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ABSTRACT 
This investigative study examines the exposure of metro commuters to inhalable airborne particulate 
matter (PM10, PM2.5, and PM1) in and around the subway premises, and their associated health risk due 
to regular exposure to high levels of PM. PM monitoring was carried out in five metro stations (four 
underground and one elevated) in Chennai, India. PM measurements were taken for 3 days a week (two 
weekdays and one weekend) in each metro station. The adverse impacts on health and the risk of disease 
were assessed using AIRQ+, a tool developed by World Health Organization (WHO). Exposure to PM 
was found to be up to twofold higher than the WHO stipulated safe limits. Exposure to PM2.5 was noted 
to be dominant (59%–70% of total PM mass). PM accumulation was found to be high in stations having 
a large number of commuters and those located in the busiest areas of the city. Infiltration of outdoor 
road emissions was found to have a significant influence on the deterioration of subway air quality. 
Underground metro stations were found to have the least dispersion and high accumulation of air 
pollutants whereas elevated metro stations were noted to have high dispersion and least accumulation. 
Health risk assessment indicated the non-carcinogenic risk to passengers (Hazard quotient = 1.18 and 
Cancer risk < 10–4), who were exposed to PM regularly for a period of 1 year. Continuous, long-term 
exposure up to 8 years will lead to the development of carcinogenic risk (Hazard quotient > 10 and 
Cancer risk > 10–4). Further, the health impact evaluation indicated high incidence per 100,000 
population; asthma (816.92), unhealthy days (424.7), and lost workdays (416.57) due to acute exposure 
and ischemic heart disease (60.11), stroke (50), acute lower respiratory infections (30.52), and chronic 
obstructive pulmonary diseases (21.17) due to chronic exposure. 
Keywords:  subway stations, airborne particles, indoor exposure, outdoor exposure, health risk. 

1  INTRODUCTION 
In urban cities, residents spend a significant amount of time commuting between their home 
and workplace regularly. During their commute, they are inadvertently exposed to a variety 
of air pollutants on the roads, public, and private transportation modes they use. Subway 
metro is one of the fastest, cost-effective, convenient, reliable, and comfortable (air-
conditioned) public transport systems. Regional metro rail projects are developing at a fast 
pace and gaining a lot of popularity in recent years. The subway system has helped to 
substantially reduce the quantum of road traffic and their resultant noxious emissions. 
However, the intrinsic compact design, underground location, and airtight construction 
features of the subway system have posed new challenges in terms of poor indoor air quality 
(IAQ). Several studies conducted in the past have indicated that airborne particulate matter 
(PM) concentrations were usually high in indoor transport microenvironments [1]–[3]. 
Regular exposure to short-duration high-level PM concentrations results in adverse acute  
and chronic illnesses in passengers. Epidemiological and toxicological research 
investigations have shown a strong interconnection between PM exposure and severe health 
impacts [4], [5].  
     Several studies conducted in the past have reported PM exposure levels that were up to 
10 times higher in subway stations than in the outdoor environment [6], [7]. The PM 
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concentrations studied in the subway systems were associated with both indoor and outdoor 
environments. The underground and confined space of the metro favors infiltration of 
outdoor road emissions in addition to particles generated inside the metro [7]. The indoor 
sources of particle generation include abrasion of wheels and rails, sparking of electric wires, 
wear of brake pads, catenaries, and pantographs. Resuspension of particles due to the 
continuous to and fro activities of passengers and trains is another one of the main causes of 
sustained high levels of air pollutant concentrations. Several factors that influence particle 
concentrations in subway metro include the age of metro, design of tunnel and station, 
passenger density, frequency of trains, depth of station, wheel or rail track material, train 
speed, air-conditioning /ventilation system, frequency of station cleaning, etc. [8]. Due to the 
various operations of the metro, exposure to several PM2.5 metals such as Fe, Mn, Mo, Cu, 
Ni, Cr, Ca, Na, Zn, and Pb was observed in metro stations [9], [10]. Thus, exposure of 
passengers to harmful airborne particles prevalent in the metro environment is a cause for 
concern that cannot be neglected. Inhalation of high concentrations of fine particles prevalent 
in the subway air results in their direct deposition in the lower respiratory system. Consequent 
to such exposure regularly, the deposited fine particles lead to the development of a variety 
of health symptoms. The different sizes of inhaled PM have the potential to impact 
passengers’ health in different ways with varying degrees of severity [11]. The diameter of 
the PM is inversely proportional to the severity of health risk [12]. Exposure to airborne 
particles can have diverse short to long-term health issues such as respiratory infections, 
cardiovascular diseases, asthma, heart diseases, lung cancer, and mortality (WHO).  
     A comprehensive health impact assessment (HIA) procedure was developed by US EPA 
(Environmental Protection Agency). It defines the probability of occurrence of a particular 
health disease depending upon the duration of exposure to a pollutant. Further, WHO has 
developed a tool (AIRQ+) to calculate the health impacts of exposure to the contaminant of 
concern [13]. The present study aims to assess the exposure of metro passengers to PM in 
and around the subway premises, evaluate the health risks of exposure to high-level 
concentrations, calculate acute and chronic health impacts, and estimate the probability of 
disease. 

2  METHODS 

2.1  Study area 

The air quality study was conducted in selected Chennai metro stations in India. Chennai is 
a bustling metropolitan city with an occupied area of 426 km2 and population of 11.23 million 
(2021). The metro system in Chennai became operational in July 2015. Chennai Metro is the 
third largest metro network in India with a current operational length of 54.15 km. Chennai 
Metro has 19 elevated and 21 underground level metro stations carrying 1.25 lac passengers 
per day. Currently, two metro lines operate in the city; partially elevated and partially 
underground. Both metro lines serve to connect the urban areas of Chennai city. Line 1 
connects the local areas of the city to the Airport and Line 2 connects to the Chennai Bus 
Depot and Central Railway Station. Fig. 1 presents the details of Chennai metro stations 
selected for the study. 

2.2  Monitoring and analysis of exposure to PM 

PM exposure concentrations were measured inside subway metro stations and around the 
premises of metro stations using Grimm spectrometer 1.109. Grimm spectrometer is a highly  
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Figure 1:  Chennai metro system and selected metro stations. 

efficient and portable instrument used for collecting data on mass and number distribution of 
particles. In this study, the parameters considered were PM10, PM2.5, and PM1. Also, data was 
taken from the continuous ambient air quality monitoring station located in Alandur, which 
was installed by CPCB (cpcb.nic.in) for outdoor exposure assessment. The particle exposure 
monitoring was conducted in four underground metro stations selected from both lines and 1 
elevated metro station. PM measurements were taken for 3 days a week (two weekdays and 
one weekend) in each metro station during March 2019. Each one-minute data was collected 
continuously for all 24 hours of the day. Data collected inside the metro stations and around 
the premises of metro stations were analyzed using descriptive statistics. The data is 
presented in the form of line graphs showing the hourly variation of data including standard 
deviation for both weekdays and weekends. Fig. 2 presents the location of measurements 
taken in and around subway premises. Inside metro stations, the measurements are 
representative of platform area and outside subway stations, measurements are representative 
of roadside areas around subway premises. 
 

 
(a) (b) 

Figure 2:    Location of measurements taken in and around subway premises. (a) Inside 
subway station; and (b) Outside subway station. 
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2.3  Assessment of health risk to passengers 

The health risk to the passengers due to the regular exposure to PM was analyzed based on 
the risk assessment guidance provided by US EPA. For health risk assessment, exposure to 
particles of size less than 2.5 µm was considered, because particles in this size range easily 
penetrate the terminal bronchi and alveolar section of the human respiratory system, and after 
deposition are the causative factor for many adverse health problems. Particles of size 2.5–
10 µm penetrate the head and tracheobronchial regions but are easily expelled out from these 
regions in the course of everyday activities like coughing, sneezing, talking, laughing, and 
shouting. For the current study, non-carcinogenic risks of PM exposure were estimated using 
hazard quotient (HQ) and carcinogenic risk was estimated using cancer risk (CR). 

2.3.1  Non-carcinogenic risk 
Non-carcinogenic risk is the risk of occurrence of negative impact on the health of passengers 
due to regular high-level exposure to PM. The health risk in this category is not a causative 
factor for cancer. It is estimated as:  

 HQ =
ூ

ோௗ
, (1) 

where, CDI is chronic daily inhalation (mg/kg/day) and Rfd is the reference dose of pollutant 
exposure (mg/kg/day). 

 CDI =
 ெ∗ூோ∗ா∗ா∗ா

ௐ∗்∗ே
 *PPF, (2) 

where, PM is particle mass (mg/m3), IR is particle inhalation rate (m3/hours), ED is exposure 
duration (hours/week), Ef is exposure frequency (weeks/year), LE is the length of exposure 
(years), BW is bodyweight of passengers, ATL is the average time of human life (years), NDY 
is the number of days per year (days/year), and PPF is particle penetration factor. 

 Rfd =
ோ∗ூோ

ௐ
, (3) 

where Rfc is the reference dose of exposed air pollutant (mg/m3).  
     As per US EPA, (HQ < 1) indicates no risk; (HQ > 1) indicates non-carcinogenic risk; 
and (HQ > 10) indicates high chronic risk. 

2.3.2  Carcinogenic risk 
Carcinogenic risk is the probability of occurrence of serious health impacts on passengers 
due to regular high-level exposure to PM that can cause cancer.  

 CR =
ூ

ௌி
, (4) 

where, CSF is cancer slope factor (kg day/mg). 

 CSF = IUR* 
ௐ

ூோ
 *103, (5) 

where, IUR is inhalation unit risk of suspended particles (m3/mg). 
     As per US EPA, CR < 10–6 is considered acceptable for individual compounds, and  
CR < 10–4 is considered acceptable as cumulative risk. 
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2.4  Evaluation of the impact of exposure to PM on the health of subway passengers 

The short-term and long-term health impacts on metro passengers were evaluated by 
deploying AIRQ+ software developed by WHO, using data collected from in and around the 
premises of subway stations. In the current study, the impact of continued exposure to PM 
and the consequent burden of disease have been quantified. The AIRQ+ software works with 
the epidemiological data of detrimental health impacts associated with prolonged exposure 
to air pollution. To evaluate the health impacts for present-day Indian conditions, the 
incidence rates of various acute health impacts such as respiratory diseases [14], 
cardiovascular diseases [14], asthma [15], and overall mortality [16], as well as chronic health 
impacts such as mortality due to ALRI [17], COPD [18], LC [19], IHD [20], and stroke [21] 
were taken from epidemiological research studies conducted in India. To calculate the 
estimated attributable incidences, reference values were taken as per WHO guidelines of PM 
exposure for an average of 24 hours; PM10 = 50 µg/m3 and PM2.5 = 25 µg/m3. 

3  RESULTS AND DISCUSSION 

3.1  Exposure of passengers to PM 

Table 1 presents the PM concentrations that the passengers are exposed to inside and around 
the premises of subway metro stations. The data presented in Table 1 is the average of 3 days 
(24/7) for each metro station.  

Table 1:    Exposure of passengers to airborne PM present inside and around the subway 
metro environment. 

Stations Variables 
Inside subway stations Around subway premises 

PM10 PM2.5 PM1 PM10 PM2.5 PM1 

Station A 
Mean 
SD 

80.98 
24.46

54.38 
12.40

40.24 
7.81

103.00 
41.00

61.47 
19.09 

48.48 
13.36 

Station B 
Mean 
SD 

32.27 
5.36

25.12 
3.69

20.83 
3.46

74.98 
12.04

45.58 
1.72 

37.83 
1.43 

Station C 
Mean 
SD 

23.18 
8.47

17.36 
6.35

14.07 
5.31

49.11 
21.87

29.66 
10.76 

23.73 
8.61 

Station D 
Mean 
SD 

32.12 
8.90

21.29 
5.67

16.61 
4.90

35.95 
12.58

19.95 
6.06 

15.17 
4.60 

Station E 
Mean 
SD 

47.32 
8.69

29.90 
4.01

24.58 
3.18

90.21 
33.07

53.89 
14.72 

42.03 
11.48 

 
     It can be observed from (Table 1) that the concentrations of PM were high around the 
premises of subway stations than inside metro stations. The highest concentrations of air 
pollutants were observed at Station A. Metro Station A is located in the central hub of 
Chennai. It is one of the busiest areas in the city. The overall ratios of outdoor/indoor PM 
concentrations were 1.75, 1.48, and 1.47 for PM10, PM2.5, and PM1, respectively (Table 2). 
The considerably high outdoor air pollutant concentrations indicate that road traffic 
emissions outside the subway could influence the indoor environment of the subway system. 
     Around the subway premises, the average PM2.5/PM10 ratio was 0.59, and PM1/PM2.5 ratio 
was 0.79. These ratios indicate that around subway premises, the total amount of PM  
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Table 2:  PM ratios; outdoor/indoor, PM2.5/PM10, and PM1/PM2.5. 

Stations 
Outdoor/Indoor Inside subway stations Around subway premises 

PM10 PM2.5 PM1 PM2.5/PM10 PM1/PM2.5 PM2.5/PM10 PM1/PM2.5 
Station A 1.27 1.13 1.20 0.67 0.74 0.60 0.79 
Station B 2.32 1.81 1.82 0.78 0.83 0.61 0.83 
Station C 2.12 1.71 1.69 0.75 0.81 0.60 0.80 
Station D 1.12 0.94 0.91 0.66 0.78 0.55 0.76 
Station E 1.91 1.80 1.71 0.63 0.82 0.60 0.78 
Average 
SD 

1.75 
0.53 

1.48 
0.41 

1.47 
0.39

0.70 
0.06

0.80 
0.04

0.59 
0.02

0.79 
0.03 

 
 

 

Figure 3:    Hourly variations of particulate matter concentrations (conc.) inside studied 
subway metro stations during weekdays and weekends. 

90  Air Pollution XXIX

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and the Environment, Vol 252, © 2021 WIT Press



comprised of > 59% particles of < 2.5 µm size. The high composition of fine particles 
indicates the influence of road traffic vehicular exhaust emissions. Metro stations in Chennai 
city are situated on busy urban roads with substantially high daily average vehicular traffic. 
     Inside subway metro stations, the average PM2.5/PM10 ratio was 0.70, and PM1/PM2.5 was 
0.80. These ratios indicate that inside metro areas, the total amount of PM comprised of > 
70% particles of the fine size range (< 2.5µm). There are various sources of fine particles 
inside metro stations such as from tunnels (wear of rails, wheels, catenaries, and pantographs; 
service of metro lines; sparking of electric wires; wear of brake pads), resuspension due to 
the movement of trains and passengers, train piston force, and infiltration of outdoor fine 
particles suspended in the air [8]. Fig. 3 presents the hourly variations of PM inside subway 
metro stations during weekdays and weekends.  
     The average concentrations of PM (PM10, PM2.5) during weekdays and weekends were 
(86.42, 57.71 and 70.09, 47.72), (32.32, 25.11 and 32.18, 25.12), (24.64, 18.68 and 20.27, 
14.73), (35.16, 23.86 and 26.03, 16.14), and (47.85, 29.83 and 46.28, 30.05) for Stations A–
E, respectively. A notable difference of mean values was observed during weekdays and 
weekends in the stations having high daily average passenger travel > 5,000 (Stations A and 
D) while the pollutant concentrations were almost similar in stations having low daily 
average passenger travel < 1,500 (Stations B and C). Also, PM concentrations in the elevated 
metro station (Station E) were found to be almost similar during weekdays and weekends. 
One of the main reasons for the low and similar pollutant concentrations in elevated metro 
stations is direct interaction with the ambient environment and significant space for the 
dispersion of air pollutants. On the other hand, the highly closed and compact features of 
underground metro stations result in the least space for dispersion and a high accumulation 
of air pollutants. 
     Chennai metro operates from 5:27–23:05 hours on weekdays and 6:54–20:10 hours on 
weekends. Fig. 3 shows that the variation in the PM level commenced around 5:00 AM and 
continued till 23:00 hours after which a dip in concentration was observed till the metro 
operation resumed the next day. There was no notable difference observed for the variation 
of PM during peak (8:00–11:00 hours and 16:00–20:00 hours) and non-peak (11:00–16:00 
hours) hours. The concentration variations were almost similar. This might be due to the 
suspension of fine particles for a longer duration in the air inside the metro stations because 
of prevailing environmental conditions. The concentration peaks in the figures indicate the 
activities of passengers at the metro stations.  
     Fig. 4 presents the hourly variation of PM around the premises of subway metro stations 
during weekdays and weekends. It can be observed from Fig. 4 that PM concentration 
variations around the premises of subway stations were comparatively high. The average 
concentrations of PM (PM10, PM2.5) during weekdays and weekends were (110.42, 64.76 and 
88.16, 54.88), (75.67, 45.67 and 73.61, 45.42), (54.37, 32.55 and 38.58, 23.89), (34.17, 20.53 
and 30.51, 18.80), and (88.98, 52.53 and 92.65, 56.59) for Stations A–E, respectively. A 
notable difference in concentration values was observed for stations A and C. Station A is 
situated in the busiest area of the city and Station C is located in the commercial area 
(educational institute). Thus, due to the high activity during weekdays in comparison to 
weekends, notable variations were seen. 
     Thus, it is evident that high outdoor road PM2.5 emissions have a considerable influence 
on the indoor air quality of subway metro stations. Underground metro stations have the least 
dispersion and high accumulation of air pollutants whereas elevated metro stations have high 
dispersion and least accumulation. Metro stations featured with high daily average passenger 
travel and located in the busiest areas of the city were highly impacted by road emissions,  
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Figure 4:    Hourly variation of particulate matter concentrations (conc.) around the premises 
of subway metro stations during weekdays and weekends. 

passenger movement, and air pollutant accumulation. The least influence of passenger 
movement was observed in terms of peak and non-peak hours for metro stations with low to 
medium density of passenger flow. 

3.2  Health risk assessment of passengers 

3.2.1  Health risk to passengers 
Regular exposure to substantially high air pollutant concentrations in and around the 
premises of subways can severely impact the health of passengers. For the calculation of 
health risk, PM mass was taken as per actual calculation (Table 1), IR was taken for light 
intensity work (sitting + walking operation) = 0.72 (EPA), ED = 10 hours/week (Metro 
stations in Chennai city are mostly used by daily office workers. So, taken as 5 days * 2 hours 
per day travel), Ef = 50 weeks/year, LE = 1 year (calculated for 1-year regular exposure), 
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BW = 60 kg (as per average body weight of adult in India – ICMR-NIN), ATLT = 70 years, 
NDY = 70 years, PPF = 0.082 [22], Rfc = 0.025 (WHO), and IUH = 0.01 [23]. Table 3 
presents the health risk assessment of passengers exposed to high air pollutant concentrations 
in and around the subway premises. 

Table 3:  Health risk to passengers exposed to PM in the subway. 

Stations 
Inside subway stations Around subway premises 

CDI HQ CR CDI HQ CR 
Station A 1.04716E-06 2.18 3.63598E-05 1.18369E-06 2.46 4.11003E-05 
Station B 4.8372E-07 1 1.67958E-05 8.77705E-07 1.82 3.04759E-05 
Station C 3.3429E-07 0.69 1.16066E-05 5.71144E-07 1.19 1.98301E-05 
Station D 4.09968E-07 0.85 1.42341E-05 3.84164E-07 0.80 1.33382E-05 
Station E 5.75765E-07 1.20 1.99906E-05 1.03773E-06 2.16 3.60298E-05 
Average 5.70181E-07 1.18 1.97974E-05 8.10885E-07 1.68 2.81549E-05 

 
     From Table 3, it can be seen that the average HQ is > 1 and < 10. It indicates the non-
carcinogenic health risk of exposure to PM. As CR < 10–4, it indicates that cancer risk is 
within the acceptable limit (CR < 10–4 is considered because calculations are for PM2.5 as a 
whole; the composition includes multiple elements such as Fe, Mn, Cu, Ni, Cr, Ca, Pb, etc.). 
It should be noted that here exposure risk is calculated for regular 1 year of exposure. The 
HQ and CR will increase with the increase in exposure duration. The overall average 
calculations showed that a continuous increase in the exposure duration up to 8.5 years 
resulted in HQ > 10 and CR > 10–4. This may have severe long-term impacts on the health of 
passengers.  

3.2.2  Evaluation of the impact of exposure to PM on the health of metro passengers 
Table 4 presents the summary of acute health impacts that were calculated using AIRQ+ 
software for highly polluted metro station A. The PM data obtained for the areas in and 
around the subway metro premises surpassed the WHO stipulated guidelines for safe 
exposure levels in the air. 
     In Table 4, EAP (estimated attributable proportions), ENAC (estimated number of 
attributable cases), and ENAC-R (estimated number of attributable cases per 100,000 
population at risk) are presented. The risk of asthma was found to be highest followed by 
restricted activity days and workdays lost (due to illness or deterioration in health). 

3.2.3  Burden of disease 
Prolonged exposure to high air pollutant concentrations can lead to chronic health impacts 
such as acute lower respiratory infections in children (ALRI), chronic obstructive pulmonary 
diseases (COPD), lung cancer (LC), ischemic heart disease (IHD), and mortality due to 
stroke. Table 5 presents the negative health impacts due to long-term PM exposure (burden 
of disease). 
     Observations from Table 5 indicate the highest prevalence of IHD followed by stroke 
mortality. There are also chances for children below age 5 to develop ALRI. LC has the 
lowest prevalence rate. 

4  CONCLUSIONS 
The rapid growth of the subway metro network at a global level in recent years has resulted 
in a marked increase in the number of passengers choosing this travel option. It has gained  
 

Air Pollution XXIX  93

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and the Environment, Vol 252, © 2021 WIT Press



Table 4:    Evaluation of health impact on exposure to PM in the premises of subway metro 
stations. 

Health impacts 
Incidence 

rate 
RR* EAP (%) ENAC 

ENAC-R  
(per 100,000) 

Total mortality 939.73 
1.0123 

(1.0045–1.0201)
4.36 

(1.62–7)
51 

(19–82)
40.98 

(15.26–65.79) 
Hospital 
admissions, 
respiratory diseases 

932 
1.019 

(1–1.0402) 
6.63 

(0–13.39) 
77 

(0–156) 
61.83 

(0–124.78) 

Hospital 
admissions, 
cardiovascular 
diseases 

882 
1.0091 

(1.0017–1.0166)
3.25 

(0.62–5.83) 
36 

(7–64) 
28.66 

(5.45–51.40) 

Restricted activity 
days 

2753.73 
1.047 

(1.042–1.053)
15.42 

(13.93–17.17)
531 

(480–591)
424.70 

(383.68–472.73) 

Work days lost 2753.73 
1.046 

(1.039–1.053)
15.13 

(13.02–17.17)
521 

(448–591)
416.57 

(358.63–472.73) 
Incidence of 
asthma symptoms 
(children) 

6000 
1.028 

(1.006–1.051) 
13.62 

(3.12–23.17) 
1021 

(234–1738)
816.92 

(187.25–1390.47) 

*RR = relative risk with 95% confidence interval. 

Table 5:  Assessment of the burden of disease in subway metro passengers. 

Health impacts 
Incidence 

rate
RR EAP (%) ENAC 

ENAC-R 
(per 100,000) 

Mortality due to ALRI  
(0–5 years) 

85.5 1.555 
35.69 

(27.99–43)
38 

(30–46)
30.52 

(23.93–36.76) 
Mortality due to COPD 
(adults) 

64.7 1.486 
32.73 

(19.89–45.17)
26 

(16–37)
21.17 

(12.87–29.23) 
Mortality due to LC 
(adults) 

6.9 1.359 
26.42 

(17.43–34.86)
2 

(2–3)
1.82 

(1.20–2.41) 
Mortality due to IHD 
(adults) 

144 1.716 
41.74 

(24.81–58.21)
75 

(45–105)
60.11 

(35.73–83.82) 
Mortality due to stroke 
(adults) 

145 1.526 
34.49 

(18.11–47.63)
63 

(33–86)
50 

(26.26–69.06) 
 
popularity as the preferred travel mode choice due to its advantageous features such as being 
fast, convenient, and comfortable. Based on the air quality study conducted in and around the 
premises of subway stations, it was identified that concentrations of PM were high around 
the premises of the subway in comparison to inside metro stations. Concentrations of PM 
surpassed the WHO recommendations of 50 µg/m3 and 25 µg/m3 for PM10 and PM2.5, 
respectively, in both environments. Exposure to fine particles was dominant both inside and 
around the metro premises (> 59% of total PM mass). Air pollutant accumulation was found 
to be highest in stations with a high density of passengers and stations located in the busiest 
areas of the city. Infiltration of outdoor road emissions was found to have a considerable 
influence on IAQ deterioration. Underground metro stations were found to have the least 
dispersion and high accumulation of air pollutants whereas elevated metro stations were seen 
to have high dispersion and least accumulation. A notable difference in air pollutant 
concentrations was observed during weekdays and weekends in stations having a high daily 
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average number of passengers travelling by metro. The least difference in air pollutant 
concentrations was noted during peak and non-peak hours because fine particles were 
dominant; they tend to remain suspended in the air for a longer duration. Thus, continuous 
operations of metro trains and the constant movement of passengers cause an elevated level 
of pollutant concentrations in the air throughout the day.  
     Health risk assessment of passengers due to regular high-level exposure to PM for 1 year 
indicated the HQ = 1.18, i.e., non-carcinogenic risk of exposure and CR was found to fall 
within the WHO limit of 10–4. Health impact evaluation of PM indicated the highest 
incidences (per 100,000) of asthma (816.92) followed by restricted activity days (424.7) and 
workdays lost (416.57). The least incidences were reported due to cardiovascular diseases 
and mortality (< 50). Further, the evaluation carried out to determine the burden of disease 
indicated the highest mortality (per 100,000 population) in adult passengers due to IHD 
(60.11) and stroke (50) followed by ALRI in children and COPD in adults, and least mortality 
due to LC (< 2). It was also identified that regular exposure of metro passengers to high 
concentrations of airborne PM for a period of 8.5 years will result in carcinogenic risks 
(HQ>10 and CR < 10–4).  
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