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Summary 

With the public awareness of air pollution increased significantly in recent years, during 
the haze days, the percentage of the public go out wearing masks and use air purifiers indoor 
has been significantly increased. However, the air quality in public places such as the subway, 
there are relatively limited research on the potential health risk of air pollution in the subway 
to the passengers. This study examines the public awareness, protection behavior, PM2.5 
exposure and willingness to pay for air pollution mitigation measures through questionnaire-
based survey. The results show that the age, sex, income, educational level of the respondents 
and whether they have children are related to whether they are taking protective measures 
and whether they are buying protective equipment for air pollution. At the same time, PM2.5 
concentration in subway cars were also monitored while conducting the survey, the results 
show that during the project period the subway PM2.5 concentrations were higher than the 
outdoor, with the average monitoring value of 143 µg/m3, and among the monitored subway 
lines there is obvious difference in terms of the PM2.5 level. The study estimates the long-term 
health risk of PM2.5 exposure in Beijing subway commuters by applying the Exposure-
response Functions and Pope’s relevant empirical research data.   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•  PM2.5  
11 5 2 1

 

10 1-2
1 2 4 5 6 8 9 10 13 14

10 5 2 PM2.5

10 10 PM2.5

PM2.5  

1-2  2015  

2016  

%
' " / /

1 4789.69 99.90 2' 3.47 107.48 7.82 193.48

2 2914.41 99.92 2' 4.38 100.78 5.23 185.34

4- 5889.21 99.96 2' 2.35 117.65 9.09 279.89

5 3302.63 99.59 2' 3.05 85.38 8.25 214.06

6 5400.56 99.96 2'45" 1.69 72.78 9.66 194.65

7 2723.43 99.98 4' 1.19 28.67 6.58 176.81

8 2372.14 99.90 3'15" 1.18 34.23 8.77 188.95

9 1539.96 99.99 3'20" 2.56 43.48 6.1 152.06

10 6977.03 99.89 2' 2.53 144.44 8.15 160.87

13 3919.9 99.93 2'40" 1.63 66.72 10.4 134.38

14 1108.46 99.98 5' 0.83 12.46 6.75 327.60

14 650.96 99.99 8' 0.39 4.71 5.53 332.42

15 2974.89 99.98 5' 0.5 21.37 14.32 169.96

1742.39 99.93 2'50" 1.36 25.9 10.3 162.32

1253.63 99.99 4' 0.76 16.01 11.31 151.82

1426.7 99.96 5'35" 0.42 9.57 14.49 177.69

869.66 99.96 8' 0.11 3.03 24.41 148.98

1261.66 99.99 5' 0.69 15.96 11.06 164.27
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1 ( 1.2-1.5 )  
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 AirBeam Technical Specifications, Operation & Performance by Michael H and Alex Besser. Link: http://4

www.takingspace.org/airbeam-technical-specifications-operation-performance/ 
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2.  

2.1.  
325 293 2-1

57.8% 26-35 36-60
13.1% 54.2% 5000-10000 /

93.1%
10  

2-1  

N=325 N=293 %

n %

18-25 65 20.0 96 32.8 161 26.1

26-35 212 65.2 145 49.5 357 57.8

36-45 40 12.3 41 14.0 81 13.1

46-60 7 2.2 10 3.4 17 2.8

60 1 0.3 1(0.3) 2(0.3)

n(%)

<3000 6 1.8 16 5.5 22 3.6

3000-5000 36 11.1 55 18.8 91 14.7

5001-10000 162 49.8 173 59.0 335 54.2

10001-20000 107 32.9 43 14.7 150 24.3

>20000 14 4.3 6 2.0 20 3.2

n %

6  (1.8) 2  (0.7) 8  (1.3)

19  (5.8) 16  (5.5) 35  (5.7)

222  (68.3) 213  (72.7) 435  (70.4)

78  (24.0) 62  (21.2) 140  (22.7)

n(%)

11 3.4 21 7.2 32 5.2

17 5.2 21 7.2 38 6.1

41 12.6 31 10.6 72 11.7
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2.2.  

2-2
P<0.05

 

2-2  

223 68.6 195 66.6 418 67.7

2 0.6 6 2.0 8 1.3

31 9.5 19 6.5 50 8.1

n(%)

102 31.4 92 31.4 194 31.4

223 68.6 201 68.6 424 68.6

n %

68 20.9 10 3.4 78 12.6

211 64.9 274 93.5 485 78.5

46 14.2 9 3.1 55 8.9

N=325 N=293

5.74 5.59 5.67

10.80 10.24 10.53

h 1.00 0.89 0.95

N F P

1.3712 1.24707 8 2.659 0.047

0.9529 0.49973 35

0.9517 0.46174 435

0.8999 0.41184 140

9.63 2.134 8 0.968 0.407

10.83 2.176 35

10.63 3.361 435

10.22 2.146 140

4.38 2.326 8 0.844 0.470
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2.3.  

  

2-3  

 

  

6.74 5.863 35

5.64 4.938 435

5.54 3.665 140

t P 95.0% CI  for B

B SE Beta Lower 
Bound

Upper 
Bound

 -0.095 0.038 -0.101 -2.527 0.012 -0.169 -0.021

-0.069 0.034 -0.083 -2.064 0.039 -0.135 -0.003
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3.  

3.1.  

P<0.01 PM2.5

154µg/m3 / 127µg/m3  

PM2.5

3-1 PM2.5 84% 50%
 

3-1 PM2.5  

 http://zx.bjmemc.com.cn  
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3.2.  
3-1 P<0.01

PM2.5  

3-1 PM2.5  

13 8 13 PM2.5

6
8 PM2.5 2017

1 2 PM2.5 30 µg/m3 8 150 µg/m3

6

µg/m3 µg/m3 P

198 143.65 132.50 <0.001

198 89.82 61.00
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PM2.5 2  

3-2 PM2.5  

3-2 PM2.5 Spearman
PM2.5 PM2.5

P<0.05   

3-2 PM2.5  

Spearman P

1 0.854 <0.001

2 0.864 <0.001

4 0.804 <0.001

5 0.713 <0.001

6 0.763 <0.001

8 0.601 0.004 

9 0.704 <0.001

10 0.863 <0.001

13 0.933 <0.001

14 0.585 0.003 

0.694 <0.001
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3.3. PM2.5  
PM2.5
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4.  

4.1.  
4-1

AQI
95%

 

4-1  

  

4-2  

P
n=325 n=293

220 67.7% 220 75.1% 440 71.2% 4.107 0.043

AQI 231 71.1% 205 70.0% 436 70.6% 0.092 0.762

309 95.1% 288 98.3% 597 96.6% 4.857 0.028

278 85.5% 267 91.1% 545 88.2% 4.619 0.032

N Mean Rank P

314 218.30 0.955

122 219.02

329 230.42 0.100

120 210.13

440 297.66 0.004

178 338.76

440 295.86 0.001

178 343.22

440 312.64 0.390

178 301.74

440 303.02 0.048

178 325.52
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P 0.05
 

4-3  

4.2.  
Mann-Whitney U

mean rank 4-4

P<0.05
 

4-4 Mann-Whitney U  

440 313.43 0.270

178 299.79

440 318.74 0.019

178 286.67

440 317.86 0.038

178 288.83

440 314.19 0.269

178 297.91

440 312.27 0.519

178 302.66

438 322.64 0.001

176 269.83

3000 3000-5000 5001-10000 10001-20000 20000

17 77.3 68 74.7 250 74.6 94 62.7 11 55.0

N Mean Rank P

325 296.08 0.012

293 324.38

325 303.56 0.310

293 316.09
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4-5 Mann-Whitney U  

4.3.  
4-6

P<0.01
 

4-6  

4.4.  
       4-7 70.5%

50.3% P<0.01
 

325 303.81 0.344

293 315.81

N Mean 
Rank

P

32 307.59 0.712

38 307.88

72 291.02

418 279.13

8 303.13

32 311.23 0.738

38 287.07

72 288.53

418 282.62

8 227.06

P
n=325 n=293

258 79.4% 274 93.5% 532 86.1% 25.684 <0.001

203 78.7% 246 89.8% 449 84.4% 12.431 <0.001

148 57.4% 153 55.8% 301 56.6% 0.126 0.723
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4-7  

4.5.  
4-8 P<0.01

 

4-8 Mann-Whitney U  

4-9
 

4-9 Mann-Whitney U  

 

P
n=194 n=424

166 85.6% 366 86.3% 532 86.1% 0.063 0.802

136 81.9% 313 85.5% 449 84.4% 1.119 0.290

117 70.5% 184 50.3% 301 56.6% 18.985 <0.001

N Mean Rank P

231 211.55 0.195

205 226.33

203 201.07 <0.001

246 244.75

148 154.38 0.469

153 147.73

N Mean 
Rank

P

143 224.99 0.426

293 215.33

136 219.35 0.494

313 227.46

117 151.41 0.943

184 150.74
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5. PM2.5  

 

5.1.  
5-1 90.1%

P 0.01
527

 

5-1:  

5.2.  
36%

7% 618 449
36% 7%  

5-2A
340

P 0.05  

5-2B
5

89.7%
P 0.05  

5-2A:  

P

,n(%) ,n(%)

5 45.5% 6 54.5% 30.516 <0.001

126 77.8% 36 22.2%

401 90.1% 44 9.9%

 N Mean 

Rank

p

 

94 260.74 10.850 0.013

340 215.94

11 222.45

4 162.50

Total 449
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5-2B  

5.3.  
       5-3

100  

5-3  

   

5-4 Kruskal-Wallis
p 0.001

 

5-4 Kruskal-Wallis  

5.4.  
5-

5 Kruskal-Wallis
P 0.001  

P

n % ,n %

18 78.3% 5 21.7% 6.155 0.046

 
266 81.8% 59 18.2%

165 89.7% 19 10.3%

0 <20 20-50 50-100 >100

15(36.6%) 18(43.9%) 5(12.2%) 2(4.9%) 1(2.4%)

29(7.7%) 156(41.3%) 153(40.5%) 31(8.2%) 9(2.4%)

8(4.0%) 97(48.7%) 75(37.7%) 10(5.0%) 9(4.5%)

52(8.4%) 271(43.9%) 233(37.7%) 43(7.0%) 19(3.1%)

N Mean 

Rank

P

41 188.94 23.347 <0.001

378 319.62

199 315.12
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5-5  

      

618 301
100

1000-3000 43.2% 3000-5000
 

“ ” “ ” 0 1 18-25
5-6 26-35 36-45 36-45

 

5-6:  –  

5.5.  
      

50 / 2016
907

54.4
 

5-7
87.7% 53.6%

P 0.01
53.6%  

N Mean 

Rank

P

 
23 175.28 61.584 <0.001

298 268.03

297 361.51

 B S.E. Sig. OR OR  95% C.I.

Lower Upper

26-35 0.747 0.228 0.001 2.110 1.349 3.300

36-45 1.246 0.383 0.001 3.475 1.639 7.368

0.587 0.246 0.017 1.799 1.111 2.911
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5-7  

    “ ”
5-8

50 25 50
100 200  

5-8  

5-9
P 0.001  

5-9 Mann-Whitney  

    “ ”
“ ” “ ” “ ” “ ” “ ” “ ”

0 1 18-25  

P

67 12.3% 478 87.7% 52.608    <0.001

32 46.4% 37 53.6%

99 16.1% 515 53.9%

0 25 50 100 200

 
67 12.3% 144 26.4% 171 31.4% 138 25.3% 25 4.6%

 32 46.4% 17 24.6% 9 13.0% 11 15.9% 0 0.0%

99 16.1% 161 26.2% 180 29.3% 149 24.3% 25 4.1%

N Mean 

Rank

P

 545 321.70 33.114 <0.001

69 195.36
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5-11  –  

    46-60
 

5.6.  

“ ”  

 
mean rank

1 2  
5-12

P 0.05
P 0.098 0.05

 

5-12 Mann-Whitney U  

5-13

 

 B S.E. Sig. OR OR  95% C.I.

Lower Upper

1.115 0.265 <0.001 3.050 1.814 5.128

46-60 -2.367 0.634 <0.001 0.094 0.027 0.325

1.816 0.291 <0.001 6.148 3.474 10.882

N Mean Rank P

325 294.11 0.016

293 326.58

325 285.82 <0.001

293 335.77

148 143.10 0.098

153 158.64

322 292.52 0.023

292 324.02
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5-13 Mann-Whitney U  

Spearman
P 0.05

 

P 0.05
 

5-14  

N Mean Rank P

194 344.19 0.001

424 293.63

194 297.86 0.237

424 314.83

117 164.59 0.021

184 142.36

193 301.74 0.574

421 310.14

Spearman P

0.085 0.035

0.037 0.363

0.209 <0.001

0.024 0.559

0.040 0.319

0.184 <0.001
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6. PM2.5  

PM2.5 PM2.5 -
PM2.5 2µg/m3 PM2.5

7

 PM2.5  
 

    PM2.5

PM2.5 10µg/m3 0.51%
0.44%  8

500 000 16 PM2.5 10µg/m3

4% 6% 8%  9

2016 10 2017 4 22 10
PM2.5 2016 11 2017

154µg/m3 127µg/m3

PM2.5

PM2.5 PM2.5 154µg/m3 127µg/m3

PM2.5 127 µg/m3 2016
73µg/m3 54µg/m3  

10 10.53 1 2
5 1 0.95 2

5 11 PM2.5

 

54*(2/24)*(5/7)*(354/365) = 3.12µg/m3 

PM2.5 3.12µg/m3  

3.12/10=0.31 

RR =1.04^0.31=1.0123   RR =1.06^0.31=1.0183   RR =1.08^0.31=1.0242 10

16
1.23% 1.83% 2.42%  

50%—90% PM2.5

PM2.5 3.12µg/m3

1.56µg/m3-2.81µg/m3 PM2.5

 

 p27-28. . 20157

  p19 and p22. . 20158

 CA Pope III, RT Burnett, MJ Thun etc Lung Cancer, Cardiopulmonary mortality, and long-term exposure to 9

fine particulate air pollution The Journal of the American Medical Association 2002.

 RR(Relative Risk) 10
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RR =1.04^0.156=1.0061 RR =1.06^0.156=1.0091 RR =1.08^0.156=1.0120 

RR =1.04^0.281=1.0111 RR =1.06^0.281=1.0165 RR =1.08^0.281=1.0218 

0.61%-1.11% 0.91%-1.65% 1.20%-2.18%  

PM2.5

 

PM2.5  11

 10 40-5011
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7.  

7.1.  
• PM2.5  

PM2.5 PM2.5

PM2.5 13 PM2.5 8 PM2.5  

12

PM2.5 151.43µg/m3 PM2.5   13

143µg/m3

GB3095-2012 PM2.5  75µg/m3

35µg/m3  PM2.5 
PM2.5  

•  
0.95 57

 

62.3 56.8
4 53.314

57  15

•  

 

2013 1000
89.6% 50.1%  36.5%

71.2%16

 

•  

. [D].  .  . 2009.12

 Wang B Q, Liu J F, Ren Z H, et al. Concentrations, properties, and health risk of PM2.5 in the Tianjin City subway 13

system[J]. Environmental Science & Pollution Research International, 2016, 23(22):1-11.

 201614

, , . —— [J]. , 2012(5):62-68.15

. —— [D]. ,2014.16
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1000 17

PM2.5

PM2.5

 18

•  

43.9%
20 47.2% 1000-3000  

2000  19

•  
-

16 1.23%
1.83% 2.42%

0.61%-1.11% 0.91%-1.65% 1.20%-2.18%  

7.2.  
CO2 VOC

PM2.5 CO PM2.5
20

 

4:30PM 8:30PM
 

7.3.  
10

 

10
 

 

. —— [D]. ,2014.17

, , , . (PM2.5) [J]. 18

,2014,18(06):541-544. [2017-08-07].

 : [J]. ,2015(23):14-14.19

. [D]. , 2016.20

25



7.4.  
PM2.5

PM2.5

PM2.5
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2. PM2.5 PM2.5  
µg/m3  

1) 1  

!  

2) 2  

!  
 

µg/m3

/

0

75

150

225

300

10/15/2016 11/29/2016 1/13/2017 2/27/2017 4/14/2017
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/

0

75

150

225

300

10/20/2020 12/3/2020 1/17/2021 3/2/2021 4/16/2021
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3) 4  

!  

4) 5  

!  

5) 6  

!  

µg/m3
/

0

100

200
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0
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/

0
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10/20/2020 12/3/2020 1/17/2021 3/2/2021 4/16/2021
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6) 8  

!  

7) 9  

!  

8) 10  

!  

µg/m3
/

0
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9) 13  

!  

10) 14  

!  

/

0
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10/20/2020 12/3/2020 1/17/2021 3/2/2021 4/16/2021
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10/20/2020 12/3/2020 1/17/2021 3/2/2021 4/16/2021
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3. Air Beam  

 AirBeam HabitatMap AirBeam
(PM2.5) AirBeam Light Scattering Method PM2.5

LED
AirCasting APP

AirCasting APP
APP AirCasting

AirCasting AirBeam
PM2.5 PM2.5

AirBeam
AirBeam (APP)

AirBeam  

 
 7 200  
 Shinyei PPD60PV 
 MaxDetect RH03 
 Nova MDCS42 2.1 + EDR 
 Atmel ATmega32U4 
 Arduino Leonardo 

 
 AirBeam  2000mAh 3.7v AirBeam 10

Micro-USB AirBeam
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/  
 AirBeam AirBeam

AirBeam  

 
 AirBeam  

AirBeam AirCasting APP  
 AirCasting APP(

>“Settings”>“Externaldevices”>“Pair with newdevices”>“ ”>
“AirBeam”( )> “AirBeam"> “Yes” AirBeam

AirBeam  

AirBeam  
 Micro-USB AirBeam  

 
 AirBeam Arduino Leonardo ArduinoIDE AirBeam

 

 
 AirBeam 5

5V 3.3V 2 1
 

 
 AirBeam GitHub Shapeways STL 3D AirBeam

 

FCC  
    FCC 15 (1)

(2)
FCC  

AirBeam  
 
AirBeam Thermo Scientific pDR-1500( PM2.5 )

Thermo Scientific pDR-1500
5000 2.5

 PM2.5 Leland Legacy 
10L PM2.5 EPA PM2.5 PM10

PM2.5 “ ”
AirBeam AirCasting

 

 AirBeam R2 R2 PM2.5

AirBeam R2
Y AirBeam X pDR-1500

X Y R2 0.0 1.0 1.0
R2 1.0
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 1 2 1 PM2.5 100
/ 11 12 2

1 1 2
AirBeam pDR-1500 1 PM2.5 24 /

AirBeam R2 0.98  

1 PM2.5 AirBeam pDR-1500  

 2 PM2.5 100 / AirBeam R2 0.94
2 PM2.5 30 / AirBeam

AirBeam PM2.5

AirCasting APP ShinyeiPPD60PV AirBeam 
 

2 PM2.5 AirBeam pDR-1500  
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    100 / AirBeam pDR-1500
PM2.5 3

1
R2 0.60 0.80 R2 AirBeam

AirBeam 400 /  

3 PM2.5 AirBeam pDR-1500  

 
AirBeam AirBeam

  

 pDR-1500 AirBeam  
4 12 11

AirBeam R2 0.70 pDR-1500 0.76
pDR-1500 AirBeam pDR-1500

AirBeam pDR-1500 “ ”
 AirBeam

pDR-1500 12 R2 0.98 1  
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4 PM2.5 AirBeam pDR-1500  

    >80% AirBeam
AirBeam PM2.5

AirBeam
 

 AirBeam Alex Besser MichaelHeimbinder Alex
Michael HabitatMap AirBeam

George Thurston Alex
 

http://www.takingspace.org/airbeam-technical-
specifications-operation-performance/ 
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+86 10 61438032 
info@reei.org.cn 
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