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Abstract This study investigated the relationship between dithiothreitol-oxidation potential (DTT-OP) and reactive oxygen
species (ROS) depending on ratio of organic carbon (OC) and elemental carbon (EC) in PM, s from May 28 to June 18 of 2016
at the west coastal site in the Republic of Korea. Twenty-two integrated samples were collected for both DTT-OP and ROS anal-
ysis to investigate the main chemical classes of toxicity. The influence of atmospheric transport processes was assessed by the
Residence-Time Weighted Back trajectory for the two selected sampling periods based on source region. The good correlation
(r of 0.67) between of ratio of ROS to DTT-OP and ratio of OC and EC depending on source regions illustrate that primary long-
range source including relatively higher EC was highly associated with higher ROS activity. This study provides insight into the
sources in PM, 5 that can be drivers of the analytical approach for oxidative potential.
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1. A 2 Z Z2HH @ Hz3] T8 Z&o] JFEsto] At
S} 2 1 T H /LA (reactive oxygen spe-
7] & Zu|AIAA] (PM, )&= A&t 8lE, AA  cies, ROS)S AT =, ROSZT T5HA] A =H
4, Fepehitgo] ofjt 22k A&, 19| 12h 22 4 A5, DNA &4 H AlzZARge] W8T (Xu ef al.,
BS n: ggelE AAT o)s AR O R o]Fojzx]  2018; Vattanasit et al., 2014).
UTH(Oh et al., 2018b, 2017; Park et al., 2016). TH¥3F A ol /dat T 4bet A S Ak W
HRlo 2 RE IAYH XU = HFH oz 715 2 2T ofg] Aol /= gick o] 5 vIAZ 5}
Ao I QA fof gt =2 Tedgdo] qlot AT A o ¥Rl HE 2 Eg|o]= (dithiothreitol, DTT)
Toll =W Zr|Az] o] et A4 k&2 557 I AlE W AsietedtS A E 7Hte R =4
A% AT AR AAEE Holl T A7l AHe o AEE S5k ROS W] HWol &8 gtk
2 oF9eS 71Xt} (Cao et al., 2012; Sun et al., 2010).  (Verma et al., 2012; Xia et al., 2004). DTT H-& H|A|
TR VIR Y G502 o|fol] uNHA= I 36} ukg o AsA et FAA SHoA A
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Aol Holu (Ayres et al., 2008), AIEZ W AHIAE )|
2, a2k e o] Qlth(Strak et al., 2017; Bates et
al., 2015). =L DTT B2 Al W AGAIA o]
Z-1 (hemeoxygenase-1; HO-1)5-g-3 AFHdo] glo
™ (Li et al., 2003), 3-[4,5-dimethythia\-zol-2-yl]-
2,5-diphenyl tetrazolium bromide (MTT), tumor
necrosis factor-a (TNF-a), interleukin-6 (IL-6) 22 &4
Z9r3-8 AT ek AolEska1e] Bulsh BRIo] 9]
T} (Steenhof et al., 2011). I} AFE A= EH, 117]
To] ZuAEA] U ZelAHE B AR} A2t
=2 dEdol QLo (Lee et al., 2018), Al A W3t
TE PM, 5 =2}t DTTS TS (Wang et al., 2019),
DTT 4totehed 4 7ot mAwA] b f71e4
(organic carbon, OC), YAE
EC) ¥ ThehIFEE3k=4 (poly aromatic hydrocar-
bon, PAH)2}] #HA] (Hu et al., 2005), DTT At 12
B=7F AR i 7142 2 2548E ek
=2 A%A (Lin et al., 2019) 5 0)AHZA] Y L GH4E

o

4 (elemental carbon,

I DTTEH] =2 A2 o]n] @ AFoA Bl
H Aok AT DTT -2 HA| 2 o2 A AR
A=A v-g-S et 7] o= qHAI71 9.9 (Xiong

et al., 2017; Landreman et al., 2008), &3} Z-2 44
20 Yoz DTT Afef disf =87t S7Hd &
21t} (Charrier et al., 2015; Ayres et al., 2008).

olof, & d2-8= A3 A g olsfstr] s Al
ol Al AASH= ROSS o]-83to] Ast A8 &
A8tk ROSE= Al 23}, F-3218] ' 5 ot Al
I U AESH o] dElo] 917] mhzoll (Rhee
et al., 2000), ROS®] /3/dS FAIoh= A AL /4
gt Aol m-¢- Fasteh shA]eh mAHA] 5o
o5 AR A f AStAE- A= ROSO AT
o] & A|Ash= dAtet Hhg 7he] Bt @ o= yEhd
c}. o] 2 QIgh A|E 1 ROS 57H= DNA, T4, 14
T Z7HE A 0 B2 v sle] A EE &AM ZILEH o U
o}7}, Q1A Lsht A&y A= A %_q SNA] 2]o]
02 A#A Ut (Ozben et al., 2007). T Aol ot
=9, DTT 9 ROS= A HiE 5= st =

2 7442 YEF™ (Ahlam et al., 2019; Hedayat et
al.,, 2016), PMO] 84 W 55874 o] A=
al., 2013). o]=, 1]

= Eﬁ 6& 71 A B,
Dl 92 4RI AR LS Afolo] 2

@'%%74]7]' QITh (Geller et al., 2006). SHATF ROS+=

AT 5 08 57 29 H,0,9 W8 715 A
o) A e, 24 A A 1} (Kaly-

anaraman et al., 2012; Dikalov et al., 2007).

B AT R 7| FASA 2 AT
Alzol sl Fds HAEA7]E o83t OCEC
335t EAT DTT 2 ROSE o]_g_o]- ARSI

2 d QAERS =T Holo| w2 DTT @ ROS B4
S 53 ZuNHA] B w2 T v 7he] Aks)
A FEgS Bttt

2. 973y

2.1 ZEEA

A EE SR it bl IAIgE 7]
ZHSIA A (36.32°N, 126.19°E, SR 46 m)ollAl 1L
£2F 3L U7X (Tisch Environmnetal, Inc., USA)E ©]
o}, 49 (2500QAT-UP, Pall Corp., USA)®]
PM, 5 20165 5% 28U E 6Y 18471A] & 227

Al2E ZF35k] OCEC, DTT-OP ¥ ROSE H45}

.

2 Ao AE E3s E47 DTT 9 ROSE ©|8
ok T ARl A A& EA4I5EIAE, NIOSH5040
EXHS 7|22 $F kAR A7) (Carbon Aerosol Ana-
gotaict &
& FAE, R R e WREEEE A
A, 717194, ARFEA 5L B4 FE OCEC
=1 o] A4S 100+5% O W2 G251t

lyzer, Sunset laboratory Inc., USA)E ©]

=71 stE|X| M 35 H M 45



Z0|MEX| L S=6l B4 S40 W2 DTT-OP I ROSLPe| 7| 453

2.3 C|E|2Ed|0|Z (dithiothreitol, DTT) 2 A 71271 (cABS)®l| 23] vl Al &9 S0 % TA 7]

ATSFRHIRE-S-Ql DTTH-2 A Aol A ZAlsl o 715 BT &, 23] Bu] FL & Hqfste], 2 (1)
EFATH(Lee et al., 2018). 7F2F3], PM, s W EAd4H4 A 3} Zro] dithiothreitol-oxidative potential (DTT-OP)&
w3 DTTH] ¥k, -5 DTTO] dAgk-g o 2 vhg AFESHITh (Lee ef al., 2018).

Azt w2 2R DTTS} B8 A=< 5-mercapto-
DTT-OP (nmol/min/m?) =

(6DTTsample —oDTTblank)/m? (1)

2-nitrobenzoic acid (thionitrobenzoate, TNB)E 53
(412 nm) S5te] BatAo] sg AHETTH 2
Hof| A= 2 mM DTT, 2 mM DTNB2} 3+, 100 mM B AFoAM Alm 538 da 71=7]9 A 2
potassium phosphate dibasic, potassium phosphate AAZG=0] WAL 09962 S =7 LJEFTH

monobasic, 1% trichloroacetic acid& ©]-&stct. A

A 10mL 3] 37°C 52 wRF ofof|, 9h-g A|2F & 2.4 EMMAZ(reactive oxygen species, ROS)
408714 F 53] ST 412 nmof| 4] TNBE EA5} 2,7-dichlorodihydrofluorescein diacetate
ot HF DTT AH| A4S (DTT consumption rate (DCFH-DA) ¥ (ROS-DCFH-DA)
(nmol/min))-> W& AIZF W 53] 2A1H S350 12 Aol A= ROSE B4 6H7] SRt o= 2,7-
The First Reaction of DTT The Second Reaction of DTT
ot DTNB o

HO " HO w s
S NS
PM + — PN+ :C Ho - o ~o
HO s HO > jC T S<s 0
SH

HO . _HO . HO Oy i
PM + — PM + | |

HO 2 HO : ! Y
M+ 20, —> 2PM + 20,

0o

H o+ 20, —> 0, +  H0, HO s, o)\/©/§
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Fig. 1. Chemical loss basis of the dithiothreitol (DTT) assay (Lee et al., 2018) and reactive oxygen species (ROS) (Gomes et al.,
2005).
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dichlorodihydrofluorescein diacetate (DCFH-DA)E
g5t (1™ 1). DCFH-DA 12 ditsos
hydroxyl radical, peroxide, superoxide radical, peroxy-
nitrite 57 22> S4g4t4 AJE 1t 9SS (Landre-
man et al., 2008). Z0|AHZ]o] tigt AT EE =
“gst7] S1sl, B 12 =t A4 3 (NR8383, Ame-
rican Type Culture Collection)E ©]-8-5F% T}, thAIA
Zof| v §HEE2<] 2,7-dichlorodihydrofluores-
cein diacetate (DCFH-DA)E 5435, A& U W2
tJopNE3} §-8-of 9J5f| dichlorodihydrofluorescein
(DCFH)2 Mg}, o] F, Zu| o] 3] et
ROS /g o] & 2|F AH=<1 2,7-dichlorofluorescein
(DCRYE ke, sef A Eo] dhat oAzl
37°C, 6% CO, t7] Z710ll4, 25417t Bt e EAIZ
6 ™, 504 nm (Excitation), 529 nm (Emission) }]] &
A= ek 2E EA2HE = Zymosan positive control
2 At H2Re A=At (Landreman et al.,
2008).

3.2

A3 A(Oh et al., 2018a)°l| 4] 71437 71 TSzt
AlaolA 2016\ 59 28U RE] 2297 ZHE A=
= 217} 3714] thE gha i A T2 EZ(NIOSH5040,
IMPROVE_A @ EUSAAR2)°] 9J3fl TC, OC, EC &
ARt Ax}, TCO 79 Al 7HA] AR B FAA
O] oA B ZA EAE % O, NIOSH50409}
IMPROVE_A||A SAIH 2 OC ¥ ECY] #&°]
27 UERtth NIOSH5040 T2EZ-S OC 24
Aol A Zo)| 870°C=E, IMPROVE_A E-4% 580°C
of Hlo FHA o8 w2 =5 Ao, FFES 9
FHARHol o5 OCECE w28t & Ao+
NIOSH5040 =2 EZof o3t OCECE A& &8

A-717e] B4 0C2] 739 2.19+1.46 pg/m’?
(Bt + BEFHA), EC 0.2240.06 pg/m> 2.2 LFERS

Table 1. The average concentrations of organic carbon (OC),
elemental carbon (EC), reactive oxygen species (ROS), and
dithiothreitol (DTT).

Unit Avg. STD. Min. Max.

ocC ug/m? 219 146 037 561
EC ug/m? 022 006 0.14 039
OC/EC - 860 3.05 267 13.93
ROS ug Zymosan Unit/m® 193 118 49 475
DTT nmol/min/m3 190 031 1.51 296
ROS/DTT-OP - 100 53 26 231

o™, 0C2} EC9] H|-& (OC/EC)2 8.60+3.052 L}EF
WJoH(E 1). Zymosan Unit (ZU)2 113 ROSE ]
2 490)| 4] Z|tf 475 Atolefl A 193 £ 118 ug/m* 2.2 &
AE]QJ o™, DTT-OP+= 1.90+0.31 nmol/min/m*2
H4 5] Qlth ROS/DTT-OPL 10045322 LHEITY,
71E AollA HAE DTT 55 AT EH, vl 2
2 A gl S Hjo] oA Joll SHE she
Z+Z} 2F 0.21 nmol/min/m?® (Hu et al., 2008), 0.24 nmol/
min/m? (Liu et al., 2014) 2 YEFG I, n]=9] o} &, 7}
<, Ag 54 FEE= 97 0.3, 0.34, 0.33 nmol/min/
m?® (Verma et al., 2014)2 UERY, B A5 Aifo] H]
A WA YERHT o] DTT 98 Al2Fe] 47t H]
& 5 wA 270 Aolste], & A5 ATt 3 A
& 712715 A Blud & gloh %, DTTE 9,10-
Phenanthrenequinone (CAS# 84-11-7) 5o} 22 qui-
none “J-0] 57 A4 71L71E 7R ARkt
b 24 Aol igh A Bl B7HE & 4= Qioh

HiH o] ROS2] 7% Zymosan positive control 2 %
Trekete] A2 7 A% Al Bl Bt 7Hssteh
132 AthensOll Al o1& F 150 pg/m®, 2 2F 80 pg/
m® (Taghvaee et al., 2019)2 LFEFHTE #HHHe Beirut
O] W& 2 A QF Ao A 645.6 ug/m?, OF 420 pg/
m? (Daher et al., 2014), |22} Milanol|A] 19, 29,
59, 692 ZHZte] FE oF 837, 920, 193, 240 pg/m’
(Daher et al., 2012)2 YEfL} 2 AFAuto] HIs|A
oA =7 YeRTh o= 2 57 Al 7] ek
Ala7t QPR W ojz| o] f]2|sto] A os v
= gro] UrERgTh
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Fig. 2. Time series of the organic carbon (OC), elemental carbon (EC), reactive oxygen species (ROS), and dithiothreitol (DTT).

2 AR ES 74 TE AAEE BHH (1"
2), ROSE 24 27] 59 28 |t} 475 ug/m*<t 62
1Y 469 pg/m*2 T+ S L 9] H]go] oF 1.012 A9
FARE HHH, 5 S ol it DTT-OP &= Hl&
2 14622 59 28Y 7} 37 EAE It o)<t
FAFH, 62 6 ZH2He] T ROS, DTT-OP A 5=
Hx 2ol 5 YErle B Yo7l oC 2 EC 5k 7L
S AHHEH, 0C F$ 6¥ 1¢ 55pug/m’, 68 6%
23 ug/m3 o2 T =AY Hlgo| oF 2.4¢1 I, EC
ol 49172, 69 1€ 0C2 HX7} ECel H|s) At
o2 =2 718 YEHATE 6 192 OC/ECE 13.9,
ROS/DTT-OP+= 231, 69 642 717} 9.8, 89.22 E4
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= LT
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Fig. 3. Pairwise correlation scatterplots of ROS/DTT-OP and
OC/EC colored by the sampling date.

= A8, o yobs T ¢lo] DTT-OP ¥ ROS At
o|9] & EAHo| JFS & 4= lrh HIMIZ DTT W
O] A, A4 A e uret o] G444 0] DTT
Ao 7Hd-& & 7Fs/do] ot (Charrier et al., 2015).
ole} tlEo], & A7 AT A= (1) AHE LR =2
Lo EC7t EAotE B9, B Q ECE S5
S 12} A4 v EAd=ol EUW“W Ul iAo
2 52 L2 ENE A%, DIT 24 37t
7t g 4= 9tk (3) E3 %ﬂ%@ﬁi =2 OC7F &4
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Fig. 4. Residence-Time Weighted Back trajectory for two sampling periods.
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Fig. 5. Overall averaged carbonaceous thermal distribution (CTD) for two sampling periods and time series of the carbona-
ceous thermal distribution (CTD) from 28 May~18 June 2018.
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