Air pollution and Control
Professor — Bhola Ram Gurjar
Department of Civil Engineering
Indian Institute of Technology — Roorkee
Lecture — 29
Indoor Air Quality: An Introduction

Hello friends. From today onwards we will discuss two, three or four lectures on indoor air
quality. So, today a kind of introduction we will have about indoor air quality that will
include what is basically this indoor air pollution? What are the causes of indoor air

pollution? What are the major sources?
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Then how indoor air quality is defined and what are the historical background or perspectives
in that sense and what is the importance? Why do we really worry about indoor air quality
and what are those important parameters that influence the indoor air quality and then some
health impacts which are associated with different pollutants which we get exposed in indoor

environment or micro environment of the buildings etc.

Then a few important things or aspects like sick building syndrome that we will discuss and
what is the role of ventilation in maintaining air quality of indoor environment. That we will

also discuss and later on we will have concluding remarks.
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Indoor Air Pollution

* Indoor air pollution refers to chemical, biological and/or
physical contamination of indoor air which may result in
adverse health effects.

» A common myth:
Air pollution occurs only outdoors Or In industrial
environment.

»Truth:
Air inside the conditioned space can be substantially
| more polluted than outdoor air.

Source: Glossary of Environment Statistics, Studies in Methods, United Nations, New York, 1997

So, when we talk about indoor air pollution basically we refer to those chemical, biological or
physical contaminants which are present in an indoor air and that may result into some sort of
health issues to the receptor, to the people who are living inside the that particular
environment. And most of the time we feel that this air pollution problem is only outdoor
problem or only ambient air related problem and that may be the reason that most of the
discussions happen is regarding only ambient air quality. We have so many standards like
national ambient air quality standards but related to indoor air quality hardly any standard are

there.

So, there is a huge gap. We think that only in industrial areas or industrial environment or
outdoors this air quality may deteriorate and there may be air pollution kind of thing but fact
is that the air inside the buildings or the micro environments can be highly polluted and we
are not aware of that. Several kind of pollutants may be there inside the buildings and we can
get exposed to that. Sometimes at times the air pollution inside the building is more than the

ambient air and there are certain regions we will discuss about those aspects also.
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Causes of Indoor Air Pollution

* Air tightness of buildings

* Poorly designed air conditioning and ventilation systems
* Indoor sources of air pollution

* Outdoor sources of air pollution

UPoorly designed air conditioning JOutdoor sources of pollution

Source: https://www.cpsc.gov

So, when we talk about the causes of indoor air pollution, then we come across like for
example air tightness of building may be responsible because it prevents the air exchange.
Circulation is inhibited, air circulation is inhibited and whatever emissions are being
generated indoor like from kitchen or from smoking or any other activity like from dryers or
washing machine or moping and brooming, all those kind of activities, they can generate a lot
of dust or air pollutants and they may be inside the building because this air tightness of the

building may prevent to get them out and there may not be proper ventilation.

So, the poorly designed air conditioning or ventilation systems also adds to the air pollution
in the micro environment of buildings. Then indoor sources of air pollution may be there, as |
said from kitchen or from other activities we have, even from furniture or from paints etc
there may be some passive emissions and outdoor sources of the air pollution may also
contribute to the indoor environment because whenever we are opening window or door then

air is coming from the outside and this inside air goes outside.

So, if there are significant sources outside the building and those sources are polluting the
ambient air that air can flush into rush into the building, inside the building and that can also

add to the indoor air pollution.
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* Indoor air pollution sources that release gases or ‘
-
particles into the air are the primary cause of 007 gources of
indoor air quality problems in homes/offices. Indoor
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* Outdoor air pollution sources also affect the m (D
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indoor air quality. \\//

*  Sources such as building materials, furnishings,
and household products like air fresheners,
release pollutants more or less continuously.

Source: https://www.cpsc.gov/ accessed on 26:10-2021

Well so, when we talk about different sources basically these are like whatever gases or
particulate pollution which are coming from indoor air quality problems from homes or office
related activities and as | said, it can it can come from outdoor activities also, whatever order
outdoor activities they can add. And these chulas or in kitchen plus tobacco or dust from
these kind of activities they may or even when we are using some room freshener or these are
basically VOC’s Volatile Organic Compounds. They also add into the air pollution inside the
buildings.

So, sources can be several like building materials or furnishing items or household products
like air fresheners and there are numerous activities which can release like even when we are
doing some sort of puja, we are burning something then whatever things are being burnt that

can add into the air pollution inside unless we have proper ventilation system.
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Air tightness of buildings (1/2) )

Common

Air Leakage:
Paths in
Houses

¢ Air-tight houses/buildings can have a hazardous impact
on indoor air quality.

*  Reducing ventilation rates to improve energy efficiency
and lower carbon emissions, without providing a planned
and effective ventilation strategy is likely to result in a
more toxic and hazardous indoor environment.

¢ Italso leads to development of negative air pressure
inside the buildings.

Source: Howieson(2013).

Air tightness of buildings (2/2)

Positive Air Pressure

- Your air pressure inside is ¢realer than « r s ”»
pressure outside 'S 7 3
- i gets pshed into vallsandisuaton IR MOVES 007 OF HOME
v -
Negative Air Pressure
- When indaer air pressare i lower than NN ‘b\

pressure outside

~$
« Outside air rushos in to try and balance out AIRMOVES INT0 M

Source: https://yellowbluetech.com/2019/04/10/clearing-home-negative-air-pressure

So, when we talk of different aspects so air tightness of the building is one important aspect
because it prevents the air exchange as | said and it can build up some hazardous impact in
the indoor environment as ventilation rates are reduced sometimes we feel about like energy
efficiency that we should not go for very high intensity or efficiency of ventilation because

then electricity bill will be very high.

So, what happens sometimes people do that this ventilation rate, they reduce to improve the
energy efficiency and the lower carbon emissions. Those could be the reasons to achieve but
then that can result into built up of indoor air pollutants and it can lead to development of
negative air pressure inside the building.



So, negative air pressure means low pressure and if air pressure is outside, the building is
higher then again the polluted air can come from outside to inside through cracks, through
whatever opening is there through that air can come as air is so diluted fluid, it is very
difficult to prevent it to move from one point to another.

So, you can see here, when it is shown that of course there are ventilation systems then some
positive pressures are there proper and then air goes out in from the inside to outside but from
outside to inside also air comes depending upon the pressure. So, wherever negative air
pressure is there air will come from outside to inside building, wherever positive pressure is

there air will go out from the building to the in outdoor environment.
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Poorly designed Heating, Ventilation and Air Conditioning (HVAC)

» Poor designing of Air Conditioning & Ventilation
System causes production of
* Fungi
* Moulds
* Other sickness causing microbes

Air conditioning duct

Source: https://www.cpsc gov/

Then poorly designed Heating Ventilation And Air Conditioning (HVAC), Heating
Ventilation and Air Conditioning system, if it is not designed properly then it can also result
into several kind of pollutants like it can result into fungi or moulds or other sickness causing
microbes or bacteria all those kind of things may happen and that can add into allergic related

issues.

So, in air conditioning duct if it is not clean and if it is moist and it can cause microbes
related activities then it is very dangerous to health issues and return air grill, if it is not
cleaned regularly periodically that can also cause that can also get converted into sources of
air pollutants rather than air conditioning, it may reduce the temperature of course but it can
add to several kind of air pollutants.
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Sources of IAP in a typical household

Sources of Indoor Pollutants

Mould, mildew. odours and
other microbéal pathogens

Particulate matters, pathogens,
VOC's. odours and emmissions

VOC's from perfumes, hairspray
are an

Source: https://www.andatec com.au/bk

So, the sources of indoor air pollution in a typical household can be seen in this pictorial
representation. For example, from bedroom can be there, bathroom or air conditioning units,
living room and laundry room where VOC’s can be generated by these detergents etc those
kind of things, cooking devices all these kind of activities can add into one or the other kind

of air pollutants inside the building.
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Sources of IAP in a typical office building

Indoor Air Pollutants

Ozone  Particulates voC's voc's  VOC's,

i Particulates,
Bioaerosols Porchioroethylene articulates,

voC's and other VOC's Bioaerosols

Ozone

Carbon ., Bioaerosols Bioaerosols
VoC's erfume

monoxide  ormaldehyde Body odours
Benzene Pesticides PAHs VoC's
Carbon monoxide Ozone

Benzene Particulates

Source: Brown (2008). Estimating indoor air quality using integrated 3D CAD building models.

And in office buildings then there may be additional sources like photocopying machine can
be there and heaters or some other kind of activities, carpets capture lot of dust, if you are not
doing proper vacuum cleaning then it can be source of lot of dust or particulate matter of fine
nature and it is very health hazard.
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Sources of contaminants

Outside building Indoor Human Activities

Building
Equipments @ components and
furnishings

Chemicals released

from buildings Others

Then, if we club them as different kind of sources then we can say that indoor human
activities can add into the air pollution inside the buildings and building components and
furnishing like furniture or even walls paints etc so far set bad sets everything, dust mites can
be there all those things are the concern from air pollutant point of view and then from
outside building also as 1 said, polluted air can come inside, equipment’s of different nature
can add into those chemicals leads from buildings or when we are using chemicals in

washroom there also some fumes may be generated.
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Sources Outside Building (1/2)

Contaminated air by

* Pollen, dust
* Industrial pollutants
* General vehicle exhaust

Emissions from nearby sources
* Parking lots, garages
* Odors from dumpsters
* Re-entrained exhaust
* Unsanitary debris

Source: www.epa.gov/sites/default/files/2014-08/documents.




Sources Outside Building (2/2)

The Complete Landfill Cell

Soil gas

* Leakage from underground
fuel tanks contaminants from
previous uses of the site (e.g.,
landfills), pesticides, etc.

Moisture
* Rooftops after rainfall,
crawlspace.

Source: www.epa.gov/sites/default/files/2014-08/documents

Outside the building there may be additional sources which are of usual nature as we know
whether it is from industrial stack emissions or pollens from different trees or plants and then
general vehicle exhaust all those kind of things are there from parking lots, garages, orders
from different activities all those things can be additional sources which can add into indoor

air pollution.

Then there may be like these leakages from underground fuel tanks which have petrol pumps
or any other kind of units they can have and then moisture can also be there because if proper
drainage system is not there within the building, if leakage is there and seepage is there, they
can also add into these kind of very fine pollens means pores or those fungi related issues and

they can add into some microbes which are health hazard basically.
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Equipment

Heating, ventilation and air conditioning (HVAC)

+ Dust in ductwork

*+ Microbiological growth in drip pans, humidifiers

+ Improper use of biocides, sealants

* Improper venting of combustion products Refrigerant
leakage

Non- HVAC

+ Emissions from office equipment and supplies
(solvents, toners, ammonia) Emissions from shops, labs

* Cleaning processes

* Elevator motors and other mechanical systems

Source: www.epa.gov Image: air-pollution.in

Equipment’s, we have exhaust fan etc, if you are not cleaning them properly they can also be
like sources of air pollutants. Even those air cleaners, now a days people use air cleaners or
air filters if you are not cleaning regularly those air filters rather than cleaning the indoor
environment they can add into air pollution. So, it has to be cleaned regularly. So, all those
kind of equipment’s if you are not maintaining them properly they can add into indoor air

pollution.

So, whether it is heating ventilation air conditioning related equipment or non-HVAC means
non-heating ventilation air conditioning equipment, like solvents or toners all those kind of

cleaning processes all those can emit one or other kind of indoor air pollutants.
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Human activities (1/2)

Maintenance ‘
* Volatile organic compounds from use of
paint, adhesives, and other products.

* Pesticides from pest control activities.

House keeping

* Cleaning materials

*  Emissions from stored supplies

* Use of deodorizers and fragrances
* Airborne dust or dirt

Source: www.epa.gov/sites/default/files/2014-08/documents



Human activities (2/2)

Personal

* Smoking

+ Cooking

* Body Odor

+ Cosmetic Odor

Source: www.epa gov/sites/default/files/2014-08/documents

Image: bengaluru citizenmatters.in, cambridgemask.com

Different human activities as we know, we are using some pest control related chemicals
pesticides etc they also add into pollutants inside the building, house activities are there like
airborne dust or dirt and then cleaning materials all those things are there for adding into the

air pollution inside the micro environment.

Personal activities like smoking, cooking, body odour, if we are not clean then we are also
adding into some air pollutants. Our pets, if we are not keeping our pets properly clean then
they can add into several kind of air pollutants. Their hair and many things may be there,
cosmetic order can be there, all those things. Whatever we are using which smell that is

basically adding to the air pollution.
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Building components and furnishings

Locations producing / collecting dust

* Textured surfaces such as carpeting, curtains
* Open shelves

* Old or deteriorated furnishings

*+ Materials containing damaged asbestos

[ Unsanitary conditions

* Microbiological growth on or in soiled or water-
damaged furnishings

* Microbiological growth in areas of surface
condensation

|+ Drytraps that allow the passage of sewer gas

Source: www.epa gov/sites/default/files/2014-08/documents



Then building components and furnishing as we discussed like surfaces or open cells or
deteriorated furnishing items materials containing damaged asbestos all those kind of things
are there, then unsanitary conditions like microbiological growth on soiled or water damaged
furnishing, microbiological growth may be there in those surfaces which are moist or and dry
traps may be also there which can like sewer gas related issues can also be there. So, order

causing activities can be there for adding into indoor air pollutant.
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Other sources

Accidental events

+ Spills of liquids

* Microbiological growth due to flooding or
to leaks from roofs, Piping fire damage

Repair activities

*  Emission from new furnishings

* Dust and fibers from demolition

* Odors and volatile organic and inorganic compounds
from paint, caulk, adhesives

*+ Microbiological released from demolition or
remodeling activities

Source: www.epa.gov/sites/default/files/2014-08/documents
Image: h benefit Jifestyl

Other sources like because accidentally some liquids are spilled that can also add into some

sort of pollution. Then repair activities, when whenever we do that also adds into some kind
of air pollutants.
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Indoor Air Quality (1/2)

* Indoor Air Quality (IAQ) refers to the air quality ir Quality
within buildings and structures, especially as it m
S -

relates to the health and comfort of building

occupants
* Indoor air quality is defined by the depiction of % Al

concentrations of pollutants and thermal conditions
that may negatively affect the health, comfort, and
performance of a building’s occupants.

Source: www.epa.gov (17:48; 11-10-2021),

Handbook of Ireen bmldlni denln and construction(second edition), 2017



Indoor Air Quality (2/2)
HOUSEHOLD AIR POLLUTION Understanding and controlling

3.8 million common pollutants indoors can help
vlo reduce your risk of indoor health
concerns.

¢ Health effects from indoor air
pollutants may be experienced soon
after exposure or, possibly, years
[ater.

CLEAN AIR FOR HEALTH #AirPollution

Source: www.epa gov (17:48; 11-10-2021)

And now we come to indoor air quality because whatever we have discussed are adding to
the indoor air quality. They are leading us to the quality of indoor air. So, how do we define
what is the indoor air quality. So, theoretically we can say that it refers to the air quality
within the buildings or structures wherever we are living whether it is residential building or

the office building especially as it relates to the health and comfort of the building occupants.

When your room is properly tight, I mean improperly tight 1 would say and it is not ventilated
properly then lot of suffocation can be there. CO- build up may be there and you are not
having proper oxygen for your body and ultimately you may fall sick. So, indoor air quality is
basically defined by the depiction of concentrations of different pollutants and thermal

conditions plus humidity related issues also.

And some air pressure if it is having negative kind of thing, so then different air pollutants
come from outside and they have health the impacts of negative nature discomfort and
performance of buildings of occupants, performance means working performance can reduce,
efficiency can reduce, you may fall sick you may not attend your school or college or office
and you have to visit the doctor because of some respiratory problems and that may be
because of this poor indoor air quality.

So, again as we talk about what is the significance of indoor air quality in terms of household
air pollution. So, it is given data 3.8 million die prematurely every year from household air
pollution. So, from cooking, this is 2016 data. So, those kind of things are there which really

alarm that we should be careful about the indoor air quality.
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Why Study IAQ?

EPA

*  People spend over 90% of their time indoors.

* Indoor Air Pollutants 2-5 times higher than
found outside.

WHO
* Estimates that more than 30% of all commercial
building have significant IAQ problems.

Image: “Child exposure to indoor and outdoor air pollutants in schools in Barcelona,
Spain,” Environment International, Vol. 63, pp. 200-21

So, why do we study? The reason we know because it is affecting our health and

environmental protection agency has given some data like people spend over 90 percent of
their time indoors now a days and if you look at this corona, means the whole world almost

everyone was in inside the their houses. Their outdoor activities was restricted very severely.

So, even this lifestyle is becoming, so that most of the people whether they are working in
factories or in offices, they are working in some indoor environment and the air pollutants in
those micro environments are 2 to 5 times higher than the outside. That has been observed

because of those observations, these are the data.

World Health Organization also has estimated that more than 30 percent of all commercial
buildings have significant indoor air quality problems. So, that means the severity of this
indoor air quality is affecting a lot of people, a lot of population and we should worry about
it. We should do something to improve the indoor air quality.
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Historical Perspective (1/2)

* Ever since man first it fires in shelters, indoor air quality has
been a health issue. Evidence of such has been found in the
blackened lungs of mummified human remains discovered in
Egypt, Peru and Great Britain.

* Indoor air quality became an important topic in the 18th
century, first regarding deaths of workers in mines, and
among slaves shipped from Africa to America (because of
poor ventilation).

Source: Palareti, . et al. (2016) Image: www.medicalnewstoday.com

A
Historical Perspective (2/2)

* First indication of indoor contamination - Asbestos
pollution, a carcinogenic substance, discovered by
epidemiologists.

* Ina 1970 study, it was found that the less the rate of
ventilation the higher concentration of radon, if the
source of radon was building materials, and the
higher the risk of lung cancer.

* OnJuly 12, 1989, the EPA issued a final rule banning
most asbestos-containing products.

Source: Palareti, G. et al. (2016) Image: https://cen.acs.org

Now if you talk about historical perspective whether in past those centuries, this was the issue
or not? So, when we go about the literature then we find that ever since men first lit the fires
in shelters, in caves so indoor air quality has been a health issue. Basically, there are
evidences of such nature that lungs were blackened because of that particle deposition and it
has been seen in this mummified human remains which were discovered in Egypt and Peru

and those countries.

So, indoor air quality became an important topic in 18" century very much because of lot of
this coal burning and fossil fuel reuses and the first regarding deaths of workers in mines

basically and those kind of activities, when the slavery was there, so from Africa to America



when ships were filled with so many people and ventilation was not proper, so many people

died and that was basically because of poor air quality.

And then we talk about this first indication of indoor contamination in terms of asbestos
concentration or asbestos pollution. This is a carcinogenic substance as you know and this
was discovered by epidemiologists. So, in a 1970 study it was found that less rate of
ventilation then higher concentration of radon, source of the radon was building material and
on July 12, 1989 environmental protection agency issued a final rule banning most asbestos

containing products.
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Importance of IAQ

* Indoor air pollution from solid fuels
accounted for 3.5 million deaths and
4.5% global daily-adjusted life year
(DALY) in 2010.

¢ Italso accounted for 16% particulate

matter pollution.

Sovce Kokt e, 204, g WHO, 200 it
@
So, whatever building material having asbestos, so that was discarded or banned for uses for
the building material purposes. Indoor air pollution importance of indoor air quality in terms
from solid fuels when we are using coals etc, it accounts for 3.5 million deaths and 4.5
percent of global daily adjusted life here. This kind of data are there from a study and it also
accounted for 16 percent particulate matter pollution. So, that way it is a very significant
issue that indoor air quality has to be clean otherwise large number of population can get

exposed to its harmful effects.
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Parameters Affecting IAQ

* Rate of exchange of air from outdoors (ventilation)
+ Concentration of pollutants in outdoor air

* Rate of emission from sources indoors

* Rate of removal of pollutants (Sinks)

* Indoor temperature

* Indoor humidity

+ Age of indoor structure

* Type of foundation soil

Then what are the parameters which effect or influence the indoor air quality. So, when we
list them like rate of exchange of air from outdoor like ventilation outdoor to indoor what is
the air mass exchange which mechanical engineers usually read about or study about and the
concentration of pollutants in the outdoor air, rate of emissions from sources indoors, rate of
removal of pollutants like sinks are there, some indoor temperature indoor humidity, age of

the indoor structures or building material, type of foundation soil.

Because if it is contaminated like suppose it was a landfill site and you have constructed
buildings there, so maybe some very harmful chemicals are there and slowly they come out
of the soil and they fill up complete the building atmosphere and you never know this can

happen and later on we find that certain health issues are there.
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Health impacts of Indoor Air Pollution

Enclosed spaces inhabited by humans Q 0
produce the following effects-

* Reduction in oxygen level of spaces.
¢ Increase in CO, level.

* Increase in temperature.

¢ Increase in humidity

* Increase in Bioaerosols and odor

(T
When health impacts of indoor air pollution are discussed, the reduction in oxygen level of
species are the reasons, those are the reasons like increase in CO; level, as | said when you
feel suffocated because CO> increases in lot of quantity then temperature may also increase
because of certain activities, increase in humidity can also add into discomfort, increase in

bio-resource and order that can also affect our daily life.
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Short-term and Long-term health impacts of IAP

AFFECTS CENTRAL NERVOUS SYSTEM
@ o 1 (HEADACHE, ANXETY) @

NOSE, THROAT,
EVES INFLAMMATION ‘ CARDIOVASCULAR DISEASES @
COUGHING,
PAINFUL BREATHING
RESPIRATORY DISEASES

(ASTHMA, CANCER) @
PNEUMONIA,
BRONCHITIS

@ SKIN IRRITATION

Source: www.lalpathlabs.com/blog/health-effects-of-air-pollution

Well, when we talk about short term and long term health impact of indoor air pollution. So,

short term like it can cause headache or it can cause some irritation to nose, throat, infection
eye inflammation coughing and painful breathing those kind of issues. Now in winter many



people have these issues and pneumonia or skin irritation all those things can be in term short

term kind of effect are there because of polluted air inside the micro environment.

When we talk about long term effects so it can affect the central nervous system, the
headache anxiety all the time. Cardiovascular disease can also be there, heart related disease
can also there, then respiratory diseases like asthmatic problems may occur or even cancer
causing things can also be there because of constant exposure to the polluted air inside the

buildings.
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Indoor Air Pollutants and Their Health Effects (1/2)

Type: Immediate

AL Causes: irritation to the skin, eyes and throat, 0.05ppin|ave; ove‘r S
hours exposure daily)- EPA
cough etc.
Type: i
0 ype: Immediate 9.0 ppm (avg. over 8 hours

Causes: headache, shortness of breath, higher eriod)- EPA
conc. May cause sudden deaths. 4
RSPM  Type: Cumulative $
Causes: Lung cancer 120G e averase}
SO,  Type: Immediate 0.05 ppm (avg. over one year for 8
Causes: lung disorders and shortness of breath hours exposure daily)- EPA

Radon  Type: Cumulative

et e et >/ 4 pCi/ Litre of indoor air

I
Indoor Air Pollutants and Their Health Effects (2/2)
Cpoht e em |

Type: Immediate
Causes: irritation to the eyes, nose and 120 ug/m"* (continuous exposure)-

h
Reia e throat, fatigue, headache, skin allergies, ASHRAE
vomiting etc.
i Type: Cumulative >/ 2 fibers/ cu.cm. Of the indoor air (8
Causes: Lung cancer hrs. exposure period)- OSHA

s Type: Immediate
fEbcces Causes: Skin diseases

Type: Immediate
Causes: Liver, kidney disorders, irritation to
the eyes, nose and throat, skin rashes and

Not for all VOCs.
For chlordane:
S ug/m’ (continuous exposure))

VOCs

respiratory problems.
Co, Surrogate index of ventilation 1000 ppm
Type: Immediate
o Causes: eyes itch, burn, respiratory 100 ? g/cu.m (continuous exposure)-
. disorders, lowers our resistance to colds ~ OSHA
and pneumonia.

Source: www.epa.gov.in

When we talk about the pollutant specific effects, there health effects whether it is outside the
building or inside the building it is the same like knocks is causing irritation to the skin or

eyes and the throat and it can cause coughing also and there are some limits are given there



by environmental protection agency. Some standards are there, this should not exceed these
are the limits, CO is having like headache even in fact CO as you know, it can cause death
also if high concentration of CO is inhaled and we do not get aware of it because it does not

smell or this is odourless, colourless.

RSPM, this Respirable Suspended Particulate Matter that is PM1o, that can cause cancer also
if carcinogenic elements are coated in those particulate matter whether it is PM2s or those
fine particles they can enter into our system. SOz means sulphur dioxide can result into lung
disorder or shortness of the breath those kind of things may be there and this radon can cause

lung cancer.

Similarly, there are like formaldehyde asbestos all these are very healthy effects can be there
like formaldehyde can skin allergies can result from that, asbestos can cause lung cancer,
pesticides again they are can result in skin diseases, VOC’s they can have eye irritation or
skin dresses, CO2 well surrogate index of ventilation because CO> is more than ventilation is
not good and when COz is more and oxygen is less then you feel uncomfortable. Ozone many

times we have discussed that it is very problematic and it can cause several kind of problems.
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Sick Bwldmg Syndrome (1/2) CAUSES OF SICK BUILOING SYNDROME

Poor Air Quality o
Lighting Ergonomics
o '

* The term "sick building syndrome" (SBS) is 1
Uncomfortable:

¢ : . . " — C * Electromagnetic
used to describe situations in which building Aouts L

radiation

occupants experience acute health and Pychologal e
stress

comfort related effects that appear to be
linked to time spent in a building, but no
specific illness or cause can be identified.

Source: www.epa.gov/
Image: optipura.com/treat-and-p!
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Sick Building Syndrome (2/2) ~ P ERE—
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Solutions to SBS |

» Solutions to sick building syndrome usually , ‘
include combinations of the following: e (B £,
| O
* Pollutant source removal or modification - JO
* Increasing ventilation rates
* Air cleaning

* Education and communication

Source: www.epagov/
Image: Aidan Anthony, 9 keys to avoiding Sick Building syndrome

@
When we come to sick building syndrome, you might have heard this terminology sometimes
you might heard like some building is blamed like if somebody goes and the family goes
there they always fall sick. Sometimes we mark a building saying this is ghost building, all
those kind of things are there, sometimes they say do not live in that particular building, it is

cursed. Anybody or any family come to this building, they fell sick.

So, basically that may be because of certain these indoor air pollutants also. So, that is
terminology sick building syndrome is there. So, this term basically is used to describe
situation where building occupants experience some acute health related issues. Whenever
you live in there, then you have breathlessness or some heart related problem or whatever

depending upon what kind of pollutant is there.

So, specific illnesses may be there some causes can be identified related to the pollutants. So,
the poor lighting, poor indoor air quality, poor ergonomics means you can fall if it is not
designed properly and then you can say that this is cursed building, we cannot live healthy
here uncomfortable acoustics, psychological stress because if light air all those combinations

are not proper then you do not feel good.

So, those may be the buildings which are known as or result into sick building syndrome.
And the solutions for that we should really care about this lighting, air circulation all those
things. So, we can solve that problem and the air cleaning, increasing ventilation rates and
proper communication with the residents and monitoring of the pollutants and then
identifying the sources of those pollutants, removing them that kind of thing can be done to

make that building as healthy living space.
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Sick Building Syndrome (1/2) CAUSES OF SICK BUILOING SYNDROME

Poor Air Quality Poor
Lighting

* The term "sick building syndrome" (SBS) is | ,
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used to describe situations in which building Acousts radaton
occupants experience acute health and Pochologial e
comfort related effects that appear to be
linked to time spent in a building, but no
specific illness or cause can be identified.
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* Ventilation rate ‘ e ‘
* Airflow direction J

* Air distribution or airflow pattern

Source: Cuce (et al.), Sustainable ventilation strategies in buildings: CFD research

Well, ventilation plays very important role for removing the pollutants from inside to outside.
And sometimes as | said, ventilations can even increase the pollutants also if it is not properly
designed. So, there may be natural ventilation, there can be mechanical ventilation or the
hybrid system can also be there. So, those things can be seen, here you see the ventilation
rate, air flow direction, air distribution all those things basically play important role otherwise
some corners of the building will be highly polluted if ventilation is not proper.
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Natural Ventilation (1/2)

Natural forces (e.g. winds and thermal buoyancy force due to
indoor and outdoor air density differences) drive outdoor air
through purpose-built, building envelope openings.
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Source: Atkinson (et al ), Natural Ventilation for Infection Control in Health-Care Settings

Image source: archdaily.com

Natural Ventilation (2/2) ,,,dg,\t s
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If you talk about natural ventilation, it can be in terms of like single sided ventilation or cross

ventilation, stack ventilation all those kind of things can be there. And in natural ventilation

basically you can see here these species where circulation happens properly but it can bring

pollens and other pollutants from outside air if it is not properly designed.

Because natural ventilation means you allow air from outside to come inside and from inside
to outside with some ventilators which are naturally taking this circulation of the air. So, that
way we are not controlling outside air, it is coming just from some openings. So, that may be

one issue. If it is not clean air outside then it can be an issue.
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Source: Atkinson (et al.), Natural Ventilation for Infection Control in Health-Care Settings

Mechanical ventilation basically it can control. The air flow, speed, volume, temperature
everything you can control because mechanically it is designed and that way cool air can
come down and then this warm air goes up and it can get out with those particularly systems

which are designed for ventilation.
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Ventilation Example

Air Flow Inside the Buildings

* Mechanical and natural
ventilation

Stagnation zone

Air flow, when uniform mixing
inside (mechanical ventilation)

Source: Atkinson (et al.), Natural Ventilation for Infection Control in Health-Care Settings

So, you can see here like in natural ventilation there may be some pockets where high level of
pollutants may be there because natural ventilation cannot go to each and every corner with
uniform flow rate of the air. It has some limitations but mechanically designed proper



ventilation system can have uniform distribution of air circulation and that can remove the

pollutants properly.
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Hybrid or Mixed-mode Ventilation

¢ Hybrid (mixed-mode) ventilation relies on
natural driving forces to provide the desired
(design) flow rate.

* |t uses mechanical ventilation when the natural
ventilation flow rate is too low.

*  When natural ventilation alone is not suitable,
exhaust fans (with adequate pre-testing and
planning) can be installed to increase ventilation
rates.

Source: Atkinson (et al.}, Natural Ventilation for Infection Control in Health-Care Settings

In hybrid or mixed mode ventilation there are this combined natural driving forces you use
and then whenever this natural pressure difference is not there, then you use the mechanical

devices for proper ventilation.
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Assessing ventilation performance

Ventilation performance in buildings can be evaluated

from the following four aspects,

* Does the system provide sufficient ventilation rate as
required?

* Isthe overall airflow direction in a building from clean
to dirty zones?

*+ How efficient is the system in delivering the outdoor
air to each location in the room?

* How efficient is the system in removing the airborne
pollutants from each location in the room?

Source: Atkinson (et al.}, Natural Ventilation for Infection Control in Health-Care Settings

When we talk about like assessment of ventilation performance, so we have certain these
kind of questions which really help us to see whether the ventilation system is performing
properly or not. For example, does this system provide sufficient ventilation rate as required?

You can calculate that. Is the overall airflow direction in a building is from clean air to dirty



zones so that the dirty zones flush out and then how efficient is the system in delivering the

outdoor air to each location in the room.

And how efficient is the system in removing the airborne pollutants from each location in the
room, so that room is having clean air. So, those kind of things can be seen and for

assessment or evaluation of ventilation system.

(Refer Started Time: 29:24)

Ventilation and Indoor Air Quality

Energy-efficient residential
buildings having
Mechanical Ventilation
with Heat Recovery show
lower concentrations of
indoor PM,,, PM, ¢, CO,,
and VOCs compared to
conventional apartments.
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Source: Ah-Young Lim (2021), Effects of mechanical ventilation on indoor air quality and
occupant health status in energy-efficient homes: A longitudinal field study

Well, in totality when we talk about ventilation and indoor air quality. So, basically the

energy efficient residential buildings having mechanical ventilations with the heat recovery,
they are proved that with the lower concentrations of indoor particulate matter PM1o or PM25s
carbon dioxide or VOC’s compared to the conventional apartments which do not have the

weather properly controlled mechanical ventilation system.

So, that picture shows that in that proper like ventilated system which is controlled
mechanically you can have healthy environment in comparison to the conventional
apartments. So, that is one important aspect that if you want to have good indoor air quality
have the good ventilation system. So, that you live in a better condition and you do not fall
sick, you do not get exposed to indoor air pollutants.
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Conclusions

* Indoor air quality assessment and management need
more attention as increasing number of people spend
more time within indoor environments.

* Understanding and controlling the sources and
dispersion/diffusion of common indoor air pollutants
can help reduce risk of indoor health concerns.

* Proper ventilation is required to keep indoor
environment healthy in terms of better indoor air
quality.

So, this is conclusions from this introductory lecture. We can say that the indoor air quality
assessment and management need more attention as increasing number of people are
spending more and more time indoor environment. Whether it is office or our residential
buildings and the understanding and controlling the sources and dispersion and diffusion of

common indoor air pollutants can help to reduce the risk of indoor health impacts.

And proper ventilation is required to keep indoor environment healthy in terms of better
indoor air quality. So, | hope with this introductory lecture, I am sure you can visualize what
the importance of indoor air quality is and which are the sources important, sources or major
sources which can deteriorate the indoor air of the micro environment whether it is library or

your residential house or office building or office room, whatever.

So, with this I finish this lecture and we will continue discussing about other aspects of the

indoor air quality.
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These are the references for more information on indoor air quality, please go through that

whenever you have time and thanks again. See you again in the next lecture. Thanks.



