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Characteristics of CO, CO,, and NO, Concentrations at Subway
Stations in Busan for 3 Years (2015~2017)

Byung—lI Jeon"
Department of Environmental Engineering, Slla University, Busan 46958, Korea

Abstract

This research investigated the characteristics of CO, CO,, and NO, concentrations at main subway stations in Busan. The
annual mean CO concentrations at the Suyeong and Nampo stations were 0.75 ppm and 0.48 ppm, respectively. Annual CO,
concentration at the Seomyeon 1- platform was 649 ppm. The NO, concentrations at the Seomyeon 2- waiting room and the
Yeonsan station were 0.048 ppm and 0.037 ppm, respectively. CO concentration was highest at two times of the day, and was
proportional to the number of passengers commuting to and from work. The CO and CO, concentrations were highest in
winter, but NO, concentration was highest in spring. CO and CO, concentrations were highest on Saturday and lowest on
Sunday. The correlation of CO and NO, concentrations measured at the subway stations with those at the ambient air quality
station were highest at the Seomyeon 1 and 2- waiting room and Jeonpodong. The correlation was lowest at the Yeonsan and
Yeonsandong station. The number of days when CO, concentration exceeded 700 ppm over the last three years at the
Seomyeon 1- platform was 174. The findings of this research are expected to deepen understanding of the fine particle
characteristics at subway stations in Busan and be useful for developing a strategy for controlling urban indoor air quality.
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Fig. 1. A Map of the Busan metropolitan rail routes and monitoring stations (yellow circle).
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Table 1. Annual mean of CO, CO, and NO, concentration (ppm) observed at Busan subway station for 3 years (2015~2017)

CcO CO, NO,

Station

2015 2016 2017 Mean 2015 2016 2017 Mean 2015 2016 2017 Mean
Nampo 0.52 0.43 048 048 541 561 575 559 0.041 0.044 0.043 0.043
Deokcheon 0.61 0.57 0.53 0.57 511 508 521 513 0.044  0.047 0.035 0.042
Dongnae 0.49 0.48 0.52 050 484 505 502 497 0.047  0.045 0.047 0.046
Minam 0.64 0.67 0.59  0.63 491 507 505 501 0.043  0.030 0.048 0.040
Sasang 0.56 0.46 0.45 0.49 522 536 549 536 0.040 0.042 0.050 0.044
Seomyeon 1-W" 0.54 0.62 0.54 057 627 674 647 649 0.039 0.040 0.044 0.041
Seomyeon 1-P* 0.54 0.52 0.45 0.50 549 571 558 559 0.040 0.042 0.046 0.043
Seomyeon 2-W 0.49 0.49 047 048 631 645 655 644 0.038 0.044 0.048 0.043
Seomyeon 2-P 0.47 0.49 0.48 0.48 572 560 555 562 0.045 0.050 0.049 0.048
Suyeong 0.87 0.71 0.67 0.75 503 530 562 532 0.035 0.043  0.040 0.039
Yeonsan 0.63 0.67 0.66  0.65 499 529 526 518 0.037 0.035 0.039 0.037

"Waiting room ~“Platform
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Fig. 2. Diurnal variation of CO, CO, and NO, concentration at Busan subway station and ground station for 3 years (2015

~2017).
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Table 2. Seasonal mean of CO, CO, and NO, concentration (ppm) observed at Busan subway station for 3 years (2015 ~2017)

Cco CO, NO,

Station

Spr. Sum. Fall ~ Win. Spr. Sum. Fall  Win. Spr. Sum. Fall ~ Win.
Nampo 0.48 0.45 0.50 049 542 562 569 563 0.049  0.038 0.040 0.044
Deokcheon 0.63 0.43 054  0.68 506 493 516 543 0.050  0.039 0.037 0.042
Dongnae 0.51 0.43 048  0.58 476 495 496 522 0.054 0.042 0.044 0.046
Minam 0.76 0.54 057  0.67 504 491 496 516 0.050 0.040 0.037 0.035
Sasang 0.51 0.39 046  0.60 523 518 545 555 0.047  0.039 0.045 0.045
Seomyeon 1-W 0.60 0.53 0.54  0.61 639 641 653 664 0.046  0.041 0.036 0.041
Seomyeon 1-P 0.53 0.41 045  0.61 572 544 550 572 0.050  0.039 0.041 0.042
Seomyeon 2-W 0.45 0.40 049  0.57 644 647 635 651 0.047 0.044 0.040 0.043
Seomyeon 2-P 0.49 0.42 046 0.5 572 522 555 595 0.057 0.046  0.042 0.047
Suyeong 0.93 0.58 0.69 0.83 549 516 526 538 0.048 0.040 0.035 0.033
Yeonsan 0.65 0.53 0.67 0.77 533 498 502 540 0.046  0.038  0.034 0.031
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Fig. 5. Diurnal and weekly variation the number of boarding/alighting passengers at Seomyeon 1 line (2017).
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Table 3. Correlation coefficient between subway and ground station for CO and NO, concentration observed at Busan for 3

years (2015~2017)

Subway station Ground station

Correlation coefficient

CO NO,
Nampo Kwangbokdong 0.32 0.60
Deokcheon Deokcheon 0.42 0.46
Dongnae Oncheondong 0.59 0.28
Seomyeon 1-W Jeonpodong 0.58 0.58
Seomyeon 1-P Jeonpodong 0.46 0.61
Seomyeon 2-W Jeonpodong 0.64 0.69
Seomyeon 2-P Jeonpodong 0.56 0.65
Yeonsan Yeonsan 0.30 0.26
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Table 4. Number of exceedances per year of the daily value for 700 ppm and 0.05 ppm of CO, and NO, at Busan for 3 years

(2015~2017)

CO, = 700 ppm

NO, = 0.05 ppm

Station

2015 2016 2017 Total 2015 2016 2017 Total
Nampo 1 11 9 21 57 110 87 254
Deokcheon 82 145 37 264
Dongnae 5 5 129 110 136 375
Minam 89 22 157 268
Sasang 1 1 64 78 162 304
Seomyeon 1-W 23 106 45 174 51 71 109 231
Seomyeon 1-P 3 3 63 84 140 287
Seomyeon 2-W 5 1 6 39 101 150 290
Seomyeon 2-P 1 1 131 182 177 490
Suyeong 1 1 31 95 68 194
Yeonsan 62 29 54 145
Total 29 128 55 212 798 1,027 1,277 3,102
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AREBFAL 1,000 ppmict =2 700 ppms ARESHO]
23] 5 AL 3W7t 7H 8 23] A
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Table 5. Correlation coefficient between CO, and other substances (PM,o, PM, 5, CO, NO,) observed at Busan subway for 3

years (2015~2017)

PM;o PMs Cco NO,
Nampo -0.04 0.47 -0.04
Deokcheon 0.05 0.28 -0.02
Dongnae 0.31 0.43 0.29 -0.14
Minam 0.23 0.21 0.06
Sasang 0.30 0.16 0.34
Seomyeon 1-W 0.20 0.09 0.40 0.01
Seomyeon 1-P 0.60 0.50 0.53 0.52
Seomyeon 2-W 0.37 0.43 0.45
Seomyeon 2-P 0.59 0.43 0.24
Suyeong 0.17 0.04 0.27
Yeonsan 0.30 0.29 0.27

G AT S79) PMi%} COSimte 90l Ak F412 Uehoict.

4. Q9 3 2B
= Aol A= 20155 2017E7K4] 3ELE ik

A £8 AEtHALe] CO, CO, 183l NOysEA=S
ol g3t 7|AVd LAEHL] BEAAS AAH R st
A kg3t A2 A2 Ak

1) A%t COFEE $2990] 0.75 ppm o2 71
9k, 048 ppm| e, Av 2541 thEHAITE 574
o] 71 Wkt A%t COss A 13541 gl
°] 649 ppm O & 7P =9kL, HAE Y, YA, AP,
A 234 thgHA, 1o =g oo] mid F71ek= A
£ Btk A% NOyshe= AW 234 5740l
0.048 ppm & 7} =431 A4to] 0.037 ppmOE
7P okek

2) CO2| UHish= A 23 B opxt A 3l =
o] 7|35 BeloH, ABtAALE o §dk= ZETEH=
SRR Q1e] Bistel Afda] -RARE S e SIch
CO, 50 UHM3H= 0800 LSTO] ¢kl u]7E Holr}
7} 1000 LSTe]| eFa1A| 7HAagh § A|&4 0 2 4531
1800 LSTAe]| Hil's=E Koo, o|F F243] a1t
Bl =412 LRI NO,9] sl e 2|49
4] 0500 LSTH-E] 0900 ~1000 LST7H2] F4:3] 275}
om, 0] 2000 LSTZ7HA|= thas F3to] QAT 44
gt FEE Holglal 2200 LSTolS J<53] k=

i

i

T

3) A COsew tiit ASdo| 7H oL &
= AR of5de] 7HY W s=E YERRICE
COyster= COS R 2 AZdo] i s
=5 e, HAsEs 5t of 53] Sas
FEZSIRA NO» 5= CO9 CO k= HEA| 2 A
Holld B2l Hhses UepiSlaL A ses o5
A} 7Hedoll A yeRT

4) 899 CO Fie= e Eadof 78 =3ar
U= TR YT LR A(AL) ol s E e
I, FHAEEE E(Ee Y)Y FeEad)e Al
Qfslar mE ZHoA] Pl HAls=E VRl Ich
COYzlee it Ea o] 7P =81t df=+2a4,
ska dof Zehs=E UERiRIaL, 2 Aol dad
of] A s=E UERRItE NOyst== 8., 589,
T80 ZALF FHiseE BN, BE AR o
fdof| AL LFERASIC:

5) AlstArre} QIR A2 th7| e d&57ggolxd &
74et COLE NOygteo] RIS B, Al 154t
25419 diehddyt 7o) HEsa HlaA
= UERASIAL, dAteda} Aibso] 7R v
ERH I

6) A 37 COrs%=7} 700 ppmS- )3+
A 134 tighdo] 1749 = 7P =311, th5o] 9
421, 1 & AP 6Y olskE ufg- mulsigict.
NO, 9] AuE712 171521 0.05 ppmS 213t sl=

i]/\l‘



2

606

A 284 577g0) 490U 71 E U theo R
HA(375Y), AMIA(304Y) 01901, Aito] 145
2 7P uoron, 2015d0] 798, 2016d0] 1,027,
201700 1,2774 2 2} 37k FA1E Bark

7) 2 At Ak Fe 02 X[EtAL viel A
WE712E 278k fAlsto] AlRle] A7 S 9 8+
ol SJeliE oE 4= QAL w3 8% AYe]
T Sall TRl S ARE TAR A1
g =1, AlTES] 3 e JElE 55T

Ol SRS AT 5 9l

1o, offt

4> o ¥

REFERENCES

Busan Transportation Corporation, 2017, https://www.
humetro.busan.kr.

Busan Transportation Corporation, 2018, The number of
boarding/alighting passengers at Busan subway
station, 2017.

Chan,L.Y.,Lau, W. L., Zou, S. C., Cao, Z. X,, Lai, S. C,,
2002, Exposure level of carbon monoxide and respirable
suspended particulate in public transportation modes
while commuting in urban area of Guangzhou, China,
Atmos. Environ., 36, 5831-5840.

Cheng, Y. H., Yan, J. W., 2011, Comparisons of
particulate matter, CO, and CO, levels in underground
and ground-level stations in the Taipei mass rapid
transit system, Atmos. Environ., 45, 4882-4891.

Hwang, S. H., Park, W. M., Park, J. B., Nam, T. G., 2017,
Characteristics of PM,o and CO, concentrations on
100 underground subway station platforms in 2014
and 2015, Atmos. Environ., 167, 143-149.

Johansson, C., Johansson, P. A., 2003, Particulate matter
in the underground of Stockholm, Atmos. Environ.. 37
(1), 3-9.

Kim, Y. T., Jeong, J. W., Jeong, T. U., 2009, Comparison
of indoor air quality and urban air quality in Busan,

14

Busan Heal., Environ., 19, 168-176.

Kwak, J., Cho, E. I., Yoo, E. C., Kim, K. S., 2011,
Evaluation of the air quality characteristics inside train
cabin in Busan, Busan Heal. Environ., 20, 138-148.

Lee, J. Y., Jang, K. J., Han, H., 2012, Study of pollution
concentration source and its change pattern in
underground station, Con. Soc. Air-condi. and Refti.
Eng. Kor., 547-550.

Moreno, T., Perez, N., Reche, C., Martins, V., de Miguel,
E., Capdevila, M., Centelles, S., Minguillon, M. C.,
Amato, F., Alastuey, A., Querol, X., Gibbons, W.,
2014, Subway platform air quality: Assessing the
influences of tunnel ventilation, train piston effect and
station design, Atmos. Environ., 92, 461-468.

Namgung, H. K., Song, J. H., Kim, S. Y., Kim, H. M.,
Kwon, S. B., 2016, Characteristics of indoor air quality
in the overground and underground railway stations,
Kor. Acade. Indus. Coop. Soc., 17, 17-25.

Park, D. U., Ha, K. C., 2008, Characteristics of PM;,
PM,s5, CO, and CO monitored in interiors and
platforms of subway train in Seoul, Korea, Environ.
Int., 34, 629-634.

Son, B. S., Jang, B. K., Park, J. A, Kim, Y. S., 2000,
Indoor and outdoor NO, concentrations at subway
station and personal NO, exposure of subway station
workers, Kor. Sanita., 15, 134-141.

Yim, B. B, Lee, K. S., Kim, J. ., Hong, H. S., Kim, J. W.,
Jo, K. H,, Jung, E. G, Kim, I. K., An, Y. S., 2014,
Evaluation on indoor air quality by statistical analysis
of indoor air pollutants concentration in a Seoul
metropolitan underground railway
Atmos. Environ., 30, 233-244.

station, Kor.

- A, Alehheta of LAt e
bijeon@silla.ac.kr



