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IS SRR R KRN R R, ol B0 ] SRR
TREPM, 5T R PR AR,

AT SCHHRE, LA“ss 575 4 (air pollution).
HpR(black carbon). fa@tHE(health). % (exposure)”2
KR TR, PR FL3520054F 24 7ESCT—
X\ ZIX(JCRAF D) T | 3 Y 56 T PRI A% 8 X A
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), 8 SCRRTE S AT R 85 (A RN A SO T Bk
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RO T BA BRI I S A2 ek, 5258 MR
TR AR BUA PF A D R . i b X S
R 0 25 ] 3 A 2 2 5 4038 %% B R N S5 4 A I R AT
K. TEfTTE 2 [6], £L 2 [F]— SR B AR AR oK R A,
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POEEA Y Sl FJAE21(Magee Scientific) .
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CL: 14.1, 19.2%). JaZeFoeH 50 i [a] & 11 4 J 2
1~6 h, [FAREIIEEE) T B g5 15 De Prins% A5
ROBF ST AANI & T P H S8 %8 (exhaled  breath con-
densate, EBC)™ {6 L DU IR A AL =1 8- ST RS IR R
FIL-1BfE RN T, K BUBRBHKEIEINEFeNO, 8-
SERTAIIRER . LR AN T IL-1 B3 2 T LL R EBCHY
pH FREAISC. A1 A& AR SCHR[60,611 4% B T 4R
455 RosaZs NV I, MIHLPM, 5, 8-SHRTFIIRE 5
LB R 2 ) ) ST B R RAfi T 4. Zhang 5 A gk
2, AR FE A T ML A2 215038 R IL-1P.
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JiEE2EN
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X T AT o I Wi R (AR 5 i S 8 % i ) 1) L
i, 24 hIRR B TR A1 NQR(1.16 ng/m), 7
Jili % HH(FVC)F#1%96.8 mL(95% CI: —184.4, —9.1), FEV,
FEAK107.2 mL(95% CI: —177.5, —36.9)"". 45 fdtHe A
HEFAE R T KA b ) 22 58 5 FeNOFIFEV, 1Y it
FARRAE,

LB 5 i D) B 14 S IR i A 9% P 8 R — 3
W5 R B 31 SR 2 R S T AR i o )L B4R
PP RE T A ¢, — i T4 ABERIBASIRIFSY
T SAE R B F2 A A) 1 11 R & 90 205 5 il T g 1 [k =22 1)
ORI SCERE. FEPPAl 21 5 1 vk A A e A A
B AEIAR SC SR G A B, et il 1 ELA o e S A
R 5233 ), AT BE T B -5 SR e B T v ) Sk
SO IR I 2R 47 L A 6 AR A IR I
FTRE A5 B 14 s L R i A E LR A

SIS 1R (1) SRR B 5 2RI IRFE h CEk. BOR
TRER IR T, SRARVR B 5 WP T 0 22 1 )
O LE R A RGP ERE BT, L
LI A TR, S A Je A BRI 2 S
FET NEO 2 WIFE R IEMISE . 70 SRR K SRR 1Y
g, —T0LE N KR AR T R B R I BA S 5%
R, SRR NMQR(0.78  pg/m’) 5 COPDAE
B R h16%(95% CI: 2, 10%)FIFET- I 17%(95%
CIL: 0, 14%) B RS R EIIF 2L, KINRER
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BAFEONEH EMARGEINRERIE . LW
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SR R ET AR H M ARG R
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TEBAE NI A R 2B (IR SDNIN, 3PS i 43 Lt
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FEAVRRE R OUMIOC,  3X AT AR BRI O A 4 FN B ik
P RE R AL 2R BL I A (S R I A SN R,
MpR TR FAYEE AR AU BER -1, A
JRLZGRAE - 138, 3 22 WA A AT REIE 0 175 % R ]
BEMRET™. MR AT BEIE AT A AN A T S
ZEWE AR R, BUME T, BSO8R X
)

IFEAE A PPAR O 145 (R Y B 248 AR, 7T DA S sk
HPAS BT LY. R RO SE 4 S S5 A4
Fe o &7 KR 5 SO I MR R 6% 2 (R AAAE 0 2 Y E
AR, I Hm IH 8 RO A THE T —
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RE SR OCTE I U U5 F2 0 8k, TR EE
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Table 1 Major epidemiological studies on the effects of black carbon on the respiratory system

Wit N REEG RERE THEWE (ug/m’) B ik
S 128 X — B A\ [¥6] 2 il 2d 5.4 W RGBSR a2 Vi 27.6% [45]
A (] 31 0~14% LT [i5] 52 3 A5, R 1.0 I R e 50 13 B 32 34 11110.86% [66]
Aisf ] )51 65% LI - \Bt [#] 5 34t 25 2d 1.32 o LA AF 2 SR XU 1 1 7.20% [67]
it ] 41 — A [i1 5 35 25, 1d 4.11 I 2R Ge i AL T AR M 1.80% [70]
BAF 45~85% Jai | LURAA! 54 0.78 COPDE: & R34 /1116%, FET-H117% [71]

o RN E R A LE I REFVC T 4
T JL# AE51 1d 1.16 96.8 mL. FEV 1 FFE107.2 mL [48]

, ’ FEV1 FF%1.1%, FVCFF£0.6%,

BAF1] JEky LURFEAY B 0.22 MMEF% F 3% [63]

) - ST RS B 1 Y 32 I FVC AR TR
BAZ1) LR LURFA! S4F 0.5 1.3%; TEIRUE T BB VO RMERAIN0.1% [64]
EA 6~12% JL# LURFRAE 2h 3.1 S-SRI ARZEHENS.9% [59]

1d 45 8- SEFIFI IR ZHE116.7%, FeNOMEN16.7%

o FeNO112.1%, EBCI{pH T [40.05,
LR 173 IL-1BH41138.4%

EH N2 [0 7 345 25 1d 4.0 FeNOil116.6% [44]
EH PR PR g FTgE e AT [ il 1h 6.3 FeNO5 BARk VR B2 1E A, FeNOAR{L74.7% [56]
EH COPDAI I A\ fH [351 22 il 1h 24 FeNO5 B4Rk BE IEAHE, FeNOZE{L15.5% [57]

o~ T, FeNOI14%~17%, 3% 7] fit SNOA i
=4 LI AES] 6h 18 et F LB AT R A 5 [58]
SER 18~29B fFEARE  [IRES AL 4d 235 FEV, FF1.59%, FeNOK¥- 714.35% [62]

a) JRA RISt R

WA IE R B, 5 min VX B AR 5 55 8 45 5
1 png/m> 5 B 45 FEHE0.57 mmHg(95% CL: 0.30,
0.83, 1kPa = 7.5 mmHg)h &Pk EH/10.36 mmHg
(95% CI: 0.14,0.58)45 =%, 22 JE ) Bp o Sie3 ik Py
TEFRER, PO R G0 A R 3 B B e s
PRk 7 5 ] BE X E I AR 45 7 A 4 A 8 20 L5
R4t

R =FhE RS EHO M RE RSO, 5
KO MEHEME. FERATRFIIIONE T 2184 5 5%
T SR I R A S 0 166 PR AT IV e RS o ) 25 1
B, W58 N R AR BAE TR B kg 21, & v il
SRR N ST TG YL AR R, S PR Aot O IR R 0
FLPRIS TR, 457 BRAR AT £33 i o WLt a5,
%3 d B8R 0 T35 BE A5 11 TQR(0.30 pg/m’),
Lo HL T I J 7s E)C  R  RAVE Y U L (odds  ratio,
OR)H1.52(95% CI: 1.19, 1.94), i 2Bk AT HE 1
VR PR B XU PR 21,

PR R T BE 2 I PN R D Re RN Bl ITkoks A Ak &

. AW R PRI 3 A S Pk S O 7e I
FERCR AR 2R, SR N IRERTREZ ™). Provost
A NSV Uk R BT 4 S0 Ik oHe b - ) SR R R 1
I, Hoh, GEREEAR( FCH R L BRI ) 5 R
TR TR R IEASC, MR o R W 2% 5
MRRRGE R AN, 8 BRI N100 ng/m®, #
FC B MARE  12.38%(95% CIL: 0.81, 3.97%), I
KRBT R2.27%(95% CI: —3.62, —0.92%). KBS
WFSEN IR, AF3 SRR B A5 111N IQR(0.26 pg/m),
AR B VER SIS Ik R B N1.1%(95% CL: 0.4,
1.7%)"%. 1N 2 TRE T WA A0 50 kRS J32 8 o 5 ) B e
Tl AE ST KNS ThAERES, X — & IUA B TR R
TR 5 500 ISP AN AE T[] 1) G HR.

TERCRH IR N, PRk (BT R k) 288 50 PR
Wk B AT G Ol ¢, ELARZRINAE 500 106 1l A7 0
FETHO 0 MR 2 AR RO U
FEABEEC, OME R E ™ RS KR T
Vs P bR B, N, SarnatZE A R 24 W
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TRV E BTHR 1M QR(0.42 pg/m’), D EM L
ARG IS }1.042(95% CI: 1.014, 1.070).

) % T PRIt 5 e O R O B
SR RO A R G4 AR Y SARSP 2 SR 1 T
1MQR(0.8 pg/m’) 5 706 K R I AN3%(95% CI: 1,
5%)FIFE T KU HEI6%(95% CI: 3, 9%)AHIEEY, — 014
SEISAERIBASI TSR R, SAR KR ER N pg/m’ Y
R 0 LA 0 AT PRI FE TR 1 XUBS: He (hazard  ratio,
HR)/3541.16(95% CI: 1.05, 1.27)#11.09(95% CI:
1.04, 1.15), AR CAYFE T KUK T AR T 58 4404

F2BGE T X —A ) TS TR A . Mk
RS AN AR EAE MR RN, X
JRv O S8R S5 SR By ik ok A A Ak B4 52 e A A ] s i) IR
FESS AT RIE. AR R IT s SR B AR T I — 3K, (H EAREE
ZRBK. XATREE TR Az TS 55
RIRFEAY.

23 PhRRYE
UTAER, A 22 U A R W BURE W) AN (U2 M

%2 EBRPWONERSRENEERTRERR"

RGO MG RS, WESEMERGEHG). Bk
A INAE RGeS, P LA 28 i i 5 e, He5 | &Y
RGEME SR B2 MR G B e S R s bk, el
DETEUNL S M i ERY I i e N D O R W
AR R, 2010455, 56T SBBRx 2 RS
IR, O 2 AT & I A0 R
AT DA R B e, i sh BT IR 2% BRRE AH S RRAE 1)
S B AT IS A T 2k R 1R ki
I IR 2SR R B T B e e
O ML A 57 B B 55 ) LB RN AR, L e R A
SRR YR BE B NIN0.4 pg/m’ 55218 % I 2 R )
TIEAS43 LA K ) T O AN > BPAL I 56750 R A
%, HARRMAEEC . Eicts . SRR RS
A AR, ol FH IR —BA B 4 o — TR 9 6 B, S S R
55 4% AF Conneril iz Hh 114 S5z 107 B[] 4iE 4 AR 1= 2808 i
AKX, MTE LA AR ML SN A D, X2 2
AR IR R R S LR 22 8] SR i E T
I8, FEEAE PR AR D, Bk AT LA, HifE S
B IR A B R (MMSE) 43N T-25 1 OR{H M 1.3

Table 2 Major epidemiological studies on the effects of black carbon on the cardiovascular system

T it PN REE BB TR (ug/m) AHICEE R itk

P28 L — N [#] 5 3k EFS 5.4 OB 2SR H18.8% [45]

A ] J 41 A [ 2 3k 1d 1 O LA AE e 38 10.56%~1.65% [66]

B R 55 65 LI EARE [N EFS 1.32 AR AE B AR 14 1014.83% [67]
BAF1] 45~85% N\ LURAA! 54 0.8 TEE LR e R B 1113 %, BET- A T16% [38]
B3l SO~G4% AT WPZEHUM 1S6F 1 Lm%ﬁﬁ%tﬂf&ﬁ%ﬁ%ﬁ ARMFECRE 3y
A% AR LURF A 3d 0.3 DR HE ORIE HF1.52 [86]
A% FRIBHIEARAE B AE51 10h 1 W g 34 10.53 mmHg, &3 E#810.37 mmHg [82]
EH feERRE At AES51 1A 0.63 Wi 3G AN2.77 mmHg, &7 EHE12.35 mmHg [83]
EH LN AE51 5 min 1 BHA S RS IN0.57 mmHg, &7k ERENN0.36 mmHg  [33]
A% CAEF LURfA! 28d 0.44 SDNN T [40.5%, LE/HFH41111.3% [37]
EH EAEN [#6] 2 ¥l 5 1d 0.5 SDNN F [44.6%, LF/HF111.8% [76]
EH OIMAEREE e 4h 2.02 SDNN T F#4.2%, ERER LM 208 FREREETE R [91]
BAF B it s A A 14§ 0.26 Sk N R EERE TN 1.1% [40]
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Table 3 Major epidemiological studies on the effects of black carbon on the neural system (long-term effects in grey)
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Table 4 Major epidemiological study of maternal black carbon exposure

it N TEEETEAL TERERTA] TR (ng/m®) AHOCL SRk
BAF1) AL S FERIT90 d 0.32 Wi T Hi251.0 mmHg [104]
HSURBIMIR LT LURBUE  ZRM 15 14 08 Wﬂ@ﬁ@ﬁmﬁ%&gﬁfiﬁﬁ*ﬁﬂ% [102]
RRIREE . PRI ARSI A AR, B
BA% L LUR# 2 TR NASZR MR RS E RS [106]
2]
BAF AL LURBER! 90 dATURFY 0.36 R EZIF5rRE4150.08 [107]
A% Y2 o0 N gy | 2 0.14 SRR T 17.0 g [108]
SEHLT BRI XSG N2.0%, AR
FE D8 T eI 2 B UM 0.14FFF20.70  FLy=RUEHEING.6%, M AR & R:EEAH R Y [109]
PR30S
BAZ) V| Fif 23 A58 TR 3.1 AN A YR PR AR I JH AL OR(E M 1.15 [113]
POy YA R N A R R PR (4 TR L OR{H Ky
BAF1) A i} 2 A A Z i 1.05 1178 ZE A PM, iAr IN Z15 el rh, e [114]

(48%) K] T WAl i B9 JRURS: B ik e

B, TN AR RS Jm e 52, AR GBS
EESR USSR AT, ISR T8 —5
AISEIR. BEAh, —IRE T A B T AN R AT R ik
F o AH S B 7 IXUBSE B R /INFI S ) S A7 AR 22 5, 3kl
RES 25U B PORIRAE AP AE ATl 2 18] B AN 155
P, (ERFARTIT R HITRARBEE.

3 &5k
FN~AJRIR T T MR RN 10 =BT
BFFEAR. BRSSO T R B A TR,
(RGN VU LT N &2V
BT IRBESE L AR R
R0 o i L TE N S N
B, AR ILE BAERZIARA, DR LR
SEERERR. FERRBFIREO T, RRZRREA, WA
i AR AR ) T SRR R R 1 W (BT, 2R
e S UNE N e (AL U PRUSINE B AEE S 7/ R
WARTR 5 N PRIOIPICRGE . o L5 R S P 22 3 St
i 36, BN A R IR T A T e
VPRGN MR SIRHRERE S, AR
SR TS TR (R L AT 4
B AEBERCIBE T JRAT . RS A T A
DL NETREDR, AEURISI 0 LR 48 1T g 2ot B (A
FAEE M E G %

R ST R BRI 0 S BER F Hi

710

BrmA TR Ao, SCRmA R AR, ©
A g — 6 T I it S B e 1 AR T B P R s
PR AT HITFBE, B Ak 20084 5t iz 255K,
BT SRR E O e S A TR TR,
R/l = P S T 1 e e ) w317 0 | e 182 A
RN Hrp — BRI 5 e 119 2 58 38 YR sk b U
25, ARREA . B TR T TR
SN AR RR A PR S IE R A8 ARk mT LT R B
EAITPNGS i B 1570 S S BN o T T e b R X (3
S E T WIS, VRS R R RERLN. BEAh, B RTIR
AFON WU SRR Rk s o aF e e U
TS R BE FRATF 5 UE 58 14 e = T BB ) i HERL N AT
FEMIATEE. A DA HLAE202 14 K A
(Axpkzssggr) VORI, BT TR A IR B
2R GEIEIEAS LA R AR SE. RN R 9
DIAI ) i X T Jre BT 5 A B oA Pl 1)l S R 1 A
PRfEB TR AR, [FR), fibdg b, SeRkfEh—2
LA ISR 830 175 Y, 9l SLHE RO A BH 1k %
P R G R R e 3 A L A 25

MOk Z T R B, AR T B0 K K A A
BN, B KCHZS R R S IF I R G O IR
Wi AN BLAE RS SR A4 PR T KU A 510 i R
WEEEF O B BRI 5, HnT R E R
AR A 28 ST YR AMAEE R AR 2.

BB B, YT RRAR A LS i, RN R A



P A

SR, FESCBrRl i s b, R E AU D
) 7 9 E B SOURL, R — E TR AT S L E
S, TR T R A S T REAEAE AL F T4
RO T PR AR P A BRATIAR O gk, R A AL 0
LRIRIE L. XS RS e 1 AR SR 2 it — 2
TR P Bt 22 8 ) A BB

TN, KT RRORAY R RV AT A R E
P, A R SRR JRE A v A e s S v O
AR, WERBIE N —MREEYIFER P&
SN TEA R, X — PR B AR AE
RS2 A PERY RIS, SEAHAITTE ot BLAR AR FTPM, s 5
PUBRILL PR R B0 G SR BRI A 12 h A7 e
AR AR B DT ARG — . P B L
PR DA LB AR RSOV AN BB S5 )R, FRATIAC R
KBRS BN F G ST L RO L (1) I 5E SR AR

tnRE L e rp A B AR IR, TR RO S A A
. (2) BT BGETT7 IX 3 e A O
5o, Sl REM AT RBR SR AR, (3) TP
THULER, B 2 LR AT A, e R
WUESESE. (4) PUINRIERER NS EARE, RIS
SRR, (5) WFFE MBS URAE PO AR R A S HAL
JOE. AT A B R T SR B A R e A2 4.
(6) BT MAEA T EURET o, SRARAGHEICR . P BE
Rtk Aoz 210y . AR ER T TN 1Y S HK.
(7) FETEABTATR AU, DURCE AR G
ARES S E FIECR GUCR B A s ), B ALR
B N B R A . (8) e 35 B WURL Y
SCo MEINERT7 % JF R ML TAR, S5 SR AbE
G B A B A A R AR, S AT A PR PR A BE R Bl
HEAE.

RPN

1

12
13

Murray C J L, Aravkin A'Y, Zheng P, et al. Global burden of 87 risk factors in 204 countries and territories, 1990-2019: A systematic analysis for
the global burden of disease study 2019. Lancet, 2020, 396: 1223-1249

Jin L, Xie J, Wong C K C, et al. Contributions of city-specific fine particulate matter (PM, s) to differential in vitro oxidative stress and toxicity
implications between Beijing and Guangzhou of China. Environ Sci Technol, 2019, 53: 2881-2891

Bates J T, Fang T, Verma V, et al. Review of acellular assays of ambient particulate matter oxidative potential: Methods and relationships with
composition, sources, and health effects. Environ Sci Technol, 2019, 53: 4003—4019

Yang J, Sakhvidi M J Z, de Hoogh K, et al. Long-term exposure to black carbon and mortality: A 28-year follow-up of the GAZEL cohort.
Environ Int, 2021, 157: 106805

Xue T, Zheng Y, Li X, et al. A component-specific exposure-mortality model for ambient PM,s in China: Findings from nationwide
epidemiology based on outputs from a chemical transport model. Faraday Discuss, 2021, 226: 551-568

Bond T C, Doherty S J, Fahey D W, et al. Bounding the role of black carbon in the climate system: A scientific assessment. J Geophys Res Atmos,
2013, 118: 5380-5552

Briggs N L, Long C M. Critical review of black carbon and elemental carbon source apportionment in Europe and the United States. Atmos
Environ, 2016, 144: 409-427

Katsouyanni K, Touloumi G, Samoli E, et al. Confounding and effect modification in the short-term effects of ambient particles on total mortality:
Results from 29 European cities within the APHEA2 project. Epidemiology, 2001, 12: 521-531

Smith K R, Jerrett M, Anderson H R, et al. Public health benefits of strategies to reduce greenhouse-gas emissions: Health implications of short-
lived greenhouse pollutants. Lancet, 2009, 374: 2091-2103

Janssen N A, Gerlofs-Nijland M E, Lanki T, et al. Health effects of black carbon. The Regional Office for Europe of the World Health
Organization, 2012

Zhu X J, Qian Y, Li X Q, et al. Research status of black carbon aerosol: Definitions and impacts on health, climate and other welfare (in Chinese).
Res Environ Sci, 2021, 34: 2536-2546 [JRIEAH, B, 2Wefl, %5, BRI R BUR: & LB ERE . SRR, FRERATTR,
2021, 34: 2536-2546]

Petzold A, Ogren J A, Fiebig M, et al. Recommendations for reporting “black carbon” measurements. Atmos Chem Phys, 2013, 13: 8365-8379
Highwood E J, Kinnersley R P. When smoke gets in our eyes: The multiple impacts of atmospheric black carbon on climate, air quality and
health. Environ Int, 2006, 32: 560-566

Tan TY, Guo S, Wu Z J, et al. Impact of aging process on atmospheric black carbon aerosol properties and climate effects (in Chinese). Chin Sci
Bull, 2020, 65: 4235-4250 [RAR, PA8, REF, . ST RBAU 5SRO IR . Bl i, 2020, 65: 4235-
4250]

711


https://doi.org/10.1021/acs.est.9b00449
https://doi.org/10.1021/acs.est.8b03430
https://doi.org/10.1016/j.envint.2021.106805
https://doi.org/10.1039/D0FD00093K
https://doi.org/10.1002/jgrd.50171
https://doi.org/10.1016/j.atmosenv.2016.09.002
https://doi.org/10.1016/j.atmosenv.2016.09.002
https://doi.org/10.1097/00001648-200109000-00011
https://doi.org/10.1016/S0140-6736(09)61716-5
https://doi.org/10.5194/acp-13-8365-2013
https://doi.org/10.1016/j.envint.2005.12.003
https://doi.org/10.1360/TB-2020-0745
https://doi.org/10.1360/TB-2020-0745

M % b & 2024528 #69% o6

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

712

Ali M U, Siyi L, Yousaf B, et al. Emission sources and full spectrum of health impacts of black carbon associated polycyclic aromatic
hydrocarbons (PAHs) in urban environment: A review. Crit Rev Environ Sci Technol, 2021, 51: 857-896

Lohmann R, MacFarlane J K, Gschwend P M. Importance of black carbon to sorption of native PAHs, PCBs, and PCDDs in Boston and New
York harbor sediments. Environ Sci Technol, 2005, 39: 141-148

Qiu Y, Cheng H, Xu C, et al. Surface characteristics of crop-residue-derived black carbon and lead(Il) adsorption. Water Res, 2008, 42: 567-574
Zhu J, Shang J, Zhu T. A new understanding of the microstructure of soot particles: The reduced graphene oxide-like skeleton and its visible-light
driven formation of reactive oxygen species. Environ Pollut, 2021, 270: 116079

Xu H, Ren Y, Zhang W, et al. Updated global black carbon emissions from 1960 to 2017: Improvements, trends, and drivers. Environ Sci
Technol, 2021, 55: 7869—-7879

Chowdhury S, Pozzer A, Haines A, et al. Global health burden of ambient PM, s and the contribution of anthropogenic black carbon and organic
aerosols. Environ Int, 2022, 159: 107020

Peng R D, Bell M L, Geyh A S, et al. Emergency admissions for cardiovascular and respiratory diseases and the chemical composition of fine
particle air pollution. Environ Health Perspect, 2009, 117: 957-963

Karagulian F, Belis C A, Dora C F C, et al. Contributions to cities’ ambient particulate matter (PM): A systematic review of local source
contributions at global level. Atmos Environ, 2015, 120: 475-483

Janssen N A H, Hoek G, Simic-Lawson M, et al. Black carbon as an additional indicator of the adverse health effects of airborne particles
compared with PM,, and PM, 5. Environ Health Perspect, 2011, 119: 1691-1699

Grahame T J, Klemm R, Schlesinger R B. Public health and components of particulate matter: The changing assessment of black carbon. J Air
Waste Manage Assoc, 2014, 64: 620-660

Segersson D, Eneroth K, Gidhagen L, et al. Health impact of PM,,, PM, 5 and black carbon exposure due to different source sectors in Stockholm,
Gothenburg and Umea, Sweden. Int J Environ Res Public Health, 2017, 14: 742

Zhou H, Lin J, Shen Y, et al. Personal black carbon exposure and its determinants among elderly adults in urban China. Environ Int, 2020, 138:
105607

Li B, Lei X, Xiu G, et al. Personal exposure to black carbon during commuting in peak and off-peak hours in shanghai. Sci Total Environ, 2015,
524-525: 237-245

Dons E, Int Panis L, Van Poppel M, et al. Impact of time-activity patterns on personal exposure to black carbon. Atmos Environ, 2011, 45: 3594—
3602

Nieuwenhuijsen M J, Donaire-Gonzalez D, Rivas I, et al. Variability in and agreement between modeled and personal continuously measured
black carbon levels using novel smartphone and sensor technologies. Environ Sci Technol, 2015, 49: 2977-2982

Brand V S, Kumar P, Damascena A S, et al. Impact of route choice and period of the day on cyclists’ exposure to black carbon in London,
Rotterdam and Sao Paulo. J Transp Geography, 2019, 76: 153-165

Delgado-Saborit J M, Lim S, Hickman A, et al. Factors affecting occupational black carbon exposure in enclosed railway stations. Atmos Environ,
2022, 289: 119301

Ngo N S, Gatari M, Yan B, et al. Occupational exposure to roadway emissions and inside informal settlements in sub-Saharan Africa: A pilot
study in Nairobi, Kenya. Atmos Environ, 2015, 111: 179-184

Bista S, Fancello G, Chaix B. Acute ambulatory blood pressure response to short-term black carbon exposure: The MobiliSense sensor-based
study. Sci Total Environ, 2022, 846: 157350

Hvidtfeldt U A, Serensen M, Geels C, et al. Long-term residential exposure to PM, 5, PM,,, black carbon, NO,, and ozone and mortality in a
Danish cohort. Environ Int, 2019, 123: 265-272

Lepeule J, Litonjua A A, Coull B, et al. Long-term effects of traffic particles on lung function decline in the elderly. Am J Respir Crit Care Med,
2014, 190: 542-548

Clark C, Sbihi H, Tamburic L, et al. Association of long-term exposure to transportation noise and traffic-related air pollution with the incidence
of diabetes: A prospective cohort study. Environ Health Perspect, 2017, 125: 087025

Mordukhovich I, Coull B, Kloog I, et al. Exposure to sub-chronic and long-term particulate air pollution and heart rate variability in an elderly
cohort: The Normative Aging Study. Environ Health, 2015, 14: 1

Gan W, Koehoorn M, Davies H, et al. Long-term exposure to traffic-related air pollution and the risk of coronary heart disease hospitalization and
mortality. Epidemiology, 2011, 22: S30

Neven K'Y, Saenen N D, Tarantini L, et al. Placental promoter methylation of DNA repair genes and prenatal exposure to particulate air pollution:
An ENVIR ON AGE cohort study. Lancet Planet Health, 2018, 2: e174—e183

Wilker E H, Mittleman M A, Coull B A, et al. Long-term exposure to black carbon and carotid intima-media thickness: The Normative Aging
Study. Environ Health Perspect, 2013, 121: 1061-1067


https://doi.org/10.1080/10643389.2020.1738854
https://doi.org/10.1021/es049424%2B
https://doi.org/10.1016/j.watres.2007.07.051
https://doi.org/10.1016/j.envpol.2020.116079
https://doi.org/10.1021/acs.est.1c03117
https://doi.org/10.1021/acs.est.1c03117
https://doi.org/10.1016/j.envint.2021.107020
https://doi.org/10.1289/ehp.0800185
https://doi.org/10.1016/j.atmosenv.2015.08.087
https://doi.org/10.1289/ehp.1003369
https://doi.org/10.1080/10962247.2014.912692
https://doi.org/10.1080/10962247.2014.912692
https://doi.org/10.3390/ijerph14070742
https://doi.org/10.1016/j.envint.2020.105607
https://doi.org/10.1016/j.atmosenv.2011.03.064
https://doi.org/10.1021/es505362x
https://doi.org/10.1016/j.jtrangeo.2019.03.007
https://doi.org/10.1016/j.atmosenv.2022.119301
https://doi.org/10.1016/j.atmosenv.2015.04.008
https://doi.org/10.1016/j.scitotenv.2022.157350
https://doi.org/10.1016/j.envint.2018.12.010
https://doi.org/10.1164/rccm.201402-0350OC
https://doi.org/10.1289/EHP1279
https://doi.org/10.1186/s12940-015-0074-z
https://doi.org/10.1097/01.ede.0000391750.38925.0f
https://doi.org/10.1016/S2542-5196(18)30049-4
https://doi.org/10.1289/ehp.1104845

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

Colicino E, Wilson A, Frisardi M C, et al. Telomere length, long-term black carbon exposure, and cognitive function in a cohort of older men: The
VA Normative Aging Study. Environ Health Perspect, 2017, 125: 76-81

Dons E, Van Poppel M, Kochan B, et al. Modeling temporal and spatial variability of traffic-related air pollution: Hourly land use regression
models for black carbon. Atmos Environ, 2013, 74: 237-246

Saenen N D, Bové H, Steuwe C, et al. Children’s urinary environmental carbon load. A novel marker reflecting residential ambient air pollution
exposure? Am J Respir Crit Care Med, 2017, 196: 873-881

Lin W, Huang W, Zhu T, et al. Acute respiratory inflammation in children and black carbon in ambient air before and during the 2008 Beijing
Olympics. Environ Health Perspect, 2011, 119: 1507-1512

Liang F, Tian L, Guo Q, et al. Associations of PM, 5 and black carbon with hospital emergency room visits during heavy haze events: A case study
in Beijing, China. Int J Environ Res Public Health, 2017, 14: 725

Sun Y, Song X, Han Y, et al. Size-fractioned ultrafine particles and black carbon associated with autonomic dysfunction in subjects with diabetes
or impaired glucose tolerance in Shanghai, China. Part Fibre Toxicol, 2015, 12: 8

Norris C, Goldberg M S, Marshall J D, et al. A panel study of the acute effects of personal exposure to household air pollution on ambulatory
blood pressure in rural Indian women. Environ Res, 2016, 147: 331-342

Paunescu A C, Casas M, Ferrero A, et al. Associations of black carbon with lung function and airway inflammation in schoolchildren. Environ Int,
2019, 131: 104984

Chuang K J, Coull B A, Zanobetti A, et al. Particulate air pollution as a risk factor for ST-segment depression in patients with coronary artery
disease. Circulation, 2008, 118: 1314-1320

Fan Y, Han Y, Liu Y, et al. Biases arising from the use of ambient measurements to represent personal exposure in evaluating inflammatory
responses to fine particulate matter: Evidence from a panel study in Beijing, China. Environ Sci Technol Lett, 2020, 7: 746-752

Goldman G T, Mulholland J A, Russell A G, et al. Ambient air pollutant measurement error: Characterization and impacts in a time-series
epidemiologic study in Atlanta. Environ Sci Technol, 2010, 44: 7692-7698

World Health Organization. Global health estimates 2020: Deaths by cause, age, sex, by country and by region, 2000-2019, 2020

Landrigan P J, Fuller R, Acosta N J R, et al. The Lancet Commission on pollution and health. Lancet, 2018, 391: 462-512

Al-Kindi S G, Brook R D, Biswal S, et al. Environmental determinants of cardiovascular disease: Lessons learned from air pollution. Nat Rev
Cardiol, 2020, 17: 656-672

Fabbri L M, Romagnoli M, Corbetta L, et al. Differences in airway inflammation in patients with fixed airflow obstruction due to asthma or
chronic obstructive pulmonary disease. Am J Respir Crit Care Med, 2003, 167: 418424

Chen X, Han Y, Chen W, et al. Respiratory inflammation and short-term ambient air pollution exposures in adult Beijing residents with and
without prediabetes: A panel study. Environ Health Perspect, 2020, 128: 067004

Yao Y, Chen X, Chen W, et al. Susceptibility of individuals with chronic obstructive pulmonary disease to respiratory inflammation associated
with short-term exposure to ambient air pollution: A panel study in Beijing. Sci Total Environ, 2021, 766: 142639

Ji N, Fang M, Baptista A, et al. Exposure to traffic-related air pollution and changes in exhaled nitric oxide and DNA methylation in arginase and
nitric oxide synthase in children with asthma. Environ Health, 2021, 20: 12

De Prins S, Dons E, Van Poppel M, et al. Airway oxidative stress and inflammation markers in exhaled breath from children are linked with
exposure to black carbon. Environ Int, 2014, 73: 440-446

Rosa M J, Yan B, Chillrud S N, et al. Domestic airborne black carbon levels and 8-isoprostane in exhaled breath condensate among children in
New York City. Environ Res, 2014, 135: 105-110

Zhang R, Dai Y, Zhang X, et al. Reduced pulmonary function and increased pro-inflammatory cytokines in nanoscale carbon black-exposed
workers. Part Fibre Toxicol, 2014, 11: 73

Wang Y Z, Hu D Y, Jia X, et al. Association of short-term exposure to atmospheric black carbon with lung function and exhaled nitric oxide in
young healthy individuals (in Chinese). J Environ Health, 2020, 37: 673677 [ FHERE, HIKT, SO, 5. KA BGRB8 SAR R B A
DI ATt R —E AL R A SCHI ST MBS R 2R, 2020, 37: 673-677]

Suglia S F, Gryparis A, Schwartz J, et al. Association between traffic-related black carbon exposure and lung function among urban women.
Environ Health Perspect, 2008, 116: 1333-1337

Mordukhovich I, Lepeule J, Coull B A, et al. The effect of oxidative stress polymorphisms on the association between long-term black carbon
exposure and lung function among elderly men. Thorax, 2015, 70: 133-137

Ma P, Tian Z J, Zhang X L, et al. Acute effects of black carbon on respiratory diseases and the modulating effect of air temperature (in Chinese).
China Environ Sci, 2022, 42: 2921-2930 [Ehiby, HREAR, TR/, 45, BT ITI R Ge A0 22 K SORME IEAUNI ST, h E SRR,
2022, 42: 2921-2930]

Samoli E, Atkinson R W, Analitis A, et al. Associations of short-term exposure to traffic-related air pollution with cardiovascular and respiratory

713


https://doi.org/10.1289/EHP241
https://doi.org/10.1016/j.atmosenv.2013.03.050
https://doi.org/10.1289/ehp.1103461
https://doi.org/10.3390/ijerph14070725
https://doi.org/10.1186/s12989-015-0084-6
https://doi.org/10.1016/j.envres.2016.02.024
https://doi.org/10.1016/j.envint.2019.104984
https://doi.org/10.1161/CIRCULATIONAHA.108.765669
https://doi.org/10.1021/acs.estlett.0c00478
https://doi.org/10.1021/es101386r
https://doi.org/10.1016/S0140-6736(17)32345-0
https://doi.org/10.1038/s41569-020-0371-2
https://doi.org/10.1038/s41569-020-0371-2
https://doi.org/10.1164/rccm.200203-183OC
https://doi.org/10.1289/EHP4906
https://doi.org/10.1016/j.scitotenv.2020.142639
https://doi.org/10.1186/s12940-020-00678-8
https://doi.org/10.1016/j.envint.2014.06.017
https://doi.org/10.1016/j.envres.2014.09.003
https://doi.org/10.1186/s12989-014-0073-1
https://doi.org/10.1289/ehp.11223
https://doi.org/10.1136/thoraxjnl-2014-206179

M % b & 2024528 #69% o6

67

68

69

70

71

72

73

74

75

76

71

78

79

80

81

82
83

84

85

86

87

88

89

90

91

92

93

714

hospital admissions in London, UK. Occup Environ Med, 2016, 73: 300-307

Bell M L, Ebisu K, Leaderer B P, et al. Associations of PM, ;5 constituents and sources with hospital admissions: Analysis of four counties in
connecticut and massachusetts (USA) for persons > 65 years of age. Environ Health Perspect, 2014, 122: 138-144

Hua J, Yin Y, Peng L, et al. Acute effects of black carbon and PM, 5 on children asthma admissions: A time-series study in a Chinese city. Sci
Total Environ, 2014, 481: 433438

Zanobetti A. Air pollution and emergency admissions in Boston, MA. J Epidemiol Community Health, 2006, 60: 890-895

Zhang Y, Xin J Y, Zhang X L, et al. Interaction effects between ambient temperature and black carbon and PM, 5 on mortality in Beijing (in
Chinese). China Environ Sci, 2020, 40: 3179-3187 [1K=%, S=4:7T, /N2, 5. LRt T -5 AR FIPM, KPR SET 5 M A 38 AN H
BRI, 2020, 40: 3179-3187]

Gan W Q, FitzGerald J M, Carlsten C, et al. Associations of ambient air pollution with chronic obstructive pulmonary disease hospitalization and
mortality. Am J Respir Crit Care Med, 2013, 187: 721-727

Silverman D T, Samanic C M, Lubin J H, et al. The diesel exhaust in miners study: A nested case-control study of lung cancer and diesel exhaust.
JNCI J Natl Cancer Institute, 2012, 104: 855-868

Hosgood H D, Wei H, Sapkota A, et al. Household coal use and lung cancer: Systematic review and meta-analysis of case-control studies, with an
emphasis on geographic variation. Int J Epidemiol, 2011, 40: 719-728

Zhu X, Liu B, Guo C, et al. Short and long-term association of exposure to ambient black carbon with all-cause and cause-specific mortality: A
systematic review and meta-analysis. Environ Pollut, 2023, 324: 121086

Sun Q, Hong X, Wold L E. Cardiovascular effects of ambient particulate air pollution exposure. Circulation, 2010, 121: 2755-2765

Schwartz J. Traffic related pollution and heart rate variability in a panel of elderly subjects. Thorax, 2005, 60: 455461

Baccarelli A, Wright R O, Bollati V, et al. Rapid DNA methylation changes after exposure to traffic particles. Am J Respir Crit Care Med, 2009,
179: 572-578

Bind M A, Baccarelli A, Zanobetti A, et al. Air pollution and markers of coagulation, inflammation, and endothelial function. Epidemiology,
2012, 23: 332-340

Xu Y, Chen X, Han Y, et al. Ceramide metabolism mediates the impaired glucose homeostasis following short-term black carbon exposure: A
targeted lipidomic analysis. Sci Total Environ, 2022, 829: 154657

Rabito F A, Yang Q, Zhang H, et al. The association between short-term residential black carbon concentration on blood pressure in a general
population sample. Indoor Air, 2020, 30: 767-775

Pun V C, Ho K. Blood pressure and pulmonary health effects of ozone and black carbon exposure in young adult runners. Sci Total Environ, 2019,
657: 1-6

Zhao X, Sun Z, Ruan Y, et al. Personal black carbon exposure influences ambulatory blood pressure. Hypertension, 2014, 63: 871-877
Louwies T, Nawrot T, Cox B, et al. Blood pressure changes in association with black carbon exposure in a panel of healthy adults are independent
of retinal microcirculation. Environ Int, 2015, 75: 81-86

Mirowsky J E, Peltier R E, Lippmann M, et al. Repeated measures of inflammation, blood pressure, and heart rate variability associated with
traffic exposures in healthy adults. Environ Health, 2015, 14: 66

Gold D R, Litonjua A A, Zanobetti A, et al. Air pollution and st-segment depression in elderly subjects. Environ Health Perspect, 2005, 113: 883—
887

Zanobetti A, Coull B A, Gryparis A, et al. Associations between arrhythmia episodes and temporally and spatially resolved black carbon and
particulate matter in elderly patients. Occup Environ Med, 2014, 71: 201-207

Chen W, Han Y, Wang Y, et al. Glucose metabolic disorders enhance vascular dysfunction triggered by particulate air pollution: A panel study.
Hypertension, 2022, 79: 1079—-1090

Provost E B, Louwies T, Cox B, et al. Short-term fluctuations in personal black carbon exposure are associated with rapid changes in carotid
arterial stiffening. Environ Int, 2016, 88: 228-234

Sarnat S E, Winquist A, Schauer J J, et al. Fine particulate matter components and emergency department visits for cardiovascular and respiratory
diseases in the St. Louis, Missouri-Illinois, metropolitan area. Environ Health Perspect, 2015, 123: 437-444

Kim S'Y, Dutton S J, Sheppard L, et al. The short-term association of selected components of fine particulate matter and mortality in the Denver
Aerosol Sources and Health (DASH) study. Environ Health, 2015, 14: 49

Huang W, Zhu T, Pan X, et al. Air pollution and autonomic and vascular dysfunction in patients with cardiovascular disease: Interactions of
systemic inflammation, overweight, and gender. Am J Epidemiol, 2012, 176: 117-126

Genc S, Zadeoglulari Z, Fuss S H, et al. The adverse effects of air pollution on the nervous system. J Toxicol, 2012, 2012: ¢782462

Shang Y, Liu M, Wang T, et al. Modifications of autophagy influenced the Alzheimer-like changes in SH-SY5Y cells promoted by ultrafine black
carbon. Environ Pollut, 2019, 246: 763-771


https://doi.org/10.1136/oemed-2015-103136
https://doi.org/10.1289/ehp.1306656
https://doi.org/10.1016/j.scitotenv.2014.02.070
https://doi.org/10.1016/j.scitotenv.2014.02.070
https://doi.org/10.1136/jech.2005.039834
https://doi.org/10.1164/rccm.201211-2004OC
https://doi.org/10.1093/jnci/djs034
https://doi.org/10.1093/ije/dyq259
https://doi.org/10.1016/j.envpol.2023.121086
https://doi.org/10.1161/CIRCULATIONAHA.109.893461
https://doi.org/10.1136/thx.2004.024836
https://doi.org/10.1164/rccm.200807-1097OC
https://doi.org/10.1097/EDE.0b013e31824523f0
https://doi.org/10.1016/j.scitotenv.2022.154657
https://doi.org/10.1111/ina.12651
https://doi.org/10.1016/j.scitotenv.2018.11.465
https://doi.org/10.1161/HYPERTENSIONAHA.113.02588
https://doi.org/10.1016/j.envint.2014.11.006
https://doi.org/10.1186/s12940-015-0049-0
https://doi.org/10.1289/ehp.7737
https://doi.org/10.1136/oemed-2013-101526
https://doi.org/10.1016/j.envint.2015.12.023
https://doi.org/10.1289/ehp.1307776
https://doi.org/10.1186/s12940-015-0037-4
https://doi.org/10.1093/aje/kwr511
https://doi.org/10.1016/j.envpol.2018.12.080

94

95

96

97

98

99

100
101

102

103

104

105

106

107

108

109

110

111
112

113
114

115

116

117

118

119

120

Chen S Y, Lin Y L, Chang W T, et al. Increasing emergency room visits for stroke by elevated levels of fine particulate constituents. Sci Total
Environ, 2014, 473-474: 446450

Suglia S F, Gryparis A, Wright R O, et al. Association of black carbon with cognition among children in a prospective birth cohort study. Am J
Epidemiol, 2008, 167: 280-286

Chiu Y H M, Bellinger D C, Coull B A, et al. Associations between traffic-related black carbon exposure and attention in a prospective birth
cohort of urban children. Environ Health Perspect, 2013, 121: 859-864

Power M C, Weisskopf M G, Alexeeff S E, et al. Traffic-related air pollution and cognitive function in a cohort of older men. Environ Health
Perspect, 2011, 119: 682—687

Harbo Poulsen A, Arthur Hvidtfeldt U, Serensen M, et al. Components of particulate matter air-pollution and brain tumors. Environ Int, 2020,
144: 106046

Nwanaji-Enwerem J C, Wang W, Nwanaji-Enwerem O, et al. Association of long-term ambient black carbon exposure and oxidative stress allelic
variants with intraocular pressure in older men. JAMA Ophthalmol, 2019, 137: 129-137

Bové H, Bongaerts E, Slenders E, et al. Ambient black carbon particles reach the fetal side of human placenta. Nat Commun, 2019, 10: 3866
Bongaerts E, Lecante L L, Bové H, et al. Maternal exposure to ambient black carbon particles and their presence in maternal and fetal circulation
and organs: An analysis of two independent population-based observational studies. Lancet Planet Health, 2022, 6: e804—e811

Clark N A, Demers P A, Karr C J, et al. Effect of early life exposure to air pollution on development of childhood asthma. Environ Health
Perspect, 2010, 118: 284-290

Chen T, Norback D, Deng Q, et al. Maternal exposure to PM, s/BC during pregnancy predisposes children to allergic rhinitis which varies by
regions and exclusive breastfeeding. Environ Int, 2022, 165: 107315

van Rossem L, Rifas-Shiman S L, Melly S J, et al. Prenatal air pollution exposure and newborn blood pressure. Environ Health Perspect, 2015,
123: 353-359

Madhloum N, Nawrot T S, Gyselaers W, et al. Neonatal blood pressure in association with prenatal air pollution exposure, traffic, and land use
indicators: An ENVIRONAGE birth cohort study. Environ Int, 2019, 130: 104853

Cowell W J, Bellinger D C, Coull B A, et al. Associations between prenatal exposure to black carbon and memory domains in urban children:
Modification by sex and prenatal stress. PLoS One, 2015, 10: ¢0142492

Rokoff L B, Rifas-Shiman S L, Coull B A, et al. Cumulative exposure to environmental pollutants during early pregnancy and reduced fetal
growth: the Project Viva cohort. Environ Health, 2018, 17: 1

Dong S, Abu-Awad Y, Kosheleva A, et al. Maternal exposure to black carbon and nitrogen dioxide during pregnancy and birth weight: Using
machine-learning methods to achieve balance in inverse-probability weights. Environ Res, 2022, 211: 112978

Riddell C A, Goin D E, Morello-Frosch R, et al. Hyper-localized measures of air pollution and risk of preterm birth in Oakland and San Jose,
California. Int J Epidemiol, 2021, 50: 1875-1885

Gillman M W, Rich-Edwards J W, Rifas-Shiman S L, et al. Maternal age and other predictors of newborn blood pressure. J Pediatr, 2004, 144:
240-245

Linnet K M. Gestational age, birth weight, and the risk of hyperkinetic disorder. Arch Dis Childhood, 2006, 91: 655-660

van Soelen I L C, Brouwer R M, Peper J S, et al. Effects of gestational age and birth weight on brain volumes in healthy 9 year-old children. J
Pediatr, 2010, 156: 896-901

Yu G, Ao J, CaiJ, et al. Fine particular matter and its constituents in air pollution and gestational diabetes mellitus. Environ Int, 2020, 142: 105880
Sun Y, Li X, Benmarhnia T, et al. Exposure to air pollutant mixture and gestational diabetes mellitus in Southern California: Results from
electronic health record data of a large pregnancy cohort. Environ Int, 2022, 158: 106888

Maynard D, Coull B A, Gryparis A, et al. Mortality risk associated with short-term exposure to traffic particles and sulfates. Environ Health
Perspect, 2007, 115: 751-755

Chen Y, Ebenstein A, Greenstone M, et al. Evidence on the impact of sustained exposure to air pollution on life expectancy from China’s Huai
River policy. Proc Natl Acad Sci USA, 2013, 110: 12936-12941

Chen C, Wang J, Nie Y G, et al. Review on the health effects and mechanisms of black carbon (in Chinese). Asian J Ecotoxicol, 2018, 13: 31-39
(BRER, F18, R, 55 KA SRR AR LAt e, AEARRERIEHE, 2018, 13: 31-39]

World Health Organization. WHO global air quality guidelines: Particulate matter (PM, s and PM,,), ozone, nitrogen dioxide, sulfur dioxide and
carbon monoxide, 2021

Reid C E, Brauer M, Johnston F H, et al. Critical review of health impacts of wildfire smoke exposure. Environ Health Perspect, 2016, 124: 1334—
1343

Xue T, Geng G, Han Y, et al. Open fire exposure increases the risk of pregnancy loss in South Asia. Nat Commun, 2021, 12: 3205

715


https://doi.org/10.1093/aje/kwm308
https://doi.org/10.1093/aje/kwm308
https://doi.org/10.1289/ehp.1205940
https://doi.org/10.1289/ehp.1002767
https://doi.org/10.1289/ehp.1002767
https://doi.org/10.1016/j.envint.2020.106046
https://doi.org/10.1001/jamaophthalmol.2018.5313
https://doi.org/10.1016/S2542-5196(22)00200-5
https://doi.org/10.1289/ehp.0900916
https://doi.org/10.1289/ehp.0900916
https://doi.org/10.1016/j.envint.2022.107315
https://doi.org/10.1289/ehp.1307419
https://doi.org/10.1016/j.envint.2019.05.047
https://doi.org/10.1186/s12940-018-0363-4
https://doi.org/10.1016/j.envres.2022.112978
https://doi.org/10.1093/ije/dyab097
https://doi.org/10.1016/j.jpeds.2003.10.064
https://doi.org/10.1136/adc.2005.088872
https://doi.org/10.1016/j.jpeds.2009.12.052
https://doi.org/10.1016/j.jpeds.2009.12.052
https://doi.org/10.1016/j.envint.2020.105880
https://doi.org/10.1016/j.envint.2021.106888
https://doi.org/10.1289/ehp.9537
https://doi.org/10.1289/ehp.9537
https://doi.org/10.1073/pnas.1300018110
https://doi.org/10.1289/ehp.1409277
https://doi.org/10.1038/s41467-021-23529-7

M % & 2024528 %69% H6H

Summary for “J A BARK i) 5 87 S N\ A RERL S F S ik Fe

A review of advances in black carbon exposure assessment and
health effects
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Air pollution exposure is a critical risk factor for global premature mortality, with 60% of air pollution related deaths
attributed to atmospheric particles. Black carbon (BC), a crucial component of atmospheric particles, is known as a
contributor to climate change because of its light absorption properties. It is primarily formed from the incomplete
combustion of fossil fuels and biomass, with transportation acting as a major source in urban areas. China currently faces
the highest anthropogenic emissions and exposure levels of BC in the world. In recent years, BC has garnered widespread
attention due to its adverse health effects and global warming potential. Recent research suggests that BC may have more
significant health effects than other components in fine particles (PM, s, particulate matter with aecrodynamic diameter
<2.5 um) due to its unique physical and chemical properties. The large specific surface area of BC enables the absorption of
toxic and hazardous substances such as polycyclic aromatic hydrocarbons and dioxins, enhancing its redox activity and
toxicity. However, the extent of the health effects of BC appears inconsistent within the literature and studies suffer from
inaccurate assessment of exposure, measurement errors, and limited intervention focused studies. Given the health
implications of BC and the existing knowledge gap, it is necessary to summarize previous epidemiological studies in order
to advance the scientific understanding of the health implications of BC.

This study reviews 37 papers published in SCI journals since 2005. Other relevant findings in Chinese and English
literature are included. The objective is to present an up-to-date overview of the research on the health effects of BC by
reviewing a diverse range of study designs, exposure assessment methods, and epidemiological studies conducted both
domestically and internationally.

The spatial and temporal variation of anthropogenic BC emissions is large because of its complicated emission sources
and meteorological conditions. Current epidemiological investigations primarily employ modeling techniques such as land
use regression and spatio-temporal interpolation to estimate long-term exposure levels of BC. For short-term exposure
assessments, offline filter sampling and online BC monitors are frequently employed. Inaccurate assessment of exposure
results in inaccuracies in current epidemiological studies.

In terms of adverse health effects of BC, most studies focus on the respiratory, cardiovascular, and nervous systems. The
health effects associated with BC encompass a wide range of issues, including decreased lung function, respiratory
inflammation, elevated blood pressure, atherosclerosis, cognitive impairment, visual decline, as well as other adverse
outcomes. Additionally, BC exposure demonstrates significant associations with increased hospital admissions, emergency
department visits, and deaths related to various diseases. Recent investigations have also revealed that BC inhaled during
pregnancy could cross the placental barrier, resulting in health effects such as gestational diabetes for the mother and low
birthweight for the child. Studies have revealed significant associations between BC exposure and adverse health effects
across the reviewed literature.

While numerous epidemiological studies have been conducted with relatively consistent findings, substantial uncertainty
remains regarding the health effects of BC. We advocate for a requirement of routine monitoring of atmospheric BC
concentrations and an increase in intervention focused studies, not only to advance investigations into the effects of BC on
health, but ultimately to facilitate the development of effective control policies. Such endeavors will provide essential
evidence for more comprehensive and in-depth investigations into the dual impacts of BC on climate change and human
health.

black carbon, exposure assessment, epidemiology, environmental health, air pollution
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