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Abstract 
 
Air quality is the overall description of air pollution levels in a defined area that may affect the environment and public 
health. Over the years, increasing levels of air pollutants from natural and human-related sources lead to poor air 
quality. In urban areas where there are higher concentrations of people and air pollutants, poorer air quality would 
mean posing more detrimental health risks for its residents. Most exposed would be transport-workers such as traffic 
enforcers, drivers and daily commuters. Previous studies have proved that air pollutants coming from different 
components of the train cabin and ventilation system are significant sources of harmful air contaminants that could 
cause health risks and safety risks to passengers. Health effects of air pollution range from acute symptoms such as 
coughing and respiratory infections, to the development of chronic diseases and even mortality. This paper summarizes 
significant findings on the air quality inside the MRT 3 train cabins, including air contaminants and its effect on the 
health risk of passengers. The air contaminants assessed include carbon dioxide (CO2) and atmospheric particulate 
matter (PM2.5 and PM10). Also, a survey was conducted to determine the common illnesses experienced by the 
passengers and their causes. The results of the study revealed that concentration levels of CO2 have a strong positive 
correlation (r=0.828) to the volume of passengers inside the train cabin while the presence of particulate matter such 
as PM2.5 and PM10 has weak negative correlation (-.0.055 and -0.210) to the volume of passengers. However, the 
concentration of air pollutants must still be reduced since some passengers reported common illnesses such as 
headaches, dizziness, sickness, and breathing difficulties when riding MRT trains. Hence, the study recommends some 
interventions to maintain the good indoor air quality of the train cabins like installing small-scale air capture technology 
to lessen the CO2 concentration and installation of the air vent to lessen the atmospheric particulate matter inside the 
train cabins.  
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1. Introduction 
 
MRT-3 is one of the common public transportation in the Philippines. Air contaminants in MRT-3 trains could not be 
overlooked because the safety and satisfaction of the passengers should be the priority, but this should not be 
disregarded because it has a side effect on the passengers/occupants. According to the United States Environmental 
Protection Agency (2017), Indoor Air Quality (IAQ) defines the quality of air inside and around the certain structure, 
such as buildings, houses, offices, and even public vehicles and it is usually related to the health concerns of the people 
inside.  
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Due to poor maintenance and services of former maintenance providers of the MRT Line 3, aside from breakdowns 
and technical hitches, air-conditioning problems being encountered inside the MRT trains which contribute to the poor 
air quality inside the train cabin is a major concern (MRTC, 2014).  
 
Indoor Air Quality (IAQ) refers to the air quality within and around buildings and structures, especially as it relates to 
the health and comfort of building occupants (www.epa.gov). It is one of the major determinants of most of the 
occupant's exposure to air pollution. IAQ can affect the health and comfort of the occupants indoors. Aside from 
houses, buildings, malls, stores, etc. where people spend much of their time, Indoor Air Quality can also be a concern 
to any public transportation systems such as trains. This is due to the fact that the trains are filled with people most of 
the time and influx usage by the people, concentration levels inside the trains get even higher compared to the outdoor 
atmospheric air, just like in the buildings. This might result in passengers experiencing nausea, sickness, and dizziness. 
Understanding and controlling common pollutants indoors can help reduce the risk of indoor health concerns. 
 
Indoor pollution sources that release gases or particles into the air are the primary cause of indoor air quality problems. 
Inadequate ventilation can increase indoor pollutant levels by not bringing in enough outdoor air to dilute emissions 
from indoor sources and by not carrying indoor air pollutants out of the area. High temperature and humidity levels 
can also increase concentrations of some pollutants (www.epa.gov). There are many sources of indoor air pollutants, 
some of which are carbon dioxide (CO2) and atmospheric particulate matter (PM).  
 
Particulate Matter (PM) is composed of invisible solid particles. These are classified as PM2.5 and PM10. Excessive 
exposure can be harmful in the respiratory system, especially PM2.5 with its small diameter which allows it to reach 
the deepest areas of the respiratory system such as the pulmonary alveoli (Xing, 2016). Carbon Monoxide (CO) is 
produced by the inappropriate combustion of fossil fuel such as in burning coal and wood. Too much exposure causes 
mild to severe poisoning at a considerable time and concentration (Penney, 2010).  Health effects of air pollution range 
from acute symptoms such as coughing and respiratory infections, to the development of chronic diseases and even 
mortality. However, numerous studies have proven that the severity of effects depends on the specific pollutant and 
actual exposure severity (www.emb.gov.ph).  
 
For these reasons, it became the research interest of the authors to conduct a quantitative and qualitative analysis of 
indoor air quality inside the train cabins of MRT3 and determine its health implications to passengers. The results of 
the study will serve as the basis of the researchers to develop interventions to maintain good indoor air quality inside 
the train cabins.  
 
2. Methodology 
 
2.1. Sampling Protocol 
 
Air samplings were performed as the train travels from the northern terminal station to the southern terminal station 
and vice versa. IAQ Assessment consists of two data sets. The first data set was made on the first sampling day by 
assessing air samples continuously for 3 return trips, while the second data set was made on the second sampling day 
by assessing air samples continuously for 2 return trips.  IAQ monitoring only took place when the train is moving 
from point to point. For each sampling day, concentrations of air contaminants inside the trains were measured from 
09:00-15:00 hrs. Useful information such as the volume of passengers, sampling time, traffic condition, and weather 
conditions were recorded in each trip. Tests only were done during dry seasons. Only one cabin car has been chosen 
to conduct air samplings. The front, middle, or back of the train cars was selected as sampling locations.  
 
2.2. Field Study Design 
 
Metro Rail Transit Line 3 runs in an orbital north to south route from North Avenue station to Taft Avenue station. 
Each train has three air-conditioned passenger cars and is powered by an electric engine. In-train measurements were 
conducted between Stops 1-13, which covers the whole span of MRT Line 3. The total time to travel from North 
Avenue to Taft Avenue and vice versa is approximately 45 minutes to 1 hour.  
 
2.3. Set-Up of IAQ Instruments inside the Cabin 
 

95



Proceedings of the 5th NA International Conference on Industrial Engineering and Operations Management 
Detroit, Michigan, USA, August 9 - 11, 2020 
 

© IEOM Society International 

The IAQ measuring instruments consist of a portable CO2 sensor, a thermo-hygrometer, and a portable IAQ meter 
which was used on measuring the concentration of PM2.5 and PM10. The figures below show how the IAQ measuring 
instruments were set-up. 
 

Fig. 1. Setup of a thermodygrometer and the hygrometer  Fig. 2. Setup of a CO2 sensor 
 
2.4. Correlation of the Concentration of Air Contaminants to the Volume of Passengers 
 
The passenger volume inside the trains a r e  needed to be considered since the number of occupants can highly 
influence the IAQ inside the trains. Passenger volume varies with every MRT station passing through to load and 
unload passengers on every station. The monthly passenger traffic report was used as the reference to project passenger 
volume (DOTC, 2015-2018). In the figure below, the volume of passengers is categorized by color coding as shown in 
the route map and it is represented by color-coding on each in-between station for the southbound and northbound 
routes, while the table below shows the passenger volume percentage and an approximate number of passengers per 
cabin car on each and in-between stations. 
  

 
Fig. 3. Passenger volume for both southbound and northbound routes  

 
      Table 1. Passenger Volume per Cabin (Northbound) Table 2. Passenger Volume per Cabin (Southbound)  
 

 
 
 
 
 
 
 
 

 
 
 

 
 
2.5. Qualitative Analysis - Conduction of Survey 
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A questionnaire or a survey form was constructed and designed for the passengers of the MRT Line 3. The contents 
in the survey form were adapted and formulated based on similar studies. The survey questions will determine the 
common illness or discomfort that passengers experience due to exposure to the poor air quality inside the MRT-3 
trains. A total of 150 passengers were respondents of the study.   
 
2.6. Quantitative Analysis - Measurement of IOQ 
 
While conducting the survey, the researchers measured and monitored the concentration of air contaminants, indoor 
temperature, and humidity inside the MRT train cabins. Portable instruments have been used in the IAQ assessment. 
For better measurements, measuring instruments were placed about 1.1 m breathing height zone or above ground 
based on the USEPA Protocol. For the assessment of CO2 levels, Vernier CO2 Sensor was used in determining the 
concentration of carbon dioxide. This is a portable gas sensor that measures the amount of concentration of carbon 
dioxide. This sensor has two ranges; 0 to 10,000 PPM and 0 to 100,000 ppm. It is highly recommended to use the 0 
to 10,000 ppm for better results (Vernier, 2018). However, for the researchers to be able to see the readings and/or 
process data coming from the gas sensor, another auxiliary device called Vernier GO Wireless Link was needed. It 
serves as a power source and a wireless connection to mobile devices such as smartphones via Bluetooth. In that case, 
a smartphone and an app called Vernier Graphical Analysis GW installed on it are also needed for data streaming or 
processing coming from the CO2 sensor.  
 
For the assessment of the particulate matter, D9 Air Quality Detector was used. This instrument uses an active 
sampling method using a laser dust particle concentration sensor. It is used to measure PM2.5 and PM10 
concentrations in train cabins. Also, for the measurement of indoor temperature and humidity, Smart Sensor AR807 
Thermohygrometer was used. 
 
2.7. Evaluation of Data 
 
The data collected from the assessment were compared and evaluated following the Indoor Air Quality Standards 
(USEPA, 2017).  Different baselines for specific contaminants will be used. For particulate matters, the Air Quality 
Index table from USEPA (2016) will be used to determine acceptable values of air pollutant concentration. For 
temperature and humidity, ASHRAE Standard 55-2010 will be used (AHRAE, 2016). On the other hand, for the CO2 
levels, Kane International of UK will be used as a baseline (www.kane.co.uk). 
 
3. Results and Discussion 
 
3.1. Result of IAQ Assessment 
 
The details of the IAQ assessment inside the MRT Trains are shown in the table below. On each data set, the dates, 
time, cabin number, weather, and traffic conditions along EDSA are specified. 
 

Table 3. Assessment of IAQ inside the Train Cabins 
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Also, a table found in the nomenclature is the list of item number coding that corresponds to the in-between stations. 
These number coding is used to represent in-between stations on the data and results to be presented, which is usually 
found in tables and graphs. 
 
3.2 Results of Carbon Dioxide (CO2) Level Assessment 
 
The table and figures below show the readings of the level of concentration of the CO2 plying both southbound and 
northbound routes. In only one train cabin, the concentration of CO2 levels is assumed to be constant at any location 
inside this cabin. At least 2 data sets have been done on the air samples. 
 

Table 4. Tabulated CO2 Concentration Levels 
 
 SOUTHBOUND 

 
 NORTHBOUND 

Route Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Average  Route Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Average 
1 535.74 646.72 519.7 355 460.08 503.45  13 451.83 478.46 385.68 459.74 461.94 447.53 
2 638.87 740.13 531.52 456.81 383.85 550.24  14 506.75 420.86 503.73 531.66 564.74 505.55 
3 776.17 803.92 568.94 500.4 457.57 621.40  15 535.06 435.9 544.52 473.44 569.61 511.71 
4 798.94 974.85 622.59 577.76 591.15 713.06  16 605.76 499.8 622.33 497.41 625.19 570.10 
5 782 916.89 641.97 558.27 832.96 746.42  17 648.56 434.45 652.58 455.57 650.13 568.26 
6 814.15 854.88 625.12 536.07 739.37 713.92  18 580.29 483.9 586.05 565.49 686.59 580.46 
7 789 860.14 710.31 517.15 770.11 729.34  19 687.09 564.08 583.36 713.93 690.63 647.82 
8 617.5 709.66 698.44 490.08 868.28 676.79  20 660.97 512.42 500.37 645.6 702.63 604.40 
9 526.6 641.81 606.2 386.88 848.51 602.00  21 584 487.73 424.31 474.03 680.8 530.17 

10 505 671.47 557.85 361.05 890.86 597.25  22 547.38 416.46 441.95 548.4 481.65 487.17 
11 401.41 462 524.17 356.15 730.52 494.85  23 463.4 340 377.14 310.8 424.61 383.19 
12 169.61 279.88 398.77 256.62 650.93 351.16  24 329.32 394.02 409.82 327.81 407.49 373.69 

 
 
 
 
 
 
 

 
 
 
 
 
 

 
 

Fig. 4. Graph Showing the CO2 Concentration in Train Cabins 
 
3.3. Results of PM2.5 and PM10 Level Assessment 
 
The levels of PM2.5 and PM10 concentration were determined using the D9 Air Quality Detector. The PM levels are 
expressed in µg/m3. The laser dust particle sensor, in the instrument itself, was used to measure the number of solid 
particles suspended in the air sample. The summary of the result is shown in the table and figures below. 

 
Table 5. Tabulated PM2.5 and PM10 Concentration Levels 

  Data Set 1 Data Set 2   Data Set 1 Data Set 2 

 
Return 
Trip 1 

Return 
Trip 2 

Return 
Trip 3 

Return 
Trip 4 

Return 
Trip 5   

Return 
Trip 1 

Return 
Trip 2 

Return 
Trip 3 

Return 
Trip 4 

Return 
Trip 5 

Southbound  Northbound 
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 2.5 10 2.5 10 2.5 10 2.5 10 2.5 10   2.5 10 2.5 10 2.5 10 2.5 10 2.5 10 
1 6 6 8 14 8 9 15 19 10 12  13 45 27 34 25 45 33 44 55 38 25 
2 8 8 10 16 9 9 14 15 11 13  14 33 21 19 27 31 27 35 42 29 24 
3 11 15 8 17 11 10 11 14 13 17  15 28 15 17 15 27 22 23 27 21 16 
4 19 17 15 22 18 13 17 18 19 18  16 10 13 13 12 16 14 16 11 21 25 
5 17 15 16 11 14 11 19 17 17 18  17 11 12 16 19 16 19 19 14 18 18 
6 17 18 16 11 13 8 17 15 17 17  18 21 18 21 17 19 17 38 15 16 19 
7 11 13 14 16 13 9 14 11 17 15  19 17 15 6 13 15 15 21 13 19 19 
8 15 21 7 18 9 8 12 13 17 16  20 14 7 13 5 13 13 16 15 14 10 
9 13 16 9 15 8 7 9 10 12 12  21 14 9 6 5 9 8 10 13 10 10 

10 6 19 10 12 9 8 6 11 11 15  22 16 9 12 5 8 7 10 13 11 9 
11 8 13 8 13 10 7 8 17 12 13  23 6 17 8 6 10 9 9 14 9 11 
12 11 17 3 9 8 8 10 19 11 15  24 9 17 6 4 8 7 10 13 9 10 

 

 
Fig. 5. Graph Showing the PM2.5 & PM10 Concentration in Southbound Train Cabins 

 
 

 
 
 
 
 
 
 
 

 
Fig. 6. Graph Showing the PM2.5 & PM10 Concentration in Northbound Train Cabins 

 
3.4. Result of Correlation between Volume of Passengers to CO2 and PM concentrations 
 
The researchers performed a correlation analysis to determine the relationship between the volume of passengers to 
air contaminants concentration. The result of the analysis proved that the volume of passengers has a strong positive 
relationship with the CO2 concentration having an R-value of 0.828. This explains that as the number of passengers 
in the train cabin increases the CO2 concentration inside the cabin also increases. This supports the findings of the 
study that states that as a product of exhalation, CO2 in inextricably associated with the human presence in indoor 
environments (Barmparesos, 2016).  
 
On the other hand, the result of the correlation between the volume of passengers to PM2.5 and PM10 concentrations 
yielded a weak negative correlation having an R-value of -.0.055 and -0.210 respectively. This explains that the 
volume of passengers does not affect the PM concentrations of the train cabin. Other environmental factors might 
cause the presence of particulate matter in train cabins such as railway-related particulates including diversiform metal 
elements due to material wear from wheels, rails, brakes and overhead wires, and other factors (Cha, 2016). 
 

Table 6. Result of Correlation Analysis of between Volume of Passengers to CO2 and PM concentrations 
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Volume of 

Passengers 

CO2 
Concentration 

(ppm) 
PM2.5 

Concentration 
CO2 Concentration  0.828     
PM2.5 Concentration -0.055 0.027   
PM10 Concentration -0.210 -0.053 0.924 

 
 

 
 
Fig. 7. Correlation Graph between the volume of passengers, CO2 concentration, PM2.5, and PM10 concentration 
 
3.5. Survey Results 
 
The survey questionnaire aims to determine the common illness or discomfort that passengers experience due to 
exposure to the poor air quality inside the MRT-3 trains. A total of 150 passengers participated in the study. The 
results are shown in the table below. 

 
Table 7. Summary of Illness/Discomfort Reported by Passengers 

 

Discomfort Degree 
1 2 3 4 5 

Headache 31 23 54 30 12 
Dizziness 34 25 38 35 18 

Cough 55 31 38 17 9 
Tiredness 10 6 22 42 70 

Colds 55 41 35 15 4 
Sickness 36 35 43 21 15 

Breathing Difficulties 22 28 30 36 34 
Skin Dry/Itchiness 52 35 32 17 14 

Fever 84 33 26 4 3 
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Fig. 8. Graph Showing the Frequency of Illness based on Degree of Discomfort as Reported by the Passengers  
 
4. Conclusion 
 
The findings of the study revealed that the concentration of CO2 levels inside the MRT3 cabins varies with different 
stations tested and with the volume number of passengers. Based on the obtained results, the values were ranging from 
500 to 900 ppm. The highest CO2 concentration level ever recorded is when the train is midway between Cubao and 
Santolan-Annapolis at the southbound route with an average concentration level of 974 ppm, which this value is very 
critical. According to the adapted baseline, Kane International of UK, the results were still within the baseline, since 
the acceptable CO2 concentration level is 1000 ppm for typical of occupied indoor spaces with good air exchange.  
 
For the concentration of particulate matter such as PM2.5 and PM10 levels, the concentration levels vary mostly with the 
traffic conditions along EDSA, with the different stations tested and with a slight influence on the volume number of 
passengers. However, there might be a slight fluctuation in readings in the concentration levels of particulate matters 
with a considerable tolerance, so to cope up with that, the researchers find suitable and stable readings in the PM levels 
in the IAQ meter. Because researchers get air samples in the moving structure, solid airborne particles inside the train 
have relative motion, that's why the researchers get a fluctuating reading in the PM levels. Most of the results were 
within the acceptable level of 12 μg/m3 for good conditions and 35.4 μg/m3 for moderate conditions for PM2.5, and 
the acceptable value of 54 μg/m3 for good conditions for concentration levels of PM10; except from the earlier portion 
of the northbound route of the MRT Line 3, specifically between Taft Avenue and Magallanes stations. The values of 
PM2.5 obtained on that point-to-point station were not within the baseline. It was ranging from 34-45 μg/m3, which 
is categorized as "unhealthy for sensitive groups” according to USEPA.  
 
The results of the study also revealed that concentration levels of CO2 have a strong positive correlation (0.828) to the 
volume of passengers inside the train cabin while the presence of particulate matter such as PM2.5 and PM10 has 
weak negative correlation (-.0.055 and -0.210) to the volume of passengers. However, the concentration of air 
pollutants must still be reduced since some passengers reported common illnesses such as headache, dizziness, 
sickness, and breathing difficulties when riding MRT trains as reported by passengers of the train. 
 
Hence, the researchers recommend some interventions to maintain the good indoor air quality of the train cabins like 
installing small-scale air capture technology to lessen the CO2 concentration and installation of the air vent to lessen 
the atmospheric particulate matter inside the train cabins. One of the mechanical interventions that have been 
considered is the Direct Air Capture Technology. It is a type of CO2 removal that removes it in the atmosphere and 
stores it long term. To further lessen the CO2 levels, it is recommended that a small-scale direct air capture technology 
should be installed to coaches of the train. The minimum ventilation rate of the CO2-contaminated indoor air to the 
atmosphere will be in accordance with the ASHRAE Standard 62.1-2013 or Ventilation for the Acceptable Indoor Air 
Quality. Another mechanical intervention that has been considered is the Air Ventilation System. Ventilation is the 
process of replacing air in any space to provide high indoor air quality. This mechanical intervention might help lessen 
the PM2.5 and PM10 concentration levels to the acceptable conditions inside the trains since it exceeded the acceptable 
condition of the based standard. It is recommended to install an air vent wherein all of the particulate matter can be 
thrown back to the atmosphere. 

101



Proceedings of the 5th NA International Conference on Industrial Engineering and Operations Management 
Detroit, Michigan, USA, August 9 - 11, 2020 
 

© IEOM Society International 

References 
 
ANNUAL REPORT CY 2018 - Department of Environment and Natural Resources (n.d.). Retrieved from 

https://emb.gov.ph/wp-content/uploads/2019/04/EMB-ANNUAL-REPORT-FOR-CY-2018.pdf 
ASHRAE. 2016. ASHRAE Standard 62.1 – 2016. “Ventilation for Acceptable Indoor Air Quality 
Barmparesos, N., Assimakopoulos, V. D., Assimakopoulos, M. N., & Tsairidi, E. (2016). Particulate matter levels and 

comfort conditions in the trains and platforms of the Athens underground metro. AIMS Environmental 
Science, 3(2), 199–219. doi: 10.3934/environsci.2016.2.199 

Cha, Y., Abbasi, S., & Olofsson, U. (2016). Indoor and outdoor measurement of airborne particulates on a commuter 
train running partly in tunnels. Proceedings of the Institution of Mechanical Engineers, Part F: Journal of Rail 
and Rapid Transit, 232(1), 3–13. doi: 10.1177/0954409716642492 

DOTC. 2015. “Monthly Passenger Traffic”. Department of Transportation and Communications 
DOTC-MRT3. 2018. “Daily Ridership Average”. Department of Transportation and Communications. 
DOTC-MRT3. 2018. “DOTC-MRT3 Hourly Ridership Report”. Department of Transportation and 
Communications. 
Introduction to Indoor Air Quality. (2020, April 14). Retrieved from https://www.epa.gov/indoor-air-quality-

iaq/introduction-indoor-air-quality 
Kane International Limited. (n.d.). Retrieved from https://www.kane.co.uk/ 
MRTC. 2014. “Maintenance”. Metro Rail Transit Corporation. https://mrt3.com/index.php/maintenance.html 
Penney D, Benignus V, Kephalopoulos S, et al. Carbon monoxide. In: WHO Guidelines for Indoor Air Quality: 

Selected Pollutants. Geneva: World Health Organization; 2010. 2. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK138710/ 

USEPA.2017. “Introduction to Indoor Air Quality,” last accessed April 10, 2017, https://www.epa.gov/indoor-
airquality-iaq/introduction-indoor-air-quality. 

USEPA. 2016. “Technical Assistance Document for the Reporting of Daily Air Quality”. 
https://www3.epa.gov/airnow/aqi-technical-assistancedocument-may2016.pdf. 

Vernier, 2018. "CO2 Gas Sensor", Vernier Products, https://www.vernier.com/products/sensors/co2sensors/co2-bta/ 
Xing, Y. F., Xu, Y. H., Shi, M. H., & Lian, Y. X. (2016). The impact of PM2.5 on the human respiratory 

system. Journal of thoracic disease, 8(1), E69–E74. https://doi.org/10.3978/j.issn.2072-1439.2016.01.19 
 
Biographies  
 
Ricky Umali is a Mechanical Engineering Professor in the School of Mechanical and Manufacturing Engineering at 
Mapua University, Philippines. He earned a BS degree in Mechanical Engineering from the University of Santo 
Tomas; and an MS degree in Mechanical Engineering at Mapua University. He has published international conference 
papers in the field of mechanical engineering. 
 
Ma. Janice J. Gumasing is a Professor of the School of Industrial Engineering and Engineering Management at 
Mapua University, Philippines. She has earned her B.S. degree in Industrial Engineering and a Master of Engineering 
degree from Mapua University. She is a Professional Industrial Engineer (PIE) with over 15 years of experience. She 
is also a professional consultant of Kaizen Management Systems, Inc. She has taught courses in Ergonomics and 
Human Factors, Cognitive Engineering, Methods Engineering, Occupational Safety and Health, and Lean 
Manufacturing. She has numerous international research publications in Human Factors and Ergonomics. 
 
Tristan Jeric G. Batutay, Hector S. Cabanban, Fredian Paul S. Serate, Jerome D. Quito graduated from Mapua 
University with a B.S. degree in Mechanical Engineering.  
 
 

102

https://emb.gov.ph/wp-content/uploads/2019/04/EMB-ANNUAL-REPORT-FOR-CY-2018.pdf
https://www.epa.gov/indoor-air-quality-iaq/introduction-indoor-air-quality
https://www.epa.gov/indoor-air-quality-iaq/introduction-indoor-air-quality
https://www.kane.co.uk/
https://www.epa.gov/indoor-airquality-iaq/introduction-indoor-air-quality
https://www.epa.gov/indoor-airquality-iaq/introduction-indoor-air-quality

	References
	Biographies



