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ABSTRACT

Objectives: This study aimed to assess the environmental factors that affect particulate matters (PM10) and to
compare with outdoor PM10 concentrations in an underground subway stations.

Methods: The PM10 level was determined from May 2013 to September 2013 in the Seoul subway stations in
four lines. PM mini-vol portable sampler sampler was used to collect PM10 for 6 hrs. Arithmetic means of PM10
concentrations with standard deviation (SD) were calculated. Paired #-test was used to compare the differences
between indoor PM10 and outdoor PM10 concentrations with correlation analysis which was used to identify
the association between indoor PM10 concentrations and environmental factors.

Results: There were no different PM10 concentrations significantly between line 1, 2, 3 and 4 in an underground
subway stations. Passenger number was positively associated with PM10 concentration while construction year
was negatively associated with PM10 concentrations. Indoor PM10 concentrations were significantly higher than
those in outdoor PM10 concentrations. PM10 concentrations were higher in the stations which were constructed
before 1990s rather than the stations constructed after 1990s.

Conclusion: PM10 levels in the underground subway stations varied greatly depending on the construction

year. Therefore, it might need to be more careful management to the stations which constructed in before
1990s.

Keywords: IAQ (Indoor air quality in subway platform), IAP (Indoor Air Pollution), I/O ratio, PM10,
Construction year, Outdoor PM10
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Table 1. The characteristics of environmental factors in the four line of underground subway stations.

Mean (range)

Line . Length of station Areas of station Year of No. of passenger
No. of station .
(m) construction

Line 1 10 210 (210-210) 8759.4 (5490-10465) 1977 (1974-2005) 61,278 (15,718-150,136)
Line 2 37 198 (90-205) 8347.4 (3936-18506) 1984 (1980-2005) 72,837 (2949-263,820)
Line 3 32 205 (205-205) 8997.9 (3860-14613) 1989 (1985-2010) 38,822 (7,716-124,914)
Line 4 21 205 (205-205) 8560.8 (5913-15490) 1985 (1985-1994) 55,075 (2,387-99,167)
Total 100 203 (90-210) 8641.6 (3860-18506) 1985 (1974-2010) 57,251 (2,387-263,820)
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Table 2. The characteristics of PM10 concentrations in the
four line of underground subway stations

No. of PM10 concentration
Low 95% High 95%

Line Sample

Mean + SD* cr cr
Line 1 10 95.7+55 91.8 99.7
Line 2 37 90.4 + 6.1 88.3 92.4
Line 3 32 90.1 + 4.4 88.5 91.6
Line 4 21 91.1 + 3.8 89.4 92.8
Total 100 918 +4.9 88.3 91.6

a Standard deviation, ®; Confidence interval
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Fig. 1. Comparison between indoor and outdoor con-
centration of PM10 in four lines (p <0.001).
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Fig. 2. Plot regression between PM10 concentration and
construction years (p <0.001) in stations.
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Table 3. Pearson correlation analysis between PM10 and environmental factors in underground subway stations

PM10 Length of station Areas of station co;f;flc(gon pI:s(:er(l);er
PM10 1.000
Length of station 0.462" 1.000
Areas of station 0.134 0.207" 1.000
Year of construction -0.437" -0.384™ 0.109 1.000
No. of passenger 0.498" 0.210 0.100 -0.380 1.000

:p < 0.05 " p < 0.001

J Environ Health Sci 2017; 43(1): 71-76

http://www.kseh.org/



XSG aMER DMBXIS] &5 tist

Ht 75

SE ARl A B AAF
F= Apele] AE Arshlel
WALIQle] W 2A7F FEA ot A
olelfol et

Fig. 1914 A3} AN 9] PM10 5571 22] PM10
e Boh oA =7 Uit ol#d A=
Lee(2015% A7~ Aot AA|SIATE Lee(2015)
Foll w2 Ay PMI0 =7t =& RS A5}
A EdelM e 2 e T H&%kﬂ =
olgka Asiith. 5, AshHe] AAtel %
Ul ZiHE w el ofs) A|sHH % OM A

= WRERE nHRA7 Al 5744 vl
W) 7} A ek Aol ofelt
Sl ARAE BEEE

Ag A2 Ao 2 EARE AY

E—g— S7MA7IE 9ol & 4 7] wiiel A

Alz=d #H 7t F st

& AFE AEHER A8t AR PMI0 %
=4 Hrst A7 ¥ 7R Aldde]

A

ek

CHERE ECE
A 5

43

A, X AR PMI10 B9 29 PMI0E 5
o =743le] wwsA] EE 7|37 H(Air
Korea) 252 ¥|wdte] Frlsk Aot} e A&
AHA7NZ FAIZ S L slo] HlwekA] Bl A

Ryjs} e B0 ARE WA T 2%
= @t vl sk REkck A, SAe] o 9
S o

oflelr 2 Ate] w=
o} BA T B AFE AeuER AR 2
Ab 1003145 4)elM 34 2 B7HE 3197
of Al 2|5l PMI0 T S ¢
D= 2AZH HE Nx AR F8E F

va B

2 AFe MSHER Xk 14384 A X8}
A e E F7] F PMI0 BEE FHe| 33

/\g, Ng] PMI10 % 7].9] /\]—S'J—M m .Plﬁ-lr:
HRE A ATe Fo Adee ned g

Aekd GAFe] PMI0 == 1-4847k] T X
o7t T, BARA S Y freld
292 Byl

O

-

3

-
a0

http://www.kseh.org/

AGrhfe] PMI0 FEE FAVIES A= &
AR A 2] PM10 F5=9} Haws) frefshAl & %
O =2 Yt
A&tAE PMI0 F&=9k A E kel dade
AR ELH 19901 & o] Hef|

o L}E}L&E}.
#Ale| 2

E AF4E 20169 % R ANy A 2
o oJste] F3E A,

References

1. Klepeis NE, Nelson WC, Ott WR, Robinson JP,
Tsang AM, Switzer P, et al. The National Human
Activity Pattern Survey (NHAPS): a resource for
assessing exposure to environmental pollutants.
Journal of Expo Analysis Environmental Epidemiol-
ogy. 2001; 11: 231-252.

2. Ministry of Environment of Korea. Indoor Air qual-
ity management in public facilities Indoor Air Qual-
ity Management Act Amendment. 2014.

3. US Environmental Protection Agency (USEPA).
Available at: http://www.epa.gov/indoor-air-quality-
iag/introduction-indoor-air-quality, 2016 [accessed
10 October]

4. Nieuwenhuijsen MJ, Gomez-Perales JE, Colvile
RN. Levels of particulate air pollution, its elemen-
tal composition, determinants and health effects in
metro systems. Atmospheric Environment. 2007,
41(37): 7995-8006.

5. Seaton A, Cherrie J, Dennekamp M, Donaldson K,
Hurley JF, Tran CL. The London underground: dust
and hazards to health. Occupational and Environ-
mental Medicine. 2005; 62(6): 355-362.

6. Sitzmann B, Kendall M, Watt J, Williams I. Char-
acterisation of airborne particles in London by com-
puter-controlled scanning electron microscopy. Science
of the Total Environment. 1999; 241(1-3): 63-73.

7. Zhao W, Hopke PK. Source apportionment for
ambient particles in the San Gorgonio wildness.
Atmospheric Environment. 2004; 38: 5901-5910.

8. Kwon SB, Park DS, Cho YM, Park EY. Measure-
ment of natural ventilation rate in Seoul metropoli-
tan subway cabin. Indoor and Built Environment.
2010; 19(3): 366-37.

J Environ Health Sci 2017; 43(1): 71-76



76 g5 - 4T
9. Air Korea. Available online : http://www.airkorea. 21. Awad AHA. Environmental Study in subway metro
orkr/index, 2016 [accessed 10 October] stations in Cairo, Egypt. Journal of Occupational

10. ANSI/ASHRAE (2004) Ventilation for Acceptable Health. 2002; 44(2): 112-118.

Indoor Air Quality, American Society of Heating, 22. Kim MJ, Rae BS, Kang OY, Kim JT, Yoo CK.
Refrigerating and Air-Conditioning Engineers, Inc, Monitoring and prediction of indoor air quality
1791 Tullie Circle NE, Atlanta, GA 30329. 2004. (IAQ) in subway or metro systems using season

11. Yang J, Nam [, Yun H, Kim J, Oh HJ, Lee D, ef al. dependent models. Energy and buildings 2014; 46:
Characteristics of indoor air quality at urban ele- 48-55.
mentary schools in Seoul, Korea: Assessment of 23. Moreno TN, Perez C, Reche V, Martins E, de
effect of surrounding environments. Atmospheric Miguel, Capdevila M, et al., Subway platform air
Pollution Research. 2015; 6: 1113-1122. quality: assessing the influences of tunnel ventila-

12. Shao L, Hu Y, Wang J, Hou C, Yang Y, Wu M. tion, train piston effect and station design, Atmo-
Particle-induced oxidative damage of indoor PM10 spheric Environment. 2014; 92: 461-468.
from coal burning homes in the lung cancer area of 24. Martins V, Moreno T, Mendes L, Eleftheriadis K,
Xuan Wei, China. Atmospheric Environment. 2013; Diapouli E, Alves CA, et al., Factors controlling air
77: 959-967. quality in different European subway systems, Envi-

13. Kwon SB, Jeong W, Park D, Kim KT, Cho KH. A ronmental Research. 2016; 146: 35-46.
multivariate study for characterizing particulate mat- 25. Kim, KY, Kim YS, Roh YM, Lee CM, Kim CY.
ter (PM10, PM2.5, and PM1) in Seoul metropoli- Spatial distribution of particulate matter (PM10 and
tan subway stations, Korea. Journal of Hazardous PM2.5) in Seoul metropolitan subway stations.
Materials. 2015; 297: 295-303. Journal of Hazardous Materials. 2008; 154(1-3):

14. Mugica-Alvarez V, Figueroa-Lara J, Romero-Romoa 440-44.

M, Sepulveda-Sanchez J, T. Lopez-Moreno T. Con- 26. Oh HJ, In-Sick Nam IS, Yun H, Kim J, Yang J,
centrations and properties of airborne particles in Sohn JR. Characterization of indoor air quality and
the Mexico City subway system. Atmospheric Envi- efficiency of air purifier in childcare centers, Korea.
ronment. 2012; 49: 284-293. Building and Environment. 2014; 82: 203-214.

15. Kam W, Cheung K, Daher N, Sioutas C. Particu- 27. Nur FR, Juliana J. Indoor air quality (IAQ) and sick
late matter (PM) concentrations in underground and buildings syndrome (SBS) among office workers in
ground-level rail systems of the Los Angeles Metro. new and old building in Universiti Putra Malaysia,
Atmospheric Environment. 2011; 45: 1506-1516. Serdang. Health and the Environment Journal.

16. Cheng YH, Lin YL, Liu CC. Levels of PM10 and 2012; 3(2): 98-109.

PM2.5 in Taipei Rapid transit system. Atmospheric 28. Lee TJ, Lim H, Kim SD, Park DS, Kim DS. Con-
Environment. 2008; 42(31): 7242-7249. centration and Properties of Particulate Matters

17. Branis M. The contribution of ambient sources to (PM10 and PM2.5) in the Seoul Metropolitan. Jour-
particulate pollution in spaces and trains of the nal of Korean Society for Atmospheric Environ-
Prague underground transport system. Atmospheric ment. 2015; 31(2): 164-172.

Environment. 2006; 40(2): 348-356. 29. Kim KH, Ho DX, Jeon JS, Kim JC. A noticeable

18. Ripanucci G, Grana M, Vicentini L, Magrini A, shift in particulate matter levels after platform
Bergamaschi A. Dust in the underground railway screen door installation in a Korean subway sta-
tunnels of an Italian town. Journal of Occupation- tion. Atmospheric Environment. 2012; 49(1): 219-
aal and Environmental Hygiene. 2006; 3(1): 16-25. 223.

19. Seaton A, Cherrie J, Dennekamp M, Donaldson K, 30. Lee TJ, Jeon JS, Kim SD, Kim DS. A Compara-
Hurley JF, CL, Tran CL. The London underground: tive study on PM10 source contributions in a Seoul
dust and hazards to health. Occupational and Envi- Metropolitan subway station before/after Installing
ronmental Medicine. 2005; 62(6): 355-362. Platform Screen Doors. Journal of Korean Society

20. Johansson C, Johansson PA. Particulate matter in for Atmospheric Environment. 2010; 26(5): 543-

the underground of Stockholm, Atmospheric Envi-
ronment. 2003; 37(1): 3-9.

J Environ Health Sci 2017; 43(1): 71-76

553.

http://www.kseh.org/



