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Research Focus Article No. 039A01

I7AVILVEEMEOMIAEICEITHHES S, TR,
ErEHOEE
Dependence of lung deposition of hazardous aerosol components on

size distribution, hygroscopicity, and human conditions

REHE 2"

Kajino et al. [J. Jpn. Soc. Atmos. Environ., 20141 ClZ, MEBHLARD K ELFNICHHENTGE N TORLT- DO
R EEZETDHE, NS T BEE) R S IER O A 123U T fresh soot (3 aged soot 1Y 70%7F2
BE, IR m<Ie b rIRetE A R Lo, ARCIE, 208 &, fERkE AMFROERE,
DERMEOFEZHTAEBINL, WUNRL T DL E BV T, IR RO A—/\—I 71 (%2
SATHE L - 10 pm) FEPH T O VLS R RN E E 2 D TR E O LT, Fiz, T U7 Rl
DBLETHY, ML FIETEDITOWTY, Ok K287 (23l L 7=, Fresh soot &
aged soot DAtk & RO AL, B NE T - EIEB)RFO R EFFILAE FITRTL Thieb KE<2Y, aged soot
D 5.4%IZ%FLC fresh soot 1% 13.1%&EK) 2.4 5 Tl o7, BT OWTE, [AUHLE, FICHIHICHE
RIS NI RIRDA RN CHRIE AT OB KO I E LA R R T5%FEE AR, 1R LN
A BRI L RIPRIZ L DL AE =R TR RK 7 (SRR S ol 4141, =7 ey LRGSR
FEAE LU CRFZEANE S L TR IR L REIC DT, 2D 12 RME L% 2 b TV HEBE S
JBD LA DN TR A D TITE T2,

1. [XL®HIC

T VEERBEORELL CHRAETIE
PMaszER L, 2009 4 9 A (CEREE AL UEA E o St
ERCEE BIRE U CRARM RAHL, FaEE
=XV TRESCKEMEET VEREALT, AR
KRBT 2B E R A ERR L T 72, PMas 3%
RN ETRTEY, =7 ay VRO
BEWEIETihole.g. US-EPA, 2004], LAoL, 1274
RRACRIER 341X A 2 BB 35728, FERRITIT PM2s
BEREENRLCTHSELTYH, UAZIZ R/ 5H]
REVEDS DD, SITEVRND, KEREFIEEITETIC
3Ek & R ERCIREE, E0H BEAER RS-

DI, RN R A N — AT 5L01E, PMasiL
TNV B 24l -7 7 73 Y C[WHO, 2007],
TR, EEHELLEVHEBERELND
[Davidson et al., 2005],

FD—FT, BARIREZHCLERIZIT, VAZD
ARG % BN T, B\ V7L TOERRET
FIRKY AT KRR ZARTL T D EOITIE B Z D BN
Bb, TEZNTHRER T = AR ER T e =T A
M NRICEEEZRL ~L O TR [Hammingh et al.,
2012] %ML TH, PMas OB &R EIIK T 352
YT BARITIRL IR BN E 2 HNDNETHD, U
B, TAED PMos | I TG Yeze & 0 CTRUME M
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&Y [Uno et al., 2017], ZiBEULIZBIDV, LnL—F
T, EERIERI AT ZDOEDONRE OFEERD LD
DAUTDOWTUE, IV U AIA A TERRREDS L BET 7R
HIEAD,

T 1Y AR O Rl VT, KRBT
7R REN BT THAEWEDORE] LZDFx v
T ThORFD TZIEILER] SR D &Rk
DA EWNRENEHE R NNT A= b L&
HILDD, EAOIIIEBNCEEICERY b
ZLiFHoThH, AEMICHEOMTIT GRS
Z &3 7y [e.g. US-EPA, 2004; Zi#57, 2008],
FPFEDED, 112, BMKE K (ET:
g 5% 4% < &, TB:

ROE 3, Al
interstitium; Jifi i (&) ) &, KGEILEET L
Multiple Path Particle Dosimetry Model (MPPD)
[RIVM, 2002] CitH L7=&E fEle s vk A 2 (R A\ 5
PE, EE, BOEE)RE) OFHRR AR U, 2,
—[RID R TR A LTz =T B LSS E T
LENEGERLTND, HEMEORE] & TK0E
WAEF | 7 AR O T 572912, Kajino et al.
[2014] T, TN AMEWE T 2 RBEETR D kL
FIZEB L, ITERRE I NIRRT oy L]
EIEBEICIVEONTM R ESBIILRNG, 34

extrathoracic airway;

tracheobronchial airway; alveolar

(a) Deposition regions (b)

100 =

B OBKMEDBRI - (fresh soot) &, = HEEflR
A P AN ) — B TKEEPEE & D P
IREDHEA TR (aged soot) TlE, &JETLE
FO(RES AR 2K 2 (5587 D rraetE 2~ L
72, £ 7= Ching and Kajino [2018] Ti%, IEAIRRED
FREBERANTA-ZERVBFLEER LT,
7 e Y ILRARERE » (Riemer and West
[2013]; ML RRVEFRIEIC /22 B 2 T 0% 52424
MRS, 100%723 e ENENRE 27~7) 23 0-50%
OFFAIZFBNT, EERELEZE L 2T (b
FRRLDOE—REZET H L), (KENB LY
KREAHFTO) PEOWIRR 2 Kl 2 Z & T
i EBANRGE 2 B T R ROBE BRI DO ILE 4 5 - 20%
315 AN Tl RPN

Kajino et al. [2014] TI¥, KGEWN TOWR K E%
FIRICBW TV eadIs, K& KMl ~DI 55
EEDOETEmL, eSSBS -
PEERFICIRE L TV, ATl —iRICRGER
Db PR L DB ~DILAE F (LT, ffitkE
) IRHBZBREL, & DOV 20 E ) &, &
WO & A RE D 772 8, A DRER /ST A— S ZD0
TOFHMZFTZIZBIN LT, EOIT, U NRLF-721 T
1372<, BAREIROM KR 772 DMERE R EE DRSS
NDER[FLEE, 20181\ZDV\Th, Z D ik %57

Deposition ratio

(Adult, male, nasal inhalation, light exercising)
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1 (a) EFKEBMIDTE F (Ching and Kajino [2018] A551F) . (b) A B4, SrFR, EEEROEJBEIAIZE T
%iREE (Kajino et al. [2014] ALEIALTHE) . KENE, M/NKIFOFIADIEEEL, MEHAKES REENEED

[Z2oh, BMPT SMERETRT
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ToAZRHI U7z, BEAMIE R IR O SUSED D Tl
HEBAMDE THD 1-= 'L OARE AR
JG A BIRICRE T D EN Do TNDIEND
[Kameda et al., 2016], FEAMEMEDORIE LA %
ZET DO THOEERRLFLEZHND,

2 B CIE, MLEOFEARICOWT, KiEN
TOZT7 vy VIR E L, b MFRFIZE DI04
KOEWVIZEH LCHPL, 3 BTIX, AFEDE
DO—flE LT, HEEWEFIZE D, KRS,
WImAE, B FREEOEWICE Y KBRS N ED X
INZEAL LGB 0 E5HT 5,

2. [VEIREICDONT

Kajino et al. [2014] Ci, MEEALARDS K EAFNCTH
HENRGEWN TO =7 vy VW R R &l 5 I
AL, KEZLBIOWRA~OKE LSRR TS
RRTT vy )V ORI 53A AR FAPE D R IZ D
WTC, TOEEMEHER LT, AR TH, FUFEE
FANT, Bl IOV CTER A CED) &, S
W& N RER DFE7RE, KR 2 IR M RAFIZ O W T DR
ZEAT 72, LnL, IR, 2T T R (RS ~DHE
) RO AE B OIENENRE, EEREEIZ O T L
L7220, HEEIREEIC DWW TH B EL TV, Ching
and Kajino [2018] Cifim L7= =7 1 vV /LIRAIREE
HIZTIEBRELR,

2.1 RMESMEREME

SUBENTOWRIRAL R FHAIE, Kajino et al. [2014]
DY ThHLHIOFERITRET 223, [ENTOX A
T AEE B LA TIIZ2V, [RIENORKEEZR
i 37°C, FHXHEE 99.5%LKEL T, =71/ LD
RIS LW « [Petters and Kreidenweis, 2007125,
1 [BID RN S A 7 VT O ZE KR O GE NIERER I
BULKEROEM EEZ R INT 5, 2L T, 20K
TRl Rt DRI D MPPD 7 /LA (X 1b)
%, KON TR E Lo 7 ey )L O fitiik g R L
T,

Kajino et al. [2014]DIX] 2 (27~ 7738Y, 0Nk 1%
EPHHZ BT D E CORFREILELS, 100 nmXv/ha
UKL FAZ DWW TE L B LAPIIRIE I B E T2,
—57C, 1 um PL EOR KR FERGEIZ BT
B BIELZ2 W, LML, B R % ORI, 4F
REREE (IR OB TTEAEZ T,
KALF- DY ETH 1 LRI, SMKEREROE MK
DU R4 DRIPE D E T %R I ED,

2.2 RERER T

—WIZ, RRTT Y Vi RA P EExEIns M
(W T B =T, RISV B 5 D K TEW
B OREaE T, FAY—EBLOSIZEY, K-
WARPEEHITHE R T2, X 1b DRENZ, 8 INRLF-23
FEAT DR T I~ RS NDIC D, RN KE
<, RS & <D, kA& AN D (22
RSIFAE Dad 20 nm T 45%7>5 100 nm = 1 um T
10%FREID) 7R TD,

FRCZOR L, FEAERFITHUKIE THORL 71T L
§H# CTH D, Kajino et al. [2014] Tix, HEIFHENA
PETHY, FIRDAMEIE DL R H IR KR
(PAH; Polycyclic Aromatic Hydrocabons) D=+ 7
THLOPRBERIRO BRI T2 BN LT, FEARTE O
fresh soot |, & Bl S417- aged soot (21~ T
TO%FREE, vk 23 E <722 vl REtEA 7R LT, PAH
O —FETHYmWENALEEZRT BaP
(Benzo[a]pyrene) 1%, 7% KUEAMENN =D TR
ENERIRA L TNDEB X HLIDLN, BERIH YL 28
MEWATFETH->TH, 1A ARLILE AZERS, B
B, W, T ISRV T, [BaP O KRRIRIE )
DHH 10 — 40%IXENEJR THS [Inomata et al.,
2013], [ENEIROZ2L IR, LV fresh soot 23% <&
FNDAREMEEE 2 DL, [BaP Dfifiths &) DEWN
AR T ERIL, R]UREOZALVEEWVIBL
VAR

2.3 ErEHGDOE
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(a) Adult, male, nasal / inhalation, Al region (b) Nasal inhalation, light exercising, Al region

60 60
— Heavy exercising — 10y
----- Light exercising S0 ——5y
.......... Resting 40 I B
N 3m
2 30
20 N
10 S R\
- i )
4 4 N
0.1 10 0.01 0.1 1 10
D, (um) D, (um)

2 FEERDEMTA—EDKEFNEZETRT . (a) RABHEOKERE (RR), BB (WIR), EEBF (R 12H
(15, BFFR(R), OFFRGLUD) TOMELER, REOKMEIZAEL, (DBE1OKMERLC, (D)1umEBEZSHE
LB ESEAL (KERFFEERAKRE EFRIYELEOFRDOAIIERAKREN), (R)ELITKELGLHLEFLER
[ZTABIERZRT . (D) BEEHFCETD, BFRTOMABEROFHE. AL ORBDKRMNE, BFEHITESHITON,

BUNLFDILEENTHDEEDIC, MARMFORERN ENDMEAZETRT

2 12, ML RBOCREORFZ TR T,
2a 1%, A BRI HRERE GRER) , BRIEENRE
(f#R) , EEBDIR (EHR) DFEWE, BIFFR (F) &R
M (AL ) DEWERLCNVD, 22 TR
AT FRED 2 R ThD, (1)U NRL71%, HEEh&E
W< BIEE, Ml <EIAEND, ET R
AT ORI D 05 D3 L0 INRL 1% 2 B IZ D A
te, (2) 05, HLARL 71, BN EAMEVIEE, il
ZLIIAEND, BRI HA~TO MR O 7380
IR % 2 T HUDIA Te sUCUE, 1%/ INRE 1 & [F]
UM T o,

2b (ZI3, BEENEF - SR OB G OMiTEE R
DHEHER T, 10 IEOMEE IR A B s
BOOIRND, FAERIS/2 DI, /IR 7D fifi
WA RN NELTeH—T7C, MR DOifith 75 23
REL2%,

PR <o, KB, F7-3Lshicksids 1 - 10
pum R P DL R OB KIZOWTIE, ZihvE
ThHEVEMIANTRRPSTZHOD, ZiRDIEY,
P INBRL T D RE N O W AR RS0, TEAD DR R 2
BEZDHEE, BELRDLINBLIR,

2. 4 fREEOMES T, RIEHE ENEH
Ik

312, BAFPED LA FRIZHOWT, KRR
GRHE R DA EARE LT- e & 0D, Fah ue g 1 s (o]
HULEE Dynary ERMTIEHERE 0¢), k, BEUERR
O FEME R LTz, EFEFR RO/ LI,
Dgndry = 40 — 280 nm, ¢4 = 1.3 — 2.0 DFIPHNTO,
ZNEH, k=0 & 0.3 (BT HMiLsERERT, £5
D3RIV, Dgnary = 40 — 280 nm, x = 0 — 0.7 Ol
FCD og = 1.6 [ZBIIHMLEETHD, b,
SR ORGEB)R, EIEBIRE, IKEREZRL, —F
T, OMROBRIEBE R T, A HEDE LR
OIERITRE RIS, REMEILERLEE
[#78, 2012] T DAY, ZIIRT OIL AR LS =
(RITKL B E (1.8 glem) 2 ELTWHDO TH &
WAEFTHIILFIL) Thb, Kajino et al. [2014]T
RYRY, RERELE BITEIZRRHLO0, HH
IIRFEIEE R EREILE DL,

3 ORTHEIPHNIZEWT, Mk ET 20 -
28.5% £ T 1 HTLL EDIRA0ER LT, X 2 2B HEER
TEHIIZ, Dgndry, 09, € DETH/INIWVIEE L
FRIIRED, ZOBCRITER/NSNEZAT
FOREW, F2, Dgnary, 09, & DRELZRDITON,
AR 1 — 10 um ORIEFFHN TOMiTLE R OH
KON B ND, BFFO EEE R T
FBNIRD, T2& 2 13 O R ORE BRIV T
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1%, Dgndry, 0g, k D/NIWNEDINE B HOMDZEI  OFFEERA L~ Hikin7 5. Fresh soot & aged
ZRE FHEE), ZRONRENEO (f BFEIR) O soot DT T AL, ZTNEN, HATO
T, XD RS BN RELRHMM A RO fREfE [Kondo et al.,, 2006]1&, H 7 [Moteki et

5, al., 2012 B L OMEILE [Shiraiwa et al., 2008]D1X;
FAED AL - 72 (FRILE Kajino et al. [2014] TR
3. BRI FLEMDIMLE ), EHTOWTIE, HOFUHLA T (T, [

F 1132 T, BEEMOMNRFNDRIRCWIENE U (2004 5 ICBWCEIS - 82725 — o
IZEADNWT, A RENMRTA=RIZBITHMILESR  OAXMIBITHE% H 72 [Kobayashi et al.,

Adult, male, Al, k=0 Adult, mule, Al, k= 0.3 Adult, male, Al, 0, = 1.6 (%)
20 20 0.7 I 30
=) B 19 0.6 27
£ 24
. g 1.8 1.8 0.5 1
W = 17 — 1.7 — 0.4 I 18
n o = <
W X v1g v 16 * 03 115
= 2 12
= 1.5 1.5 0.2 .
D2 a4 1.4 0.1 5
1.3 1.3 0.0 \ 3
40 B0 120 160 200 240 280 40 80 120 160 200 =240 280 40 80 120 160 200 =240 280
[%]
o 20 07 I 30
c 1.9 0.6 27
B 24
G 1.8 05 o1
_—
$ [1}] T 1.7 I 0.4 I 18
x - £
fZU [ 1.6 %03 I 15
;“ 1.5 0.2 12
™ 9
@ 1.4 0.1 6
= 1.3 0.0 & 3
Y40 80 120 160 200 240 280 40 B0 120 160 200 240 280 40 80 120 160 200 240 280 "
20 —y 07 I 30
1.9 06 27
24
- o 1.8 0.5 o1
= _ _ |
% "3 %1.7 Llf}.‘ln 18
CRN: 03 i 15
=z 9 12
1.5 0.2 .
1.4 0.1 6
. 1.3 0.0 3
40 B0 120 160 200 240 280 40 80 120 160 200 240 280 40 80 120 160 200 240 280
20 0.7
o
= 1.9 06
» 1.8 05
t_u- g T17 — 04
S X €' 1.6 03
O o / .
= 1.5 0.2
2 1.4 0.1
. 1.3 0.0
40 B0 120 160 200 240 280 40 80 120 160 200 240 280 40 80 120 180 200 240 280

Dig ey [NM] Dy n.gry [NM] Dy n,ary [nM]
3 SERAOREREEZEEL-, RABEOMILEE (%), ZHMS =0 (Dgndy =40 — 280 nm, gy = 1.3 - 2.0), x=0.3
(Dg,ngry = 40 — 280 nm, ¢ = 1.3 - 2.0), 0g = 1.6 (Dgnary = 40 —280 nm, x=0-0.7), LMD, LI -8XEEHRE, SIT%- 58
e, SR -ASE, OMFER-SEFRFERT .
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2007], IbIT, = BRAEH S I B AR — SO
TREBEEWE LONEIR G EZ [Tang et al.,
2004; Kajino et al., 2018], F7-¥HE Lo KK EL =
N C O & PR S O NEIR G bt Te 728
[Zhang and Iwasaka, 2004], WiEMtEE2 AL W5 H]
REMELHDDY, 22Tl k=0 HREL, KN TOW
R IIBEL TR, 72, T LVOHE L,
KA TERIZERTE A ARE L TUD,

#2102, AT, 37 A IROIRERE, gEB)E,
HOEE R (FLE) R O BEEBNRF D/ ST A—=FT20N) D
fresh soot, aged soot, D fivLaEFa R~ LTz, FF
EFTREFREFELDDHETROEY THD,

{SFEILAS 2Tl fresh soot (2 kb~ T aged soot I
AR @Y, i ibg UICVMEBNIT RHNE08, &
AT 51D s W O - B O JEEN RFIZBRHID,
RN FORERFCIIREZEVT LT, A
W CIE, FRICIRERF S TEE)RFIZ, aged soot D 573,
FOMIEE R EL<2D (1 - 10 pm ORI AN T
DEAE RO KRITER) o AT T B PE - 1%

HEEIF 235U T fresh soot |3 aged soot K0Tk =
D3EOEVY) Kajino et al. [2014] OfsawIE, BRhOS
TRC IS TUIAAL LN E D B E LT,

— 7, REMLAERIL, BRELERITHRT, &
WNSTRRIRMANC E AT TSNS, 1 - 10 um i
PPN CTOH R DT T2, Hi 2R, fresh soot
& aged soot DZAEMNIVEHZELZRY, QMR OSETY,
fresh soot 5 AL RITKE W, 15T, fresh
soot & aged soot D ifiyh & RO L, AT -« HiE
B RE O F AL A I L Tieh KE<72Y, aged
soot D 5.4%IZx LT fresh soot i 13.1%&59 2.4 1%,
RN B 1 BGE B R BT 8.3%12% LT 14.9%
&, K 8 FIRREREWAFED LT,

PRBERLIR O — IR E DI, —IRAERDE Lt
RTEERE, ETHH5EHHSH[Hammingh et al.,
2012], RIFESr A0 RE FRAFIZ R - TS, fiifR 7 >
=D LREDEMEDIRVE S ZHIN T 228 T, 1k
T aged soot DRGEILAE FHFEL<RD, B Figkoy
A7 EFFTZE L, R AR L e

% 1 Freshsoot, aged soot, &R DETE &M

¥ Den,ary Oz K O FIFHAR
Fresh soot 70 nm 1.6 0 1.8 g/lcm3 Bk
Aged soot 200 nm 1.6 0.3 1.8 g/cm3 231
H Aa 1.3 um 1.6 0 2.6 glcm? Bk H
i Ba 0.9 pm 2.0 0 2.6 g/lem3 Bk

A BIERFHIZCEBLVTENREN 2004 £3 H 30 H-4 A2 BIZMNITT, & 2004 £ 4 B 17 BICRELF-ERDOR

TIN5 A—4  [Kobayashi et al., 2007]

2 2 Fresh soot, aged soot, E R ;L7 2 (resting) (%)

Fresh soot Aged soot BV
SR AR SR L SR L

MAB 12.5 12.8 13.6 17.6 8.4-13.3 21.0-29.0
(R ERF) (14.4)2 (14.8) (11.9) (14.3) (12.3-15.2) | (24.9-28.9)
MAB 12.6 12.9 8.8 16.0 3.8-6.3 19.0 - 27.6
(B2 EERS) (14.9) (15.1) (8.3 (12.9) (6.2-17.6) (23.3-27.6)
MAB 11.0 11.4 5.3 12.5 1.6—2.8 11.4—18.4
(EEFE) (13.1) (13.4) (5.4) (10.3) (2.9-3.6) (15.6 —19.7)

3vAR 3.7 3.8 3.4 3.6 45-64 6.5—84
(PR EEF) (4.3 (4.4 (2.9 (3.0 (5.3-6.2) (7.0-17.8)

3vAR 9.7 9.9 8.1 9.1 8.2-12.3 14.7-19.6
(B BB ) (11.3) (11.6) (7.0 (7.6 (10.5-12.7) | (16.4—18.6)

CHIBIXAE (EB)IMBERETT A, FBINANOER, REEXEER
PEROLUDIEER ALEY BETY . MABEEEIVTIOBZEELER B DAA/IELY,
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TTIOVDIRNERDIN, T =T N EE B
[ZBWTIE, SO AD A DA Fl7eHk I Xd &
DLBEZRNPE LR (R ORI Z < ORGEIC
EONWTHY, KRR R IEMZR FRR7RL T
WERIRZ T E T2V,

WM OWTIE, FICHLE, RICHM THh-TH
BIRDANR N CRIBTAE R PRKE 25 rTREMEDS
RBIITZ, DR, RN B - EIEE - S0
W - IRFETE S R (FED B 1.6 — HERD A 2.8%) Tleh K
& 5% ThHoT=, F-, EOHFH, EBE 2B\ T
b, DR D 5 A SRR 2 LTS 3 s,
TS ER N - EIEE) R - (RFELAE 2 - D B
(EAIPL 1.6%, HIEDE 11.4%) CRLEAE T, £ 7.1
L LM< e n ATREME D RIBE T,

4. EHYI

4.1 F£&&H
KIENTOWRERZZ B LI RRTT 1/ )LD
Il A IO T, RIBEo A, W, RN, 4
AT Eh i, SIS ORER O FERE, RGO
R F LD Tiliam LTz, UKL T D IifiEE R,
RiEE% 10 nm 2>5H%k 100 nm (223 CILAE ZR )Y 45%
25 10%F2 (AR T 3 26k (7 77 5 22 h3 ha<
72D)E, TD, 1 — 10 pm ORIBREPH CH T
TR (IEPEE 22N KR &L D) DR BEEZT 5, AlE
EE S REVIIEFAE LR, RHTEE &)
INEL, BRI X0 AR O 53, 2 U CHE AT E
PH 2% 725, Dgnary = 40 — 280 nm, og = 1.3 - 2.0, &=
0 - 0.7 &L LR DERRAFOFHPIZ BN T, fithss
(3 2.0-28.5%F T L ML LDV AR LT,
FEN MR FFORRBER IR DR 2 Bl L T,
fresh soot & aged soot O HLAI R 70k 253 Ar , W ImAE
PEA 5.2 C, k& RERHLIZEZA, 2D,
RN T« EEE RO R FFETEAE RIS Thieb K
<721, aged soot @ 5.4%Zx} LT fresh soot |
13.1%EH) 2.4 {Tholz, £D— T, IREIE, &

i, OMNEROEAIZE, WEORERIHEVE
D7, aged soot DLV ELILAE T D —A
b RB7,

WTUTRAOBETHY, FI-EEICEEE &
ETEIICONTS, [FUHA, [FUHEICBIS
T2 2 DDA NIBIT DRI 3% 52T,
Z DA LA R LTz, ZORER, AR
FUZIRTEAE SRIT B KT T5%FREE 7200, DRk
Yiiby i = e AL Y RV R N AN AN
7.1 {58 LT oT,

4.2 SEORER: HFERCEE

BUE, B2 1TAIIES 2 T DL ARL 2% in vitro
RCERBITDIHELLTGEESZHIRLTWD
dithiothreitol (DTT) assay [Kumagai et al., 2002]7>5
BonsEbRRICE B L, BIEET VR, SEEH
I, BPOMBLII, SN FEER, 5 A DA A | od
L7z LR se a2 D Tuva, DTT assay 13, i=5cHKlT
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[Kawamoto et al., 2014], ¥4 1%, ZO=aF L&
DIBAFRALL T, EIPFED KK Y E 5T b -
FELDOT VAR —ICHR LR BERHET THD
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Originally Published in: Kanatani et al, 2010. DOI: 10.1164/rccm.
201002-02960C. Copyright © 2017 by the American Thoracic
Society. The final publication is available at https://

www.atsjournals.org/doi/full/10.1164/rccm.201002-02960C
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ZDH b, KA ETOFRISRAZHIT K D F
BRI DRI OV T, KEUEFEDEPAFE D
HERNZBEY TRV ERES> TV D,
Fo, BMAITFEITHRGEST LILF—~D5
BZOWTHRE L CETDS, D 20 JE~
DL WE S>> H 5 [Kojima et al., 2017;
Kamouchi et al., 2012], iz, BHERECMh O 50s%
PRIR, BYER L, HRDRET U M ANREL
FoTW5D,
FLINGITENNRZEORETHY, M)
EWORYE, 7= & ZITHB A S~ F BT
NHATNRY, SEOBETH D,

=

Vi
=

=

I

e

p={1{

5.2. BEEEA /37 MR

P E I, REET — & S22 D G
N2oOH5H, —OHIZLERLOF DX D IZIRE-IX
JE GERPARL) BIAMES 52L&, “oHIT
Z O BI% A i o TR Mgl CIF [ CRERE B D
RESETHT DL L& (A 37 M) <
Hb, 5, KEACEDH O L OEH & HAE
PELZ LT, BIAITHEMICEALT, HRE,
FRAHE, Br 7R (R & SOMBEE) 72 E g
NG & R HIE O N O FFEERIC LY, x5
BTORBEORE S OHEE, HDKLF EToF
WG % EE LT HA ORBEEEORE SOHE,
SUEEE TN IS PR OB EO T, S
HIZ, fhxZextiR (BUR) OREEEE~ORED
HEENFREE 72 b L HIFF S LD,

53. b 2UDEREEZXD

RE A D LML A FMEPM1o® 35%% L & T
B v [Boucher et al., 2013], WL DOHEST « KFZ
L VA5 % E ST TOL ATEEEDNERASH
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TW5, BIMNEENL E LD H KRR LS HIREIC
KL DOTHY, FELDOE) e ED
7O, FEP W U TREEZSFLZENS
Bk x BEIC25b 0L bbb,

FoRIBRIZ, B TOXRML, SFOEDRRED
BYETEHFRLTIHT D00, B 42 I hE
(T DERIESC, V5L A 721 TRSMENBAAAR
7R ERANTUZ IS KU TED L7221 Wi
HoHY S, BEZMEOENZLDIEL2E~DEE
7R ENZONThEgm A RO DL E N HHEBbiLs,

Z L CEBOX LD ELEIR OB T H TH D,
S DRKMITE TR DAk % DFRERE>TUVD,
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agH BZ'

%
B

BRI R ALk F (Polycyclic Aromatic Hydrocarbons; PAH) 725 TN E DB EIK I FRENS %
FEBCEWE, RREFERIIAAFHET 28 FARILEWIETHD, PAH (T EILARER

INA T ZRE R 8 OIRBEBFRIC BV TRAET DN, TS —RARLZ PAH 28 R TP Ok % 724t
FROGICEVZEALL, PAH FERE R TDIENHSN TS, ZETIHELE SO RIS
B RBAZ, PAH FBEAD KEN R A BGEBIRIZ OV TR 95,

1. [XL®HIC

AR, R EE BT A O T B AR 1T
IO —i&%3-> TRy, BUEEL AT, IRk
W (PMa2s) FHIZE DA RZIERLZDER D —D&
ZRHIVTN D, REDTEGD L 72 [E Tl
DI EBE L, ZOHUE 2012 FIZB VT
65 7 AT, ZAULFEFEO TN A FIER D B X
Z 36% b BLSLIARC, 20141, HEO KEIHY
1% 20 AR BELE(LL, ZHEE KT
ADFEREH ERE2IRDTERY, 2025 4IXHTHLE
FEH 100 T AITHEAERESII TS, BARIZE
UNTIE ) BE AR R NS e b VR A e R e %
BRL, % CEFHME 200 pg/m*Z 82 58070k
W EIREPBIRS Iz, 2D, KL 10 um LLF
DRL-IRY’E (Suspended Particulate Matters; SPM)
DBREE FLYE DN R E SN Z TR R AUk - B 1
K T EMZRL, PRk 28 T — %R, BERE
HIZETOANHED T SPM 2 DR BEFLUE)
RENTWDH[ 2557, 2018], — 75, PMos DT,
WME B DAY, BE 5 - B PE H 7 0O —H 076
A A (FRIZHE T NS TN 7)) ISR e L CER B

FEMEFE R MRV FAET 5, PMas D X972
PR 1L RS S8 SR I~ D UL AN |7z
D, EFOREFRIZ KT T RBEOBLENDS, 26D
AR RKKNENREIZIZIRE R LRFELNT
W5,

REHLA-RT 4 — BV HEXRL T (Diesel Exhaust
Particles; DEP) |25 £ L EMOFITIX, R A
PRI BT A AT DME DB <AFFHET D, £D
JORABEFERTIGIWELL T, L8R FBERK
5% (Polycyclic Aromatic Hydrocarbons; PAH) <°% ™D
= b 7 ¥ {K ( Nitrated Polycyclic Aromatic
Hydrocarbons; NPAH) 72 & d £ B2 %5 & kAL & %
(Polycyclic Aromatic Compounds; PAC) 231541 TC
W5, il 21X~ Ta]e’Lw (Benzo[a]pyrene; BaP)
23 [E BE A3 A BF 72 8% B8 (International Agency for
Research on Cancer; IARC) D% 723 A ¥)'E ) ARD
Group 1(EMIXLTENAMENRHDLLD)IZ, 1-=h
m L2 (1-Nitropyrene; 1-NP), 6-=kr 27Ut ¥
N R[a,h]7 T2 E D Group 2A (EMIXFLT
BEOFEBAMDRDLHD) T3S TNDIED,
XUV T T, AT I[1,23-cd]EL Y,
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=tasVkr, 5-=har7tFT7T, 2-=
A1 %% D PAHNPAH 73 Group 2B (EMI*S
DI FEDNDH D) 1T/ SV TVSIARC,
20127, —f%IZ NPAH 13 K5 TR EE DS LR AR v
D, PAH [ZHEA_THRD TRV OV EHEL B2 R L,
2 OO=bafEEHETAHY =L R, s
EHTD 3-=ha XU X7 b T, KRR BR
PEICKR T D EE R T EWELL TR TOWD AL,
1998], F7z, PAH bk —FEiTHDH PAH ¥/
(PAH-quinone; PAHQ) ® —ERITAANIZ I 1T HIE
PR FEROBEI AR A DO, MR- I ER 45 9%
B RBICE GT2Z 8RB SN TV D[
A, 2013], 25 PAHQ <°, PAH-NPAH /KL,
KX, =AUk i Aha 7 AR T
Ra AR 72 EON WP EUWERZRTZEbH
HEEI WS [Hayakawa et al.,, 2007; Hayakawa et
., 2011, ZD XA PAC 2R mtEiZ 2k Y,
%WBMHJ@{’”&% TR TEAE LT WV VR
WZZLEENDZEND, ZORANENEZ BT
THZETL, B DAl 95 CHBEAR S
ThiHEVZD, AT RATORFELFE L
L TCPACOHFTHEVDIF NPAH IZERE YT, 24
HOIEA, BRICKRNTO ZRARICE T A5 EE
LT, FEHEDOWIFEMRS A A TR 2,

IN= %

2. PAH-NPAH D — R4 Rk
PAH |3 D ATERIRBEC L DEY THY, 7
4%Jé/ui‘/~‘):/fock“®d:w%1%%l¥lGCEU\T, PRER
EHRACKZENFEBEDO T VXTI T ~EEGY
ﬁ%éﬂ FNODERAL M RIS Z LI KA K
THEEZ B TCWA[RIichter et al., 2000], 7=, 4
R U7z PAH X, BRBERHZILAF T DER I Z L Dl
B ERBADIZE D= b5, PAHQ X
NPAH Z45% 3%, PAH, NPAH D A\ %1978 — 1IR3
AR, T4—B NV EEOBENIFATROIINZ,
TY5, BT, BEAF, FRERAWER &\ o7 B EF
EPFRPLOHEH R H D[ Yang et al,, 2010], PAH,

NPAH DF8A: BROKAIE, ABES I Z LRk & (248
b5, Bl ZATIRBERE DR G IRAN—T 58k
HENLR > PAH JREEIE, DEP HodZhIltl
RTELLE W [Tang et al.,, 2005], — 77T, NPAH
DR BTG DIF ) F T D22 H W L e
FEIZHIAFL, DEP I CRIRELDZENFNHIT
1Y, H1TH 1-NP I DEP i bfa &A1 E7e
NPAH OO THS [ Schuetzle, 19831,

3. NPAH D = R4 RK
3. 1 KTV VBRI LD IR AR

— YA S 2 PAH, NPAH 11X, 20D
ARRUEICEO T A ERLF-HIC Sy ER S 4L, KRR
P2, WIRAHTE T, AL T TR
728 2, 3ERD PAH [ X ELL CTHAFIZAFIEL, —F
BaP 72& 5 BRLL FAH 95 PAH (X EIThi TARICHT
1E9 %, 4 B2 PAH [XMARIZAAIEL, £ DB IR
Iz X~ T4k 3% [Finlayson-Pitts and Pitts, 2000],
REHNZI51T D PAH ORI ELTIHE, H50 O3,
T INFER EN LD DT DD, FEICHT
AR 1T D PAH & OH 7 V&0 SOG TS HEF T
L, KKH PAH O EZRHBRERE D OELDTHD,
OH TV KA F AR E ThHY B O B E R
FOSTEMFE THHDIZXL T, KFIZIE NO2& Ok
DG LS THARLT D NOs 7V /1473 PAH DTE K
IZHETHEEZHITND,

OH BL W NOs7¥H/LE PAH LD T, NO;
TEAE FIZHWT NPAH O "R EL -6, —fi%
2TV HVBAE O Z EV A AT % NPAH D SLA
AR, RBERFE CARK T Db DERRDTENHDL
ALTWD, Bz X, FRERAIZ2 ZIRAER NPAH THS
2-=ba7)vA4Z 7 (2-Nitrofluoranthene; 2-NFR)
X, BRBEHE SR - DI S T izt
MOHT, ZORKFIREL, <D NPAH DORA
FIREE ERIDZENRHHILTND,

LARTD R IVBIERUGIZ 5D 2-NFR DA AR —
L%&[X 112757, 2-NFR OFR#%%723 PAH THDH 7
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JLAZ 5 (Fluoranthene; Flr) Db 7ar 547
EBTBEEORVREIZ, OH(BD\WE NO3) 7V
JVISEINUTZ R E AR5, RV T2 A
DAVMIIZ NOAMIIL, 7K (BDVNLASEE) D3
BT 228T, BRI ThD 2-NFR D ERT 5,
ZOBEREIZED 2-NFR DAL, OH BRAs G
T 3%, NO3SUL T 24%& FARE DAL TV 4 [Atkinson
and Arey, 19941,

NO,
I

2-Nitrofluoranthene
(2-NFR)

}
&
Qigm

M1 SK[HEIILAZ2T2 (FIr) D OH SUHILEER
IS &BD=R AL I8, [Finlayson-Pitts and Pitts,
1997]

fih> NPAH & [RIBROBEREIZED “ AT 524
MmN TWDH, flx X, 2=rrE LV
(2-Nitropyrene; 2-NP) &RBE R O HEXRLF H1725
IR STV NPAH O OEDTHEHD, F o
IN—ZZERIZEE L (Pyrene; Py) & OHZ 1L EdD
FOSS 2-NP MAERT D2 ENFHERIN TN, T
DF % N—FERTIL, PyEOH T DD L
D 2-NP & 4-=habt’LuRNENTH 05%BIN
0.06% DU ZETHE T HIENBOHOINTND, —F
NOzBRAAR GBI 2-NP DA AR R T I I TEL,
FERLGFIZBNTE, 2-NP ARk 95 NOsSU:
D% AT IR CE D LA RS AL TS [Atkinson and
Arey, 19947,

SABIZEITD PAH & OH T2V ED G D IE E

ERICET DT Atkinson HIZE>THZ RS
A CHY[Atkinson and Arey, 19941, ZD <3 10712
~101° cm® molecule? stV A — 4 — D FE TE KL
EREOZENHMBILTND, LINLAERND, 4 BEHT
% PAH [FARKIENEVDITEL, ZNHD KA UG

BT DL E A RIS DI N A £,
BrubakerkHltes[1998] %, miE Nl WnWTELne
S i 8 2 IR AT DA~ M35 28T, FIr &
OH TN e FUSIRE E A TN TND, F-E
FOIL, BERPEREHIZ35175 PAH—NOs 7Y 11
PR OIEFEA, KAHFIZH5175H PAH—OH 41
B D#FE ERSARBI 322 &2 F LT, Flr B8E WY
Py & OH F7 71 /L & DA SO S BE TE 0 2 BRAY
(RO DZ LIk B L 7= [ Kameda et al., 2005;
Kameda et al., 2013], ZDJF7iEIZLE) - FIr B
LOVPy & OH UMV EDRGHEE S5, =h <
N 3.3X10M B L1 5.6 X107 cm?® molecule s1 T

D, ZHHIE Atkinson HIZES> TENNAE (EBIT
5.0X10 cm?® molecule s7) |2fD TUTW Y, [RIEED
TEERNT, TRETHE DD -T2 4 Bt PAC(H
V7xz=Ly, XYV [@7 ook, 70k, NUX
Trhar)E OH 7200, NOs7 VN ED KGE
BEERH ) LTS [Kameda et al., 2013; Kameda
etal., 2017],

PAH & NO3 7V IV ED FUGNE T —#%IZ OH &
AN ED RIS LA TEND, JikD 2-NFR DX
INTEWEET NPAH DERT 23580385, iz
X, F7HLEOH TV IV EDRIGIZED 1-BX O

2-=ha 7 AL DA RINERITEL I 0.3% THDH,
ZIUTKIL T NO3 7T HIVBHAA RS L DI R T %
NEN LTI I T%EmW, FRERIS, AF VT
THL U ENOST Y HIVED SIZE S TELDAT L
=t T7ZLCOIEE 30%E mWVIENHRE I
T 5[ Atkinson and Arey, 19941,

Fo, ZOXH72 NPAH DRI RO 7 4
LT, ERE P ZRAR NPAH O 7 mt 2%
HETE T DT LD A RETH D, BIAIT, 2-NFR AR D
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£V OH, NOsHi 7 1)V ED RS EVE R T 573,
EBEICRAT TELLDO T AZHETAERL TV
L, BREEALD T — 7 BB BT 501
WEETHD, 2T, OH TUINVBAESIE DL
STHERRT D 2-NP LOEFIREARDHZLITK
ST, ZDOWFD 2-NFR A7 0 v A% HEE T 55l A
DIRENTND, T725, 2-NFR, 2-NP 3ENE 1
OH FV ANV BRI DI VAR L TODEE
ToHL, ZNOICETLIEEERSCIEND,
[2-NFR]/[2-NP] = 5 ~ 10 L7 5L PARS LA DITHIL,
NOs 7 ¥ /v BR 4h I i D % 5- 73 i@ W 35 & 1
[2-NFR]/[2-NP] >>10 &720), ZOBIRBEAIREC
EBLO SR PMESNTHETL T E HEE 5
Z &M T 5 [Bamford and Baker, 20031,

3.2 R [EAE— TR D ZIRAERL

AR D@, 4 BRLL B> PAH 135250+ EITAF
TET 57280, Fi v EITfTE LT PAH T ARYE &
DR —FED3, PAH OVEIRFS L O PAH #F5(k —
WAERDOBEBER T OB ADOED LD, R —K
JRIZED NPAH A RRIZ BT DA FE 00 JBE s 13t <,
1970 FARIZ Pitts HIZ X > T, BT AT 42— |
(ZEREFLTZ PAH & NO2 2D SUGDSIRFA BT D W3 bk
FVTHDH[Pitts et al., 19781, Py & 1 ppm D NO, LD
24 IFH DI RS TIEAER T 5 1-NP DUL1$0.02%
SRRSO TRV, SR B DY EE S 735 LIRS
2.85% FTHIMNT 52 EmiBdbiviz[Tokiwa et al.,
1981], = D#% I FX F72 7 AR —h (substrate ; 1]
RIXTTAT v =, RMBRBER SRR, ki1,
DEP <, Al,O3, Fe 03, TiO /2 D& JBER L2 L)
D ETRERD PAH-NO2 SUG AT BV TND A3,
BEDOEZZHN, WVTHLOH T AR —k BT
PAH L7 24K NO2& D JUSHEE TS, FEREKL
LD NOJEFE FIZHRWTIDOIRNTESD NPAH D4
AR BE A U5 5 & F@ S 4L C U 72 [Finlayson-Pitts
and Pitts, 2000], &ZANTH, KIRD L5k 1
(AP &E 72 PAH & NO2 & D SUG S IR THS LT

L, @l T NPAH ZAER T 5L EE LD
IZE > TG EZ o7~ [Kameda et al., 2016],

2a, b 12, 2V (SiO2) KiF I L O E W+
1 (Chinese Desert Dust; CDD) }i - ETo Py LR
3 ppm D NO2ED D, Py DL =t
Y OEREORKE\LEENEIRT, YU BT
I3 Py D3I B DI LZ 50% ETRATHDIT 12
REZ L 7= DIZKTL, CDD ECIIs O TIX
ELL, DT LT 90% LA E Py 23VHEL, [F]
IRF I e KU (~60%) D 1-NP % 5-2 7=, ARk L7z
1-NP B b fUn CHIC=hrfb i, TR HH
PEAA+ %Y =hat’L > (Dinitropyrene; DNP) %/
CHZENHBLI,

125 -

a

100

~
(63}
T

a
o

Normalized concentrations

N
(6]

125 -

100 &

Normalized concentrations

Time (h)

K2 [E+8 Py &3 ppm NOL)EDRIGIZED=FAE
LUEREDRIFEEIL, £:Py, 75:1-NP, #%:DNP,
(a) Si0, £, (b) CDD k. [Kameda et al, 2016]
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FERDOMRFEAZ 2 DS Y7 A —h ETfTo
7%, CDD [Alkk Py 75 1-NP 3350 DNP %3 4
RMNERKT DbDE, SUSOEITHFEERED LT
KillShiz, K 312, ERICHWY7 AR —b |
IZHBIFHPYy ENO2ED LD, 1-NP DA s i
ZIHR LT, BBV AN, WAV 708 DR S
%*ﬁ%h@}iﬁi\f‘, CDD k& [AEEOD R\ A Bl ok

o=, ZoZknb, CDD _EIZEIT5 PAH =k
Dﬂ:@%L I%, CDOD IZ& ENokh HHM s ar b L

TWHTENEEDIT -, B HH R B L L
T, TORMENIE R (HEEREE R Oz~ 3
AN EZETHIERHIT OIS, 22T, KISFEERIZ
FWIRL - R EOBEMEEZ LY W — R ook
B TR L= M b BOS R & oD B A AR RIE L 72 &
ZA, REMEA, LVDITE R EZRETHLAA(L)
(ISR  ARA (i w 1N YA S Y NS STy R R N =2 /N
N CTHESHEIT T HZEN DT, ZOREF LD,
CDD IZ& Nk HIRL 7 LD LIg R (3720
A EHEL) 23, Py @ﬁhﬂﬂzﬁa_ TR T
WHHLDEE 2 DTz, KD L AR L7Z PAH

T2 LI Rl 32720, E Ef I G P72 PAH
TOHNAF A LI BN, B A IR A
(Electron Spin Resonance; ESR) 72 & % W = HIE T
BHSMZES TV D[ Muha, 19671, FEH NSRS LT
HAFF5 NO22S PAH TV HNVAF AL ERIGL, o
BEIRA R L C=h{b PAH % 52 2 RS2 L0
=h EBEIT LI b O EHEESND (X 4), 7eds, BR
D3R 5-9% Py O =be et DBl LT, ikl
FINZ NOUZH AL N A7 58T 1-NP DYYL
OGN DIF0, FARIEFER SO0 A7 T D55

AITHIE DO EE NN DT D 5TV % [Finlayson-Pitts
and Pitts, 2000; Inazu et al., 2000], ZH 5Lk {AD
il 7 =1/ LR %E TH PAH O=F b MEitES
NAHFREMEZ RIBL TR, BLERGE,

CDD EBXOTVY T AN AN(ATD) EIZEIT
% Py IED FANT (B 1 IR) OB ELL Kons& NO2
IREEDOBRZX 5 IR, NOJREDHIINE LT

Chinese desert dust (CDD)

Arizona test dust (ATD)
Kaolin
Montmorillonite A
Montmorillonite B
Saponite
Potassium feldspar 1
Sodium feldspar
Feldspar
Limestone #
Dolomite

Calcium sulfate !
Quartz

Aluminum oxide
Iron (Ill) oxide !
Titanium (IV) oxide ¥
Graphite

0 0.5 1 1.5
Relative formation rate of 1-NP (a.u.)

K3 #EARDHYITARL—FLEIZHTS Py & 3 ppm
NOx(g) EMRIHIZELD 1-NP £ pEED LLES,

ArH + DS* - ArH* + DS
ArH* + NO, > Ar+<H02 = ArNO, + H*

K4 IWARBBENEETH5 A LEFERRIEKER
(ArH) @ NO, < oté l~n1l:a>$§é$§o Ds*lat@‘xu:w

[Kameda et al, 2016]

Kobs DEIFEAF T H L7020, X ANKIEIZIITSH Py &
NOEDFNE T 72T kv vy REI DR
1 (F7rbbRIEEFER LOKIER) TR TE52
LDl (K5, 50Ty a1 T
4T AT U THELINTZ ST A= (Kmax BE DY Knoz)
DAEZEHWT, BERKL LD NO i (B %1
50ppb) FiZ351F% CDD L Py J8E o BT o
ERZRDHEB.T X100 5L, ZDEE Py DRA
WML 4.1 R EFHRESID, ZOfEI, ZHET
KEH Py OEBEIEEEL TROEEELINTEZR
I OH ZV VRIS DEE ER A LG EESND
(2.8 WE[f]) LRIFREECTHY, ¥ A RIZE1TD
PAH-NO2 &S DB EM AR L TUVD,
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1x10°
X Kops = KmaxKnoa[NOLJ/ (1 + Kyo,[NO,],) - (1)

8x10™ |
—~ex10" |
.3
<“ax10* |

2x10™ -

0 05 1 15 2 25 3 35
N0Z (ppmv)

E5 #RXkLEPy&ENO,EDRIGIZESDPYHEDRE
(F D R ERETE B (hovs) & NO, 2 E DI %, CDD,
Chinese Desert Dust; ATD, Arizona Test Dust, = (1)
D ko & hops DERSIE, Aoz [FIRETHER,
[NO,LIZZ 4 NO, B EE KT, [Kameda et al, 2016]

3.3 PP AERFOE NGB LD NPAH — kA
FRODARAIE

IR U727 ARKE - T NPAH AN FE KA ER
B CEIZNEINE, BIRAEREZE T bl
FOEER TOBLINC KV IREEL 7251 % /< 9~ [ Kameda
et al., 20161, AV IT B SRELIRO KR C, HA
KT DHDIE 3 — 4 pm 12, ALITTIZ LV HLIRA
RO — N5 EE DIV TWD, £ZT,
KRB SRS MBS 7= 2010 4 3 Al EARR
MRBIOAN RS THIZBWT, 7oF—kr A
RN a— LT —Hh 7 7—% RN TRRBL D5y
WoisE (5 Boy#k;<1.1 pm, 1.1~2.0 um, 2.0~3.3
um, 3.3~7.0 um, >7.0 um) 217\, EHDLVEL
GENDH KR 777 armF 0N NPAH D45
BT - fRMTZAT o7, ZORER, KB S D FRORIF
(ZIMBLHIH T Py O=F{b{R THD 1-NP RN
LML TWBZENboTz, 22T, 1-NP O
BER AR D O E PO EBE FTHHE 3720, —
KA PAH THVILFAIIZZE TRIA~D 53 Bl
FEAERWRUY KT NVAE T TV
(Benzo[k]fluoranthene; BKF) & b4 B35
ZLC, 1-NP OEERY E —IRA R E I L7,

A6 36 KON J55 12 35 1T D TR S B8 W I JBE & K Sk
F-H[1-NPY/[BKF]tb D A2 k%, X 6 3L UMK 7 12
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The role of reactive oxygen species in aerosol health effects

PR R
Poor air quality is the globally largest environmental health threat, and epidemiological studies show
clear relationships of gaseous pollutants and particulate matter (PM) with adverse health outcomes
including elevated mortality by cardiovascular and respiratory diseases. Aerosol health studies are
highly multidisciplinary with a broad range in space and time scales. In winter 2015, we have convened
the workshop “Physicochemical Properties of Atmospheric Aerosols and their Effects on Air Quality
and Public Health” at the Max Planck Institute for Chemistry in Mainz, Germany. About 30 Japanese
and German scientists attended this workshop as funded by Japan Society for the Promotion of Science
(JSPS) and German Research Foundation (DFG). We discussed and assessed recent advances and future
challenges regarding aerosol health effects from molecular to global scales, through epidemiological
studies, field measurements, health-related properties of PM, and multiphase interactions of oxidants
and PM upon respiratory deposition. The results are published as a review article [Shiraiwa et al.,

Environ. Sci., Technol., 2017]. In this short review, | focus on the role of reactive oxygen species in

aerosol health effects.

Anthropogenic air pollution leads to a
massive increase of atmospheric  fine
particulate matter and oxidant concentrations
on local, regional, and global scales, posing a
major threat to public health [Pdschl and
Shiraiwa, 2015]. The concentrations of fine
particulate matter in polluted urban air are
several orders of magnitude higher than in
pristine air and high pollutant levels can cause
serious respiratory and cardiovascular diseases,
leading to elevated mortality. Epidemiological
studies have shown a clear correlation between
air pollutants and adverse health effects
including cardiovascular, respiratory and
allergic diseases [Lim et al., 2013]. Ambient
and indoor air pollution by air particulate
matter and ozone are among the most

prominent leading risk factors for the global
burden of disease. For example, mortality rates
in the 90 largest U.S. cities were found to rise
on average by 0.5% with each 10 pg m?
increase in fine particulate matter, and globally
the annual number of premature deaths due to
air pollution are estimated to exceed 3 million
with an increasing trend [Lelieveld et al.,
2015].

Inhalation and deposition of air pollutants in
the human respiratory tract is the first step in
adverse aerosol health effects. Human lungs are
covered and protected by the epithelium or lung
lining fluid, which contains low molecular
weight antioxidants such as ascorbic acid and
glutathione. As shown in Fig. 1, these
antioxidants can react with inhaled atmospheric
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oxidants such as OH radical and Oz protecting
underlying tissues and cells. Oz oxidative
aggression can be transduced across the lung
fluid by deleterious secondary oxidants
generated by the ozonolysis of antioxidants
[Enami et al., 2008].

Reactive oxygen species (ROS) are key
species of both atmospheric and physiological
chemistry. ROS play a central role in the
adverse health effects of air pollution, as they
can cause oxidative stress [Nel, 2005]. ROS are
defined to include OH radical, superoxide
radical (O27), hydrogen peroxide (H20:) as
well as a wide range of organic radicals such as
peroxy (RO2) and alkoxy (RO") radicals. Fine
air particulate matter (PM2s) contains
redox-active components such as transition
metals and quinones. Upon inhalation and
respiratory deposition such components can
induce and sustain chemical reactions that
produce ROS by interacting with lung
antioxidants in the lung lining fluid. As
illustrated in Fig. 1, the redox-active pollutants
and ROS undergo a multitude of radical and
redox reaction cycles in the lung lining fluid.

Transition metal ions and quinones are
regenerated by reaction with O, forming O2"
radicals that are further converted into H2O».
OH radicals, the most reactive form of ROS,
can be produced via Fenton-like reactions of
H2>0> with iron or copper ions.

We have recently developed the Kkinetic
multilayer model for multiphase chemistry in
epithelial lining fluid, which explicitly treats
mass transport and chemical reactions
involving air pollutants, ROS, antioxidants and
surfactants [Lakey et al., 2016]. We have made
estimates of chemical exposure-response
relations between the production rates and
concentrations of ROS in the lung fluid and the
ambient  concentrations of  redox-active
components mainly from transition metals
characteristic for a wide range of geographic
locations. We found that in highly polluted
environments, PM2s containing redox-active
components can increase ROS concentrations
to levels characteristic for respiratory diseases.
Chemical exposure-response relations provide
a quantitative basis for assessing the relative
importance of specific air pollutants in different

respiratory
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Figure 1. Interaction of air pollutants and reactive oxygen species (ROS) in the epithelial lining fluid (ELF) of the human

respiratory tract. Redox-active components trigger and sustain catalytic reaction cycles generating ROS [Lakey et al., 2016].
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regions of the world.

Oxidative potential is an important property
of particulate matter, which has gained growing
attention in recent studies. Oxidative potential
is related to the redox activity and ROS
formation and there are several commonly
applied assays and techniques for its
quantification, including a macrophage-based
assay, dithiothreitol (DTT) and ascorbic acid
assays. Oxidative potential has been suggested
to be a more health-relevant metric than PM
mass and there are a number of studies
suggesting that the DTT activity can be a good
indicator of oxidative stress and inflammation,
but some studies found limited or little
evidence to support the hypothesis that
short-term exposure to PM oxidative potential
is associated with adverse health effects [Strak
et al., 2012]. Thus, further studies are required
to elucidate the exact mechanism and
connection of PM oxidative potential and
health endpoints. The role of different
components and oxidative potential of PMazs
on health impacts and premature mortality
needs to be investigated.

Secondary organic aerosols (SOA) account
for a major fraction of fine particulate matter in
the atmosphere. With regard to SOA health
effects, substantial amounts of particle-bound
ROS are found on ambient and
laboratory-generated SOA produced from
various precursors such as a-pinene, limonene,
and  toluene. In  addition, organic
hydroperoxides and peroxides were found to be
major constituents of biogenic SOA and aged
organic aerosol. Recently, highly oxidized and
extremely low volatility organic compounds

(HOM or ELVOC), which contain multiple
hydroperoxide functional groups formed by
autoxidation, are found to be an important
constituent of SOA [Ehn et al., 2014]. Recent
studies have shown that such HOM or ELVOC
compounds are relatively unstable [Krapf et al.,
2016]. My group has recently found that
ambient and laboratory-generated SOA form
substantial amounts of OH radicals upon
interaction with liquid water and iron ions,
which can be explained by the decomposition
of organic hydroperoxides and Fenton-like
reactions [Tong et al., 2016].

Active research over the last decades has
made good progress toward understanding
aerosol health effects. Nevertheless, because of
the complex and interdisciplinary nature of
aerosol-health relationships, there remain many
open questions that should be addressed, and
further studies are warranted to provide a basis
for the targeted and optimal control of air
pollution emissions. For better understanding
of PM health-related properties such as toxicity,
redox potential,
concurrent studies of multiple assays as well as
identification and characterization of the major
contributors to toxicity is required. To advance
mechanistic and molecular-level understanding
of aerosol health effects upon respiratory
deposition, we need to acquire deeper insight
into multiphase chemical processes in lungs
and cellular responses upon PM interactions.

activity and oxidative
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