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Abstract: The action mechanism of ambient particulate matter (PM) causing health effects is the burst of reactive
oxygen species (ROS) following exposure of the biological system to PM. The capacity of PM to generate ROS is
defined as oxidative potential (OP), which is a stronger predictor of certain adverse health endpoints than PM con-
centration. Many in vitro cellular and cell-free assays have been developed to evaluate the OP of PM, among which
the dithiothreitol (DTT) assay (OP"'™") is the most widely used. This review summarized the major method research
progress of ambient particulate matter oxidative potential, including the general principle of OP”"", the effects of PM

chemical compositions, PM size, and PM emission sources on OP""', the relationship between health effect and
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OP""" and its current limitations and challenges, which could offer references to studies of PM health effects in China.

Keywords: particulate matter; ROS; oxidative stress; DTT; oxidative potential

Kim B IA T 2E AR SE T KRB0 ) (partic-
ulate matter, PM)Z& 5% 5 A\ B AR AIET R LA
O JUHIE MW ZR GE 9 | O L A5 5 5 R B2 4y L
Wl ER, 2% B 3 A R T R 4R R 5 (reac-
tive oxygen species, ROS) 5| & [} 48 1L i i (oxidative
stress) & KA Uk 1) T BN A8 BRSO B9 AZ O ALl
Ut RAFTRHE A AR5 VE kB 0 A2 15
PR AL T A i 5 1) ROS, 5 R 20 il 48 Ak ik
JEORAS AR AE | 77 HE A AR ISR, 2 T i 2 Je S A
B RBERAE , e T B AL BE S (CHD)
BN | 2 M BH ZE 4 2 6 (COPD) £ 22 98 JiE 55 I &
AT ROS L H BA — N 2 A U LS 2
— TR A T ZEARTE T 1945 AR B IR T,
TR RAEETT(10,) A A R HE(-07) i
AMLE (H,0,), B A LA (HO,) DA & 723 [ iy %
(-OH)ZF | PM i35 ROS A= U Al 1 Fr Ry A AL T
#(oxidative potential, OP), J& 3§ 7~ KA ALY N 7E
R W EE S, H A 2 R0 357 4 i FraE
S it A 2R DA O B S A v A T ik, e R R
Hi (dithiothreitol, DTT)¥k Al #VEVEDR | AETE 42 1f b
T WRASUR ) ) BRAL 22 R A, T  HUHH TR R
ORI AL T S I 2 (OPPTHMY AR ST A OPPT!
FSEAC JF B OPP™ 5 ks 4 Ak~ 21 B R A% IR T
I F, OPPT 55 fit B 5007 19 5C R M HL Jmy B 14 A 4k
65 6 A5, P RIET DTT i R Bk A fk
TR 7 T i ER A, mT Sk 3 [ R AUSURE 4 i FE AR
N RS S

1 DTT ;£89/R3E ( General principle of OP"™")

DTT & —F/NrFid JF BB A &4, 5 20 i
PRZ (138 5 B0 23 D6 H Ik (GSH) 26, fb 2 ok
C,H,,0,S,, DTT fEi JFURE N W01, # &
)G A8 L ZEREE Y 7S TCIASE R, DTT Y3838 Ji
PEIEJER A T4 2568 . DTT WL J5 AE
715 pH {H# VIR C  AXAE pH>7 A B GE J5
TR R T A B 25 5 A B R S - (—S—) A
A RS B (—SH—) AT .

e 1 FrR  RABURL ) B A T
MRS Al 4 3k DTT iy s+, fifb DTT A fkh
DTT W4, ki b 7t — 5685 0, ,

W FOA I R A B B (- 07), - O #E— B A
H,0, 1 0, ki) £r 3 A~ S A8 I i e v ke 2]
ALK BIVERT , DTT A9 15 FE BURAE — i e M Bl Y
(DTT WITHFE AR T 50% )5 W0k () Ak BE 71 B IE
Fb i 1 I 52 S SR DTT (914 R i S DA B0k
S INE=R -7 N L

PM il sk PM  + | o
. e
Ho o SH HO~-S
mo Y — i R
2PM + 20, —  2PM + 207
oy-  + 20,7 — 0, + HO,
HO
DTT

DTT 5 DTNB% 4= [
Assay for DTT with DTNB

1 ZER7HERE (DTT) & B R B AL
. PM FR KSR, DTT 5 5.5 - W Q- 54 H iR) (DTNB)
FLNE A R Ak A 0 2- il FE-5-B RO H IR (TNB) , 1% it
F 412 nm ZAT KWK 5 A B T AT e A
Fig. 1 The reaction mechanism of the

dithiothreitol (DTT) assay™
Note: PM indicates particulate matter; at each designated time,
5,5’ -dethiobis-2-nitrobenzoic acid (DTNB) reacted with DTT to form
2-nitro-5-thiobenzoic acid (TNB); TNB has the maximum absorption
at 412 nm that could be measured by UV-visible spectrophotometer.

UL DTT 25 6 0 00k 47 4 Ak Vs 34 1 B A gt
IR SRR 0.1 mol - L R 522 vh ik (77.8
mmol-L™" Na,HPO, fil 22.2 mmol-L™" KH,PO, ; pH
74); LA i WA A EC il 10 mmol - L™ B9 DTT fif
FAWA 10 mmol- L™ 4 5,57 - B XL (-l 2 H1 iR
(5,5 -dethiobis-2-nitrobenzoic acid, DTNB)fi £ ¥ (2
JEI 52 ER) I AT 4 COKFE PR 76 052 B
i Z PG i 43 3 B 0.1 mmol-L™' DTT T
YEWE A 0.1 mmol-L™' DTNB TAEW Q2 h Z N 5Em 5L
), IE s FEHE DTT TAEWIN A 2 Bk % B
WL, 37 C FROLIRSIRS], AESE
A ] AT I DTNB TAE W B2 0 28 1k, 8% J5 2R H
S EIEEETIAE 412 nm AR W SGAE LA [R] s i)
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AR AREILIS B DTT 36 M5

KR EA AR AN T E S 2 Fh
TR DTT BT AR R 0E 47 0T i br v Ak, B
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PM , FEAF B J5i 22 J0RL ) 114 S8 Ak T 34, P 28 HE R 4
TSR < BB K DTT B9 FE BRI AT R BLbR
WEAL , BIPRLATINEE] N DTT JH#E &5 28 SRR
Ff, LL OP, Fr , #ifii ) nmol DTT-min™' +m™ | 1%
(E BN A 5 WA 595 27w AT A7) 7 58 S0 R iU,
WUIMIE, A, AT AR SE R 454 T DO R
FEHTAFIY OPP™ Bdie , 52 35 % LA 14-Z5 1R (1 4-
NQNYWEMAREY) 5, K OPP™ %l i A7 05— Ab B
Sk &8 A 30 A R 3 P 1 B o 4K 38 B (the normalized

11,15]
o

_ Blank-corrected rate of loss (pmol DTT-min"') 1
" PM mass added to the tube

_ OPm xPM masssamplc (g)

index of oxidant generation and toxicity, NIOG)'

OP

oP %1000 2

Y Air volume for sampling @
OPDTT

NIOG=_ o 3)

2002 4F  Kumagai 25" 4 WA DTT 8047 T
SEI R SR S 7R A2 ROS /K, I & BLBURL
Y BRI R RES AR HE AR ) R G ROS AYAE K,
2005 4F,Cho ZMELT DTT 4007 T £ HIBAZHLEL
H AN 3l 3 K AR A2 (2.5 ~ 10 pm , <2.5 wm
M<0.15 um) fb2AgH RS ROS A KB 6 & 25
A R A R A 0 I 3G P Bt AR A2 1 3 A T
/N TR A B M 2 3805 18 5 R0k ) AL iR
TGP S B AR DG B R AR R 5 5 Ak
WIFEIEETC MR, W5, DTT ) 12 N
FHFPEA AR B | 4% 1 B A0 0 R 40 oK SB0R L
WA R AT 5, 2015 4F, Fang %1713
T DTT it & T —E AL RS, 2R AN
D E 3R 5 T 2 D o 25 R LA AR I 1 — o (P =
0.92), 1% R G HET AT B TR R T 8 R R 1 45% it
LI A TS BIEAG

2 BRI FE AT OP™ KR M ( Effects of
PM chemical compositions on OP"™")

KATR Ak 2= 4 e OPP'T AR A Y
K2, B A E WA A 5 & 3K SO Y5
ROS AWKV 2 5 b P 4 8 S AR 2R 5 Wk

R IR T o #H G, o i U 4 J& (40 Fe ,Cu vV
F1 Mn)F 2238 13 Fenton S 1 75 5 S AL 34 Jit 5L A\
1A B & B ROS, WX (4) ~ (6), M & & fii
FRU A Fe? iR AT L it iR )5 H,0, AL - OH

KE)™,
DTT(red)2M""' —2M"+DTT(ox)+2H"  (4)
M"+0,—M""+-0; 5)
M"+-0;+2H"—H,0,+M"" ©6)
Sum: DTT(red)+0O,—H,0,+DTT(ox) (7)
Fe( 1l )+H,0,—Fe(lll)+OH +-OH ®)

ARV FP 28 5 % 4 )8 19 OPP™ R TRl (% 1), See
SR AHDC A T R B, KB4 R 5 OPPT Y
A2 8 T R AR EUY B4 )8, Horp Mn 55 OPP™
B EEASE, KRR VM Zn, BFREIE E LT 5
T /K Cd . Co . Cu Fe Mn Fil Ni 2R 74 J@ H4fE
%75 ROS 4 i, Shinyashiki ZEP7 %} 7 F L
SR ) 1) ) FRAR SRR AE UE AT E = e AT, IR SR
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00 HE RT3 4 R I DTk 29 7 OP, 11 45% , Mo
Cu Fl Fe My oimk i3, Verma %P F|H] Chelex
PR (4 T 2 G 790 ) I 42 U 4 4 ) v B 4 R
O T EA R RSP E SR X R Y
OPP™ [ 5E ] , H: 22 T0 2 P [m] A A8 780 248 B I8 7 ok O
4 )& Fe, Co F1 Ni X} kL H OP”™" 4 51 Mk i K.,
Charrier Fll Anastasio"” 3£ F DTT ¥ X} 3& [ Jin #1458 &
WM A LA IR T & S A PM, 5 19 ROS A i
IR T2 AT, BE T 3 U 4 2 R i s ) 1Y
OPP™ JfAti ok i 42 J Y BTk ZY 1 DTT 12511 80%
DAk Herf Cu Bl Min (R STERESA 108 32 R L 24 5
DTT #K 1) 20% , lLAMIF 588 B B4 @B A 2 —
e DU 2 B (EDTA)BERS AN 6 48 S ERZE Y B 7E DTT 52
6 R N 2S5BSR DTT 5288 b in EDTA™

KAEFFE & IR S A0 A P HA B i S Ak i 1
(1), HAA A RGP 2 4 1 Ry R A
1, BRI (4) ~ (6)M1*2 722 N [El 2 fir o, 5 i JE 5
DTT(EH [F 482 N NADPH “EALE) FE7ERI &1 T,
PRSI A W RE S AL FL T I 6 51 & A AL 8 B 16
o, TR B 1R A H 2 28 — 9 F0 DTT-—#ifk
YI(DTT-disulfide), BéJ5 KR A H MK w5
VAR A O, F N PR AR BT LA B 68 4 B B 7, 9F
AT —2 A B H,0, . BBAh, AR5 E R DTT %
W A B, AN RIS G W 9 ROS Az K P A [d]
Chung SEPRAE T 26 [ IR 48 Je WM 95 B Hrid i 4
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AE 1 S B TR ORI RE S (TSP, 2R ASH 53 - i B S Y 2 1Y R 5 OPP™ JCAH e, Hidr Y
FE AT T AR 12 ﬁ@ﬁ%%%%ﬂ%ﬁ,lﬁlﬂﬂﬁﬁﬁ 1 2-Z50  1,4-Z8ER A AERR 5 OPP™ £k Al 26, A&
DTT J7ETEE T REf d ROS A= K F, BF 5% & 91 2R 073 .039 F10.76,

®1 KRSWHYHER DITEEUEWILE

Table 1 The summary of DTT responses of oxidative compounds in particulate matter

ey OP,,/ NIOG 253k
Compound (pmol DTT-min"" - pg™") References
ARGt B S i, A Al
Cu(Il) — [12]

Nonlinear concentration response, unquantified

AR B S i, A Al
Mn(Il) — [12]

Nonlinear concentration response, unquantified

Co(IN) 458 136 [2]
V(V) 198 0.59 [12]
Ni(Il) 181 0.54 (2]
Fe(1l) 093 028 [2]
Fe(1l) 03 0.09 [2]
Pb(Il) 031 0.09 [12]
1 4-Z5M(1 4-NQN) 1 4-naphthoquinone (1,4-NQN) 337 1.00 [2]
9,10-FER#(9,10-PQN) 9,10-phenanthrenequinone (9,10-PQN) 6.77x10" 201x10" [12]
1,2-Z5#(1,2-NQN) 1,2-naphthoquinone (1,2-NQN) 2.59x10" 767 [12]
5-¥53-1,4-Z5M(5-H-1,4-NQN)
5-hydroxy-1,4-naphthoquinone (5-H-14-NQN) 78 37 2]
1,2-Z5(1,2-NQN) 1,2-naphthoquinone (1,2-NQN) 5.7 2.7 22]
1 4-ZEM (1 4-NQN) 1 4-naphthoquinone (1,4-NQN) 2.1 1.00 [22]
J85 5 5259 JFT (HULIS) Humic-like substances (HULIS) — 0.018(0.011 ~0.025) [28]
1,4-Z5H(1,4-NQN) 1,4-naphthoquinone (1,4-NQN) — 1.00 [28]
S PR 4 W (trans-IEPOX)
Trans-B-isoprene epoxydiol (trans-IEPOX) 7.00x107£1.39x107 4.93x1077£098x10° ]
2-F 3L PY S 0K IR (2-MT) 2-methyltetrol diastereomers (2-MT) 444x1075+£092x1073 3.13x107°+0.65x107°  [41]
IR B NI R (MAE) Methacrylic acid epoxide (MAE) 9.84x107°£097x107° 6.93x107°+0.68%x107° [41]
2-H ZH IR (2-MG) 2-methylglyceric acid (2-MG) 251x1074+037x107* 1.77x1074£026x10™*  [41]
SRR E Y BRIk E L A (ISOPOOH)
Isoprene-derived hydroxyhydroperoxide (ISOPOOH) 4.90x1071£2.20x107 345X107£155x107 Fl
5% " Hi SOA Isoprene SOA 2.10%x1073+022%107 148x1073£0.15x107°  [41]
F LA 45T SOA Mathacrolein SOA 230%x1073£027%x1073 162x1073£0.19x107°  [41]
SR T MR T SOA Isoprene epoxydiol SOA 1.79%107£0.16x107 126x1073£0.11x107°  [41]
IR JL IR SOA Methacrylic acid epoxide SOA 3.13%x1073+0.30%x1073 220%107%£021x1073  [41]
1 4-Z5M(1 4-NQN) 1 4-naphthoquinone (1,4-NQN) 142 1.00 @1]
% SOA Toluene SOA 248+64 8.6+22 32]
1,3,5-=H 7K SOA 1,3,5-trimethylbenzene SOA 208+3.0 72+10 [32]
J%—H% SOA Isoprene SOA 575+3.6 19812 32]
a-JEM SOA a-pinene SOA 55+25 19209 32]
1 4-Z5R(1,4-NQN) 1 4-naphthoquinone (1,4-NQN) 29+0.1 1.00 [32]

T : OP,, K7 By B i UL ) 0 S8 AV 34 NIOG: 27 S8 A A ORI R RO R IE LA AR ; SOA FR A HL AL,
Note: OP,, indicates the mass normalized oxidative potential of PM; NIOG indicates the normalized index of oxidant generation and toxicity; SOA indi-

cates secondary organic aerosol.
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162‘ O Oxidative DNA damage
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Adduct folmauon
A
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Oxidative DNA damage
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BHIEAL B P P A IRROS Y A fLIE IS 3
Redox cycling of quinones generating ROS in vivo

S DTT-—#ifk#

S DTT-sulfide
HO
DTTILINH— L i
The first step in DTT assay

HO ON GoH COH
SH @\ S
SH+ S ‘Q

HO > DTT (JMJCM

DTT DINB  C OH DTT-sulfide SH

DT A S
The second step in DTT assay

DTTiL S
The scheme of DTT method

2 BREUASYEMBEAF DTT LI HiESTFEES (ROS) FFE WS IERFIRM
e ;NAD(P)*?%/TJ:IMMHJ?H“HA B RERR , NAD(PYH 7% 16 JEL 150 K0 I i B HEE0% — AR R R , PAHL F57R 2379503,
GSH F/RAMEH K, RNA FR %R, DNA o i E AR

Fig. 2 The redox cycling of quinones generating reactive oxygen species (ROS) in vivo, and the similar cycling in DTT assay™”

Note: NAD(P)" indicates nicotinamide adenine dinucleotide phosphate, NAD(P)H indicates triphosphopyridine nucleotide, PAH indicates polycyclic

aromatic hydrocarbon, GSH indicates glutathione, RNA indicates ribonucleic acid, and DNA indicates deoxyribonucleic acid.

Z 0712 (PAHs) ERR AL G ITE R P iy E 2
HIA4Y) , Ntziachristos 254X} 5 [ A 4 JE I 1 X
SR A [F L2 4 0 5 OPP BEAT AR G 43T,
&I PAHs 5 OP”'" ELAG AR = i 1EAH G, I 42
PAHs W% & OP"™ [ R AFF5 /"), Verma 4523l
T T S [ A2 AL Ml DX R ASUORE 4 v 2 4 K 1 2 43

OP”"" MR LAF 2] T AR BIA 4518, F 55 I PAHs
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P B A B2 5 (HULIS) 40 A, Lin A1 YuP* X 1 5
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B ML S (Can ke | bk s Kz H e 5675 A 90 9 4 AL AR
T, &R EXT DTT MTHAE, R & R ey
AT VR SR CE 78 ROS 194 i F v
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A ML BE(SOA) & RABURL ) v i) B %2
S0 % 5 S S S I I RS R U R 7 R Y s PN
Brfd R M U2 LMILEE), T SOA fh2#4]
B A 2 X SOA #HE4 748 A4 1A TR 50 Rkt B 5 1o 1
Al — T2 [ B A 3 J P 9 00 358 P A I B0
FHOCHF 58 & B0 AH B F AL 1R SOA (i 5 )% — I
SOA .a-JE/ SOA FlI B-A T4 SOA), N RE SOA
(hnfE — F 2 SOA 2K SOA HIZE SOA )M HA
i OP,, [RIAS 5% 5 i 48 H i 25 oh 07 7 I T 1A 9
FEHE N RUE SOA Hhr i & & JL-T- 1T L Z AT,
FEHEN SOA = 2L i JE AL iR A2 W #E DTTH Y,
X FR I B S B AF 5T IR S, IR 5 A % SOA Hr
i Michael /& (41 CHO ,COR ,COOH £l COOR) "]
W EE MRS S H %S5 DTT &I R DTT
A4, NIE#E DTTE ) KA, Gant 485
FHRSMIFAIRSEES , #7m T RIS T 5 DTT L6
P A I R A R R, B3 3 IR AR AR g A2 T AR
DTT, McWhinney %% H] DTT 15 174G T IRk &
NO, T, - OH FIZE LAk [ i Ak & K 2B B SOA
(1) ROS LE K- A5 R KW 1,2- 28000 1 A-Z5ER AN 5-
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FREE-1A-ZR B Y TTER L (5 2% SOA 1Y OP™™" By (30 +
5)% ,WFoE I & BRER Bk 3 RS A& YA E 1T
TE K A A B AL R JEE 1 1 28 SOA 4145,
Tobias 1 Ziemann®” [a] 4 55 4 il A = . £ & Y
JHie Il BRI TN R, T ON I , 76 AR A Uk 4
RIS T A L A [ SR B AR
T AR B IE T IZ IR R, AR R e B
B ML A A 3 5 B 3 1 JSORLAH o 5 4 I K
SA P AT HE NS A% AZ s, [ 7= A BTG
PEE YT, Wang 2555 R HIAH 2540 52 B0 A4 o- YR M
N B-TR 7 9 5L A B S H H 2 Ak 2 BN, At AT
WAz L) SOA 3l A K AR H , Il FH VA € 3% -2
R AN 2] T K H,0, MIFF7E, Docherty 255
T I S AR R A 1-P B B O R R AR AR
SR, B 5 5L AT AR AL SOA st Sk,
st U SR I A 1R 47% ~85% R,
AR |, RIS R T SOA it AR A
AR JERAR T FE DTT, [ K A i B P UE S 1
SOA Hrfid S LYyl ad 245 & A=W F AR
F SRR o, oK 50 DNA Fi 455 Kkt 8 1 5

BB, PRI R R IET SOA Y ROS AEHIK
SRS AT AR AR AR TR AIRTE

3 BRIHRIERT OPP'™ HyRSNE ( Effects of PM size
on OP"™")

BRI R AR AN 28 K3 D1 5447 AN IR % B
UNAV A7 w RN BN R TP L7 Bl NN
J& S5 AR SR L BN RURL ) W) 2 28 i DT T
Jo AR AR T — 26 8 440 07 40 W B T B A AT
W R GRS 5 MEAEARS S, H e TPk
Wk K/ OPP™T &R, KZ B R AR,
OP,, 1Bl % WUkL 9 67 42 FA) D8 /N1 38 K, il , Li
SEEFIM DTT ¥E0F5E T 22 EUNRIAR JE W b XA [
RAR KA BRI B ROS A WK | 235 5 35 BH 8 41 9t
Fi)(<0.1 pm)AY OP,, 73 il ZAHRR (2.5 ~ 10 pm)
AN BRIYI(<2.5 pm)OP, 1 21.7 51 8.6 15,
Ah 58N BLAE 92 [ 36 75 J2 S N VRIZ IR S AN B I
JEE (R AR S S AR A B 2518

SR, 53 b — Le bk 5 th 22 B, 15 8 400 50k: 9 AH
Lt AR 9 BB ) B T 55 % OP, . 1, Sama-
ralVE A I JE B JE S I 9 2 B, PR B L
KR BORI049 ~ 1.0 wm)i) DTT 1% P 5 T4 40 9
Bi)(<0.49 pm), X Fh 22 S PE V] gk B T WK 9

Wk e R T 2 B DTT W Ery kw41,
BEAh, —Se B 5 K B, 5 N 2 #R K 3 DA SC Y
OP, , H UG {3 # i B AE ORI R AR IS o 1 ~ 10
o 75 A7 A BORE M) K P4 2 OP, B LI
&, MARKEPELA 7y OP, W 5 XU 25 73 A1, X Ffi 73
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4 Firr ¥ HERUE ST OPP™ B9 S50 ( Effects PM e-
mission sources on OP"™")
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Wang 25558 & IE, SOA | 5831 4 B2 /<M1 Ak 1y 2 il
RS PFORYI I ROS A4 K V- 5355 KK
WOk AR 24, H = T B K WRLY) . Charrier
S POV A R ) 1 R 1) BLORAE R G SR AR AN R T 1Y
WKL, DTT ¥4 2 T A [R] R U 50K 4 () ROS
A UK S5 R B[RRI OP,, HAA W
FELEF WS F>IE ERA>FEIR IR
FE b > B AR P> 2 ORI BE . Daellenbach 257
i PE AL B 2 Hh O SORUR Y 1Y A 2E 2H R AN
OP”™" JR454 My 23 A B F A A | 412t RRC U R <
L) I SR JR S5 OPP™ Sk R AN A [R] , B R AR
SO v B 1 IR I N — BB R AU ) 1) LAk T
B P, X OPP™ B HE BOIR HE AT R ) A R e A
S DI R T A it B DR A 1 it R i

B AR AIL Bl O I AN W3 n, AAIL 3
TEHERCBUR P R AR 3R ) B 2B HEOE H 2552 31 4
BR300 0 K 1Y S = BLHLUR A 3 L I =
B, SetHLIBURL (DEP)XT OPP™ HA 1 38 BTk (3% 2).
McWhinney 253 DTT ¥l T DEP ok 5 3k
T S R BRI Y 9 ROS A K -, 25 411
DEP WUKLAY DTT JHAE# % L PR Uk (1) DTT 7
FEBRE —EUEY, H DEP kL I 81% ~92% Ky
5% DTT i i P4 50 A2 6 TOK A AH . Shin-
yashiki 2P HRIE T DEP HP K ANV P 4 Bk 1
DTT 7% 90% LA |-, DEP ki & A PAHs fif§ k-
PAHs(NPAHs) % & S N .0 %51 (1) PAHs fii /£ 4,
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Table 2 The summary of DTT responses of PM from various emission sources
HECR SRR OP,/ E= PN
Emission source Sampling site (pmol DTT +min™" - ug™) References
LEY TR BT AL I (BBOA) .
%Hh Field 151220 (58]
Biomass burning organic aerosol (BBOA)
AP URR(COA) Y Field 90+51 [58]
Cooking organic aerosol (COA)
B KSR Ambient PM Yt Field 10 ~70 [58]
AZH 1 Traffic intersection Yl Field 509+2738 [59]
AR HE L Se il HLISURL(DEP)
7.1202 [29]
Ship emissions Diesel exhausted particles (DEP)
KB Hi KL Corolla gasoline DEP 12+1 [60]
IR RAEHHL Golf diesel DEP 1843 [60]
TR R A5 AL Golf biodiesel DEP 2543 [60]
M P S5 Bl Accord diesel DEP 2342 [60]
IS AR 2 8 45 04 P S vl AL
DEP 1922 [60]
Accord diesel with particle filter
AL DML High engine load DEP 6112 611
rh % 8l Medium engine load DEP 23+15 [61]
2R % ML Low engine load DEP 46+15 [61]
K EESRBEIHZE Wood smoke HHZ 48 Chamber 252+09 32]
FEHL 1&2 Rice straw 1&2 Y Field 21+3 [62]
KETEFT 1&2 Barley straw 1&2 Yl Field 89+10 [62]
/NEFEFF 1 Wheat straw 1 Yt Field 30+14 [62]
FH5¢ 1 Rice husk 1 Yy Field 72+16 [62]
INFEFERT 2 Wheat straw 2 Y Field 30+2.1 621
G5 2 Rice husk 2 Yt Field 20+10 621
ity i Ak A7 5425 Land fossil fuel combustion 3T PMF BRI f#HT Ambient PMF-derived 113 [13]
MEARHERL Ship emissions H:T PMF BALfi# 4T Ambient PMF-derived 196 [13]
YRR BE Biomass burning HF PMF BEEU#HT Ambient PMF-derived 17 [13]
TIRBRRRER Secondary sulfate 3T PMF B M Ambient PMF-derived 39 [13]

— Ny DEP Uk A A ok U5 T ik, Ak
WFFEik & B, DEP Y0k 42 B BT 05828 P sl
FEPENS ST MR HE Bates %M 19 25 i, DEP FUR: 1Y
OP”"" FZ 5 R WS E ATH T B Eik#
LA KRR R B YIM 5C, Fox 3T DTT 1%
XF He T AR [E] & shHL g X DEP 0k (9 ROS A A fig
FIHE I | 25 F 3 B BEAR & s AL £ far m] DA S 3 B AR
WKL OPP™ ) Li %R H DTT 3&Xf b T3 A R
A TG4 1 DEP JURL Y ROS A iiK -, & B
B RS AL R AR BT 51 & ROS AR i g

H &4k OPP™ B, Verma 25 VBF5E T 25 I8 42
WL IX 3 2 5% A8 A o) 3 6 32 38 R ki) oPP™
BRI S5 R 4R (11:00—14:00, K EH &
AR WCEE 2 /Y ki 4 OPP' B I i T /= (6:00—

9:00, A V-7 B 2= 1 (8], J00RE 9 oK A T A LR
(WSOC)Fl OPP'" & I ZEAHC, 1 WSOC F 2k H
TRAW IR Py ali A W) BR e . Karavalakis
L0 SRR R A [RR A B X DEP J5URL ) ROS
Az KT 52 ), 235 S 3% W il FH A 4 5 TR 5 0Ok
AT DL 2 AR HE OBk g OPPT

ULAh, T8 I 22 3 HE R PO A HE R R S
OPP™ L3 BH B AH &K K, Shirmohammadi 256"
FEREREAZIL A (3 SR A R M0 IE B AT
S s IR JE S22 DR FH RS Bl R e 15 R 4R
KR , 2558 Won A s E R OPP™T de Kk,
E TSN 2.1 £, B OPP™ 5L sh 4 B 4 HE ik i
TREEY) AT PRAH CE , Verma 455 % 3 35 [ IV 4R 22
TR DX KAL) 075 o 5 5 0 OPPTT S ¢
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FREAE T DTT WAl R0 ) E AL S B s ik 27

IR I 28 56 N 43 i 1k (PMF) ¥ OPPT 5
AR 0 Ak 2 41 0 Wk BE AR 25 G i AT R ML Bl 22
Helor 445 OPP™ ¥4 BTk, BT i He il ol 12% ~
25% . Yu SECE IR E A6 AT R AN FURL ) 1 PMF
R &5 RS OPP'" DL K £ Jn £k M [nl I 455 76 AH 45
A AR 4 4 OPP™ Y BTk R AN SRR, 4
SERPLEIAHER (B35 4% ~63.7% ) IR BB EL A Tl
HELB 5% ~11.9%) BEIABE(13.8% ~32.8% )l
(35% ~40.6%), Bates 25" Fi| H 1k 2% it & °F 5 74
(CMB)FFAHT H A [R] A Y5 X 3 6] 3P 4 2% K X R 4
WKL TR, FRES A 2T ST TR AN [ DR
TRRYRI S OPP™ BAHDCHE , 45 R F WA 4=
[ OP,, fer , H R A W) R e Fnd B S8 %2, DA
SR B RS E HE U OPPT A EE TR,
FRFRIFLEI A RSB OPP™ B # k22 5%  F it
Ak TAEF SR THL MRS T8 I 430 S
MLBh A HERORESE T OPP™ 52235 PFN I

Y EUR bR OPPT (15 —KEEORIE ., AW
JEBALR FARE R A 0 AR SRS 56 DU R RE R, L%k
B AR A] P AR B A KA #E A LTS 4 (40 PAHS
FEEZ)™ | Verma 555 % 30 A W ST R be HE ) A
B B (BBOA) 5 410 18 B 258 iy 19 A AL LIS TG
(MO-00A), 5 DTT & PEfH A, Saffari 2574351
SREET 2012 4FF1 2013 4E4 B4 i ZE 57 e 3 X
MY ARATURLIRE i, I o0 A T UKL b i A2 oy 5
ROS A= WK1 K &, 32 2012 477 B 4 5 fa L
M), 4 b J BOAE 2012 AR HUBE 2R BE 8% T A% B iR
MBI SESRARIRBN , BFFT 45 TR W | ZER=9% e 4
HiL DX 2013 4F A 4 SRR 7 B 0 (2 T i SR M R 2 3L
BRI L 2013 4E TR T 2 £ ~ 3 £%, WU )
ROS A= UKV 54 1) B A7 B W 4 VAR G, IR 52
TR AE W) B2 G I BUR 1 1Y ROS A= 1%
I, Verma %57 LR T 55 [ me IR AR JE SN Ll AR
KR CK ST ISR T A W R s - )
CEPES I ZE e 4 SO LA e OPP™™ 22 57 | 5 %)
TS, SR, Fushimi 25 % A 6] A= 9 I
(PR KEFEFE /N RS FF R 7 ) R e HEBUBURL )
By OP_ B BAK T HLah 4 HEmOk U5, 4N, Vreeland
S0 Y I ) s 3 A e T 2 B I AR AR Uk ) 1
OP,  HIZ A XHBURI Y () OP,, JCHH W52,

— oY oA IR AT AE S OPPTT Y 2k
U8, Verma 55V LB Z5 FIRK 218 PR 47 2 %) 56 [ R

Pk X R A 4l R OPP™ 1 BT Rk 240 9 12%
Liu ZE7 5% o [ b 3 17 v 22 RAHTJE KSR
OPP™ X FuAfF 5% & B, Vb 242 KR e A s 50kE 9 v 7K
wbESRoCE BN, Wi S EBCER Y OPP™T
BN, Secrest ZEVOHF T T HA [ PN 52 iy RO 1] ML IX
o FH R 2 AR AL HE B 1) S AR A 4 %o AR A i £
WOk 22 5 OS2, 25 S R4z AR TR e Fs
BRI 2 P ANUR 0 1 32 B R, o (A 2k
5 OP,, W A, Wi 5 W& W5 OP, JoH &
P, SR, Chirizzi 557 WFSE & BLIE B VDb A 4
R R 2R Bl TR 40 T S5 a5 G U I 35 A
SRR OPP™ L i 5wk, kAR, &
VRN BUR A OPP™ RN 14 22 M 32 5 R 49 )
N R (A Y S O = i | L TRUAT R
KA IR S5 1 e 1) R T BE SR ELAE R T ST T
F B ARG r= A A A A2 B, R
ANt OPPTT A g 2 BT s ok, BRI ik 2
A BT B R S R T W 5 A T K, 1 i e 4 )8 o
IRV i BE B OPP™TES K I, Chirizzi 2577 i 4
PN X ORI T B 2 T AR S B R,
b, — BRI AR 4 A AR
oAy — S0 W 2 OPP™ ik Al HE ik I, Wang
AT PMF 1 1 22 U2k e ] D A8E 0 A A 11 22 [
2 23 Ml XA TR R R ) SR 90 % OPP™ () ik, A& B
P AAHECS OPP™ (14 B3 ik £ o 1T 3k 28% ., (AR
T, Samake %57k B AR B0 IRt RE RS 3 5
ML ASORE 2 1) OPP™ | L vp ECE 461 7 1) ROS B ik
TEANER Y 10 fi5, (B2 B AP 4 8ok |
PRATIREHER B BT 7= A 19 SR Ak (BC)Y , ELIF 9% B4 TIE 5K
SRR ELAT B R A SR AL SRR T R I R A
VIS A VR S0 HH AT REFEASVERA

5 OP""" 5@ #YX % ( Relationship between
health effect and OP""")

SR e BRI A AL A B85 %) o0 S0 7 SR = L
Yy OPP™ 4 550 fili R G0 fa R 500 2% i A OGO
[FIEEBIF 9 L 1, A Rl B A4 0 28 5T, OPPTT 3R
PR 0 AH OGP Lo UKL A BT R v BE Y A OGPk
s 0PN H A RS R BRI O v B R R
RN RLRIARDCPED S Ae Uk T A8 SO RS
KT N AR g RN A AL B Y, B A
ATIR A 8 P 4 <. NO(fractional exhaled nitric
oxide, FE\ o )YEH OPP" A= 4bric M i o8 ok i 22 |
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FEyo 8 Rl PR L W 28 45 9 MR A K 2
PRI 2R GE 55 (e i yi2 W A B AR

FEFLA T2 T, 30 8 4 b [ USR8 -4
N 22 70 1] A ASE 76 Sk A B RUBE AN B[R] 9 OPP™T
HAGR SRR AR 5E XA OP, (X 38 N 4t —
SN ) 7E B R Bk 2 (] G 3 AR Ak IR 5
OPP™ RIS iZ X 3l iy KA UKL ) o i vk B 1
OP, MBI Janssen 457"V FH A Hb [l )1 455 U £
T A28 09 OPP™ JRE 45 31 24l B AR N 5%
WA A X IR B ) T 2 5% 4 h, 258 R 4 h
OP"™" 5 FE,, f77F .3 IEAH &%, Yang S8V F]
2009—2010 4Ffaf 2= 55 L 1 I %) 0RE ) 2H 53 WL £
it S A= Hb BT BEA G B % OPP™ 37 st 1) 7 51 4 A
REHY S5 B0, OPP™T 55182 Wiy T g 238 | % Wity RELJ %
FILEL 98 K I R 5 1 5 A O, ELRE - 38 R 5 3550 o 44
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SME SRR AR IR S, SR T | R A AN Rk
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