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BEEMEXM (r=0.927, P<0.001) , PM,s/PM;o B 0.63,

[éﬁl@] Z'X Fﬁ/mjimf%EJEPMzs*ﬂ PMm/ZQr_yJI_J:_Fégl\ITiEIZQEo ,\EFI ﬁjﬁLp\] PMzsﬂ]
PMo SR ER™E, %5 RARERYIFEEITEAENTHIMFAIE, HEFmik&IFR,

KHE  MERBRS ; MEKUAS ; AR 5 FIRNFRIY)

MmEH=S

Spatio-temporal distribution characteristics of PM,s and PM, in metro stations in a city WANG
Kai, ZHANG Xia, ZHANG Lin, SU Jin (Division of Public Health Service and Safety Assessment,
Shanghai Municipal Center for Disease Control and Prevention, Shanghai 200336, China)
Abstract:

[Background] Accumulation of various pollutants in confined and crowded metro stations 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 concentrations of PM,s and PMy, in metro
stations, and to provide evidence for proposing sanitary control strategies and standard limits for
the metro system.

[Methods] PM,s and PM;y, concentrations at underground platforms, in tunnels, and outdoors
of 19 selected metro stations in a city were measured for continuously 4 h at the same time
during 7:00-11:00 (including 2 h of morning rush and 2 h of non-rush) or 15:00-19:00 (including
2 h of evening rush and 2 h of non-rush) of any one workday in summer (August 2018), autumn
(November 2018), and winter (January 2019). The height of monitoring points was 1.0-1.5m
from the floor. Continuous monitoring of the pollutants was conducted with a dust concentration
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detector which recorded one data point per 5min, and an average concentration was calculated. The results were compared by different
locations, seasons, operation hours, and concentration intervals; the 15 min time-weighted concentration was calculated.

[Results] The concentration of PM,s ranged from 25 to 275 pug-m* at underground platforms, and the median (P.s, P7s) concentration
was 71 (54, 97) ug-m*; while the concentration of PM,, at underground platforms ranged from 40 to 582 ug:m?, and the median (Ps,
P;s) concentration was 112 (87, 151) ug-m*. The concentrations of PM,s and PMy, in tunnels were 1.42 times and 1.69 times higher than
those outdoors, while the concentrations at underground platforms were 1.34 times and 1.58 times higher than those outdoors (P<0.05).
The concentration of PM, s at underground platforms in summer were 1.16 times and 1.03 times higher than those in autumn and winter,
respectively (P<0.05); the concentration of PMy, at underground platforms in summer were 1.20 times and 1.02 times higher than those
in autumn and winter, respectively (P<0.05). The concentrations of PM,s and PMy, in morning rush hours were the highest (P<0.05), and
the median (Pss, Pss) values were 84 (61, 114) ug-m™ and 128 (98, 174) ug-m>, respectively. As estimated by 15 min exposure, the PM,s
and PM, concentrations at underground platforms in morning rush hours were 8.0 ug-m? and 40.5 ug-m™ higher than those outdoors at
the same time. The concentration of PM,s at underground platforms was largely distributed from 0 to 100 ug-m, which accounted for
78.0% of total samples, while the concentration of PMy, was mainly distributed from 0 to 150 ug-m™, which accounted for 74.7%. A strong
correlation between PM, s and PMy, at underground platforms was observed (r=0.927, P<0.001), and the PM,s/PMj,ratio was 0.63.

[Conclusion] The concentrations of PM,s and PMy, measured in selected metro stations are higher than those outdoors. PM,s and PMy,
pollution in tunnels are most serious, which might be caused by the emissions from the metro train system and could adversely affect the
platform environment.

Keywords: metro system; metro platform; fine particulate matter; inhalable particulate matter
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EREF(EEBE, KANEMNGEGRESIEER
18] 15 min 520 [B] IV R E , AT LUK INZELE PM,s 1
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Table 1 Concentrations of PM,s and PMy, in different monitoring
points of the metro system

TSR SRR P/ (ug'm”) Powse/ (ngrm?)
o Number of
Measuringsite e (n) M Ps™Prs Min“Max M Pu™Pss Min“Max
ma
Underground 6810 71 54~97  25~275 112 87~151 40~582
platform
&S
RiE 6802 75 58~111 22~236 120 83~186 20~567
Tunnel
= JHB &5
EINIR 6802 53 377190 9~513 71 49~135 10~1323

Outdoor control

R2 FEAFD. FRESEMEXILE PM,s 5 PMyo iRE
Table 2 Concentrations of PM,s and PMy, at underground platforms
of the metro system in different seasons and operating hours

1A Porsys/ (ug'm’) P/ (ng'm®)

Btia]

, Number of
Time samples (n) M PP Min“Max M Pus™Prs Min~Max

Z=%5 (Season)

EZ (Summer) 2264 79 59~106 27~275 127 98~173 43~374

FkZ= (Autumn) 2302 68" 49~89 25~171 108" 82~140 40~248

K2 (Winner) 2244 70" 54~97 31~271 106" 85~147 52~582
BFEE (Time interval)

Eﬁu@ 1680 84 61~114 29~275 128 98~174 53~582

Morning rush hours

i 3450 67° 51~93 25~203 107° 82~143 40~374

Non-rush hours

i3

1680 71° 56~95 29~157 111% 93~146 57~213

Evening rush hours

[Ela.b: 582, #ZEH8LE, P<0.05; c. d ! SREFIE. FigELL,
P<0.05,

[Note] a, b: Compared with summer and autumn, P<0.05; ¢, d: Compared
with morning rush hours and non-rush hours, P<0.05.
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X9 ZE i & X33 B FRL A7) s M 2B LA 25 pgem
NXEEBE, FHITTRYIRE D RHE, WM& 3. PM,s
HUERE, KRE DT >50~75ugm® XESEENES,
e EPERNIZE RV 34.9% ; FRTE 07100 ug-m* RESE
A B9 PM,s Il (5 78.0%0 PM;, 43 #5 £ >75~100 pg-m
XEseEtbflReE, GEEBERN23.4% ; DIHTE
0~150 ug-m* JRESEEIRAY PMyo 5 74.7%0

DITHNE s & E—BYiE. B—fI& PM,s
PMyo iR E R X BEME, & INILE BY PM,s F1 PM,o iR EE B
ESEMEXM (r=0.927, P<0.001), FALMEEITN
BIENUL B PM,s/PMy, BIAE! 0.63 (t=2.074, P=0.038)

=3 HBILE PMys 5 PMy RE X894

Table 3 Concentration distributions of PM,s and PMy,
at underground platforms of the metro system

_. . PM,.s PMyo
FRERE/ (gm”) P oo
Mass concentration/ £ HIRREL /% # HIEEL /%
3 Number of . Number of .
(ug:m™) Proportion/% Proportion/%
samples (n) samples (n)
o~ 4 0.1 0 0.0
>25~ 677 19.9 17 0.5
>50~ 1189 349 486 14.3
>75~ 788 231 798 234
>100~ 401 11.8 745 219
>125~ 221 6.5 500 14.7
>150~ 89 2.6 360 10.6
>175~ 27 0.8 214 6.3
>200 9 0.3 285 8.4
&1t (Total) 3405 100.0 3405 100.0
N, )
3 itie

S RZ M B RSB, AR ELLPM,s
TR E KT S BEMENSRE (66 pg'm?) 1A
Zif, BLEPEAILECRE 35ugm?®) &, LhER
(129 pug'm?®) K 19 ; 22Uk PM,, IR E K R AL
BHERE (103 ugm?) i, BETHEAS LM
(51ug'm?), BT mAMEIHhER (180ug:m?) 1o, HE
ZHINA, HRB B RRTRYRENEZ T,
Al EE SHERIFIR. ERER. JIEFIHRANTIH
BXRAAERREEG X, HOlgEZNENE. #Him,
TORENENBRZZFNEZW B, BEEIE
SR, TS HESFRE. ANFHAZM
B RANPTRNYKEERLTFR—NEEERN
(50450 ug-m) [ *12 1518 AR WS N IR 1S B9 PM,5
A PM, 5 R FXNSEERN.

IR PM, s IR EFERAH A RELARFIEN
75ugm?, BZREREATARTER, BEER

KAt RADEAREESHEESN PM, WRENX
IHEHTEE, LEHSERBENEXIEE, B
HINEVIEIERAA, 2 B BB DI RREEMAF R
0 o200, FRE SR I THY PMyo SR EE PR 1B 250 pgem®,
85 [E /9 150 ug-m?, AR 85 M ik & PM,o R BE NI &£
AT 0~150 ug-m=SEEIN, FRAFIENRERR
Mo PM,s EEF R TE 0~100 pug-m > R EX BN, 44
M S 3T 80%, HINE PM,s/PMy B S EE DRI
BT Alt, FEEUBEBENRUEA. BETRIE R
TR DRI EERER, BiIXPM, IRERIREN
100 pg'm=, PM;o FR1EIRE I 150 pg'm, FHEHEE
RUB ARG EIRFA, BREFRY S RFITERIT
HE, BH—F R PM,s 1 PM,, I BEEK,

AR R R I B E R B SRR N B, ih
BERYIRE SERAER, BRREMNILEFRNY
KENBTEINFER, XETROgEBMEY ZEER
BWIEITH, SBMMBR. SisiR. FNANERZ
BB S = K2R PRYIFTE 2, JEALFEM
1. 2 SHIAEE, SETENFRYSIE 1700kg 2,
HTERKIIEEEENNR, SEHPM, 25
FZiha», BNETABRAAX T EERERST
SHPM,s, T M ZEILIF IR PM,s R E. BB,
MIABEBRAIGENERE, BEARAPMBEEE
BHEEEN BRET DN, EFFIHILE PM,s
PMy BURE RS, XA S ESMBTABX RSN
BIIARNUARMBERNEEEX. —HHE, EERETIEE
FH, g gERAEMNEITAN, RFF ALY
LR, S—FHE, &REBHAMFNEEZIFIER
EENTFIERA, YIFEEEKXT 60%0Y, MEAIF
NYRERZ &M, BEEHEANERRSIZE R
Bl MARSNNEEEESEELLH. £F5
BB Lok, IhE PR YIREME R MM~ E—
R ohilE, Bk RERE REE MM EH, &
2R LREEMBFEIENRESN, NS
BYE& PM,.s 1 PM;p 15 min lR K 8 B IRE 50 51 Eb X R B
EREINKES 8.0ugm>F40.5ug-m> BEFFENE,
PM,s 1 PMyo iR EEIE M0 10 ug'm, ABEMIIEIR R4
IR T E =250 1.43% 1 0.65% 2

AER A L I ER G & AP EY PM,s 1B T PML BY
FEHD. BT PMsEELLPM /N, ELTETSE
BeE)E K, Bt EBX RS EEXBRE
TSy, T IEE N BT IS SR MERAL, 3T PM,s B9
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