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Abstract:

[ Objective ] To investigate the status of air quality in Shanghai subway system station so as to provide scientific

basis for the establishment of relevant hygiene standards. [ Methods | Six representative metro stations were selected. Each subway

station was monitored on 4 points at the platform and concourse respectively. The monitoring was conducted three times ( morning, noon

and evening ) a day for 3 continuous days. The monitoring indices included air temperature, relative humidity, wind velocity, noise,

respirable particulate matter( PM, ), carbon monoxide( CO ), carbon dioxide( CO, ), formaldehyde, volatile organic compounds( VOC ),

the total colony forming units of bacteria and fungi. [ Results | Average wind Velocity[ (0.42 £ 0.24 )m/s |, the concentration of CO,
[(0.058 £0.015)% ] at the platform was slightly higher than those at the concourse [(0.30+0.13 )m/s |,[ (0.055+0.011 )% |,

and significant difference was found between the two, P<0.05. The relative humidity, total number of bacteria and fungi in the morning

were higher than those at noon and evening respectively, and significant difference was found between these three groups( P<0.05 ).

The concentration of PM;y was significantly lower at noon than those in the morning and evening. The concentration of formaldehyde

decreased gradually along with the time, as well as the concentration of VOC. There were negative correlation between the volume of air

flow per capita and total number of colony forming units of bacteria, CO,, PM,o respectively. [ Conclusion ] The indoor air quality

in the subway stations were impacted by fresh air supplement, passenger flow and the service life of the station. Microbial pollution, the

concentration of CO, and PM,, should be stressed as more important indices for assessing the air quality.
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Table 1 The results of air quality in the six stations

WL R ( Monitored indices ) Adi(n=756) Buli(n=216) Cui(n=216) Dui(n=216) E¥i(n=216) F(n=216)  Z%EFRE( Reference )
AHRFEEE ( Relative humidity, % ) 56.14=4.71  5829+187  5560£3.09  5536x1.66 5691519  54.05+3.78 40~80
6% ( Temperature, °C) 25.00+1.00 2410070  26.30 +0.50 256050 2420120  25.90+0.40 24~28
A3 ( Wind velocity, m/s ) 0.29+0.12 0.51+0.32 0.29 +0.09 0.37£0.16 0.55 = 0.26 0.29 +0.07 <05
AR BEC( AN/ 1L )( Bacterial , colony/plate ) 28.10+15.10 1670+ 10.30 2090+ 11.80  19.10£12.00 22.60+11.40 17.80 + 17.00 <75
LA MECCAS /1M )( Fungi, colony/plate ) 7.80+570  1680+6.10  21.70+7.80  14.10+£7.10  2830+870  10.80+3.30 —
175 [ Noise, dB( A )] 61.00+520  5825+370  59.70+280  55.10+£2.00  62.40+3.00  59.40 +4.70 <70
CO(mg/m®) 0.68 +0.26 0.54+0.17 1.18 +0.46 0.68 +0.23 0.590.18 0.92 £ 0.46 <10
COx(%) 0.047 £0.004  0.047+0.005 0.061 +0.080 0.053+0.004 0.045+0.003  0.049 + 0.002 <0.15
VOC( mg/m®) 0.048 £0.010  0.031£0.009 0.065+0.020 0.045+0.018 0.032+0.010 0.039 +0.012 <06
FI ( Formaldehyde, mg/m*) 0.010£0.005 0.003+0.004 0.008+0.004 0.007 +0.004 0.004+0.003 0.004 + 0.003 <0.12
PM;o( mg/m*) 0.09 +0.03 0.11+0.03 0.19 +0.03 0.15 +0.02 0.120.01 0.10 +0.03 <025
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Table 2 The results of air quality in platform and lobbies

x4 WTEHESEPMEBETSSREENER (x£5)

Table 4 The results comparison between the ground and underground stations

S ( Pl S —
WIS R ( Monitored indices ) 5 T;Elggr)ms ) Jﬁ(ﬁ;li(;g}znss )

0.42 £0.24 030+0.13 4197 <0.05

U ( Wind velocity, m/s )
58.88 +4.38 -1.347 >0.05
2520+ 1.00 0231 >0.05

HIXHZEE ( Relative humidity, % )  57.33 +3.35

% ( Temperature, C ) 25.30 + 1.00

TR R E A/ 1)
Bacteria ( colony/plate )
AR (AN /1)
Fungi( colony/plate )

24.00 £ 14.00  22.20+14.80 0.851 >0.05

15.20+9.70 13.80+9.20 1.12 >0.05

g7 [ Noise, dB(A ) ] 60.18 + 4.50 59.76 £3.10  0.472 >0.05
CO(mg/m?) 0.62 +0.26 0.65+0.26 -0.492 >0.05
COx( %) 0.058+0.015  0.055+0.011 2.744 <0.05
VOC( mg/m*) 0.052+0.018  0.050+0.017 1.079 >0.05

B ( Formaldehyde, mg/m") 0.007 £ 0.005 0.007 £0.005 1.111 >0.05

PM;o( mg/m®) 0.117+0.054  0.108 £0.052 0.453 >0.05
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Table 3 The results of air quality in the subway stations in different periods

7:00-9:00
(n=612)

11:00-13:00
(n=612)

17:00-19:00
(n=612)

IR bR
Monitored indices

P

K ( Wind velocity, m/s ) 0.34+0.18 0.35+0.23 0.18+0.22 >0.05

AR

Relative humidity ( % ) S7:35£328 5621355

56.03 £5.49 <0.05

24.80+1.20° 2530+£090 2530+1.20 <0.05

i ( Temperature, C )

A R (A7 1IL)
Bacteria( colony/plate )

FURLEE (A1)
Fungi( colony/plate )

174 [ Noise, dB( A )]
C0:(%)

CO(mg/m’)

FRE Formaldehyde, mg/m3 ) 0.011 +0.005* 0.006 +0.003* 0.005 +0.004 <0.05
0.052 £ 0.012° 0.044 +0.011* 0.036 +0.012 <0.05

29.40 +16.00° 18.80 +13.20 20.80+11.20 <0.05

17.60 + 10.60" 12.00 £8.30  12.40+8.20 <0.05

60.48 £520 58.68+4.50 59.55+4.60 <0.05
0.057£0.015 0.054 +£0.009 0.058 £0.014 >0.05

0.078 £0.300 0.072 +0.360 0.072 +0.430 >0.05

VOC ( mg/m*)
PM;o( mg/m* ) 0.223+0.040 0.120 + 0.050" 0.210 + 0.050 <0.05

[V I*: 5 H A7 A AR H( Compared with the other periods ), P<0.05,

2.4 HWF £33k 5 iz b @y sk AR F il 45 Fokdk
LU 2T, MR ER IR L VOC YR s T
i, i X ] AT R R, R 4
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AVEFIIE T 1548 254k | 8 T4k = AMLIE A IE 1B Ak
HIHTR ST, 3B AL, A2, A8, Bl E 34 g i ,
KITHEIMEE, ToHRRGE, FIHX A5 I A #H R AL
it o XoF £l N B3 KUt 5 4% 43 ST LA AR A Pearson AHOGAMT
AHEIAE S AR R . R EEL. COL I PM, 35 2 Fb ek
#, WEFks,

. — bRl T
WS AT
" ‘?f"”f‘f’i.) ‘ (n=1404) (n=432) A J

ontored mdices Underground Ground
W ( Temperature, C ) 25.75 +0.50 24.15 +0.07 4.253 0.013
AIXFIRLE ( Relative humidity, %) 55.00+0.81  58.00+1.41 -2.309 0.082
JA\3# ( Wind velocity, m/s ) 031+0.04 053002 -6.789 0.002
7 N
A HCA /) 2260+380 1690030  1.978 0.119
Bacteria( colony/plate )
ERE =] A
FUABBCA /L) 2240790  1610+470 -1.281 0270
Fungi( colony/plate )
175 [ Noise, dB(A )] 58.80+2.50  60.30+2.90 -0.662 0.544
CO(%) 086+023 056004 1.671 0.170
€0, ( mg/m®) 0.053£0.006 0.048+0.001 0.961 0.391

VOC( mg/m’)
HI#% ( Formaldehyde, mg/m® )
PM,o( mg/m* )

0.055+0.010 0.031+£0.001 3.141 0.035
0.007 £0.002  0.004 £0.000 1.974 0.120
0.160 £0.040  0.110£0.007  1.320 0.257

&5 Pearson tHEMESHT

Table 5 Pearson correlation analysis

U 55, ( Stations )

I bR

Monitored indices Al A2 A8 C D F " P
Fiia (AR H)

Passagerflow 51996 36398 15598 65938 14560 13541 — —
( Person-time/day )

NI

Air change flow per  7.70  34.80 16.60 16.70 12.30 30.50 — —
capita[ m*/(h- A\) ]

A S A AN L)

Bacteria 32 17 23 20 19 16  -0.979 0.001
( colony/plate )

LR BB (A1)

Fungi 31 11 26 22 24 14 -0.992 0.000
( colony/plate )

PM;o( mg/m’ ) 0.19 0.05 0.14 0.12 015 0.10 -0.950 0.004
CO(%) 0.077 0.05 0.061 0.056 0.063 0.049 -0.889 0.018
[ ] B&EANFRES AN A2 E M X R H(The

coefficient between the fresh air per capita and corresponding indices ),
3 ITig
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