The Annual Report of Busan Metropolitan city Institute of
Health & Environment 20(1) 158~148(2011)

— - = 1.
SEAEE HESX 44 W HdUliS7[E S388%
% &' zeH - Q2. dys
Hi=rSini

Evaluation of the Air Quality Characteristics Inside Train Cabin in Busan

Jin KwakT, Eun-Jeong Cho, Eun-Chul Yoo and Kwang-Soo Kim

Air Preservation Division

Abstracts

This study was performed to investigate the concentration of PM10, carbon dioxide (CO,) volatile organic compounds

(VOCs), formaldehyde (HCHO), and total airborne bacteria inside train cabin of Metro 1, 2, 3, and 4 in Spring, Summer,

and winter.

The mean concentrations of PM10 and CO; in Metro were lower than the recommendation levels of indoor air quality.

As a result of correlation analysis, CO, concentrations have shown high positive correlation(r=0.74~0.94) with passenger

numbers. The average concentrations of HCHO and total airborne bacteria were lower than the maintenance levels of

indoor air quality for multi-use facility
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Table 1, Numbers of passenger utilizing Busan Metro in a day
Distinction Line 1 Line 2 Line 3 Total
Number of passengers 413,069 264,522 75,336 752,927
Number of transfers 73,343 82,931 59,845 216,119
Total 486,412 347,453 135,181 969,046
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Table 2. Metro Line and Electric train configuration
) T2+ 8 Ae(Km) ABATA(E YRS o) gtet] Y
Line 1 LEE~AH(32,5 km) SF1HA(1FF 671) ST A ZF =AY
Line 2 AL~ AAH(46 km) 6= 114 (1% 87) S SELLLI
Line 3 494 ~t|#(18.3 km) AR (1% 87H) S SELELI
Line 4 Hl~hE (12,7 km) AR F 470 e SELLL
ZAL PM109] 75 48487 E47|(PAS-201)52 o| &3}
TAAEE 1, 2, 3, 454 AER} AAL Aoz 27 of Al&E AFstar AFHE AXE FFAF ntola =
o WS /B SPASh BAR Tisjel gpmy  Wu(Sartorius DE/BT 42025)% et ol
S AGEAA Sl wek BxbAlsh B 3 B ARE HEAMAASARIBE-PMA S A48
Hslo] BAAL 7030801305 T 184~904] A7k T A&EWE AT e AgAT SrgAlEel 7
of 7 1314 ZABIY O BYAL EYAE AGG A T MAS 100% eldste] RS 3718 Heistel &
chool] A A2eTO. Hljol w2l ZulE wjol] FEAA 7150 FAAES
AAY Z2AHL TAAE B} zhe o] Zulz]o] ANFTHS w710l Al 48AIZE wleF A1 & FAE
A =R AAF LEs Eof dad oz AA|EY FE Aol 23 719 IAA & #4(CFU/m') =
o ZAAEe BN BURORYY | moly Wojn  AEIHAH
FYUANA EEoR wel | moly goly Amg  HCHOS DNPIZESHAS H2MP- 21000 2
S35kt A7 & A 7S Y3k HPLC(Agilent 1100)2 2413}
QL LRIk FRES HEMP-230)°
FARBIE 9 St AT A RS ANH ] AR B BRI
(Gerstel, Germany)”7} A2&F= GC/MS(HP6890, USA)
ZAFFE 9 EAES Table 30 UEhjgle

Table 3. Specification of measurement

Y = =371 =39 £4717]
AQ k37| 3L AW
PM10 PAS-201 F sk Sartorius DE/BT 4202s
(T <} 1:1)
CO2 BE-PM4 H] 24 9 =4 H -
Total airborne bacteria MAS 100 ZE=H(Impaction)™H —
B 2.4-DNPH 9243} .
HCHO MP- 5 100 HPLC 549 HPLC Agilent 1100
- L ERARSISEARE GC—MSDHP-6890,
VOCs MP=2730 (TD-GC/MS) Agilent 5973

Table 4, Analytical conditions of HCHO with HPLC

Variables

Conditions

Analytical Column
Mobile phase

UV detector

Flow rate

Injection Volume

ODS(Cig) 4.6mm X 250mm
Acetonitrile | Water = 60 . 40
360 nm

1.0 mL/min

20 ¢ L
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Table 5. Operating conditions for thermal desorption and GC/MS analysis

Item

Conditions

Desorption Temp

25C (0.1 min)—60 C/min—260(5 min)

TDS Desorp. Temp & Time 26 0C, 10 min
Concentrating temperature -30 T
Column HP-560 m X 0.25 mm X 1.0 um)
Column flow 1.5 m¢/min
60 C(Bmin)—3 C/min—150 T(Omin)—
GC oven Temp. 7 °CC/r(ninH)230(7Cn/11n) (om0
GC/MSD Split ratio 20 11
Mode Scan
MS source 230C
MS Quad 150TC
lonization mode EI mode

Table 6. the recommendation levels of indoor air quality for train inside of Metro
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Fig. 3. Measurement results of PM10 concentration train inside of Metro.
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Table 7. Measurement results of PM10 concentration inside of Metro

PM10 Non—Peak time Peak time (morning) Peak time (evening)
(ug/m’) | Spring | Summer | Winter | Mean | Spring | Summer | Winter | Mean | Spring | Summer | Winter | Mean
Line 1 | 111.1 79.4 121.0 103.8 | 127.0 72.0 9.1 97.7 116.4 137.6 104.2 119.4
Line 2 82.4 78.4 57.3 2.7 86.3 9.1 119.5 100.0 66.7 94.1 62.3 74.4
Line 3 | 104.8 76.2 72.6 84.5 76.2 75.6 108.9 86.9 66,7 66,7 108.9 80,7
Line 4 | 80.0 80.0 1016 | 87.2 93.3 60.6 1058 | 86.6 93.3 54.5 974 81.8
Mean | 94.6 78.5 88.1 87.1 84.6 86.6 86.1 85.7 86.1 86.0 85.9 86.0
Table 8. Statistical result of PM10 (unit : wg/nr)
Hourly Total Non—peak Peak time Pegk time Pe-ak time
(n=36) time (n=12) (n=24) (morning) (n=12) | (evening) (n=12)
mean + std 89.6+21.1 87.1+18.4 90.9+22.6 92.8+20.0 89.1£25.7
(Min~Max) (54.5~137.6) (57.3~121.0) (54.5~137.6) (60.6~127.0) (54.5~137.6)
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Fig. 4. Measurement results of CO2 concentration inside of Metro.
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Table 9. Measurement results of CO2 concentration inside of Metro

CO, Non—Peak time Peak time(morning) Peak time(evening)
(ppm) Spring | Summer | Winter | Mean |Spring|Summer | Winter | Mean | Spring | Summer | Winter | Mean
Line 1| 1192 1202 1790 | 1395 | 1570 1562 1395 | 1509 | 1385 1496 1940 | 1607
Line 2| 917 940 1253 | 1037 | 1498 1631 1457 | 1529 | 1305 1339 1295 | 1313
Line 3| 1055 1142 1467 | 1221 | 1313 1408 1635 | 1452 | 1362 1573 1642 | 1526
Line 4| 749 886 1188 941 795 1010 1064 956 820 966 1070 952
Mean | 978 1043 1424 | 1148 | 1205 1259 1204 | 1223 | 1229 1219 1223 | 1224
Table 10, Statistical result of COq
Hourl Total Non—peak Peak time Peak time Peak time
y (n=43) time (n=13) (n=30) (morning) (n=16) | (evening) (n=14)
mean £ std 1271 £301 1151£270 1323+ 304 1341+£289 1302 £330
(Min~Max) | (749~1940) (749~1790) (778~1940) (795~1740) (778~1940)
ERQMZ SxE A £OR UEgm BAAGE 384 15H=4E
} } 5 5} =) o ~
=AM FRGAF SHAUE Fig. 8, Table 11, 12 2 254 @oldlnh I Y wEgts w9 196
o UEhglon TR0 254 454 354 15 680 CFU/m o2 thgol8Ad AUE71d fA171%4
A 20|31 HAAo]= 354> 154> 454 254 & 800 CFU/m'E Hg3hd B 7]Eolel Alo= vepid
om ekt AZEE ww B BA) o)
e L g(m)u 5 naa i mr s (Zm;) o
Fig, 8. Measurement results of total airborne bacteria concentration inside of Metro,
Table 11, Measurement results of total airborne bacteria concentration inside of Metro
Total Non—Peak time Peak time(morning) Peak time(evening)
airborne
(kée%?%e/ria) Spring |[Summer| Winter | Mean | Spring |Summer|Winter| Mean |Spring |Summer| Winter | Mean
mi
Line 1 282 285 343 303 261 200 323 261 272 275 299 282
Line 2 213 250 309 257 282 310 618 403 252 425 392 357
Line 3 307 680 343 443 351 365 319 345 292 215 446 318
Line 4 364 328 216 303 365 471 564 467 202 326 289 272
Mean 291 386 303 327 338 323 329 330 327 329 329 328
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Table 12, Statistical result of total airborne bacteria
Hourl Total Non—peak Peak time Peak time Peak time
v (n=43) time (n=13) (n=30) (morning) (n=16) | (evening) (n=14)
mean * std 339+118 339+118 348+ 118 384+135 307+ 82
(Min~Max) (196~680) (196~680) (196~657) (200~657) (196~446)
HCHO &dZdut VOCs &3 Znt
A¥E HCHO A ZIE Fig. 9, Table 13, 149 1} Benzene, Toluene, Ethylbenzene, Xylene,
ehfglon] B SEl 15400 7M %3 4540l 7H  Styrene & 57 FWAR718HFR(BIEXS)S] 24 At
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Fig. 9. Measurement results of HCHO concentration inside of Metro,

Table 13. Measurement results of HCHO concentration inside of Metro

HCHO Non—Peak time Peak time(morning) Peak time(evening)
(ug/m’) |Spring|Summer | Winter | Mean |Spring|Summer | Winter | Mean | Spring | Summer | Winter | Mean
Line 1 | 8.9 5.9 15.3 9.9 3.9 9.9 4.7 6.2 5.9 9.5 13.3 9.4
Line 2 | 1.8 6.1 8.0 5.3 4.3 10.3 21.1 11.9 9.1 0.2 3.0 4.1
Line 3| 2.0 8.0 9.6 6.5 3.8 7.9 3.6 5.1 2.6 7.1 18.0 9.2
Line 4 | 4.2 4.1 6.8 5.0 5.8 5.9 11.0 7.4 6.7 5.4 3.1 5.1
Mean 4.2 5.9 9.9 6.7 7.5 8.0 7.4 7.7 7.7 7.6 7.7 7.6
Table 14, Statistical result of HCHO
Hourl Total Non—peak Peak time Peak time Peak time
y (n=43) time (n=13) (n=30) (morning) (n=16) | (evening) (n=14)
mean * std 6.9t4.3 6.7+3.6 7.0£4.7 7.5+4.7 6.6+4.8
(Min~Max) (0.2~21.1) (1.8~15.3) (0.2~21.1) (2.8~21.1) (0.2~18.0)
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Table 15, Measurement results of VOCs concentration train inside of Metro

VOCs (ug/mr) Peak time Non—peak time
Spring | Summer | Winter Mean Spring | Summer | Winter Mean
Line 1 2.3 1.5 5.0 2.9 2.3 2.4 5.3 3.3
Line 2 2.5 1.1 4.4 2.7 2.4 1.3 4.5 2.7
Benzene Line 3 3.0 1.2 4.3 2.8 2.5 3.2 4.0 3.2
Line 4 2.4 1.9 4.6 3.0 2.7 0.6 3.9 2.4
Mean 2.5 1.4 4.6 2.5 1.9 4.4
Line 1 30.7 8.0 84.5 41.1 34.4 27.6 194.1 85.3
Line 2 73.6 20.8 56.0 50.1 45,7 27.8 39.7 37.7
Toluene Line 3 32.4 15.1 52.6 33.3 18.8 14.7 99.3 44,3
Line 4 29.8 9.2 33.7 24.2 26.3 9.3 33.3 23.0
Mean 41.6 13.3 56.7 31.3 19.8 91.6
Line 1 5.9 4.9 18.5 9.8 6.1 14.2 23.1 14.5
Line 2 2.2 4.5 5.3 4.0 3.5 6.2 7.8 5.8
Ethylbenzene | Line 3 3.0 3.7 7.5 4.7 1.5 3.5 9.9 4.9
Line 4 9.5 7.2 4.8 7.1 5.5 6.8 5.2 5.8
Mean 5.1 5.1 9.0 4.2 7.7 11.5
Line 1 6.2 5.7 16.2 9.4 4.5 15.1 22.0 13.9
Line 2 2.4 4.9 5.0 4.1 3.6 7.0 8.0 6.2
Xylene Line 3 2.9 5.2 8.3 5.9 1.6 5.5 9.3 5.5
Line 4 7.3 6.9 6.1 6.8 4.5 6.9 6.3 5.9
Mean 4.7 5.7 8.9 3.5 8.6 11.4
Line 1 0.4 0.9 3.7 1.7 0.4 6.3 2.2 3.0
Line 2 0.8 1.0 0.6 0.8 0.9 1.7 0.6 1.1
Styrene Line 3 0.8 2.5 1.0 1.4 0.5 3.4 0.7 1.5
Line 4 1.4 2.9 1.3 1.8 0.8 1.4 0.6 0.9
Mean 0.8 1.8 1.6 0.6 3.2 1.0
Line 1 420.5 93.4 682.0 398.6 428.1 283.1 1280.0 663.7
Line 2 700.5 158.2 461.7 440.1 489.7 212.4 428.2 376.8
TVOC Line 3 362.7 127.5 399.8 296.6 204.5 133.7 762.7 367.0
Line 4 463.3 116.5 355.8 311.9 348.9 108.9 354.0 270.6
Mean 486.7 123.9 474.8 367.8 184.5 706.3

Table 16, Statistical result of VOCs

VOCs(ug/mt) Benzene Toluene bEeJilhz}:elr:e Styrene Xylene TVOC

AA(N=43) 2.9+1.5 37.9+£37.3 6.6+4.9 13.6+8.9 1.6+1.4 360.5+£278.7
PAA(N=13) 3.0£1.3 46.5+49.5 7.6x5.6 1.5+1.7 15.5+10.8 | 391.8£290.1
ZZA(N=30) 2.9+1.6 34.2+30.9 6.2+4.6 3.7£2.2 12.8£8.1 347.0+277.2
o}21 Z2H(N=16) 3.1+1.5 25.6%+22.0 4.9+2.7 1.7£1.5 9.7+4.5 275.1+214.1
Y EZH(N=14) 2.8+1.7 44.1+37.1 7.7£5.8 1.4+£1.0 16,3£9.9 429.2+323.9
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