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[45 5 ] ARFTNERAIZER PM, RERE (SRR : RE) SEE7 0.018~0.868 mg:m*,
{iI$8 (M) F0EE 25, 75 BAIER (Pss, Ps) 790.100 (0.063, 0.135) mg'm?® ; ZERE PMy i RETE
53767£ 0.000~0.150 mg-m* BYX [B]N, S2ZFMEEIEN 84.0%, FEZTIHIERZERE PM.o RE
A (P<0.001) : EFRERE, EM (Ps, Pis) 770.134 (0.111, 0.159) mg:m*, ERATKZE
JRE [0.101 (0.071, 0.128) mg:m?], EZ=KERIK [0.060 (0.048, 0.079) mg:m?] ; BXF
MEER KT 0.150 mg-m* Y & 32.6%. REIEITHTERELZER PM,o REARE] (P<0.001) © B&
IR ERHRE RS, E M (Pss, Pss) $90.109 (0.062, 0.154) mg:m?, ELRAFIERTEESRE [0.100
(0.061, 0.129) mg-m?], BEFILETEL R ETRK [0.097 (0.064, 0.123) mg:m>],

(4590 ] SEMEMELAR, ZRPTNERZEREA PMy BURE L TR 5K T @l BHE 2 A
XERE LY, BRI EERA PMy RE B EAREREIRI<0.15mgm? &
By, BN EIRIH IR SHNEN FLEES, UBMFFRERA PMy BIRE,
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On-site levels of inhalable particulate matters in metro carriages in a metropolis YANG Ying-
hua, WANG Kai, ZHANG Xia, ZHANG Lin, GAO Jian-hui, SU Jin (Shanghai Municipal Center for
Disease Control and Prevention, Shanghai 200336, China)

Abstract:

[Background] The accumulation of various pollutants in confined and crowded metro carriages
will deteriorate the air quality and affect passengers’ health. Sanitary standards for metro
carriages have not been established in China.

[Objective] The study is designed to investigate the concentration of inhalable particulate
matters (PMyo) in metro carriages, and to provide evidence for proposing health control strategies
and standards or limits for metro system.

[Methods] In this study, three metro lines with larger passenger flow and longer service years
were selected from the 15 metro lines operating in the city by a 20% ratio. The concentration of
PMy, in metro carriages of the selected metro lines were continuously monitored during morning
rush hours (2 h), evening rush hours (2 h), and non-rush hours (2 h) of working days in three
seasons (summer, autumn, and winter) from May to December in 2018. The monitoring points
were set at the center of a carriage in the middle and both ends of a train, the distance between
two points was 60-80 m, and the height of monitoring points was 1.0-1.5m from the floor.
According to the Examination methods for public places—Part 2: Chemical pollutants, continuous
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monitoring was carried out with a direct-reading dust monitor that recorded once per minute.

[Results] The concentrations of PMy, in the selected metro carriages ranged from 0.018-0.868 mg-m?, and the median (P,s, Pss) concentration
was 0.100 (0.063, 0.135) mg-m™. The PMy, concentrations were mainly distributed in the range of 0.000-0.150 mg-m, which accounted
for 84.0% of the total results. In terms of seasonal variation, the concentrations of PM;, were significantly different (P<0.001): the winter
concentration of PMy, [M (P, Pys)] was the highest [0.134 (0.111, 0.159) mg-m~], followed by the concentration in autumn [0.101 (0.071,
0.1280 mg-m?], and that in summer [0.060 (0.048, 0.079) mg-m?] was the lowest; more than 32.6% of the winter samples exceeded
0.150 mg-m™. In terms of running hour variation, the concentrations of PM,, were significantly different (P<0.001); the concentration of
PM, during morning rush hours [median (P,s, Pss)] was the highest [0.109 (0.062, 0.154) mg-m?], followed by the concentration in non-rush
hours [0.100 (0.061, 0.129) mg-:m™], and that in evening rush hours [0.097 (0.064, 0.123) mg-m?] was the lowest.

[Conclusion] Compared with other cities, the concentration of PMy, in metro carriages in the selected city is at an average level. Through

the analysis of measured data and comparison with previous studies and references, we propose the limit of PM;, concentration in

carriages of urban metro lines at <0.150mg-m>. At the same time, we recommend taking into considerations increasing new air volume

and purification capacity during carriage design to reduce the concentration of PMy, in carriages effectively.

Keywords: urban metro transit; metro carriage; PMyo; policy suggestion
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M (P,s, Pss) 790.100 (0.063, 0.135) mg'm~ I3 1o

=1 FRAKBERPM RERE /mgm?
Table 1 Mass concentration of PMy, in carriages of
different metro lines/mg-m?

SERBTR #AE (n) M Pas™Prs il

1 3238 0.101 0.066~0.138 0.020~0.338
2 3237 0.114 0.067~0.142 0.021~0.868
3 3214 0.089 0.053~0.116 0.018~0.298
At 9689 0.100 0.063~0.135 0.018~0.868

2.1.2 FREIZETHBLERMPM, BIREXKE B, #.
REIZRWMBAXBREMPMORENEIFESHH,
S AREZEFHERPM KEHRITILR, AP EM
PMi RELERE, HRXAUE, EEHHE, =&
BESRAEBRITFERX (P<0.001), K2,

2.1.3  REPEITETER PMy iREEKTE 3 SR ERER LA
BlE1TAY EX M PMyo AR EE I 2 I IES Do X A[E
BYES PMyo iR EH T IR, RIAMEKERE S IE PV,
RERS, FIEFRERZ, BBRIEBRERK, =&
ZEEREBRITFERNX (P<0.001), MK 2,

R2 FRAFEHRIBITIIEMEAZERE PMy RERE /mgm?
Table 2 Mass concentration of PM;, in metro carriages in
different seasons and operation periods/mg-m?

=SS

=3 ) M Pa2s~Prs 20 H P
=5 3751.54 <0.001
B= 3232 0.060 0.048~0.079  0.022~0.408
&S 3230 0101 0.071~0.128  0.018~0.868
RE 3227 0134 0.111~0.159  0.055~0.338
BEITETER
BEslg 3223 0.109 0.062~0.154  0.020~0.520 145.82 <0.001
Flg 3226 0.100*° 0.061~0.129  0.023~0.868
BgslE 3240 0.097°°® 0.064~0.123  0.018~0.408

[E] + : BEZEL, P<0.001 ; # . STELLE, P<0.001 a : 525
I£LEER, P<0.001 ; b : 5FIELLES, P=0.016,

2.2 HERZEREPM RE D

X3 ZE FEIF IR PMy 7R EE BY I 2 45 5 2L 0.050 mg-m
NEBEFRITDHAIT, LI PMyRE 5 7E >0.050~
0.100mg:m*SEEE&R%, eI EMERMN35.6% ; H
R 5 % 1E >0.100~0.150 mgm* IR E T B EE, &
2 EPUE ML RAY33.7% ; 84.0% B SN IB D R 1E
0.000~0.150 mg-m> FRE X (8], 3K 3,

H—F DI AEZETZERR PV, BRE D HEE,
HERRIPINET PM KERHEFIARE, L2 PMy
KEKXTF0.150mg-m? BIEUIB S Eb 9 32.6%, B, #hFE
X5 3.6% 1 12.0%0 T3 30

K3 FRETHERZER PMy, RERERXIE S
Table 3 Distribution of PM,, concentration in metro carriages
in different seasons

PMwiRE  BEZAN R EE= thE £F
XiEl/ B W/ AR MR HAE MR HEE HR
mgm> () % () /% () /% () /%
0.000~0.050 1427 14.7 989 30.5 438 13.5 0 0.0
>0.050~0.100 3446 35.6 1781 55.0 1173 36.2 492 15.3
>0.100~0.150 3268 33.7 354 10.9 1242 38.3 1672 52.1

>0.150~0.200 1228 12.7 73 2.3 259 8.0 896 27.9
>0.200 320 33 43 1.3 128 4.0 149 4.7
a1t 9689 100.0 3240 100.0 3240 100.0 3209 100.0

3 itig

AR ERENPM P BRE RN
0.100mg:m?, It AL EF BT F IR
PMy iR, ZREKF SR 7THAIN (0.114mgm?,
2006 £F) 7 FIEEEE/R (0.145mgm?, 2008 ) © 5k
FEMERRERNIER, BELEEAIL (0.041mgm?,
2008 ) ¥ EE & H (0.32mg:m?3, 2011 & ) 1
M FERAREKTES, tkZREILR (0.325mgm?,
2007 ) MY EFRAVIREK AR, BARGTHERE,

HeiEIL Y E LR PMy, DAEAREENE R
XA, i EEEMX 2011 FMAN(ERST
K FEATE) PEREIE R PMy, BIRERR ERE R
0.075mg-m?, BIE T M FE LM EREIVIFE 2, E
i E RIS ERIRIR PM o iR E AT /EPRIE Y 0.150 mg:m?, B
BIZMREREA TS EIEXIE, NEEERIFAE Y,
Foh, R BEANAFEHNER PM,, BT RERE
PR{E/90.050 mg:m?, MEA. FIFMFESFIYHN
0.150mg:m?, BXEIETBERTHAEFTNE
WBERFE, REHSTERTHEIFE 7, NR
BEiESEhEAITHX N TERE, MRS NHLE
RAYHI 50% kiR, BI, BEIEEIIESIFRA
RO EW, MAEENSCREETEEMREST
TR ARERFTN PMy BRE D HIE NS SEE
R AR NI, EEERNEBXIZE. FAM
PMy FUIREHFIE, BIX BPESEREIR Y 0.15mgm?,

g, ZRARELI, LEERPM,IRES
FHMOET, XAES5LEERTFBRALAIETH
FRE X, YIFIERE<13°CH, EFRFEXBRTHE
MRS, MESDXAFNES. S 0.15mgm?
HIBREER, £EZFRMATNAYRE PO EUEMZEN
90%, ABBTERENMKROIAEE M. LI, BITHER
BEEPMRERS, XOES AR REFZELL
Rt FRIEIRE T E X, RIBZHMBEERIUES
™ BE I AR ENERBFEERES THM

www.jeom.org



602 #4455 J2 &% | Journal of Environmental and Occupational Medicine | 2020, 37(6)
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F=5+H,

Fitk, BN FE RSB S R MIET. RE
RFHARHAIAZL, Baii NEANAZ., CEEREN
FrXLE43 559 4000~3200m* #2100 m?, & AIYFREE
X E (20~30m*h?) 8, IEEFRERS. RN,
KE®RZEMIRABEBOIIER (63-Ga4k), HidiE
WRRE, BNSBEEINFERIT-EFHTRN RS E
EYEHNEMS IR UBEEN XA N EEIET, BT
ReERMNEN DR RMEES, BRHEFERNT
IR,
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