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Advances in research on the pollution characteristics, mechanisms and
sources of active reactive oxygen species in the atmosphere

SUN Haoyao' WANG Mamin® CHEN Qingcai* **
(1. Xi'an Aeronautical Institute, Xi'an, 710077, China; 2. Shaanxi University of
Science and Technology, Xi'an, 710016, China)

Abstract Reactive Oxygen Species (ROS) refers to the general term for a class of substances that
contain oxygen and have high oxidation reaction activity. They are widely concerned because they
are induced by different components in atmospheric particulates and endanger human health. This
article mainly summarizes the research progress of atmospheric reactive oxygen species at home and
abroad, summarizes the detection schemes of atmospheric reactive oxygen species, and introduces in
detail several common extracellular ROS detection schemes such as cell lining liquid method and
dithiothreitol detection method. Atmospheric fine particulate matter is the main inducing component
of atmospheric ROS, and the specific components are water-soluble organic matter and transition
metals. Persistent free radicals in the environment may also be potential ROS inducing substances.
Studies on the sources of ROS have shown that man-made sources such as combustion processes and
traffic emissions are the main sources of atmospheric ROS. In the future research, we can focus on
the generation mechanism of atmospheric ROS, and comprehensively study the pollution

characteristics of ROS through specific experimental methods such as laboratory simulation, so as to
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provide data support for the ROS pollution evaluation system.

Keywords atmosphere, ROS, pollution characteristics.

1 KX ROS M (Overview of atmospheric active oxygen)
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2 ROS K437 B (Analysis and detection of ROS)

HATC 24 250 ROS R 7 32, R 54 IN 7 22 A R0 248 T LUK 53 S 248 e pAy 4G 0 R 248 Jf &7 A6 00 75
ofr. 290 e A A D00 = 5 3 /) B 1 W A L T PML BRI v ARG I A ) ROSP 2, T AH
T AN ML N ARG T 8, AR M ARG I T ik ol TR B (EHE, HATE 8O T 2 85T ROS 1Y E T 5.
AL BT AR TR E LAY 240 L Ah ROS 4347 75 ik
2.1 AT LA

20 Jf el BV T S AL BT IR IR, A IO H IR A5 400 i v B e AR ), BT S TETE AR e B P 5 RS
ORE ) A AR AR S, JH T FE 3 R AT sz B BURE 0 1 ROS 7K P21 eI I 2 A Jot H B B et 1]
14 T G T a0 80 AH 60,33 2k 2R - AT DL IR O D' 1 AG DN, HC I AR 3R B AT B2 4k ROS 1 ¥k J32 7K - B,
R SC TP M R AN e H IR A8 J7 ik A AR 40 M B L A T
22 2, 7-ZEACEIONCRE

27,7 - A AR (DCFH) A B R K9, 5 SR ik A8 A0 W 1l AR A 4 4k 50] 5 0K v i



2054 7N 54 1t 2 41 %
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Fig.1 DTT reaction with PM as catalyst
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Fig.2 EPR spectra of different types of ROSF!
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3 KX ROS BH5E 8t & (Research progress of atmospheric active oxygen)
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R S5 AT AT 0 HungPS) X% o [ 65 36 7 R AUB0RL ) SR 42 R A AN [RDRLAR UKL ) h ROS 119 ¥k Ji2
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B BAROCHE ST TS, BRI SR AL A AC W G HE L . B IR SRR R . B 5 R K 4 )
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BIAE DTT IEAE D, 5 R0 A BLVE R R A 9, LA 58 A4 il b B 3 1 B RIVE . B 7€ DTT T4 #E
FEH A i R AR R I SRS A S WS PUE . S 7E DTT Akt B b 526 9 B A U [F
VE, B AR A i A R HS BT/ H . Xiong 5509 J B A B AR 23 X% DTT 1 Vit sl e, (H7E 5 H
bR 2y o I ) A7 B 25 1 R 2 AR R 3 A 2. Lyu S50 BF5E T B RS Y KA R R
S ROS, 45 % BUAE 25 55 K<, BURI ) A DTT 36 P2 15 5 RAURE S Y 2.4 4%, 3 1 A1 e M iF o
B, 0 IR 55 4 JR B F 0l T 29 55%+13% 1) DTT 36 M, B2 1E & 10 b7 8%+3%.

WAL, FE T AR ZE H, — o B 0 BR A XU 47 5 R 45 4 AP I 5 (environmental persistent free
radicals, EPFRs) th#} %& B8 ] LA W] 48 </ 42 i ROS. EPFRs J 2 f7 46 T KA & H B o, B AR F
FREE PR B A A A )RR 2, R AT DURGR BT 2 1 4R, I AE i AR5 SRR 0t A A ft B
T A i 0 0L L2 WF ST IE B, EPFRs AT LA J O 100785 0 P08 ) R s A, LA B il 4 i L 28 i, 17
T BRI A R A D DR DU A R 2 ROS 5 40 E A 1L ROS! %1, 4N &1 4 Jif 7R 2 EPFRs A= A ROS 1Y
YEFHIBL, T 56 EPFRs 4 B T 5685 45 %00 T2 OB A8 B8 7, AR5 S T s 7 & A ARUAR R i R i 41
TR, e RONAR 22 89 & AR 2500 iy AR R 58 F R 5 ) 1t 1 EPFRs HAT KA I RRAE, PR Y
RAR ARG, 20 A Z ] RE S RRELAE A 1 ROS JFRE A i85 B ft B 1

EPFRs +H* Fe?t
0, nummmsms) O, EEmmmm—m) 1,0, ) OH
L] WA R ZE4R R B
Electron transfer Disproportionation Fenton reaction

reaction

B 4 EPFRs /i ROS AY1E FHHLHI
Fig.4 Mechanism of ROS generation by EPFRs
3.2 KA ROS MK
KA ROS WRIEE N %, Wk 1 TR Ry E N AP [R L IX ROS SRIBFFENF T B XT L, EAR AR
18l DX AT — 5 1 22 S, (B AR A AIE 5 5 SR R W HE R Ay 4 2 A, RRHEA B8 A — U s i 6 25
FHORKAH ROS Az i) 32 2R 70,
x 1 ENSROS KIEHF T

Table 1 Research on the sources of ROS in China and foreign countries

HiIX Region S Hi#5i% Analysis model ROSFZLK i Main source of ROS
Tt PMF., MLR SCIR . BRI
dbxt PMF. 75 HF P/ A W) TR . ACEHETL

it 2T R Tk T BT,

[EE:S PMF. MLR SEBARPE . IR BRRRER
e wAERTFIL b/ euy

41 eSS PMF, CMB, TEZ/MT SCHIR R

Foreign country P PMF AW BREE . ACIE IR

NG T BUR ) ROS B 58 4 Liu S8V 58 7 R PMy s H ROS AR . A i IE ) i
A B8 (PMF ) Fll 22 TG 2 1 0] ) (MLR) 36 Ok ) ) DTT 3 AT 1 R IR A A, 45 R 3R B A 2= il
JE R R W R pe X DTT 19 o7 IR AL =5 . 1T A2 3 A YR I 76 B 2 D ik e ey, M0 Ah R IR A L Bty — 8 ot
HR, Tl U5 00 X6 A 2R T kA K. Ma S8V Y T A T A0 47 HULLS 774 ROS B U, PMF fif
B )45 SR BB IRBE . AW Bk be . 2CE TR . AR e S — R S e FZEOR R, Ho DTT i P
70% LA b AR B BTk . Wang 2509 BF5E T B T PM, 5 724 ROS Y H 28 AL HLAEE, 45 5 20 I IEHL
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SRR S AIN A DTT 36 A S A Sa 1, IR B0 8 38 10 H A8 Ak, 1 R0 1] HLAa 4 ik oG
XE BRI ROS MY 12 B T —RIGAE2AAEHIZ . Yu S0 858 T L3 KR PM, 5 H ROS BRI
FRIE, 45 R R W] ROS F BR PR 4 HE > — B IR £ A1 Tolk HES> A>3 28 . Brehmer 4517 fff
587 DU 46 BH A FF #b IX 19 K ROS, BF 58 8 B 5 ROS A 56 M fied 10 IR B IR 3 A S5 190 & (As,
Mo, Zn). Wang 5£ iz ] DTT Kl iEAF5E 1 P8 2 1 PM, 5 HY ROS (19 FEERIEIT L I, AR BE . — Ik
B 2 #h A AL B - HE 2 ROS FE BOR IR, HWk KV & FE>F F2>H = >Fk %% . Huang %59 R HI7E 4k
ROS il 75k & 3, AL 5t & 22 ROS W B B i K T35 2, i 5 & B R HUBLBZ 45 OC. Gali 415 R
FHAEZE ROS J3 #1728 06 7 vt 5 238 % K3l Tl M IX. ROS & S8 /K AT T 20 Hr 3 % B 1% 7.0 ROS ¥k
JEAKPE 3 S TR, X RISl HEOZ 20 ROS A E 2 K .

[E] 48 5&F ROS KPR ST AN Verma 2507 % T PMF Ak 2¢ 5P (CMB) 25 % 55 [ 4434 0
() 3 AN AN TR] IR T A ks 4 1 S8 AR VS RE AT T A5, PRI AIE 9 7 Ik i 0 B 4 R AL A — H., {H CMB (1)
AR R A R BIRK EL PME B, o 4l SRR WA 7E 4R B9 R IR 22715, 28 38 HER ) BTk & — X
(), e AT, AL FE AR B 5 3= S . AN, FERK PSS o T 50 T, ki k
A —E WY TTHR. Bates %579 S ] DTT 300 8 /K I P PM, 5 B ROS, X 36 [ 45 2% Kk ROS KF 31T T HF
58, WF9E R T CMB 35 R Pk [ I 43 B 5 ROS SRIRZEAT T 1FAN, KBRS IR DTT BLI6 Mk i 5Tk
IR AN, WA X DTT 36 19 3 s K 2547 TGS, FH T X5 1998—2009 4F 1A (8] (1) Ji 1799 2% 43
BT, 38 20 A T o B 5 UKL ST N SO S R AR DG 4 B, 25 SR R AR T PM, 5, ROS KF 5
O T TER | N AU I R A2 R (KR G B . Weber 250 BIFT 1 3k [ R BURE ) 484k T BE 10 R
U B, 1055 2R FH PMF 5 3543 AT 0K B ROS SRR . 235 55 e LA ) o MR Joe AR A2 3 HE IO A 2 4R Ak
TR A FE AR King 2509 S0 36 [ 7 45 2 KT B AR b b 1X 5—7 1 B9 ROS e & K Rl it 4T T 7
RN B2 I EAT T A0 AT, 7R B 26 20 A 1 45 R0 2 I 3 i il DX ) RO'S kB 22 o3 AR AN 1L X, AtAT ]
AR X 5 T R B 9 2838 HE A ¢, Wang 880 SR FHFEZE o it vt e I Al 29 5 Z kAT 722 7d 1Y
ROS 73#7, 45 KR W TAEH ROS Mk BE /K V225 T K, X 5@ HERCA O, T R 2 TR, X %
Y 1 R a0 20 A e A2 25 A2 ) ROS.

4 ,E\%&ﬁ%(Summary and outlook)

ALV R AR S PP Ak R A0 A £ B XU 11 B 246 b, BIF9T K0 ROS (975 Yt B 40 B2
Wil A BB BUR B 2% KA ROS 1915 P4 b 1T W1 B 54R, [B] 5 X6 A SO 2N A AT T
5 RS TEARAR A58 i s H B R SR IR IR IR 50 S Al 2 403 5 B A TR RE 1) G R 2 1% U
FERHA SR H T SE T35 A ROS 1Y 2RIy 4 Ja 15 1 1Y S8 Ak B 7, WA 3 e i &
A B SV Ry v AR & 9 48U A0 T S g AT fig 2 RS0 ROS A 2R IR, BRI ILAE AR K i ROS HF
FEHAT LB LU JUAS 7 AR 9 e

(1) IA BB RUR B 2 R W R ABURLY AT LU i of 77 24 ROS f& 3 AR RE, (B2 T RO Y 4
B A 25V, NI B A3 % ROS (9 A6 1 BT ik S A LIRS A — i 1 22 5Pk PRI E AR SR 9 B9 vh T L s
T S 2 AL, 52 B R AUBORL ) AN [ 4L 23 D F AR 58 H AR I ROS WURE 1, AR E 75 R ROS 19 1 &
BT

(2) EPFRs 24Pk W5 00, BAE g —Finl DUAr2E ™ A2 ROS AP EE KU 1 5, H wipw H 2L A
(149 A J L B 0 B A M B 58 38 AN A T, T8 AR (1 B 5 v 75 IR B At A 2R By A=
ROS 1y EAKHLH.

(3)5AH ROS MyAHSCHFFE 2 B, H A5 F 1 B 42 ROS Ky 28 W] BE JC 12 v A 0 1] K< ROS (1
SEFRHE BE K, BRI SR ROS BB 5E 0 2 — TUAIF 9

(4) A KAT5 3 B9V KBy 2 46 br 1 2R RT5 Qe W a9 v, e 2 H AT 2 AR O i
G 0 e KUK . ROS A DA AT G W At e XU 1) Ei 248 b, i A5 AR AR DR 75 e 1) Ak T R ST
AR PEA A R, DT B S (8 AR AT DR 05 G 00 1 g R AL
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