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Indoor Air Quality in Nursery Buildings, UAE — Case Study

Hello friends. So, today we will discuss again one more case study and this will focus on indoor
air quality in nursery buildings, this is a case study taken from one report of UAE. So, this will
be included like in this contents.
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So, this is the contents list according to which we will go into this presentation. Like first of all,
we will introduce the problem setting in which context this case study has been carried out, what
are the materials and methods which have been used to conduct this study? Then different

measurements of indoor air quality in terms of pollutants concentrations, we will see.

Then what are the changes in air quality, concentrations over the period of time so, that we can see
the variation as per different reasons. And then, we will see like air quality improvement
installations which can be done in those nurseries which are under the consideration or under this

study, so, that air quality can be improved.

So, whether those improvements are there or not there. So, according to the changes which have
been made in those nurseries like installation of air purifier or changing in the building finishing

materials or installing some new ventilation system. So, according to those changes, the



comparison of indoor air quality will be made so, that we can see or we can find which particular

change is effective, then we will conclude.
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* Infants and children inhale indoor air at 400 mL/min ,:_.)

per kg body weight compared to 150 mL/min per kg I [
body weight of adults. - , I f ‘«6 o

* So, it is important to maintain pleasant indoor air
quality in the nursery, where most of the occupants are ....../s £y)owimen
children and play in groups. ”

(8

* Exceeding the Indoor Air Quality (IAQ) standards can
not only lead to decreased learning efficiency in infants
and children, but also serious Sick Building
Syndrome(SBS) symptoms such as respiratory diseases,
nausea, eye irritation etc.

Source: Zhang et al, 2021 mage: www.rateitgreen.com

So, you can see this particular data like as you know the infant our children they breathe very

frequently, if you compare our adults breathing patterns and the way children breathe, they breathe
very frequently and their speed is also higher. So, in that way, they basically inhale indoor air
around 400 milliliter per minute per kg body weight, if you compare with that. Although they are
breathing, it is a means it is a not so long as we breath, it is not so deep, but still if you calculate
or estimate how much amount of the air or how much volume of the air they are inhaling per

minute per kg weight of the adult.

Then the competition is like 400 milliliters per minute per kg body weight is inhaled by children
and adults, inhale around 150 milliliter per minute per kg bodyweight in case of this adult size
population. So, huge difference is there, that means, the inhalation is much more in case of
children. So, if air is polluted that means, most means, the large quantity of pollutants may be

inhaled by children if they are living in that polluted indoor environment.

So, the importance is very significant in that sense because like in nurseries or play schools, if
children are living there for several hours, and if their conditioning is not good, if their indoor
environment is not good, then we will see that children will be inhaling polluted air. And that can

cause certain health issues also respiratory problems or other diseases can be there even like sick



building syndrome can be there or some symptoms related to eye irritation those kinds of things
may be observed in case of children. So, we need to ensure that wherever our children are playing

or living, those indoor environment must have clean air.
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+ To reduce the adverse effects on the health of infants and
children due to indoor air pollution (IAP):

~ Three methods to keep indoor air quality (IAQ) clean in
nurseries have been used, e.g., Controlling the source of
pollutants, improving ventilation and removing pollutants via
purification.

- 1AQ was measured on site for 16 facilities to define the
current status of IAQ in nurseries in the UAE.

~ After applying IAQ improvement measures, the indoor air
quality was re-measured to identify how these three methods
effectively reduce indoor air pollutants in nurseries for future
IAQ management.

Source: Arar et al,, 2022 mage: gulfnews.com

To reduce with the aim of reduction of these adverse effects, which is possible because of polluted

indoor air, we want to go to improve the indoor air quality. And that improvement can be ensured
or can be achieved by three methods which are quite popular like either we can control the sources
of the pollutants. Whatever sources of the pollutant to deteriorate the indoor air quality if we can
control those sources, then naturally we will improve the indoor air quality or we can improve the

ventilation.

So, in case there are some sources, the ventilation will ensure that fresh air comes and the polluted
air goes out or we can also remove those pollutants by certain devices like air purifiers. So, those
kinds of devices can be fit into the indoor environment and the air quality can be improved.

Well, so in this particular case study 16 facilities have been studied in terms of indoor air quality
of those facilities and this is the case of nurseries in UAE and after applying those some
improvement measures and before the installation of those measures, air quality have been
measured and comparison have been made. So, that before installation of some devices or carrying
out certain changes to improve the air quality, what is the air quality before installation of those

devices and what is the air quality after installation of those devices, so, that we can know the



difference whether those devices or those majors are effective or not. So, that kind of study has

been conducted in this particular case.
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General Materials and Methods

+  Asmentioned earlier, the fundamental methods to solve

the indoor air pollution problem include control of the Building bake-out: Bake-out is
source, improvement of ventilation, and control by the process of using indoor
purification. heating to remove volatile
+ Examples of source control include the use of low-emission compounds present in building
building finishes and carrying out bake-outs. materials and furnishings so that
* Ventilation improvement uses natural ventilation and they can be ventehd outinto the
mechanical ventilation to increase the indoor inflow of atmosphere.

outdoor air with low pollution level.

+ Removal of pollutants could also be by air purification
through adsorbing and filtering pollutants or decomposing
them by catalysts.

Source: Arar et al,, 2021, Park et al, 2018

Well, when we talk about general materials and methods to improve indoor air quality. So,

basically three major things are there as just we have seen like ventilation, control at the source or
purification, and those devices like to control the source or control the emissions at the source. So,
maybe something can be done like low emission related building finishing materials can be used,

because as like furniture or the wall paints or there are so, many sources of indoor air pollutants.

So, if you go for good quality of furniture, maybe low emission can be ensured or either you can
do some bake-out related majors or methodologies, in bake-out basically, the indoor environment

is heated.

And because of that heat, those VOCs volatile organic compounds and those kinds of air pollutants,
they went out and then very least amount of emissions are observed afterwards. Another method
is like ventilation improvement. So, ventilation improvement can be ensured either through natural
ventilation or through mechanical ventilation as air conditioning is there, exhaust fans are there
those devices can be installed. So, it can increase the indoor inflow of the air from the outdoor, but
we have to ensure that outdoor air is cleaner than the indoor air. If you are bringing the polluted

air rather than improving it can deteriorate the air quality of the indoor environment.



So, if outdoor air is clean, then this works this ventilation system works otherwise other devices
can be like removal of the pollutants through air purification devices through absorption or through
filtration, decomposition of the pollutant through some catalyst devices, catalyst base devices. So,

those air purifiers can be used to improve the air quality.
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* Most of the studies on indoor air quality 01-FU Nursery Exterior and Interior View
improvement have mainly focused on residential
buildings, but there are a few studies on the nursery
IAQ.

* Based on the basic indoor air quality improvement
plan, the effects of installing air purifiers, changing
building finishing materials, and installing ventilation
facilities that managers can easily implement are
investigated.

* Sixteen nurseries were selected based on the Ed
Arabia’ s best nurseries rankings and number of
reviews on the site for Dubai, Sharjah and Ajman.

Source: Arar et al,, 2021

If we talk about like the studies, which have been carried out in terms of indoor air quality. So,

mostly those studies have been in micro environment of let us say like residential buildings or
maybe certain office buildings, only very few studies are they are focused on nursery where

children are living indoor. So, those indoor air quality of nurseries related studies are very few.

So, based on basic indoor air quality improvement plants, like installing air purifiers or changing
the building materials or installing some ventilation facilities or systems. Those nurseries which
were taken to consideration for this study like 16 nurseries have been taken. So, these three major
changes have been made and before making those changes, air quality was observed and after
making those changes, air quality was observed and though comparison was made. So, that it could

be seen whether the air quality has been improved or not.



(Refer Slide Time: 08:42)
[ A
Materials and Methods Used

9) Temperature, hUmldIty, COZ' TSP, CHIO, and Volatile 11-OR Nursery Exterior and Interior View
Organic Compounds (VOCs) were measured in a total of
35 classrooms.

*+  For each indoor air quality pollutant in the target room,
the degree of contamination was compared with the
standard value of the WHO IAQ Standard, and the daily
concentration change of the pollutant was identified.

*+ Based on the measurement results and the manager’s
request, to improve the indoor air quality of the target
facility, certain improvement techniques were opted.

Source: Arar et al,, 2021

And the materials and methods which have been used are related, like observations made

pertaining to temperature, humidity, then carbon dioxide levels, total suspended particulate
matters, then formaldehyde and volatile organic compounds VOCs. So, how much quantity of

these pollutants are there.

So, those were measured in total 35 classRoom s which are belonging to these nurseries basically.
And for each indoor air quality pollutants, those target Room s, so, the degree of contamination
was compared with the standard values of WHO IAQ standards, which are given basically those

World Health Organization, they also prescribe some standards for the indoor air quality.

So, the observations were compared with respect to indoor air quality standards of the WHO and
based on those measurement results and taking into account the managers of those nurseries, so,
they have made some requests. So, the improvement of indoor air quality of the target facility and
certain improvements, techniques were obtained. So, this was a kind of participatory case study
where researchers and those clients you can say, or those people stake holders were they opined

and their opinions were taken into consideration to design the study.
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Materials and Methods Used

Item & Analysis tme| | ¢ Table shows the
‘ measuring devices
To:wahu:’(‘ C) E:A(:?SI:X:;O m’ 30 Times per MivAverage &
ity (%) : and methods
Carbon Dioxide Indoor Ar Quaity Meter according to the
m )
o) TS1 7545 AQ-CALC AL LA LL) i
measurement items.
Flow rate: 500 mUmin
Fomaidetyde F°’:::;:;°|'D:“ Coliecton ime: 30 min
(CH,0) i Cotiection amount 1512
HPLC
Imes/Average
VOC Environmental Meter Flow rate: 100 mUmin
voe PCE-VOC 1, Coliecbon time: 30 min
Varian-SATURN2200/Shimadzu- Collecbon amount: 312
QP2010 mes/Average

Armetrics Minivol Portable Aif
18P Sampler 10 Times per 3 MivAverage
PAS-201

Source: Arar et al,, 2021

So, you can see here like measurement items which were measured like temperature, humidity or

CO: and formaldehyde TVOC or TSP total suspended particulate. So, equipment’s which were
used for measurement of these entities are listed in second column. And sampling time is also
given like for how much frequency or sampling was, done for each kind of entity. So, this is

measured here or mentioned here.
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Indoor Air Quality Measurement Results before
Improvement (CO,)

b= Outdoos. @eRooa| o= Room? * (O, concentration in
each room and
outside air before
improvement (WHO
Standard: 920 ppm).

WHO Standard:
920 ppm

Source: Arar et al,, 2021

Now, if we try to see what is the measurement data? So, this dotted line is basically the WHO

standard like in case of CO2 920 ppm is prescribed by WHO standard that should not exceed in



indoor environment. Otherwise, suffocation will be there, we will be feeling suffocated because
oxygen will be less CO. will be more in the indoor environment. So, this standard 920 should not
exceed but the measurement show that in several Room s like here you can see these points which
are exceeding these are exceeding the WHO prescribed guidelines of CO».

So, this is worrisome issue basically you can see, but outdoor this blue line outdoor environment
CO:z is less than the prescribed one. So, that way means you can imagine if we bring the outdoor
air inside by through ventilation or some other system, there may be these kinds of concentration

can be reduced.
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Indoor Air Quality Measurement Results before

Improvement (CO,)

-

* The CO, concentration of seven facilities in 01-FU, 04-
ID, 08-KI, 09-AK, 10-HO, and 14-RO and 11 nursery

rooms (37%) exceeded the CO, standard of the WHO \/\ /\/\; /
IAQ standard (920 ppm). ANl =2 IA)

*  The source of CO, pollution is due to the breathing of
children in the room.

* Among them, in the case of facility 01-FU and facility
14-RO, both classrooms approached or exceeded 2000
ppm, twice the CO, maintenance standard, indicating
that the degree of CO, contamination was serious.

Source: Arar et al,, 2021

But if we look into the data, statistical data, how many Room s or facilities are there which are
having very high concentration of COz. So, you can see like seven facilities which are given names
are given 01 FU, 04 ID. So, those kinds of names are given for those facilities. And 11 nursery
Room s, around 37 percent of the total facilities and Room s were found having CO> much more
than the WHO standards.

And the source of this CO2 Pollution is because of breathing of the children and staff members,
because every time we are inhaling and exhaling. So, when we are inhaling then we are consuming

oxygen when we are exhaling we are exhaling basically the CO..

So, that COz is built up the concentration built up if there is no proper ventilation that is one basic

fundamental reason. So, those you can see the sources are our own breathing, children's breathing



and staff’s breathing. Now, among them in case of facility 01FU and facility 14 RO both
classRoom approached around 2000 PPM like more than twice of the prescribed standard. So that
is very worry some basically serious issue, because in those Room s a lot of suffocation will be
felt and that environment is not good for learning or playing for their children.
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Indoor Air Quality Measurement Results before
Improvement (total suspended particulate)

§7e S ,
~4=Outdoor - =% Rocan | * TSP concn. in each room
and outside air before
WHO Standard improvement (WHO
100 ug/m Standard: 100 pg/m?).

Now, if we look into this indoor air quality measurement results in terms of total suspended
particulate matter TSP. So, the WHO standard is 100 micrograms per cubic meter, you see this
line dotted line is 100 micrograms per cubic meter of the TSP total suspended particulate matter.
Good thing is that in all most of the facilities or Room s, the concentration observed of TSP is less
than the prescribed limit means it is not exceeding. But at certain places like this particular location,
you can see outdoor as well as indoors Room 1, Room 2, they are having higher concentration of
TSP.

Similarly, at 16 BL you can see this Room 1 is having almost a similar TSP, but the this outdoor
and the Room 2 and outdoor they are having more concentration of TSP that means this TSP
maybe coming from outdoor into the Room 2 that may be one reason means we have to look at

the real site.
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Indoor Air Quality Measurement Results before

Improvement (total suspended particulate)

-

*  The measurement results of 08-KI (141.3 ug/m?) and
16-BL (166.7 pg/m?) facilities were very high. Q von

*  The surrounding areas of 08-KI and 16-BL are industrial - < x4 \/“\/"
and commercial areas, and it is understood that the v o
outside air is polluted by the influence of dust from i
surrounding construction sites and factories, as well as
a lot of vehicle flow.

*  Other 01-FU room 2, 02-DO room 1, 10-HO room 1, 11-
OR room 1 and 12-AM room 2 exceeded the standard
value of 100 pg/m*

Source: Arar et al,, 2021

So, if we compare these total suspended particulate matter related data, you will find that 16 BL

facility is having high concentrations of TSP and 08 KI also they are because these facilities are
nearer to industrial and commercial areas basically. So, TSP sources may be from those industrial
activities or commercial activities. So, we have to take care maybe some measures have to be

adopted to reduce the inflow of TSP from the outdoor environment.

So the influence of the dust has to be reduced surrounding construction sites or factories may be
there and the low vehicle flow maybe they are so, those kinds of interventions are required to

reduce the TSP concentration into the indoor environment.
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Indoor Air Quality Measurement Results before Improvement
(total volatile organic compounds)

~-Ostor ~@=Rom!  Room? ¢ TVOC concentration in
each room and

140 outside air before

P improvement (WHO
3 Jossinsiag Standard: 400 pg/m?).

Source: Arar et al,, 2021

So, in case of this total volatile organic compounds, this WHO prescribed standard is 400

micrograms per cubic meter and this is the line you can see here. So, again we find there is TVOCs
exceeding at several facilities or Room s of the nurseries, you can see here and this 02 - DO and
then 05 - KA and it is very high concentration of TVOC here both Room 1 and Room 2. Although,

outdoor air concentrations of TVOC are less than the prescribed one.
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Indoor Air Quality Measurement Results before
Improvement (total volatile organic compounds)

* The TVOC concentration in the outside air of the » e
target facilities was 512.89 pg/m? in the case of -
the 16-BL, indicating a higher level of pollution. o weg \
* It was measured that 8 out of 16 facilities (02-DO, ' /\/\"*\/\v/ i
05-KA, 07-LL, 08-KI, 09-AK, 14-RO, 15-GA) and 12 Ty
out of 32 classrooms exceeded the recommended
standards.

* The place with the highest level of TVOC pollution

was found to be Room 1 and Room 2 of the 15-GA
facility.

Source: Arar et al,, 2021




Indoor Air Quality Measurement Results before
Improvement (formaldehyde)

¢ CH,0 concentration in
each room and outside
air before
;;:Ou ;;:*dﬂ'd improvement (WHO
Standard: 100 pg/m?).

Formal detwde (O4,0)

Source: Arar et al,, 2021

So, you can see the comparison the 16 BL facility indicating higher concentrations of TVOC and

other places also in Room 1 and Room 2 you can find here higher concentrations of TVOC. If
we compare the formaldehyde with the measurement data and the WHO standards, WHO standard
is around 100 micrograms per cubic meter, you can see here this dotted line and we have observed
or measured means, we have taken from the case study. So, those researchers who have measured

these data we can compare.

So, in many facilities or sites, the concentration observed of indoor environment as well as outdoor
is less than the prescribed limit although here this outdoor is having almost a similar to the
prescribed limit, but here it is exceeding both outdoor as well as indoor environment and in these
facilities like 11 - OR and 12 - AM. So, these facilities also having higher concentrations like in
Room 2 or Room 1 as well as in outdoor particularly in this particular location and again here

also it is exceeding.
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Indoor Air Quality Measurement Results before

Improvement (formaldehyde)

* The CH,0 concentrations in the outside air of 02-DO, e
07-LL, and 12-AM were 99.64 pg/m?, 132.8 pg/m?, and o
234.2 pg/m’, respectively, and the degree of ' b
contamination was serious compared to other . f \ /\
A A

nurseries.

*  Places that exceeded the WHO IAQ standard of 100
ug/m?were; 07-LL, 11-OR, 12-AM, and 15-GA.

* Inthe case of 11-OR and 15-GA, the indoor CH,0
concentration is higher than the outdoor air, so it is
judged that they are contaminated by various finishing
materials and CH,0 emitted from teaching materials.

Source: Arar et al,, 2021

So, we have to look into those facilities, whether in nearby areas some sources are there of the

formaldehyde or majority of the formaldehyde basically comes from furnishing and other indoor
environment basically. So, we have to look into those localized sources and can we do something
through purification or through ventilation can we reduce them. So, you can look into these
comparisons and at several locations it was found that formaldehyde is exceeding the prescribed

limit those kinds of you can see here.
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Changes in Indoor Air Pollutants Concentration over Time

(CO,) 2
~ 3000

* Incase of CO,, before school (798.3 ppm), in the " ,“;::
morning after school start (1556 ppm), and in the =; i

afternoon during school (1197.5 ppm) was £ 500
- 0
measured according to time.

* As for the change trend of the CO, concentration
in each nursery room, as shown in the average
concentration change pattern, the concentration
was the lowest before school, and the
concentration increased after school start, and
then decreased again in the afternoon.

Source: Arar etal, 2021




Now, we want to see in whole day how these concentrations vary for different pollutants. For COg,
you can see like 6AM to 9AM, the concentration of CO is this much and then 9AM to 12AM the
concentration has increased like average value was around 798 and now, it has increased average
value around 1556. Then, 12PM to 3PM so, this has reduced up to 1198 ppm. So, basic idea of
this, CO> variation is because when 6AM to 9AM least activities there it is opening and then when
children are coming staff is coming, then CO> acceleration is much more. So, in this particular

time a lot of pollution built up is there and CO> concentration increases.

Then up to 12PM children go and some staff is there. So, slowly this CO. concentration decreases
basically. So, you can see the diurnal variation is there, there is low CO> then it increases, then
again it starts to decrease according to the school time basically.

(Refer Slide Time: 18:17)
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Changes in Indoor Air Pollutants Concentration over Time

(Total Suspended Particulate) 180

160
* The concentration of TSP before school was 1 I
the lowest, and it rose the highest in the & l

morning after school, and then decreased in P
20

the afternoon. 0

85.3 ppm I“ ppm
47.2ppm

— —eo

» o &
* However, the concentration continued to W X &

increase over time in 4 out of 12 nursery © % ol
rooms.

+ The hourly average concentrations were

measured to be 47.2 ug/m?, 85.3 ug/m?, and
65.0 pg/m’, respectively.

T
If we talk about the total suspended particulate matter, similar variation is there as it was observed
in case of CO.. It is less during morning hour 6AM to 9AM, when activities least because children
are not there at 9AM when children comes then doors are opened windows are open. So, the TSP
that may come from the outside also and that this it becomes almost double. Then again after 12PM

when children have gone only staff is there. So, the concentration of this TSP decreases.
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Changes in Indoor Air Pollutants Concentration over Time
(Formaldehyde)

+  The concentration changes with time gradually
decreased with time at all measurement
points, except for one room.

100
350
300
250

+ 200

v e e

* The average concentration of CH,0 by time 10g6pem 96 pom

was 108.6 pg/m? before school, 96.6 pg/m? in
the morning after school start, and 49.4 GAM-9AM 9ANM-12PM 12PM-15PM
pug/m? in the afternoon during school. Max  Min ®Average

Formaldehy de (CH.O)

49.4 ppm

* The concentration of pollutants was reduced
by ventilation after the opening of the
nurseries.

Source: Arar et al,, 2021

Formaldehyde having completely different pattern 6AM to 9AM very high concentration of

formaldehyde is there inside. And when a school is open, then formaldehyde concentration goes
down and further it goes down up to 3PM. The basic reason is because formaldehyde sources are
inside the those Room s of the nurseries because of furniture because of paint or those whatever
sources of those formaldehyde is there. So, there is no ventilation whole night it is closed. So, the
buildup of formaldehyde is there, and when those measurements were taken from 6PM to 9AM.

So, high concentration of formaldehyde was observed.

But later on when ventilation came into effect, because the Room s were opened and then because
of dispersion and diffusion through air movement this decrease of the formaldehyde have been

observed.
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Changes in Indoor Air Pollutants Concentration over Time
(Total Volatile Organic Compounds) 4000

3500
* TVOC concentrations, like CH,0, gradually 3000
decreased over time. g 2500
> 2000
* The concentration changes with time were = 1500 ——
969.2 pg/m?, 558.9 pg/m?, and 466.6 pg/m?, 1000 .

. SO0
respectively, on average. : 494405

* The room with the highest TVOC measurement OAM-9AM. 9AM-12PM 12PM-15PM
was the same as the room with the highest Max  Min @ Average
CH,0.

* The maximum measured values were 3364.86
pg/m?, 1268.15 pg/m?, and 1109.31 pg/m*

Source: Arar et al,, 2021

The similar pattern have been observed in case of total volatile organic compounds TVOC. So,

again, VOCs are also emitted in large quantity from inside sources, whether paints or furniture and
other kinds of activities. So, the same pattern is there because the concentration built up during
night there is all things are closed, windows are closed doors are closed. So, there is no escape
route for formaldehyde and this totally VOC volatile organic compounds, that is why they are high
in concentration and then later on they goes down.
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AQ Improvement Installations in Nurseries
The improvement plan for indoor air quality carried out in <

this study are
+ Installation of fan air purifier (AP) tg'remove indoor air -
pollutants.

*  Change §f building materials (BM) to remove
pollutants (replacement with finishing materials that
emit less polluta

The improvement work was determined in consideration
of the indoor air quality measurement results, the
manager’s opinion, and the situation of the nurseries.

Source: Arar et al,, 2021 mage: Philips.co.in




Now, so then it was discussed with those nursery managers and some improvement installations
were installed inside the nurseries. So, some nurseries were taken for like installation of air purifier
so, that purification, activity could be done through certain devices. Some other nurseries were
taken to like changes in the building material furnishing material, so that we could compare if

some change is made, so, how much improvement in the indoor air quality is there.

So, some lot, some group of the nurseries were provided only air purifiers, some were not provided
air purifiers, but changes were made into building material and other group were like installation
of new ventilation system. So, three groups were divided and three, interventions were made in
terms of application of air purifier or changing the building material inside the indoor environment

and installing new ventilation system.
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AQ Improvement Installations in Nurseries

Numbe
Group  Improvement Methods Target Nurseries s

%y (Nurseries/Rooms)
J 01£0,02:00, 03W0, 04,

AP o 05KA, /
G Installation of Air Purifier 06.CR, 07-LL 08:K1, 094K 1016

/ 10-HO
BM J ChangeoI.BUEd'ng 11.0R, 124, 1308 %
Group y Materials
NV \_/ Installaulon.ofNew 1480, 15.GA. 16.6L %
Group Ventilation

Source: Arar et al, 2021 mage: medium com

So, now you can see like this one was this air purifier group, then building metal related group and

new ventilation group. So, in this air purifier group, basically out of 16, 10 nurseries were provided
and out of 6 facilities, into three change of the building metrics were made, and our remaining

three and these installation of new ventilations were and showed or made.
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AQ Improvement Installations in Nurseries

* Group A consisted of a total of 10 nurseries (01-FU-10-
HO), where air purifiers were installed.

* The air purifier is the most preferred improvement plan
by facility managers because of the ease of installation.

*+ The device was adapted to the size of the nursery so that
the children could use it continuously while they were in
the room.

¢ The installed air purifier has a built-in deodorizing filter
that removes odors and indoor air pollutants and an
anti-virus HEPA filter that can filter out more than 99.9%
of 0.3 g fine particles.

Source: Arar et 3, 2021 mage: afintl.com

So, you can see now the effect of these air quality improvement installations. So, group A like

total 10 nurseries the number is given and then these air purifiers were run by those electric power.
And they could do like filters were there HEPA filter and odor could be reduced because of they
are having that kind of filter which has property of antivirus, you can see antivirus HEPA filters.
So, odor remover was there plus particulate matter was removed in up to 0.3 microgram fine
particles were removed basically. So, basically this air purifiers were of that nature, which could

remove odor as well as very fine particles up to 99.9 percent removal was there.
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AQ Improvement Installations in Nurseries

*+ Group B, which is a change of finishing materials,
targeted 11-OR and 12-AM nurseries with CH,0
concentrations higher than the standard, and 13-DR
nursery that were very old and poorly managed.

+ As for the replaced eco-friendly building materials,
the best certified materials were used with the
emission of CH,0 and TVOC less than 0.015 mg/m? h
and 0.1 mg/m? h, respectively, through the chamber
test.

+ Infacilities 11-OR and 13-DR, wallpapers were
replaced on the four sides of the nursery room walls,
and in 12-AM, the flooring materials were changed.

Source: Arar et al,, 2021 mage: ecofriendiyguides.com




AQ Improvement Installations in Nurseries

* InGroup C, which is expected to be most effective
in improving indoor air quality, new ventilation
equipment was installed.

+ The ventilation system is a method of supplying
and exhausting 250 CMH (Cubic Meter per Hour)
of frestrairinto the room through a diffuser
capable of temperature/humidity control and a
filter.

* One device was installed in each nursery room so
that natural and mechanical ventilation were
performed simultaneously.

Source: Arar et al,, 2021 mage: ny-engineers.com

Then in Group B the change of finishing materials were made inside those Room s or facilities.
So, ecofriendly building materials were used in place of the old conventional ones. So that like
least amount of these VOCs or formaldehyde could be emitted from those particular new material

which are ecofriendly.

And then the group C were related to ventilation systems. So, new ventilation system was provided
and the system was related to like this exhaust system around 250 cubic meter per hour fresh air
could be taken into the indoor environment. So, diffusion could be ensured properly and the

temperature humidity control could be also provided with this kind of ventilation system.

(Refer Slide Time: 23:41)

Comparison of IAQ According to Improvement Methods

*Tounderstand the degree of improvement in indoor air
quality according to the improvement work in Group A=
Group C, the concentrations before and after
improvement were compared for each nursery.

¢ The degree of improvement was expressed as a
percentage before and after the improvement using the
following equation.

anm(an)

*m,: Measurement Results after Iniprovement

*m,: Measurement Results before Improvement

Source: Arar et al,, 2021




So, means then comparison was made that the readings were of those pollutants before the
installation of any method whether air purifier or new ventilation or the building material. So, what
was the concentration of a particular pollutant before that installation and what was the
concentration of that pollutant after those measurements were taken into account. So, the
difference of that divided by the measurement results before the improvement and multiplied by

100. So, how much percentage reduction rate is there that could be easily measured.

(Refer Slide Time: 24:22)
e

Nurseries with the Installation of Air Purifier

*  The average reduction rate of pollutant concentration in
nursery rooms with air purifiers was the highest in TVOC
at 46.31% compared to before improvement.

ot 424
*  Next, TSP was 21.7%, CO, was 18.16%, and CH,0 was

nx -,  —

* The concentgatjdns of CH,0 and TVOC in 09-AK were
84.9% and 86.4% in Room 1, and 91.0% and 96.7% in
Room 2, respectively, showing the highest concentration
reduction rates.

*+ (0, concentration was reduced by 60.9% in Room 1 and
64.2% in Room 2.

Source: Arar et al,, 2021

Nurseries with the Installation of Air Purifier

Source: Arar et al,, 2021

So, you could see like around in when this air purifier was installed around 46.3 percent TVOC

highest TVOC removal was absorbed basically in certain locations and the TSP was removed or



reduced around 21.7 percent CO. was around 18.6 percent. So, air purifier was very good in case
of TVOC total volatile organic compounds. The reduction maximum was observed above 46.31
percent. Then 64.2 percent in Room 2 and 60.9 percent in Room 1 this CO concentration was
observed. So, that way in different facilities, different reduction of different pollutants were

observed.

The concentration of the formaldehyde and TVOC in this facility 09 AK were around 84.9 percent
86.4 percent in Room 1, 91 percent and 96 percent in the Room 2 respectively. So, showing highest
concentration reduction rate. So, different pollutants had different reduction rates, different
facilities in nurseries as well as rooms. You can see like 91.6 percent of the removal of these TVOC

highest percentage there in some percentage 64 and other like 96 to 91 you can observe.

(Refer Slide Time: 25:43)
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Nurseries with Building Material Change
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* In case of using a finishing material certified with a low
emission of pollutants, the concentrations of
Formaldehyde (CH,0) and TVOC after improvement were
significantly lower than before improvement in all six
nurseries.

* Inthe 11-OR-1 room, the decrease rate of CH,0
concentration was -498.3%, which was about 5 times
lower than before the improvement, and the decrease
rate of TVOC concentration in L2 was -812.8%, which was
about eight times lower.

*  The average reduction rates of CH,0 and TVOC were
-178.6% and -380.7%, respectively.

Source: Arar et al,, 2021




Nurseries with New Ventilation Installation
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Source: Arar et al,, 2021

Then in building material changes, so, they again could see the average reduction rate of

formaldehyde and TVOC around 178 percent or 380 percent means. This is huge reduction,
basically, in case of formaldehyde and in total volatile compounds by changing the building
materials. Because, those are the basic sources of these volatile organic compounds and
formaldehyde. So, you can see these kinds of changes reductions were very high in the in those

cases.

(Refer Slide Time: 26:13)
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Nurseries with New Ventilation Installation
* In case of Formaldehyde (CH,0), the 15-GA-2 room

showed the highest reduction rate of 79.7%.

*  The lowest measured case was 17.46% in the 16-BL-
1 room, and the average reduction rate was 53.5%,
so the concentration was reduced most effectively
among pollutants.

*+The TVOC concentration decreased the second most
with an average decrease rate of 52.94% before and
after improvement. =

Source: Arar et al,, 2021




Nurseries with New Ventilation Installation
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* Incase of CO,, the concentration reduction rate was
relatively low, and the concentration increased after
improvement in three of six rooms (nursery 14, 15, and
16), indicating that the reduction effect by installing
ventilation facilities was the least in those rooms.

* Compared to other improvement methods for CO,
reduction, new ventilatioresyste has the highest
efficiency (75.2%) @

Source: Arar et al,, 2021

When new ventilation system was installed in certain groups in certain facilities. So, around this

formaldehyde reduction was 79 percent TVOC reduction was around 52.94 percent. So, different
facilities have different effects, because they were exclusive, it was not that the same facility was
provided with all these three installations at different locations, so that we could compare the
effectiveness of these systems in particular facility. But different groups were there and we could
see their effectiveness or their efficacy. You can see here this 75 percent efficacy or efficiency of

CO:2 reduction is there by new ventilation system, in particular, this 15 GA 2 facility.

(Refer Slide Time: 27:00)
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Conclusion

+  Compared to other improvement methods, air purifier has the
highest efficiency (96.68%) at 09-AK-2.

*  Asaresult of the air quality measurement before and after
improvement, the TVOC concentration decreased significantly to
46.4% and the TSP concentration decreased by 21.7% in the
nursery room with air purifier installation.

*Incase of nurseries with ventilation facilities, the CH,0
concentration showed the highest reduction rate of 53.5% after
improvement. The TVOC and TSP concentrations were reduced by
52.9% and 36.7%, respectively.

*  Asaway toimprove indoor air quality in nurseries, the most
effective way to reduce the concentration of pollutants was the
installation of a ventilation system, followed by an air purifier.




So, in conclusion, we can say that, the nursery is indoor environment is very important to ensure
the good air quality. And there are methods, whether it is through ventilation, or through air
purifiers or changing the furnishing, building furnishing material, so that we can improve the air
quality. And this case study gives us insight that which kind of intervention could really target
which particular pollutant inside the micro environment. So, that way you can have good insight
and information based on this nursery related case study and it can be replicated into other kinds

of setups or micro environment. So, this is all for today.

(Refer Slide Time: 27:49)
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