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BRI B X K RE Y 7 VHIZB W T PM, 2 filifk L. K& PM, 2, B bied X O PAHs i
EAE L, BIbEONE I Z7u—A P2y arvgii—-YF 4+ ML A F—=NVT7 v+t A4, PAHs ®
AT EEHIE - Bk o~ s 75 7R vz, TORE wTFholiicBuw T B :
PAHs REEIIIAE 2B R 72 S, PAHs IEEAS IR Y 7 VT CTlE, PM, R & BRfLRE D [H
WCAHBEZRHEDED SN (r=0.86. p<0.01)o 25 3 S TIE R S 72 PAHs %5 PM,
DOALEITCTHEED A OARICET S Ly B Lk 52 2 HMIC R 2 2 L 05b o 72,
(FPEBRBE 29 1 60— 69, 2020)
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Abstract
Fine particulate matter (PM, ) is known to contain redox recycling substances such as PAH quinones,
which may promote the production of reactive oxygen species (ROS) by taking into human body. Though
polycyclic aromatic hydrocarbons (PAHs) can be a precursor of PAH quinones, the influence of co-exiting
PAHs on the ROS generating potential (oxidative potential, OP) of PM, . has not been fully understood.
This study aimed to elucidate the relationship between co-exiting PAHs and OP of PM, .. The PM,
samples were collected at Hiratsuka, Kanagawa, Japan, Matsue, Shimane, Japan and Seoul, Korea in
summer and autumn, 2019. The OP was measured by dithiothreitol assay coupled with flow injection
analysis and PAHs were determined by high performance liquid chromatography (HPLC)-fluorescence
detector. As a result, significant correlation was found between OP value and total PAHs concentration
at every site. Relatively higher concentration of PAHs was found in Seoul, and this may result in the
significant correlation between PM, . concentration and OP values (r=0.86, p<0.01). These results
suggest the ROS generating potential of PM, . come from co-exiting PAHs in the samples at these cities.
(Jpn J Clin Ecol 29 : 60— 69, 2020)
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THD7zOEE - ERVHETH ). Tk
FFZEIC B W TIE PAH ¥ 7 VS OBLE TG
PEP R K 3 % M1bEE (Oxidative Potential)
ZWE LT, PM,,Of HM: 250§ 5 il A0 7%
ERTWB, PM, 0 MRALHE O W& i 135 #
HMHNTWDD, YF4 LA b—) (Dithioth-
reitol, LLF DTT) 7 v & 45 &, PM, Xk
W2 E N5 BALR T B o ROS A 6E %
DTT OB HED HRD 5 FHETH ). PMy;D
FEALRE D F-E & L CHlEBIA S

—Jiv PM,sil Bt O BRALRE & 479 2 fL2E 5
EDBBIZOVTIEWL O H D,
PAH ¥ 7 Y OHI YW E Tdh %5 PAHs & DR
IZDWTIE 2 BIHE SN TWwb, Liu et al.” &
R E BT TR L 72 PML i EHZ DO W TERA L.
ZOMALRE L WEX R & L 72 PAHs O &Rtk
(total PAHs) O RICIZ A E 2 MHBIZR S h i
Mol L Twb, —7J, Hakimzadeh et
al® 34 ) TEI T 2 IIBWTAFE TR
e & total PAHs ICA B 2 MHBE 2 A 6 1 72
(r=0.70, p<0.05) E#ELTHH., ThHHEK
WMEORBRIZ—BH LTV Ev, 22T, ABIZET
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WA BIE L 720 FRIEZNENH RO KM
HHHGET. HARMEH O GHT, B X O E
DK LY TITET %o MILTHIEATEN L
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Fig.1 Geographical view of the sites for the
collection of fine particulate matter
(PM, ;) in this study (Seoul: latitude 37°
N, longitude 126° E, Matsue: latitude 35°
N, longitude 133° E, Hiratsuka: latitude
35° N, longitude 139° E)
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VARG (AR 3 5 B Rl & v >
X217 H R B2 TR 20194E 8 H-10H 12
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Yo PMy 2 itk Lo kit 7 + v & — %25
mme 1I2< DIKE, 9B 2HEI0 mL O#BHIKT
3045 [ 5 P 3l 1 4. PML, 1 Y 190,50 mL 12
xf L C100 pM-DTT #i%3.0 mL Z 2. 37CIZ
THIG &7z, FUBBIRER. 155, 305 .
4557 % B £ V6055 12 ROBE20 pL 2 1 v ¥ =
7 va v HIEA L. BN TR DTT %5,5™-
TFAER (2-= bu &) (5,5-dithiobis-
(2-nitrobenzoic acid), LI T DTNB, Ellman’s
reagent & dIFIEN5) LR SH, ERKL72-
= ha-5- AN T N EEEHERE (2-nitro-5-thioben-
zoic acid, LL'F TNB) Dik&E412 nm (2B 50
HEAME L7z F 1) TEWIZ4TITHAILT
R=Z74 vOLAZHH L, #K#1.0 mL/min
THEBL720 RETHOWSZRBIIKRD XS IZH
72, DTT WSO Wi, DL-DTT (B
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M- ¥R E AR S, 0.1 M- YR KEH Y
7 AR L 0.1 M- Y ERAKRFE A ) 7 WK
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Fig.2 Schematic view of the flow injection
system for the determination of DTT as-
say based oxidative potential of PM, 5
samples. All procedure is carried out

under dark due to use of photo-sensi-
tive regents.
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Phenanthrene Anthracene
(Phe) (Anth)
bp:613K bp:615K

Chrysene Benzo(a)anthracene
(Chr) (BaA)
bp:721K bp:711K

Pyrene Benzo(a)pyrene
(Pyr) (BaP)
bp:677K bp:769K

Dibenzo(a,h)anthracene
(DahA)
bp:797K

Benzo(k)fluoranthene  Benzo(b)fluoranthene

(BKF) (BbF)
bp:753K bp:754K

Benzo(g,h,i)perylene
(BghiP)
bp:823K

Fig.3 Structural formulas of polycyclic aromatic hydrocarbons (PAHs) as analytes

in this experiment. bp: boiling point.

#E % 3000 rpm T1053 4T 5 720 B A45.0 mL
A mL O®ELFEICBE L, Y AFIVANE
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Mz, A#7 4 V% — (DISMIC-25CS, 7 K
NYT v ZREE) IZTAHABL, BN, 7TIVICE

L CRBRAm & L7,

FL-HPLC OfRIZKDEY TH D, Rv 7
B EERT (5UH8) B, LC-6A, #5244 —7
ol REREPTE, CTO-20A. Muiiss @ i
YEPT 8, RF-20A. Gokal: BdEIERT#, CR-
6A. # T A& : GL Science ( H %) # Inertsil
ODS-P, 5 um (4.6x250 mm). {#BER B & OVHT
FRIZOWTIE, WEE : 7T b= MUV (EE
Wikrva< 7574 —H, BEF LS Lk
%8 1 2TIRA LA, W« PRFFREH O

~1643 F Tl #H 250 nm, 6P K400 nm,
PRFFIEH16~4047 £ TiLhitE 3% K286 nm, #HG
W F433 nm TH o7z, G % & L7z PAHs X
Fig3lZ/R$ 38D 72F > L ¥ (Phe) &7
Y FIt ¥ (Anth), 48EOYL ¥ (Pyr)., 7Y
t v (Chr), Xy v(@)7 v It (BaA),
5EONRY (k)T NVET T v (BRF), R¥
VD) T NVE T T v (BbF), Xy V() ¥L ¥
(BaP), Y X V(ah)7 ¥ 7+t~ (DahA),
6NNV (ghi) XY L ¥ (BghiP) ®10%E
& L7zo M REEdE2 13, TCL PAH Mix
certified reference material, in acetonitrile:
methanol (9: 1) (varied) (SUPELCO, St. Lou-
is, MO, USA) % Hlv:7z,

4. RETREMR
BT IR KEATGHIE I D 2 W Id 225 IS
WHE G R MONT L OBRERET 5 HM %
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R TFETH . KRAIGIWE OFA O [H %R
BRRAHIZALOHER EWALFH I TY

5%, KW TIE, PM, i e, Mefbhges L O

PAHs EOBRZ RS 720, FHsicBi 2
K257 — & % v C Pearson DR r %
K 720 FF 521 Microsoft Excel (Redmond,
Washington, D.C., USA) % w7z,

é —x)(y:—9)

r= - i=1 (1)
g x;—x)’ Z —5)
22T o BEPy 3BIHIH 11281 5 KATF
geigil (PM, iR, MRfLRER X O PAHs J2)E).
T BIO y I ZEBMARICBIT B4 TH 5,

m #E
20194E EL 27 & AR 12 0 U TGS I L S35
BREMIH B L OEEY 7 ViHICB W THlE L

72 K& PM, i & FIADTT 7 v £ 412k %
FRALRE DREEZAL 2 Fig 4R d o FHHIC BT
% PM, i FE137.8-22 pg m™ ((F3513+4.7 pg m™®,
n=11). E1t#120.10-0.38 nmol min' m® (¥
0.20£0.10 nmol min* m?®, n=11). BITIHFIZBIT
% PM, 5 1#136.7-26 ng m® ("F3913+7.8 pg m”,
n=8). MRALHEIZO. 043 041 nmol min' m® (¥
0.18+0.12 nmol min™ m>® n=8) TH v . JWjHb
D PM, i EB L OBILEED L XV FEE H -
720 —H. VIIVHICBIT S PM, i 1313-118
ng m® (°F 3949+41 pg m®, n=9). M 1L fi¢ X
0.023-0.55 nmol min' m*® ( 3 $50.28+0.17 nmol
min' m® n=9) THH. MWHEHMLEIY T VN
DEOEBICHIFEL TV 22 b H D, FFH PR
L& B L CHEETH - 726

—J. PAH ¥/ Y H ORI Y E & 7 5 PAHs
DEH NI BIT 5 KA E % Table 1 127K 7,
% PAH ¥ B O K/NBIARIE. I LT Tl
A% 5 f7%% Phe > Pyr > Chr > BbF > BghiP ®
Jii, > = )Vili¢ix Phe > Pyr > BghiP > BbF >
Chr DJEE %2 ). KT % PAHs O IL H A
D2 LY T VITRE DM EZR Lz, KA
o> PAHs I 3R TH Y . B 0 X )
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Fig.4 Variations of atmospheric concentration
of PM, 5 and DTT assay based oxidative
potential observed at Hiratsuka, Matsue
and Seoul in 2019.

W S 7 PAHs igEEX AR L TEET S 2
EDBH D, £ T, FllEs L7100 E O AFHR
J§ (total PAHs) # Rk 72& 2 A, FHH T
0.58-3.8 ng m® (°F341.6+0.92 ng m*®), LT
0.39-1.0 ng m*® (°F390.67+0.27 ng m®), ¥ 7V
1 T0.74-17 ng m*® (F395.4454ng m*) L 7% 10,
VOV O D B . LT OO 8 £,
IR OMOK 35 TH - 72,
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Table 1. Analytical results on atmospheric concentrations of PAHs collected at Hi-
ratsuka, Matsue and Seoul in 2019. Unit: ng m™.

PAHs Hiratsuka Matsue Seoul
3-ring Phe 0.37 £+ 0.29 0.23 + 0.037 14 + 1.3
Anth 0.024 + 0.010 0.012 = 0.008 0.071 = 0.055
4-ring Pyr 0.31 + 017 0.12 + 0.072 0.87 £+ 0.72
BaA 0.092 + 0.047 0.039 * 0.038 0.28 = 0.31
Chr 0.22 + 0.13 0.10 = 0.068 048 = 0.48
5-ring BbF 0.19 + 0.1 0.054 + 0.050 0.69 = 0.75
BkF 0.059 + 0.040 0.016 = 0.013 0.23 + 0.27
BaP 0.11 + 0.08 0.030 = 0.027 0.47 + 0.58
DahA 0.046 + 0.032 0.010 = 0.017 0.13 = 0.15
6-ring BghiP 0.16 + 0.1 0.053 + 0.042 0.78 = 0.79
total PAHs 16 = 0.91 0.67 = 0.27 54 + 54
Z @ total PAHs & B LEED IR Z TS 720 18
4 M 0 A IR % AR L 720 Fig 512 5 %% Cl °
Yo DT ROMEHIIC BT bRk 4l e Masue
13 & total PAHs 23E W HINTASH 1) | W%@*HE@ E 12| © Seou
BEIE TR T r=0.76 (p<0.01), LT r= € w0t o
0.77 (p<0.05). V= LiliTr=0.77 (p<0.05) & = 8
Y, WERLFETH o 720 Table 21213 % T o6t R
PAH & B ALTEDRERZELIZ DV CRHIIC ko 72 T4y D
MBRRERT . THEHTRILBEREER 0% 1 2 g
Chr % BbF 4 L 5 & 2 M % 7 L 720128 LT, 0 o.....gt?@.-; .......... R |

LT CTIE 48D Pyr, BaA BX " Chr & HE 7%
HMBEAERLZ. —H. YO VIETIRWTho
PAHs & b H R M Z/R L, $#125 B D BbF
BIXUBKF & W ZR L,

—Ji. Fig.5l28 T total PAHs & BE{LREICL
EALE 2 BARTEDS L D 7225, Z o o X 13
FEIWC Lo TR o720 Bl 21X YL O total
PAHs 130.67+0.27 ng m*Ta 0 . FF 1 D#140%
BETH-72ICH DL S TMILIEED L XV IE PR
MERSETHD, BILEIZE 2 éﬁm%lﬁﬁfﬁ&
T AHUREIRKE I N, £2C, EREEA
YO AF Y IHE LTEDTA 2Lz L &
DEALRE % X720 Figbllh a2 R4, BEl
BIOy o viiodga, BILEOMEIZ EDTA ©
WMOEFEIZ X > TELIZR SN0 720 L
Lanb, LT o6, EDTA Z 3L 2w

0.0 0.2 0.4 0.6
Oxidative potential (nmol min-! m-3)

Fig.5 Relationship between the oxidative po-
tential and total PAHs concentration
measured at Hiratsuka, Matsue and
Seoul in 2019.

& X OMEALEEA0.19 nmol min' m>TH - 72D I
L. EDTA Z#0 L 72 & %130.088 nmol min”
m’e Ry, 0% M Lz O LhH, F
B & v Vil 08413 PM25OBEILEEIC R L
TPAH ¥/ VEHOFLGBLRMNTH 5 DIH L
T, BT O¥413 PAH F 7 VO 513X
NAR N Z &b h o 72,

V. Z8
BUE PM, ;O RFABREEILIEIL, 2 ORKDRE



WIRBRBEER 7 (BE29%5882%) 67

Table 2. Pearson’s correlation coefficients between atmo-
spheric concentrations of PAHs and oxidative poten-
tials observed at Hiratsuka, Matsue and Seoul in 2019.

PAHs Hiratsuka Matsue Seoul

3-ring Phe 0.64** 0.19 0.76**
Anth 0.17 0.5 0.74**

4-ring Pyr 0.68** 0.94* 0.76**
BaA 0.54 0.88* 0.75**
Chr 0.85* 0.84* 0.76**

5-ring BbF 0.74** 0.22 0.81*
BkF 0.68** 0.25 0.80*
BaP 0.71** 0.26 0.72**
DahA 0.05 0.09 0.79**

6-ring BghiP 0.84* 0.22 0.76**

*p <0.01** p< 0.05

06

5:»; 05 | ODTT assay

= mDTT assay + EDTA ‘

E 04

g p=0.002

= 03 r

:EE 1

*§ 02 [ T

2

8 o1 |

6 ]

0

Hiratsuka Matsue Seoul

Fig.6 Effect of addition of EDTA on the DTT assay based oxida-
tive potential of PM, s samples collected at Hiratsuka,
Matsue and Seoul in 2019 (n=3 for each site)

AR E LCTED LI, bHEIZE VT EHA
HAET SN TWBEY, Lo Lad s PM, %k
KT AL I L > TR Y, /2
FHICE > THEHT LI 00, [LFRHITHE
WY 2HEEDEET LRSI D 5, HEHHIX
SV ZS ISP T 12 BV T 2016410 H 7 52017
9 HIZMTTPMREL DIT 7 v 412X
% WAL HE O 2 R B &2 1T\ PM, i B & BR{b g

EOMICHBEYE (r=0549, p<0.01) % L
7217 3, SR OB RES 2 &AM (r
=0.19) k%ol MITHICBWTHHEME (r
=0.65) TH o7 VY7 Vili TEr=086
(p<0.01) L HBETHo7zo T2, HIEOHE
BHZBWTH PM, R & BRfLiE & O MITIZ s
LYW RIIZDONTE LT, Sl
LILRE 2 A EMIRIE L 32548, PMRED
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EHOATIE T LIS A VIR D 5
PM, i Bt O®{LAEIZ. F & LT PAHs Ok
FHERTHD PAH ¥/ VHICERT 2 LE2 5
NTw5 25 ERALAE L 479 % PAHs & OBk
ZoOWTIE—HLAKENE LR TV RN,
ZZC FEH. BB LY 7V PM,;
RE ISR T B PAHs 20 L 72 B, v
NOFHFEH BV THRRILREEDE VT & total
PAHs 28E WA 25 57z (Figh)o 7272 L.
% PAH I O K/NBIFR B X OFR1LHE & o B
M E B TR 5720 PAHs O E 4% E L
T HEEHET R, filk - RERTAOWEEL L O
INA T ZARRBE TR EHHI S T W 5P, BaA/
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