ool UV/Vis =34 (OPTIZEN POP, Mecasys Co.,
Ltd., Korea) & ©|-&5to] FFEE 545+t (Char-
rier and Anastasio, 2012; Rattanavaraha et al., 2011).
oluff 4 4L 412 nmo]¥ DTTS} DTNB7} HH-$-
ato] AAE 271 20l TNBE 412 nmoflA] 104150
M em™o] B S48 ZFH=tH(Li et al., 2009; Eyer
et al., 2003).

DTT 4:H|-& (consumption rate, oppr) NG A17F
T S4E 28k e &8st A ()= AESHA
AL A (2 olgst] FAIRS HE S EASHo]
AreE A E S BIFsEAT 91714 oprre DTT 4:2H]
& AY3FAEAe 7e7]et ydH oY AF
T} (Fang et al., 2015). ogp= BHAIE & S8 =9

71&7] (Abs/min), Ny= gt DTT & < (nmol),




=AY AIZ RIHOIA STE PM, 2] M3t I S4 B 731

Absy> Al=0] 27| S8 2 3]74]2] yEH (Abs)
< AH8RITE DIT = 37159 7|59 DIT &Hl&
(nmol/min/m?), oprp Al&ES] DTT 4H]& (nmol/
min), oprre A2 DTT 4 H]-& (nmol/min), V,
= AFAT F715F (m?), Ay 2T ZE] HE
(em?®), A= OllO|2E AP 2R == IH AA| |
A (cm?), Ve F29 F v Fojd 85 (mL),
Vo= BEE 5 8% (mL)S UERATH (Wang et
al., 2019).

o —a g X
DIT Abs Ab-‘io (1)
_ Opr 9prmy
DTT“‘V 4,
X —=X
TR 74 2

Aol A DTT 24 At g2 SA1= 9] v ahs
HAstgon, 240 AMH FA & A Azl
F 9% (1271l gttt A1 =2] Bak DTT 4
H| & (0p )= 1.21 nmol/min©] th. EH BE A|w
of tish 23] #AgE At Fol U= 8% o=
=elo] =

3. 2¥ 24

-
[
2k

3.1 PM,s2| YEHH 3I51M Eo

9 27 AR FRF BFeh Astel A fFE
PM, ;0] 2 3} JE59] skof digt 4 #
35 HolEoh FF 299 A, AL} o
PM,; Bt 5T+ ZHZF 28.6 (9.4~86.1), 29.0 (
71.1) pg/m*o] 3t} A& OC% EC s&+ B
°2 6.1(1.6~13.5)7} 0.9 (0.3~1.7) ugC/m3o] 2™,
OC/EC H]= 6.8 (4.3~9.8) 2 A4T3d] =34t 0Co =

= 71829 T (=1.6X0C) 7|FEL 2 PM,;
9] 36.1 (20.4~54.0)% 5 AFA|5to] FAAHE o2 = 7}
&2 9= mA 220l 0Cot EC] Al
(13.59} 1.7 pgC/m’)i= PM, 5] ‘5= 7F Z{11(86.1 pg/
m’)7F Hi= 20181 129 1990 S = A= ol

)

s
)

Hpo] Quj A A4 0] A2 E Azl KH 9| FI A
Z| e ATh(0.83 pg/m’). A&H OCHEC ¥ K' 5=
Ato9] A (RY)= 22 0.78, 0.612 TS 2
& HojFglom, o= OC &9 Aol
A-EAL w717k 9f Hio] QA A4 SE T WX
o] S omlgitt. o84 0Ce EC 5=
BAAHOR 7.1(1.5~19.6)7} 0.9 (0.2~1.7) ugC/m>°]
glom, ALE oC Xt =4 =4It 0C/
EC H]E= 8.6 (5.8~13.7) 2.2 AF3] &ttt 0Co) &
T PM, 59 408 (87183 B & 7]F; 12.0~84.2)%
£ AA5to] PM, 9] 7 F87F AZel3ith oce]
F] %% (19.6 ugC/m®)= PM, 52 &7} 231 (71.1
ug/m’)7F == 20199 6 50] S ®HH, ECY
5% (1.7 pgC/m*)E= PM, 9] 57t 41.5 pg/m’
¢l 5 1290l S U= olm 0Ce] F& HA
A5] =T (15.0 ugC/m?). 9124 0Ce EC 9 KF
ST Atolo] R¥= 0.817F 03724 ZA7|7F 712
o] F& o5YolE EF3HL 0Cet EC Afe] 9] w4
At S A o] AsAF LB EEA oF
150 m Eol¥l A& 112shH OC 5k o] 3770l
s 2F w717k oF AR o] 9llS Aotk &
gk oftjgl 0Cet K* Ate] 9] A A OC 5= 9]
ojt A= HiolemA A4 E-Eat o] Q%
Ao g FAeh v A4F 24 9] 715 PM, 59
B 5= 22.5 (4.1~50.0) pg/m*0] 9.2 ¥ OCet EC
S HAZOR 63 (1.1~11.6)7 0.6 (0.1~1.0)
ugC/m3o| 2 2™, OC/EC H]= 10.6 (5.9~15.0)2 AF
5] =T (Ju et al., 2020). Ju et al. (2020)2] S5 2
ipof] OJSHA AAPA] A 2] O] kS Wrow FgAt
AR el 4215 A4t 2ol A ST PM, 5 U
OC+x= A& Hj 7|7k 0 vho] @ ulj A~ A4 T2 1
2t v SRt ofyet 221 frloloj=E Aol &
SHAE FFe T2 o= pashlet Aok F
FoF AAtel A Z4H PM, W 2 OC/EC H= &
A2 0] HiE o] AE At Hi 7|7k kTt oy
2} Hpo] Qui A Aot Z-2 thE A4 PO 7k
22k frleol2E Ao A4 H9A] OC Bk

kv

det

=

=
o
—

Hir

i
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80 1 N EC
=== NI,
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& .
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L] I ="z I ]
018 =|=|m e | == - I = I ] = .
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4] = OM
N EC
== NH,’
E 60 — NoO;’
S mmm SO,”
§ 40 B Others I
&)
L
20 1
0 B
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Fig. 2. Temporal variations of major chemical composition in PM, 5 during winter (a) and summer (b) for Gwangju, and fall for

Seosan (c).

7R YQle g AgatglS Aotk 11.0) pg/m*0] .21 PM, ;9| 24.6 (5.9~46.2), 11.9

FF A9 A4 NO,T, $O,7 E NH, 9 B (3.3~26.6), 9.9 (4.2~13.7)% S AR5} 7120 &
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NO; 9] 1% (39.8 ug/m’)= 0Cet FLsH 12
4 1990 BEECH, PM, 59| 7]ol& HA] 46.2%
2 HgE Bt ojnff 45, 72 9 Adiss

HAZ 02 0.4m/s, 8.5°C, 80% Tt ©]9F &
I 5
2

=

et Z7HE oF7Iste] PM, 59 &
L5 37HFEE Aolth o 54 NO,;, S0, 1B 1L
NH,t9] Hi'sE+x 3.6 (0.3~15.1), 10.1 (1.2~27.5),
2.0 (0.4~4.9) ug/m>0] 2™, PM, ;] 11.1 (1.3~28.9),
34.8 (10.3~65.7), 7.5 (2.8~11.6)% = Z}A|SFAAL}. 22}
F710l e BE 0] AA 5= PM, 2] 53.3% (20.2~
81.2)2 A}#|5le] A4 (46.4%, 19~69%)Hrt= o
Z 719&& BoF3dth ol o{FHe] S0, NH,
ot Z-2 7|14V AEdEe] t7] F 22 Fafet 4t
shpgo] EilstA o] Folx bt Eo] BdS
S7MFH7] 7o = wHE SO, = SO,2k OH -
7174, AEolu *F7) Wi S0,9] 4-8-H gt
T, 53 oloj=ZE dAF FHOA 50,9 Bt 4t
Y T& Tl BEEH= AeR I ot
(Seinfeld and Pandis, 2006). ©] & 7| AAATSHES-S o)
71 2kof| A7 dFe ToH, oo w2 72
7t OH - o} 22 2t Zo] A4 F7H2 50,0041 80,2
29| F5}s} Abshh-go] w27 X3 x|o] PM, ;9] &
TSIt 24 IFE Fot(Zhang et al., 2018). ©]1F
g oAE4d 50,79 A T2 50,79 Baskrt
AEHT 50 H =2 dQlo g 283t} giHo
NO; 9] Htsh+ A&Ho| o5 dHe; Frh &4
2ol Al NO;~ 9] B> HHA o g 2-Fat o 7] 7k~
of o3t H24 e oo FFE won, F
7] mzoll ALl S7 ke S HRAh (Yu et
al., 2015). 71& A7 W2 FF 2] 2] PM, W
NO; &= FA|A 05 A5} vl 7]7}20] oJ_t dok=
F2 gt= Ao 7 oM Qt}(Yu et al., 2015). AJ4F
219 o] A%, 7124 NO; 7, S0, ¥ NH, 2| Has
T 247} 4.4 (0.2~14.7), 2.8 (0.7~8.8), 2.4 (0.5~6.6)

[

ZJ_:

ug/m*lSIck., A4 Sel ) ocst B PM, 9]
£ Z71el 443 1ol No, i SAAE] E-E
A9 G ORI FHlel £TE 5T 4G

A= Zoltt. ofof gt GAIRt A2 Ju et al.

(2020)°] & eI

3.2 Eet Mito| A3t ExHH £

BT 290 AL ofF 9 AL XA PM, 5 A
3} A (0P)9] Hwtah-2 217} 0.62+0.35, 0.84
0.41, 1.10 £0.40 nmol/min/m>*°| It (E 1). F59]
AL} M) 7Reo] PM, 0] 1% (>35 pg/m?)
7b A8t Fo] DTTO Bgh2 217} 0.92, 1.65
nmol/min/m’2 T E7F TA5HR] &L do] ¢.55
9} 1.03 nmol/min/m*Et}t F 1.77} 1.6H) =7 =4
o H3lth. o]= PM, 9] 57t S7FEE Abel &
A A F7FerS ou|jith FF 2|9 o529
739 299 AED 71t B EETt 23] WA
off ALFEet H|Al sk Ato]of] & 2tolE Holx] 9kt
E 19] DTTHO R PM, ;9| 415} FAE S H71
7|1&9] AFAANE} = A4 AIE 25kt
AollA FFet AitollA SHE PM, 59 At}
A Q] F8 EASAA B7HE AFsE HAE
Hop g 702 Uetth 55|, $59 Junzhou,
Tianjin % Yantai ] S04 A Ft 415} HA)
&2 Ao AypETt of 3.8~11.08] &%

%= Junzhou, Tianjin, Z12]1! YantaiollA] 3%
PM, ;9] it 77} 114, 120, 113 pg/m* o2 2
Aol A ZAHE PM, 50 st 4.5~6.34)
=AU ol ti7] oloj2E QAFe] Atet A o]
SAE PM,59] & ool A FFE T AU
= A& ek
TRh 2 Ao A7 i A FUsEAL Ql
et oA B7EeE PM, 9] AHSE A At o

oo L
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Table 1. Comparison of oxidative potential (OP) measured by DTT in this study and previous studies.

Sites Description Country Sampling period OP (nmol/min/m?) Reference
2018.10.27 0.62+0.35 .
Korea 1223 (0.02~1.81) This study
Gwangju Urban
2019.05.01 0.84+0.41 .
Korea ~06.12 (0.06~1.91) This study
2019.10.01 1.10+0.45 .
Seosan Rural Korea ~11.04 (0.18~2.24) This study
2016.05.28 1.9010.31 .
Taean Suburban Korea 0618 (1.51~2.96) Kim et al.(2019)
i 2015.12.31.
)
Gwangju Urban Korea ~2016.02.05 0.79 Borlaza et al.(2018)
Jinzhou Urban China 2015~2016 44+26 Liu et al.(2018)
Tianjin Urban China 2015~2016 6.8+3.4 Liu et al.(2018)
Yantai Urban China 2015~2016 42+27 Liu etal.(2018)
9.0+0.47 .
Teheran Urban Iran 2014~2015 (2.10~9.30) Al Hanni et al.(2019)
Mialan Urban Italy 2018~2019 212 Hakimzadeh et al. (2020)
background
Thessaloniki Urban Greece 2013 76+0.27 Velai et al.(2016)
background

OP values shown are not presented in the paper and thus estimated from mass normalized DTT (nmol/min/ug).

(]

L3} ZFkth; Lucile et al. (2018)°] FFolA 20159
129 319~20161d 2€ 5 Atolof PM, -5 A FI5HA
ASE AHSE 28-S 0.79 nmol/min/m’e.2 B A
= A1}e} H]=5} T Kim et al. (2019)-2 AAF =3
2ol A ©F 20 km o]zl o]l L1XIe et 7] ¢%
S 204 2016\ 59 28U~2016'd 64 18U
SF PM, ;9] At =2 1.90 nmol/min/m*Z2
AT] Aqt A3 0] A AdpHTt of vl =8kt
AFollA iAoz @2 Atsh A2 ofute
Kim ef al. (2019)9] Ag W} oh2A] 4tsh A
7} A] Potassium phosphate buffer®} Tris-HCI buffer
of g Mo &2 FF= HiAlsh] flste] 2
O|EA|(EDTA)E H7igto g yept Avta Hel
T} (Charrier et al., 2015; Charrier and Anastasio, 2012).

O9 32 37 A2V o5 2 Aol A5
PM,; 5% 2 AL A2 (DTTv: B3] 5%, DTTm:

JTL Hm i

o?d,J

feor e

d, 20199 64 54
2019 10 219¢]l RO M o] 59 12 1.8, 1.9,
2.2 nmol/min/m*°| 111, 24| 7|7t Ak} A2 o]
TEET 2.9, 2.3, 1L9¥] =A UEhd Axfolrt. 4Fa}
AEo] Hd7t @ PM, 9] 5= 4 62.2, 71.1,
457pg/m3°]°q‘3]' 7|1& Aol oJshd At e
of dF= nA= nAHA W 2ot e T2
4 82T} S (Verma et al., 2014) B[ SR
£ (Cu, Fe, Al 5)°|2t1. 11537 QIth(Charrier and
Anastasio, 2012; Verma ef al., 2009). ©] 2] = H}o] @
oA 4o oSt 5k (Hakimazadeh et al., 2020;
Simonetti et al., 2018; Velali ef al., 2016) Y 22} 57|

Sr=oi7|1tsts|x| ® 36 EH M 65
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Fig. 3. Temporal variations of PM, s and DTT during winter (a) and summer (b) in Gwangju, and fall (c) in Seosan.

ooj2E 5 TRt aQlof| ofsto] Ateh A FgF
2 W= o2 A3 A QThH(Wang et al., 2019, 2018).

Bl ALt ol goll 7%t Atet e gt
w2 217} 0.62 £0.359} 0.84 +0.41 nmol/min/m> 2. 2
59 4tet Aol ALH et oF 1.358) =T
Verma et al. (2009)3} Borlaza et al. (2018)-2 o152]
7] & e "HFEAIUA R I 71AY AAaE
AE9] kg Foll AdE =70l ARt 23t o
o]2F {JAH (S0, )R Iste] AFs} FAf=lo] el
kil spot & AoflA 0,79 Ag E o5H 9]
Bt 5= 47 3.0, 101 pg/m’E ALHTE oF 3.2
v o] =2 o] 5H9] S0, FFo R =2 Aks A
o] Uit 2o Heltt E3H 3

Fo| 53} A
9] WSOC/OC H-&2 Z}2} 0.65%} 0.530]%]ct &

HHA 0 2 WSOCE 24} oflo]2E&9] AAIZ=Z AH-5]
o (Du et al., 2014), WSOC/OC H|-&©0] =842 3}
S}sk gh-go] Z3sk Zlog d&A ot (Yu et al.,
2018). Wang et al. (2019)2 F= FAF ZAA 1
| 52 PM, 55 AFISte] Rt Ay o) 4te} A
H7FokGl). o] 59] Aol ofstH Y ATtHETH
W ATbof] AFsl A E o] ESk=T ol ' AIRE
Qb 733t gatst Atshat-go o)t 24} ofoj2E ¢}
2t g o] Sl 71Q1gtttal Skt Aty o7 F
F A QofA =1 AgHTE of 5o ¢ =2 AFst
;q-xﬂaﬂ o oq2zqg] 7OP‘_ Jgrg].g} /11}9].13]-0 oz /\H/d
H 22t ool 2F QJAFe] F7tE webEh

AAE 2] PM, 59] Atet A o] Wt gk 25
O] AL} o] 59 Atsh A Hrf oF 1.89F 1.34) =

o A o
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Table 2. Spearman correlation coefficients between the DTT activity (nmol/min/m?3) and concentrations of chemical constit-

uents in PM, s (ug/m3) (in bold: >0.5).

Site Sampling period PM; 5 ocC EC POC SoC WSOC NH,* NO;~ S0, K* cr
2018.10.29
~2018.12.23 0.61 0.72 0.56 0.55 0.70 0.71 0.43 0.38 0.45 0.53 0.18
Gwangju
2019.05.01
~2019.06.12 0.66 0.66 0.43 0.43 0.76 0.68 0.57 0.15 0.66 0.40 0.38
2019.10.01
Seosan ~2019.11.04 0.77 0.80 076 0.76 0.69 0.70 0.59 0.62 0.33 0.78  0.51

Atk ol BTt Aate] viEd Apolo] whE A2
T wote o, ofofl A At @4 250 e
sk AA4ke] A4 Hio] QA 140 Fifo] 7
TR o 29 o] Aol A4te] Atel AE &
o] 7oA gt Ao 2 AlRHrt (Hakimazadeh et al,
2020; Wang et al., 2019).

BT A4 7392018 1€ 289 ~1149 30, 71
23 AAE 2192 20199 119 19~119 3U0] A}
7} TEE Ak (http://www.weather.go.kr). F2} A
Aol A AL IARY o] Wt 4TS A=l 242
1.377} 1.49 nmol/min/m3& H] 3A}7]71o] H]G}he] oF
229 148 S7FSHRH: 71E Aol wh=d 54 B
EG7I99] HEE0] AR e ZedE o] 9l
o uA x| e] Abe} A SRt A A
QI (Chiharu et al., 2019; Liu et al., 2014). Liu et al.
(2014)°] oJ5tH F= A FoA 2] ZF A A -
T2 EY QR (CaT et Mg )9l s 22 4733
0.60 pg/m*ll A 6.659} 0.72 ug/m>= 1.49} 1.28) Z7}
stom Atet FAE 2 ButA o r oF 2.18) S7Fst
9t} Chiharu et al. (2019)2] Ao oJ51H LE A
T STl AL T Al 4TS FAE e 24
At s 15~2.78 st on, gAF - 2=
54 (Cu, Fe, A)Q] F= 4.3, 340, 408 ng/m>°]|
A1 5.8, 1088, 1509 ng/m’>2 1.3, 3.2, 3.78] AF55HA T
2 AFANAE FAZIZE F 4TS AR S &
Atoll 2 BEQF w0 5k STl 719lskde A
o=yttt

PM, ;2] At A=l sheh4] 425 (0C, EC,

POC, SOC, WSOC, NH,*, NO;~, SO,%7, K, CI) AFo]
o] A& mefstr] flste] o] 5] ATTAIE +
A5kt (E 2). 9714 POCS} SOCE ZH2h 14 &
7€k A (primary OC, POC)&}t 22} 571824 (second-
ary OC, SOC)E 2Ju|stH EC F47t 7|Rj= o]-&s}
o 7}ttt (Park and Cho, 2011); POC=EC X
(OC/EC) pin» SOC=0C-POC. 5 OC Y=<} A5}
A o] A2 AW Zdatao] Ay e
of thzt PM, 59| fr712ketEo] S84d& vehdnta
ST} (Fang et al., 2014). 7]E& AZA TS0l o514,
DITHE o83l ZAt PM, 9] Ateh HA =T} 7
713 B Abolofle T2 Aol e Aes
ok A %E}(Yang et al., 2014; Biswas et al., 2009; Cho
et al., 2005). Verma et al. (2014)-2 1]= o}EHELF
AR OIA LR PM, 0] A4S} A vA]=
E4 diEeddat afehe] Jio] JFe 2ASHA
o, A A AR HAE S o5l 23k {71
0] 2Z (organic aerosol, OA), A= of &= Hfo] Quj A
Aaet g5 o ofsto] AehA JFS wethal
SHQITh ERF Hio]oui A A4 WS Fof wiEd
PM, 57} 2F Bl 717kl ©J_t PM, s H T AFa} A
o] ¢ Hrtal H 1%t (Hakimzadeh et al., 2020;
Verma et al., 2014). =3t Verma ef al. (2015)-2 AMS
(aerosol mass spectrometer) 2B EH-S PMF 2 S
& BAS AuRFE oekRt FH O 0A FollA] 4
3}7t wo] = OA (more-oxidized oxygenated
OA)&} HFo] Quj A ¢14-0] O]7F OA 9] 4Ft A e o]
7 =il skl dEtd o2 DTTS PM, 5249
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