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ABSTRACT

Indoor air quality (IAQ) has become a global health issue due to rapid urbanization resulting into
construction of air tight high rise buildings affecting the indoor environment. People spend 80-
90% of their time inside the buildings compared to ambient environment making IAQ assessment
a sin qua non. The underground metro stations (UMS) represent a unique microenvironment
because of their closed character and restricted ventilation, specific emission sources, and micro-
meteorological conditions. The deterioration in the IAQ in UMS has been associated with energy
conservation mechanisms such as reduced and increased insulation, use of synthetic materials in
construction and interiors and also unplanned orientation of the underground metro system that
cause increased infiltration of outdoor air pollutants. The underground metro system is a confined
space that may promote the concentration of contaminants either from the ambient atmosphere or
generated internally. However, indoor air pollutants which result from heavy use of the facility,
overcrowding, and inadequate ventilation systems, remain accumulated in underground

environment systems itself.

In order to address these scientific gaps in knowledge, this research work conducted, for the first
time in UMS in Delhi city, India. A comprehensive statistical analysis of experimental data, along
with multi-parameter assessment, exposure evaluation and its standard limit comparison, and
evaluation of IAQ model and simulation of indoor air in UMS platforms. An extensive indoor air
quality (IAQ) monitoring campaign was conducted during December 2012 to February 2014
(which includes four different seasons) in the Delhi metro rail system. The study has been
investigated the level of PMio, PM2s and PMu.o, gaseous, ventilation parameter and bioaerosol

along with thermal comfort parameter’s (i.e. temperature and relative humidity) and



meteorological parameters (i.e. wind speed and directions) in one of the selected mechanically

ventilated UMS platform in Delhi city, India.

The indoor and outdoor hourly average concentrations of PMio, PM2s and PMaio for winter,
summer, monsoon and post-monsoon seasons have been monitored in this study. The average
PMao concentrations in UMS are observed to be 318.5 pg/m®, 223.2 pug/md, 247.2 pug/md and 220.5
pg/m® in winter, summer, monsoon and post-monsoon seasons, respectively. These values for
PM2s are 151.8 pug/m?, 104.4 pg/m3, 119.7 pg/m3and 110.2 pg/md, respectively and for PMy.o,
115.6 pug/md, 83.3 pug/md, 90.4 pug/m? and 84.4 ug/md, respectively. It is observed that the overall
PM concentrations are higher in winter season followed by monsoon, summer and post-monsoon
seasons. Indoor/outdoor (1/0O) ratio for PM1o, PM25s and PM1,o for winter (1.2, 0.9 and 0.8), summer
(1.3, 0.9 and 0.9), monsoon (1.2, 0.9 and 0.8) and post-monsoon (1.1, 0.9 and 0.9) indicating that
the PM1o0 concentration are generated internally within the UMS, but PM2s and PM1 are infiltrated
from outdoor environment. The indoor and outdoor gaseous pollutants such as SO2 and NO:2 has
been monitored. Both SO2 and NO2 I/O ratio analysis shows the sources of these gaseous pollutants
are mainly from outdoor environment. The detailed statistics analysis of CO concentration data for
all four seasons, it has been observed that outdoor CO concentrations for winter and summer are
exceeding the standards during night time and during monsoon and post-monsoon seasons outdoor
CO concentrations are exceeding the standards as laid down by NAAQS/USEPA and CPCB, India.
The COz2 concentration as a ventilation parameter in UMS platform were closely associated with
the ridership in all four seasons. The mean CO2 measurement are mostly below ASHRAE
guideline of 1000 ppm. Further, mass balanced based IAQ model has been evaluated and validated

for PM1o, PM2s and PM1.o. The computational fluid dynamics based VENTCLIM model has also



been used to simulate indoor air flow in the UMS platform of Chandni Chowk metro station. The

results show a satisfactory agreement with observed data at selected UMS platform.

The results presented here have relevance for both public health and for policies aimed at reducing
human exposures to indoor air pollution. It is imperative to incorporate policies which ensure that

such built environments are as safe as possible in terms of keeping exposure levels at a minimum.
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AR

Wikt IRy Y T[UIGRTT (IAQ) T Afdh TR &1 HE] , TEHRUT & URUMIRGET dolt § gaT o1 I
gi< SARG! &1 FHafor o 51 X1 § S ) +iad) arareRur o nifad R 6T B 1 N STER $ aTdTaRl
B g H 3T R T BT TTHT ¢o-Ro TR I SHRA! & e i B &, o IAQ & HTHT
@1 Sl F7d1 § | YT Tl WA (UMS) T SHigaid J&H Taiarur o1 JiaHiia $Rd g, e
TG HRUT § SUHT 8¢ UPid, Ulasfia dfeczm, Rfkm Ioeh O ok gea dmfage-ged
oRfRUfaT uMs & 1AQ | fiRTaT @ ol Sroll TREUT 431 & T1Y ST g3 AW S 1, HH 3R TgT
g SR, AT 3R sfeeit ShTel o Ridfeds raelt o1 SuahT aut YfrTd Ae) vl & sifFaifora
feanfadsr 8, forge R 918t arg Tgua! & HiaR g9 # 9fg gt §1 YfATd A yoeht U Sifid
STE &, S a1 < URART aTTeRvl § A7 $iaRe U ¥ I gfid Uardf & THRIdT &I 961 Il |
gTaifes, st arg ugye off &1 aikomd §, gfaer & 1Rt Iuan, offs, iR srafe dfecwm e 1,
ferTd Tafaror gonferdt € wifd g 1

I H 37 a1 IRT! ! T B3 P g, I8 My &1, uMs § Ugel IR fewetl TR, HRd |
SMNfoTa fopam | SoRTs URTIH® ST BT U AU ARSIBY fIRATUT, T F TSI -URTHICR
Tegich, SFGRT Jedie 3R ITb AMHE JHHT Bt e, TUT IAQ HISH 3R UMS Wief # Hiast

Ta1 & 3PN HT Heuicb W fpam o 81 ey Hias) arg &1 urasw (1AQ) b S &1 &1
T 2012 faHeR T T 2014 TR} (AR TR 31T Higd +ff 2nfiyd B) & SR feeeht Ael Y vormeht
ST T T, S SR H PMuo, PM,5 3R PM o, T, feciv IRTEER & A1 i e
RIteR @ AIAM 3R Jruféies 3mean) 3R J19H fa9 & ATucs! (@ gaT o i 3R fezmai) &
TR $I 99 Gl eR HRA H T 9, JiAd ¥ J GER UMS WehH # &1 718 &
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T ST H PMyo, PMos 3R PMy o BT AT SR STe il 1 T, T, A SR AFYH & ugma
& AT § Uiy ger oid Siemae fhar T 81 uMs T ST PMy, T Jigar e, T, JEE 8iR
T & UYTd & HIGH B HHRT: 318.5 pg/m?, 223.2 pg/md, 247.2 pg/m? 3R 220.5 pg/m? Il T | It
UHR PM,5 & [T T A HHT: 151.8 pug/m?, 104.4 pg/m?, 119.7 pg/m? 3R 110.2 pg/m* UTE T qUT
PMyo & o8 SHRT: 115.6 pg/m?, 83.3 pg/m?, 90.4 pg/m?® 3R 84.4 pg/m?® UTY Y| T8 T TR foh o
PM TigdT qad iR Tt & 3R 3P a1 HHRT: HFYH, T 3R A & UYTd & Hed H e
Bt B 1 Hiad)-a1e< arg (1/0) BT 3FUTT PMyo, PM,s 3TR PMy o & foTT somrer: Iféat # (1.2, 0.9 3iR 0.8),
P B A (1.3, 0.9 3R 0.9), AFYA H (1.2, 0.9 3R 0.8) 3R HFYH & UHTA (1.1, 0.9 MR 0.9) AT T,
N B T8 SRITAT & T PM1o BT FigedT UMS & HiaR IR U 9 ST 8l 8, A PMys 3R PMy
TR ATATaR0T F 3feR et 1 2t 3R aest Tt Ugues SR SO, 3R NO, Bi Wigd &7 i siteer
o aT1 S S0, 3R NO, & 1/0 3FUTd fITAY0T & TdT FerdT & 3 TR Ughe & Fidl T U J
e aTaTaRur ¥ 313G & | CO Bt Figdl &1 Ht TRy T3t & fore Ueprirar Set o1 fawgd fawers o fasar man
3R g @ T § o widar iR il & fow co & a1est wisdT I1d & IHd AHS! 9 i § a1

A & SRM SR A & 94Td T8 Figdl YR gRT Hefd AT S NAAQS/USEPA 3R CPCB,
T 3fIF §1 CO, BT Agdl T dfeaiz™ Rl & =4 H UMS & Ha § aie! 9 9t IR = & At
& FART & Y JST g 81 CO, BT 3 AT ASHRAE & [GRMTGRT & TR St BT 1000 PPM §, T
SATGIR &H ¢ | 39d SATal, SoTdM Agfard SR AISd IAQ BT Hedidh- fadl TR § il &1 PMyo,
PM,5 3R PM, o & oTT AT UTT 71U & | S1fiea &d Tia=iterdl SemRd Aled VENTCLIM &1 JudiT
Tl A BT TRE & UMS WehH § i<l §a1 HaTe &1 SdHR0 & & forg ot fear man g 1 39
g B FAMT UMS WIEWTH 0R ATY T HIH &1 URUIH Jdvo-d Ul 74T |
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Ig! TR URUMH gl Aaei-dh WA & g SR Hiast arg Uguul ¥ A4 SIReT &1 &9 &1 &
3=y ¥ Hifqal & for urifiendr 81 g8 gHfdd & for T8 Fftfa ardrazor & Wit fifadt & srawas
U Y M fhar Sl R T &1 9 64 SlIfay &1 WR s 36|
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