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ABSTRACT

Considerable number of studies show a favourable impact of vegetation and an
adverse impact of synthetic built environment on urban micro-climates. Despite these
findings, people eradicate these favourable micro-climatic features for built purposes.
In the past few decades suburbs of the Colombo, the capital city of Sri Lanka, was
subjected to a rapid development mainly for residential purposes. As a result, paddy
fields, marshy lands and large tree canopies have been converted to a built
environment with scattered green patches. This study was aimed at determination of

the impact of micro-climatic features on air quality and thermal comfort.

Air quality investigations were carried out in five residential buildings which were
selected based on the surrounding micro-climatic features. Indoor concentrations of
CO,, NOy, PM;5, CO, VOC, temperature, relative humidity and wind speeds were
measured during the day time from 9.00 AM to 4.00 PM in each sample building.
The results were checked against the air quality standards and an attempt has been

made tc
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The res , \ cceptable range
except for peaking of PM, s concentration beyond the threshold time to time. Lower
levels of temperature and CO, concentration were observed with good micro-
climatic features. Decrease of PM,s concentration was also detected with the
increase of distance to the main road and vegetation cover. These findings will
benefit the township planning in terms of preserving the air quality and thermal

comfort levels in suburbs.

Key Words: Indoor Air Quality, Micro-climate, Suburb, Thermal Comfort
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1.

1.1.

CHAPTER ONE: INTRODUCTION

BACKGROUND

Vegetation affects the micro-climate in terms of balancing the temperature,
relative humidity and several air pollutant levels in the atmosphere. The increase
of temperature in built environment relative to surrounding rural environment,
which is termed as the urban heat island effect, is mainly caused by the trapped
long-wave heat radiation which is emitted by the heated man-made structures.
Vegetation reduces this long-wave radiation by lowering the temperature of the
structure through shading. It converts the net radiation into latent heat other than
the sensible heat through evapotranspiration. Conversely, water bodies also
transform the solar radiation into latent heat through evaporation. Moreover,
water bodies reflect a considerable fraction of short-wave radiation to the upper

atmosphere. Thus vegetation and water bodies help to create a better micro-

climate in

T

=
A numBeEPof hoth .experimeptal and howed that the
veg armal comfort in

the urban areas. The presence of vegetation has also resulted in lowering the
energy demand. It was found that the outdoor vegetation can reduce the levels of
air pollutants by plant absorption and adsorption. Special attention has been paid
to find the reduction in Carbon Dioxide (CO,) concentration since vegetation
utilizes CO, for photosynthesis. Despite these findings, people eradicate these

favourable micro-climates for built purposes.

In the past few decades suburbs of the Colombo, the capital city of Sri Lanka,
have been drawn the attraction for residential development. These suburbs which
were once abandoned with large tree canopies have now been converted to built
environment with scattered small green patches. With the attraction drawn to
suburbs, the land prices have gone up rapidly persuading people to use maximum

extent of their land for built purposes. Thus the paddy fields and the marshy



lands which had an immense biodiversity have also been replaced with buildable
lands. Moreover, the extent of the water bodies have downsized due to the lack
of maintenance and less attention paid to the importance of these micro-climatic

features in maintaining the air quality and thermal comfort.

This study is designed to find out the current status of the suburbs with respect to
air quality and thermal comfort since the rapid urbanization can increase the level
of air pollutants and temperature. The effect of several micro-climatic features

has also been studied to suggest some remedial measures.

1.2. RESEARCH PROBLEM

During the last few decades, people have experienced the regular reduction of

thermal comfort and detoriation of air quality in their surrounding environment.

At | > suffering from
thermal 94@, ymfort and Sick-building syndrome
At first glas jes. However by

deep analyzing it can be proved that it is caused due to the destroying of the
natural environment by human activities. Because of modernization, the natural
world has faced a threat. People have failed to notice that the surrounding
microclimate gives more benefits to them in terms of thermal comfort and air
quality. Green barriers will filter the thermal radiations, air-borne pollutants as
well as reduce greenhouse gas emissions. Unless people manage to stop the rapid
destruction of the green areas, there will be trouble in surviving in a polluted

environment in future.



1.3.

1.4.

OBJECTIVES

The main objectives of this study are;

e To evaluate the air quality in suburban residential buildings.

e To study the effect of micro-climatic features (vegetation) on indoor air
quality.

e To suggest measures for controlling the high concentrated air quality

contaminants.

SIGNIFICANCE OF STUDY

The results of this study will provide some insights and information on present
suburbs air quality levels with permissible levels of pollutants comparatively.
Further it will show how to improve the effects of thermal discomfort and
depreciatgd air quality with the presence of better micro climatic features.

The resedi@h is concentrate only, onthe indoor air quality and thermal comfort
due to m|C|o climatic condition of a house and its surround in suburb area.
However these conditions could be influenced by many other factors in the
surrounding environment such as situation of forest or natural water body within
the area, level of urbanization such as construction of Roads, buildings etc.,
change of the life style such as vehicular density, their movement intensity etc.
And the types of trees are also not analyzed in this study. It is considered that all
types of trees contribute in similar weight to the environment for thermal
satisfaction and air borne pollutant reduction. On the other hand global climatic

condition influences in macro manner could not be account to this research.



2. CHAPTER TWO: LITERATURE REVIEW

2.1. Urban heat island

An urban heat island (UHI) is a city that is significantly warmer than its surrounding
rural areas due to human activities. It is mainly caused from the modification of land
surfaces, which use materials that effectively store short-wave radiation [1]. Waste
heat generated by energy usage is a secondary contributor for making a heat island
[2]. With the increase in the population density focusing from city centre, the
affected land area will expand and increase the average temperature. The heat island
refers to any area, whether populated or not, which is consistently hotter than the

surrounding area.

2.1.1. Causes for Urban Heat Island Effect

Urban heaifgsteind effect is causéd.due to several reasons. The principal reason for the
night timesm@¥ming, is-that:ithe - short-wa in the concrete,
asphalt, yurban and rural

areas. This energy is then slowly released during the night as long-wave radiation,
making cooling a slow process [1]. Two other reasons are changes in the thermal
properties of surface materials and lack of evapotranspiration due to lack of
vegetation in urban areas. With a decreased amount of vegetation, cities also lose the
shade and cooling effect of trees, the low albedo of their leaves, and the removal of
carbon dioxide [3]. Materials commonly used in urban areas for pavement and roofs,
such as concrete and asphalt, have significantly different thermal bulk and surface
radiative properties than the surrounding rural areas. This causes a change in the
energy balance of the urban area, often leading to higher temperatures than

surrounding rural areas [4].


http://en.wikipedia.org/wiki/Rural_area
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http://en.wikipedia.org/wiki/Energy_economics

Geometric effects are also a cause for the urban heat island. Because tall buildings in
urban areas have multiple surfaces for the reflection and absorption of sunlight, they
increase the efficiency of heating the urban areas. This is known as "urban canyon
effect” [5]. Another effect of buildings is the blocking of wind, which also inhibits
cooling by convection and pollution from dissipating. Waste heat from automobiles,
air conditioners, industry, and other sources also contribute to the urban heat island
[2]. High levels of pollution in urban areas can also increase the urban heat island, as

many forms of pollution change the radiative properties of the atmosphere [4].

A comparison of the following images shows that where vegetation is dense,

temperatures are lower.
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Figure 2-1: Thermal (left) and vegetation (right) locations around New York City via

infrared satellite imagery.

2.1.2. Impact on species

Some animals are colonized better with the conditions of urban heat islands. Ant
colonies and flies colonies in urban heat islands have increased the colonized
behaviour outside of their normal range. Some species, example Grey-headed Flying
Fox (Pteropus Poliocephalus) and the Common House Gecko, can utilize the

conditions provided by urban heat islands to improve their breeding strategies [6].


http://en.wikipedia.org/wiki/Urban_canyon
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http://en.wikipedia.org/wiki/Hemidactylus
http://en.wikipedia.org/wiki/File:Newyork_heat_island.jpg
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Grey-headed Flying Fox, found in Melbourne Australia, has colonized urban habitats
following the increase in temperatures there [6].

With hot climates, urban heat islands will extend the growing season, therefore
altering the breeding strategies of inhabiting species [7]. This can be seen best in the
effects that urban heat islands have on water temperature [7]. As temperature of the
nearby buildings has increased, surface air temperature will increase and
precipitation will warm rapidly. This causes excessive thermal pollution to the water
bodies due to the warm, rapid runoff. The increase in the thermal pollution has the
ability to increase water temperature by 20 to 30 degrees [8]. This increase will cause
the fish species inhabiting the body of water to undergo thermal stress and shock due

to the rapid change in temperature to their climate [8].

Within urban habitats, insects are more abundant than in rural areas. Normally
insects control their body temperature relevant to the environment temperature,
called as Ectotherms Insects prefer warmer climates to thrive. A study done in
Raleigh, Ngﬁp Carolina, “conducted on™ Parthenolécanidm quercifex (oak scales),
showed that thls particular .species preferred warmer climates and was therefore
found in hlgher abundance in the urban habitats than on oak trees in rural habitats.
Over time of living in urban habitats, they have adapted to thrive in warmer climates

than in cooler [9].

Some non-native species like more to living in human activity areas. For example,
populations of cliff swallows prefer to make their nests under the eaves of homes in
urban habitats. They make their homes using the shelter provided by the humans. It

has given them the protection and reduced the threat of predators.
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2.1.3. Impacts on weather and climate

Urban heat island is directly affected to the local meteorology. It includes the altering
of local wind patterns, the development of clouds and fog, the humidity, and the rates
of precipitation. The extra heat created in the urban heat island can induce additional
showers and thunderstorm activity. In addition, the urban heat island creates during
the day a local low pressure area where relatively moist air from its rural
surroundings converges, possibly leading to more favorable conditions for cloud
formation [10]. It increases the rainfall rates in downwind of cities. Some cities show
a total precipitation increase by 50%.

2.1.4. Health effects

Urban heat island has directly influenced the health and welfare of urban residents.

Within ach year due to
o & Wi PR M A A SR @ LV el s b Al IS H H H
extreme -?tﬂ iACres _ L ity, it results in
increase ofAB¥Magnitude and duration of | ithi y. Research has
found t ntially with the

maximum temperature [11], an effect that is intensifying by the urban heat island.

Increased temperatures have been reported to cause heat stroke, heat exhaustion, heat
syncope, and heat cramps [12]. Some studies have also looked at how severe heat
stroke can lead to permanent damage to organ systems [12]. This damage can
increase the risk of early mortality because the damage can cause severe impairment
in organ function [12]. Other complications of heat stroke include respiratory distress
syndrome in adults and disseminated intravascular coagulation [13]. Some
researchers have noted that any compromise to the human body's ability to
thermoregulate would in theory increase risk of mortality [12]. This includes
illnesses that may affect a person's mobility, awareness, or behavior [12].
Researchers have noted that individuals with cognitive health issues (e.g. depression,

dementia, Parkinson's disease) are more at risk when faced with high temperatures
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http://en.wikipedia.org/wiki/Depression_(mood)
http://en.wikipedia.org/wiki/Dementia
http://en.wikipedia.org/wiki/Parkinson%27s_disease

and "need to take extra care" as cognitive performance has been shown to be
differentially affected by heat [12][13]. People with diabetes, are overweight, have
sleep deprivation, or have cardiovascular/cerebrovascular conditions should avoid
too much heat exposure [12][13]. Some common medications that take for
thermoregulation can also increase the risk of mortality. Specific examples include
anticholinergics, diuretics, phenotiazines and barbiturates [12][13]. Not only health,
but heat can also affect behavior. A United State study suggests that heat can make
people more irritable and aggressive, noting that violent crimes increased by 4.58 out

of 100,000 for every one-degree increase in temperature [14].

A researcher found that high urban heat island intensity correlates with increased
concentrations of air pollutants that gathered at night, which can affect the next day's
air quality [14]. These pollutants include volatile organic compounds, carbon
monoxide, nitrogen oxides, and particulate matter [13]. The production of these

pollutants combined with the higher temperatures in UHIs can quicken the

product 0 be a harmful
pollutar .)%h‘%ix Uggest that increased temperatures in UHIS Can not only increase
pollutec !ay_fsfb! Iso that other factors, { ' ‘ ser, wind speed)
can also have a

There are some studies show that the possibility of health impact from urban heat
island effect is not proportionate because of its uneven distribution based on various
factors such as age, ethnicity and socioeconomic status [13]. Therefore this raises the
possibility of health impacts from urban heat island being an environmental justice

issue.

2.1.5. Impact on nearby water bodies

Urban heat island effects also reduce the water quality. Hot pavement and rooftop

surfaces transfer their excess heat to storm water, and then drains into storm sewers

and raises water temperatures. This temperature is released into streams, rivers,


http://en.wikipedia.org/wiki/Anticholinergics
http://en.wikipedia.org/wiki/Diuretics
http://en.wikipedia.org/wiki/Barbiturates
http://en.wikipedia.org/wiki/Air_pollution
http://en.wikipedia.org/wiki/Volatile_organic_compounds
http://en.wikipedia.org/wiki/Carbon_monoxide
http://en.wikipedia.org/wiki/Carbon_monoxide
http://en.wikipedia.org/wiki/Nitrogen_oxides
http://en.wikipedia.org/wiki/Particulates
http://en.wikipedia.org/wiki/Ozone
http://en.wikipedia.org/wiki/Atmospheric_pressure
http://en.wikipedia.org/wiki/Cloud_cover
http://en.wikipedia.org/wiki/Wind_speed
http://en.wikipedia.org/wiki/Environmental_justice

ponds, and lakes. Additionally, increased urban water body temperatures lead to
decrease the diversity in the water. In August 2001, rains over Cedar Rapids, lowa
led to a 10.5C (18.9F) rise in the nearby stream within one hour, which led to fish
dying [15]. Since the temperature of the rain was comparatively cool, it could be
attributed to the hot pavement of the city [16]. Rapid temperature changes can be
stressful to aquatic ecosystems. Permeable pavements may mitigate these effects by
percolating water through the pavement into subsurface storage areas where it can

dissipate through absorption and evaporation [17].

2.1.6. Impact due to tree canopy cover

Tree canopies have considerable effect to the urban heat island effect because they

reduce air temperatures by 10 degrees, and surface temperatures by up to 20-45

degrees [18][19]. The land cover with urban heat island effect contains different

range ( /e the financial
resourc ;%@Qg“é ind maintain’ trees and Wealthy people“can ‘afford more trees, on
both pu ‘Céﬁd [ propeyty

2.1.7. Impact on energy usage

The energy usage becomes higher with the effect of urban heat islands. It has
increased energy required for air conditioning and refrigeration in cities that are in
comparatively hot climates. The Heat Island Group estimates that the heat island
effect costs in Los Angeles about US$ 100 million per year in energy [20].
Conversely, those that are in cold climates would have less demand for heating.
However, through the implementation of heat island reduction strategies, the net

energy can be saved significantly.
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2.1.8. Mitigation

The temperature difference between urban areas and the surrounding suburban or
rural areas are normally around 5 °C and nearly 40 percent of that increase is due to
the existence of dark roofs and dark-colored pavement [21]. The heat island effect
can be reduced slightly by using white or reflective materials to build houses, roofs,
pavements, and roads, thus increasing the overall albedo, reflecting power of a
surface, of the city [21]. A cool roof made from a reflective material such as vinyl
reflects at least 75 percent of the sun's rays, and emit at least 70 percent of the solar
radiation absorbed by the building envelope. Asphalt built-up roofs (BUR), by

comparison, reflect 6 percent to 26 percent of solar radiation [22].

Light-colored concrete has reflected capacity up to 50% more light than asphalt and
reducing ambient temperature [18]. Black asphalt has a low albedo value, absorbs a

large percentage of solar heat and create warmer environment. However, research

into the _ has found that,
unless 1 rgea,r; uildings dre fitted 'With reflective glass, sofar radiation reflected
off light-cotored S4C crease, building t increase the air
conditionin “de

By increasing the amount of vegetation, environmental temperature can be
minimized. Green roofs are excellent insulators during the warm weather months and
the plants cool the surrounding environment. Air quality is improved as the plants
absorb carbon dioxide parallel with production of oxygen. The city of New York
determined that the cooling potential per area was highest for street trees, rooftops,

light covered surface, and open space planting [24].

A hypothetical "cool communities” program in Los Angeles has projected that urban
temperatures could be reduced by approximately 3 °C after planting ten million trees,
reroofing five million homes, and painting one-quarter of the roads at an estimated

cost of US$1 billion, giving estimated annual benefits of US$170 million from

-10 -


https://en.wikipedia.org/wiki/Albedo
https://en.wikipedia.org/wiki/Cool_roof
https://en.wikipedia.org/wiki/Los_Angeles

reduced air-conditioning costs and US$360 million in smog related health savings
[25].

2.1.9. Mitigation strategies
a) White roofs

Painting rooftops white has become a common strategy to reduce the heat island
effect [26]. In cities, there are many dark colored surfaces that absorb the heat of the
sun in turn lowering the albedo of the city [26]. White rooftops allow high solar
reflectance and high solar emittance, increasing the albedo of the city or area the

effect is occurring [26].

b) Green roofs

=), : .

Green rootgrade’ another method of decreasing the urban heat island effect. Green
roof is the bfé(:tice of having vegetation on a roof; such as having trees or a garden.
The plants that are on the roof increase the albedo and decrease the urban heat island
effect [26].

c) Planting trees in cities
Planting trees around the city can be another way of increasing albedo and

decreasing the urban heat island effect. Trees absorb carbon dioxide, add oxygen to

the air and provide a shade. It also gives nice visuals to visitors.
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d) Green building programs

Conducting the green building programs is one of the best ways of mitigation from
the heat island effect. It is conducted under the supervision of Green Building
Councils. In Sri Lanka it is conducted by Green Building Council of Sri Lanka
(GBCSL). Certification for Leadership in Energy and Environmental Design (LEED)
has been given by US Green Building Council. Green Building Rating System is
used to quantify the impact on nature by reducing heat islands, minimizing impacts
on microclimates and human and wildlife habitats. Credits add for reflective roofing
or planted roofs to achieve LEED certification. Buildings also receive credits by
providing shade. The Green building Program has awarded points to sites that take
measures to decrease a building's energy consumption and reduce the heat island
effect. More credit points can be received to the sites with roof coverage from

vegetation, highly reflective materials, or a combination of the two.
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a) oo o ple

Many people living in the urban areas do not have forests or thick green covered
areas but they have access to parks and green gardens in their areas. Sometimes it
may be the only connection that they have with nature. A study shows that having
contact with nature helps promote our health and well-being. People who had access
to gardens or parks were found to be healthier than those who did not [27]. Another
study was done to investigate whether or not the viewing of natural scenery may
influence the recovery of people after undergoing surgeries and found that people in
hospitals who had a window with a scenic view had not disappointed or negative

comments [28].
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b) Tree planting as empowerment and community building

Besides the gaining of money for their plantation, tree planting people have an
opportunity to come together, build capacity, community pride and the opportunity to

collaborate and network with each other. It has caused to improve their living status.

c) Green roofs as food production

Today food scarcity is the burning issue in the world. Lands available for food
production is limiting day to day with growing population. Growing food on rooftops
is one of the best options for fast growing communities in the urbanized city.

d) Green roofs and biodiversity of the species

Green roofs are important for some species because they allow organisms to inhabit
the new garg;egl When maximizing-the oppartunities provided to the species to attract
to a green'f@adythe diversity: of the garden becomes wider. By planting a wide array
of plants, dif}érent kinds of invertebrate species will be able to colonize, they will be

provided with foraging sources and habitat opportunities [29].

e) Urban forests and a cleaner atmosphere

Trees provide many benefits to the surrounding environment such as absorbing
carbon dioxide, and other pollutants. Also they provide shade and reduce ozone
emissions from vehicles. By having many trees, we can cool the city heat by
approximately 10 degrees to 20 degrees, which will help reducing ozone and helping
communities that are mostly affected by the effects of climate change and urban heat
islands [30].
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2.2. Microclimate

A microclimate is a local atmospheric climate zone where the climate of the zone
clearly differs from the climate of surrounding area. It may be warmer or colder,
wetter or drier. The micro climatic areas can be defined as small as a few square feet

as a home garden or as large as many square meters.

Microclimates can be found in most places. Microclimates exist near the water
bodies which may cool the local atmosphere, or in heavily urban areas where brick,
concrete, and asphalt absorb the sun's energy, heat up, and reradiate that heat to the
ambient air, the resulting urban heat island is a kind of microclimate. Microclimate
can occur around the artificially modified ground which is made out of tar or
concrete, because these are man made objects, they do not take in much heat, they
mainly reradiate it.

Tempel climate within a

certain agga;

L

2.2.1. Advantages of Microclimate

The microclimate in an artificially developed industrial park may vary greatly from a
greenery natural park. Flora in natural parks absorbs light and heat with their leaves.
In contrast a building or parking lot in developed industrial parks heat radiates back
into the air. To reduce the unnecessary heating, the wide spread solar energy can be
collected to mitigate overheating of urban environments, and it can be put to
necessary work instead of heating the foreign surface objects.

A small growing region of crops makes separate microclimatic area that cannot
thrive in the broader area; this concept is often used in agricultural practice.
Microclimates can be used to the advantage of gardeners who carefully choose and

position their plants.
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Tall buildings create their own microclimate, both by overshadowing large areas and
by channeling strong winds to ground level. Wind effects around tall buildings can

be assessed as part of a microclimate study.

Microclimates can be created purposely by making changes to separate parts of the
environments, such as those in a room or other enclosure. It adds more positive
benefits to the user. Microclimates are commonly created and carefully maintained in
reputed and valuable places in the city such as museums and ancient places. This can
be done using passive methods such as with active microclimate control devices or

using silica gel.

2.2.2. Influences on microclimate
a) Vegetation

Vegetation éae.;ds more benefits to the environiment as 1t prevents heat loss and
radiation, regulates the temperature of the soil, filters dust and other particles from
the air and can act as a windbreak or suntrap. Vegetation is naturally adapted to suit
the natural environment to make a better micro climate [32]. Plants in tropical
countries consist of dark, broad leaves to allow maximum absorption of sunlight and
effective transpiration of moisture back into the air. It influences the microclimate in

the immediate vicinity.

b) Soil

The composition of the soil in an area has affected the microclimates. How much
water retains or evaporates from the ground depends on the soil composition. For
example, soils heavy in clay can act like a pavement, moderating the near ground
temperature. On the other hand; if the soil has many air pockets, then the heat could
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be trapped underneath the topsoil, resulting in the increased possibility of frost at the

ground level [33].

Other than the mineral composition of the soil, the degree of coverage affects the
temperature and moisture evaporation. Bare soils reflect more light and heat than soil
that is covered with vegetation.

c) Water

It is not only the moisture level within the soil, but the water stored on the surface of
the land also influences the microclimate. The presence of a large lake or a reservoir
within the region or the presence of a smaller pond or a stream within the garden will
create a moderate climate in the area. This is caused due to the fact that water gains
and loses heat more slowly than land.

The wa sdics add thé moistlre to the air thrbugh' evaporation. This atmospheric

&
moisture captiire: from the sun and makes t [ armer.

d) Topography
The shape of the land has also been found to be influence the microclimate. A
microclimatic influenced topographical feature is slope of the ground. The amount of
solar radiation received depends on the direction of slope. It also impacts on the

temperature and shading of the area.

Small dips and indentations on the ground surface can affect the microclimate. It

forms a collection point for cold air and forms small forest pockets.

The angle of slope is also a major factor to determine the influence of wind and

water on the site. If the land has a steep slope it creates a lot of wind and impacts the
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vegetation on the windward side. It also creates turbulence on the leeward side of the
slope as the wind falls back down on the other side of the slope [34]. In terms of
water, it runs off more quickly in a steeper slope. It has less time to percolate into the

soil and affect the vegetation in that area. And it causes soil erosion on the slope.

e) Artificial Structures

Buildings constructed on a land impact the microclimate by absorbing heat during
the daytime and releasing it at night, deflecting wind, creating sheltered spots and
reflecting sunlight. Some artificial structures also modify the microclimate.
Courtyards and other paved surfaces like driveways, moderate the temperature by
absorbing and releasing heat, while fences and walls can give plants protection,
shade and shelter from wind. Even by placing rock judiciously in the garden has

changed the surrounding microclimate by storing and releasing heat.

-~
£

f*w

2.3. Then

e
Thermal comfort is the condition of mind that feels and expresses satisfaction with
the thermal environment. Thermal comfort level can be assessed by evaluating the
situation according to the ANSI/ASHRAE Standard 55 [35]. Maintaining the
favorable level of thermal comfort for occupants of buildings or other enclosures is
one of the main objectives of HVAC (heating, ventilation, and air conditioning)

design engineers.

Normally heat generates by human metabolism. When allowed to dissipate the heat
generated by human metabolism with thermal equilibrium of surrounding
environment, thermal neutrality can be maintained. The main factors that influence
thermal comfort are those that determine heat gain and loss, namely metabolic rate,
clothing insulation, air temperature, mean radiant temperature, air speed and relative

humidity. Occupants control their thermal environment by means of clothing,
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operable windows, fans, personal heaters, and sun shades [36]. Psychological
parameters such as individual expectations also affect thermal comfort [36].

Thermal comfort levels can be calculated by the Predicted Mean Vote (PMV) model
and the adaptive model. The PMV model can be applied to air conditioned buildings,
while the adaptive model can be generally applied only to buildings where no

mechanical systems have been installed [35].

Similar to ASHRAE Standard 55 there are other comfort standards like EN 15251
[37] and the ISO 7730 standard [38].

2.3.1. Significance of thermal comfort

Working in more favorable thermal comfort environment has caused to increase the
productivity e_md health of the workers. A research found that office workers who are
satisfied Wi?ﬂé_their thermal” environment are "mare productive [39]. Because of the
thermal diéféomfort people  show sick building syndrome symptoms. The
environmeh’t;:t'hat has combination of high temperature and high relative humidity

reduces the thermal comfort and indoor air quality [40].

Although a single static temperature can be comfortable, thermal delight is usually
caused by varying thermal sensations. Many varying indoor conditions occur in
naturally ventilated buildings. These buildings can save energy and create a more
satisfied environment to the occupants [36].

2.3.2. Factors influencing thermal comfort

Thermal satisfaction from person to person has deferred from large variation. It is

difficult to find an optimal temperature for everyone in a given space. Laboratory
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and field data have been collected to define conditions that will be found comfortable
for a specified percentage of occupants [35].

There are six factors that affect the thermal comfort. Some of these factors directly
affect the occupants (Personal factors) and others are influencing the conditions of
the thermal environment (environmental factors). Personal factors are the metabolic
rate and clothing level of insulation. Environmental factors are air temperature, mean

radiant temperature, air speed and humidity.

a) Metabolic rate

People have different metabolic rates that can fluctuate due to activity level and
environmental conditions [41]. According to the ASHRAE 55-2010 Standard,
metabolic rate can be defined as the level of transformation of chemical energy into

heat anrJ morhaninral wvaravl, vy moatahAlin antivitine vanthin an Araan ;r\vv]. MetabO“C rate
is expressed in initsywhichiare ldefinediasi foHows:

=
1 met = 58.2°V/ (18.4" Btu/h-ft2); ‘Which ‘oduced per unit

surface area of an average person seated at rest. The surface area of an average
person is 1.8 m2 (19 ft?) [35].

ASHRAE Standard 55 provides a table of met rates for a variety of activities. Some
common values are 0.7 met for sleeping, 1.0 met for a seated and quiet position, 1.2-
1.4 met for light activities standing, 2.0 met or more for activities that involve
movement, walking, lifting heavy loads or operating machinery. For intermittent
activity, the Standard states that is permissible to use a time-weighted average
metabolic rate if individuals are performing activities that vary over a period of one

hour or less. For longer periods, different metabolic rates must be considered [35].
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According to ASHRAE Handbook of Fundamentals, it is complex to estimate
metabolic rate. If the metabolic rate exceeds 2 or 3 met by performing various
physical activities the accuracy is low. Therefore, the Standard is not applicable for
activities with an average level higher than 2 met. Met values can be calculated more
accurately than the tabulated values in the ASHRAE standard 55 using an empirical
equation that is considered the rate of respiratory oxygen consumption and carbon

dioxide production.

Food and drink habits may have an influence on metabolic rates, which indirectly
influences thermal preferences. These effects may change depending on food and
drink intake [42]. Body shape is another factor that affects thermal comfort. Heat
dissipation depends on body surface area. A tall and skinny person has a larger
surface-to-volume ratio, can dissipate heat more easily, and can tolerate higher
temperatures more than a person with a rounded body shape [42].

The tyr ek 1t of Clothing worrr by cted the thermal
comfort of that person. Thermal insulation worn by a person has influenced the heat
loss and consequently the thermal balance of the person. Thickness of the garment,
layers of insulating clothing and type of material of the garment have helped to keep
a person warm or lead to overheating. Air movement through the cloth and relative

humidity can decrease the insulating ability of the material.

1 clo is equal to 0.155 m2-K/W (0.88 °F-ft2-h/Btu). This corresponds to the clothing
insulation value of a person who wearing a trouser, a long sleeved shirt, and a jacket.
Clothing insulation values for other common garments can be found in ASHRAE 55
[35].
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c) Air temperature

The average temperature of the air surrounding the occupant, with respect to location
and time is defined as air temperature. According to ASHRAE 55 standard, the
spatial average takes into account the ankle, waist and head levels, which vary for
seated or standing occupants. The temporal average is based on three-minute
intervals with at least 18 equally spaced points in time. Air temperature is measured

by a reading of a dry bulb thermometer.

d) Mean radiant temperature

The amount of radiant heat transferred from a surface is the radiant temperature. It
depends on the material’s ability to absorb or emit heat, called as emissivity. The
mean radiant temperature, depends on the temperatures and emissivity of the
surrounding surfaces. As well as the amount of the surface that is seen by the object,

called & S22 1] ACIOr:, Nas also InFlyenced.tne mean.raglan el ature.

g

bl

e) UpMpTiauve wilipciawuil ©

Operative temperature gives the combine effect due to air temperature and mean
radiant temperature. It is often approximated as the average of the air dry-bulb
temperature and of the mean radiant temperature at the given place in a room.
Sometimes the operative temperature can be simplified as only the air temperature

when the building has low thermal mass.
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f) Air speed

Air speed is defined as the rate of air movement at a point, without regard to
direction. According to ANSI/ASHRAE Standard 55, it is the average speed of the
air to which the body is exposed, with respect to location and time. Normally Air
speed is not uniform. Some places have strong non-uniform velocity field and
consequently change the skin heat losses. Therefore, the designer shall decide the
proper averaging, especially including air speeds incident on unclothed body parts

that have greater cooling effect and the potential for local discomfort [35].

g) Relative humidity

Relative humidity is the ratio of the partial pressure of water vapor to the equilibrium
vapor pressure of water at the same temperature. Relative humidity depends on
temperature and the pressure of the system of interest. Sweating is an effective heat
loss mechanism of the skin. It measuifes the evaporationileyel from the skin. At high
RH, the airé@]tains al Righer-amouni-af-water vaper antt therefore evaporation from
the skin isi."f-‘jf,tj'w. Thierefara 1heatifossC iskdecreased. On the other hand, very dry
environimients are alsc uncomiortable because of the higher level of sweating. The
recommended level of indoor humidity is in the range of 30-60% in air conditioned
buildings [43].

Relative temperature can be calculated by measuring the difference between the
readings of wet-bulb thermometer and dry-bulb thermometer. The wet-bulb reading
always shows a slightly lower temperature than the dry bulb one. The larger the
temperature differences between the two thermometers, the lower the level of

relative humidity.

The wetness of skin in different part of the body affects the perceived thermal

comfort. Thermal comfort limits for skin wetness differ in locations of the body. The
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extreme points are more sensitive to thermal discomfort. Humidity can also increase

the wetness on the body.

Recently, the effects of low relative humidity and high air velocity were tested on
humans after bathing. Researchers found that low relative humidity engendered
thermal discomfort as well as the sensation of dryness and itching. It is
recommended to keep relative humidity levels higher in a bathroom than other rooms

in the house for optimal conditions [44].

2.3.3. Thermal comfort models

There are two main different models for thermal comfort as the static model
(PMV/PPD) and the adaptive model.

This modeFwas devéloped! by P- & 'Fe » equations and
empirical studies about skin temperature to define the comfort. For the model, survey
for standard thermal comfort can be carried out by the thermal sensation on a seven
point scale from cold (-3) to hot (+3). Using the Fanger’s equations, a value for the
Predicted Mean Vote (PMV) can be calculated and the calculations are based on the
factors considering the air temperature, mean radiant temperature, relative humidity,
air speed, metabolic rate, and clothing insulation. Zero is the ideal value,
representing thermal neutrality, and the comfort zone is defined by the combinations
of the six parameters for which the PMV is within the recommended limits (-
0.5<PMV<+0.5) [35]. It predicts the thermal sensation of a population by
determining what conditions are comfortable. It is more useful to consider whether or
not people will be satisfied. For that reason Fanger developed another equation to
relate the PMV to the Predicted Percentage of Dissatisfied (PPD).
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This method treats all occupants the same and disregards location and adaptation to
the thermal environment [45]. It is basically considered that the indoor temperature
does not change seasonally and defines one average constant temperature throughout
the year round. This is taking a more passive stand that humans do not have to adapt

to different temperatures since it will always be constant [46].

ASHRAE Standard 55-2010 uses the PMV model to set the requirements for indoor

thermal conditions. It requires that at least 80% of the occupants be satisfied [35].

The CBE Thermal Comfort Tool for ASHRAE 55 allows users to input the six
comfort parameters to determine whether a certain combination complies with
ASHRAE 55. The results are displayed on a psychrometric or a temperature-relative
humidity chart and indicate the ranges of temperature and relative humidity that will
be comfortable with the given the values input for the remaining four parameters
[47].

b) Adaptive fort mod
The adaptive model was developed on the concept that outdoor climate influences
indoor comfort because humans can adapt to different temperatures during different
times of the year. The adaptive hypothesis predicts that contextual factors, such as
having access to environmental controls, and past thermal history influence building
occupants' thermal expectations and preferences [36]. There were past field studies
conducted worldwide to study about the thermal comfort of building occupants and
the results shows that occupants in naturally ventilated buildings can accept and
prefer wide range of temperature variations than the occupants in air conditioned
buildings because their preferred temperature depends on outdoor conditions [36].
These results were incorporated in the ASHRAE 55-2004 standard as the adaptive
comfort model. The adaptive chart relates indoor comfort temperature to prevailing

outdoor temperature and defines zones of 80% and 90% satisfaction [35].
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The ASHRAE-55 2010 Standard has introduced the prevailing mean outdoor
temperature as the input variable for the adaptive model. Prevailing mean outdoor
temperature is calculated by the arithmetic average of the mean daily outdoor
temperatures over 7 to 30 sequential days prior to the day in question [35]. In order
to apply the adaptive model, there should be no mechanical cooling system for the
space, occupants should be engaged in sedentary activities with metabolic rates of 1-
1.3 met, and a prevailing mean temperature greater than 10 °C (50 °F) and less than
33.5°C (92.3 °F) [35].

This model applies to the naturally ventilated place that outdoor climate directly
influences the indoor condition and so the comfort level. In fact, studies by de Dear
and Brager showed that occupants in naturally ventilated buildings were tolerant of a
wider range of temperatures [36]. ASHRAE Standard 55-2010 states that differences
in recent thermal experiences, changes in clothing, availability of control options and

shifts in occupant expectations can change people’s thermal responses [35].

There are J%h%r \dards for’ thermal comfort SUch ‘as Eufopedn 15251 and I1SO
7730 st dafﬂ A gh ASHRAE 55 adlapti jard sed for naturally
ventilat 1gs provided the

system is not running [37].

2.3.4. Effects of natural ventilation on thermal comfort

Some buildings have used air conditioning system to control the thermal
environment while other buildings have natural ventilation systems. If a building is
properly designed for natural ventilation, opening doors and windows is enough for
keeping indoor conditions within the range. For the extremes, people can use fans in
the summer and wear extra jackets in the winter to keep thermal comfort. When we
compare the natural ventilated system with the mechanical system the natural system

can drastically reduce the energy consumption.
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2.3.5. Thermal sensitivity

Sometimes, quantified thermal sensitivity feel to a group of individuals takes higher
values with lower tolerance to non-ideal thermal conditions. This group includes
pregnant women, the disabled, as well as individuals whose age is below fourteen or
above sixty, which is considered the adult range [48]. Existing literature provides
consistent evidence that sensitivity to hot and cold surfaces declines with the age of
people. There is also some evidence of a gradual reduction in the effectiveness of the
body in thermoregulation after the age of sixty [48]. This is mainly due to a more
sluggish response of the counteraction mechanisms in lower part of the body that are

used to maintain the core temperature of the body at ideal values [48].

2.3.6. Thermal stress

The thermal satisfaction or dissatisfaction is directly related to the thermal stress. It
may be mﬂ%egced due to impact of strong Solar radiation, air movement or humidity.
For example termal_stress has occurred in a person who undergoes the training
exercise or athletes during competitive events. Thermal stress values are expressed as
the Wet Bulb Globe Temperature or Discomfort Index [49]. Normally, occupants
cannot perform well under thermal stress. It was found that people’s performance
under thermal stress is about 11% lower than their performance at normal thermal
conditions [49]. As well thermal stress in performing the work depends on the type
of task that needs to be completed. Thermal heat stress can be physiologically

identified by increasing blood flow to the skin and sweating.

2.4. Indoor Air Quality
Indoor air quality (IAQ) can be defined as the quality of air within the building or

structure. It is related to the health and comfort level of the occupants inside. IAQ

can be affected by several gases such as carbon monoxide, radon, volatile organic

-26 -


https://en.wikipedia.org/wiki/Carbon_monoxide
https://en.wikipedia.org/wiki/Radon
https://en.wikipedia.org/wiki/Volatile_organic_compound

compounds, particulate matters, microbial contaminants as bacteria or any mass that
can induce adverse health conditions. Diluting these contaminants by the proper
ventilation system has improved the air quality level inside the building. As well
methods of source controlling and filtration are used to improve the air quality.
Frequent cleaning of the building is important to maintain the inside air quality of the
building. Environmental Protection Agency (EPA) has guidelines for frequency of
cleaning based on traffic, number of household members, pets, children and smokers.

Carpets and rugs act as an air filter and must be cleaned frequently.

Determination of IAQ involves the collection of air samples, monitoring human
exposure to pollutants, collection of samples on building surfaces, and computer

modeling of air flow inside buildings.

Indoor air pollution in developing nations is the main burning issue at present. A

major source of indoor air pollution in developing countries is the burning of

biomas: : 1d cooking [50].
The res r%@a,}“e posure to-high-levels’ of ‘particlfate” matter rest in between 1.5
million aridZmllion deaths in 2000 [51].

2.4.1. Common air pollutants

a) Passive smoke

Passive smoke is a type of tobacco smoking that affects the people in the surrounding
environment of active smokers. It contains carbon monoxide gas and very small
particulate matters (at PM ;5 size) leads to create the problems in lungs. The only
method to improve indoor air quality as regards the passive smoke is the

implementation of comprehensive smoke-free laws.
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b) Radon

Radon is colorless, odorless, tasteless, radioactive atomic gas, formed due to the
radioactive decay of radium. It is found in rock formations beneath buildings or in
certain building materials themselves. Radon is hazardous indoor gas, which causes
lung cancer [52]. Radon gas enters buildings as a soil gas. It is accumulated at the
bottom level of the building because it is a heavy gas. Also it can become into the
building through water from bathroom showers. Building materials such as stone or
tile products are a rare source of radon. The proper ventilation has a greater effect to
reduce the amount of Radon. The hazard will be greatly reduced within a few weeks
because the lifetime of Radon is short. Radon mitigation methods include sealing
concrete slab floors, basement foundations, water drainage systems, or by increasing

ventilation [53].

c)
Mold is always | with moisture ' ' ' vited by keeping
humidity le el Ig from leaks of

plumbing, condensation due to improper ventilation, ground moisture penetration has
caused to initiate the molds. Moisture is major reason for mold colonies forming.
When mold mildew propagates by failure of drying out from wetted surface within
several days, they release allergenic spores into the air. The varieties of molds
contain several toxic compounds called mycotoxins. Exposure to hazardous levels of
mycotoxin caused many health issues; mainly they lead to make the allergenic

symptoms in a person who is already suffering from asthma.
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d) Carbon monoxide

Carbon monoxide (CO) is a colourless, odourless gas that forms as a byproduct of
incomplete combustion of fossil fuels. Common sources of carbon monoxide are
tobacco smoke and automobile exhaust. This is one of the most acutely toxic indoor
air contaminants. High levels of carbon monoxide can depreciate the oxygen supply

to the brain and lead to nausea, unconsciousness and death.

e) Volatile organic compounds

Volatile organic compounds (VOCs) are emitted from certain solids or liquids as
varieties of chemical compounds which cause adverse health effects. It is emitted by
a form of gas. Studies have found that levels of several organics average 2 to 5 times
higher indoors than outdoors [55]. VOCs are emitted by many products used for
indoor activities including paints, varnishes and lacquers, paint strippers, cleaning
supplies, p%sg(:ldes puilding materials and furhishings, ‘0ffice’ equipment such as
copiers and: prmtels correction fluids and carbonless copy paper, graphics and craft
materials mcludmg glues and adhesives, permanent markers, and photographic
solutions. All of these products can release organic compounds during usage, and, to

some degree, when they are stored [55].

Chlorinated drinking water releases chloroform when hot water is used in the home.
Benzene is emitted from fuel stored in attached garages. Overheated cooking oils

emit acrolein and formaldehyde [55].

During the last decades, several steps have been taken to reduce indoor air
contamination by limiting VOC emissions from products. These new products
changed the marketplace where an increasing number of low-emitting products have

become available during the recent years.
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f) Asbestos fibers

Asbestos is a common building material mainly used for roofing or ceiling material.
It is also present in some floor tiles, shingles, fireproofing, heating systems, pipe
wrap, taping muds, mastics and other insulation materials. Normally, significant
releases of asbestos fiber do not occur unless the building materials are disturbed,
such as by cutting, sanding, drilling, or building remodeling. The asbestos also
contains fiber materials can be spread into the air during the removal process. A
management program for ashestos-containing materials is very important to maintain

the air quality.

When asbestos-containing material is damaged or disintegrates, microscopic fibers
are dispersed into the air. Inhalation of asbestos fibers over long exposure times is a
cause for lung cancer. The symptoms appear after 20 to 30 years of the first exposure

to asbestos.

Some couptiils and statés have set the standards for acteptable levels of ashestos

fibers in indoggair. T! re,particularly stringent |ati able to schools.

g) Carbon dioxide

Carbon dioxide (CO,) is the main indoor pollutant emitted by humans through
human metabolic activity. Occupants in the buildings are the main indoor source of
carbon dioxide in the buildings. Unusual high indoor Carbon dioxide levels may
cause occupants to grow drowsy, to get headaches, or to function at lower activity
levels. Indoor CO; level is the best indicator to know the adequacy of outdoor air

ventilation relative to indoor occupant density and metabolic activity.
Normally the total indoor and outdoor CO; level difference should be maintained

less than 600 ppm to feel comfortable and satisfied. The National Institute for

Occupational Safety and Health (NIOSH) considers that indoor air concentrations of
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carbon dioxide that exceed 1,000 ppm are a marker suggesting inadequate ventilation
[56]. The United Kindom standards for schools say that carbon dioxide in all
teaching and learning spaces, when measured at seated head height and averaged
over the whole day should not exceed 1,500 ppm. The whole day refers to normal
school hours (i.e. 9:00am to 3:30pm) and includes unoccupied periods such as lunch
breaks [56]. In Hong Kong, the Environmental Protection Department established
indoor air quality objectives for office buildings and public places in which a carbon
dioxide level below 1,000 ppm is considered to be good [57]. European standards
limit carbon dioxide to 3,500 ppm. Occupational Safety & Health Administration
limits carbon dioxide concentration in the workplace to 5,000 ppm for prolonged
periods, and 35,000 ppm for 15 minutes. These higher limits are concerned with
avoiding loss of consciousness (fainting), and do not address impaired cognitive
performance and energy, which begin to occur at lower concentrations of carbon
dioxide [56].

An inc ber of human

ey

occupancy ?ﬁg @ Of Tresh alr. Th 1ower alr exchange rate ncentration will

be high

Carbon dioxide concentrations in closed or confined rooms can increase to 1,000
ppm within 45 minutes of enclosure. For example, in a 3.5-by-4-metre (11 ft x 13 ft)
size office, atmospheric carbon dioxide increased from 500 ppm to over 1,000 ppm

within 45 minutes of ventilation cessation and closure of windows and doors [58].

h) Ozone
Ozone is produced by ultraviolet light coming from the suns contact with ozone layer
of the earth. Ozone layer exists in the level of passenger jets flown. Larger jets have

ozone filter to reduce the ozone concentration in the cabin. Reactions between ozone

and onboard substances, including skin oils and cosmetics, can produce toxic
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chemicals as by-products. Ozone itself is harmful to the human health and damages

lung tissues.

Sufficient amounts of ozone may be there in outdoor air and it mixes with the indoor
air by ventilation. That ozone can react with common indoor pollutants as well as
skin oils and other common indoor air chemicals. Some chemicals react very quickly

with ozone to form toxic and dangerous chemicals.

2.4.2. Effect of indoor plants

Houseplants remove the CO, and release oxygen and water to the environment which
leads to a reduction in the indoor air pollutants. It can also reduce the concentrations
of volatile organic compounds in indoor air such as benzene, toluene, and xylene.
Plants remove CO, and release oxygen and water, although the quantitative impact of
house plants is small. The effect of house plants on VOC concentrations was
|nvest|gateq€+@ one study, done’ in_a static chanber, by "NASA for possible use in
space colomes P59]. The results showed that the removal of the dangerous chemicals
was roughly equwalent to that provided by the ventilation that occurred in a very
energy efficient dwelling with a very low ventilation rate, an air exchange rate of
about 1/10 per hour [59]. Therefore, air leakage in most homes, and in non-
residential buildings too, will generally remove the chemicals faster than the
researchers reported for the plants tested by NASA. The most effective household
plants reportedly included aloe vera, English ivy, and Boston fern for removing

chemicals and biological compounds [59].
Plants also can reduce airborne microbes, molds, and increase the humidity of the
surrounding environment. However, high humidity leads to increasing the level of

mold that caused air pollution.

When CO, concentrations indoors become higher than outdoor level, it is an only

indicator that ventilation is inadequate to remove metabolic products associated with
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human occupancy. Plants require CO, for their growth and release oxygen when they
consume CO,. A study has found that intake rates of ketones and aldehydes by the
peace lily (Spathiphyllum clevelandii) and golden pothos (Epipremnum aureum)
were 30—100 times more than the amounts dissolved in the leaf, suggesting that
volatile organic carbons are metabolized in the leaf and/or translocated through the

petiole." [60]

Fig 2-2: Spider plants (Chlorophytum comosum) and Aloe Vera absorb some

airborne contaminants

-33-


https://en.wikipedia.org/wiki/Ketones
https://en.wikipedia.org/wiki/Aldehydes
https://en.wikipedia.org/wiki/Peace_lily
https://en.wikipedia.org/wiki/Golden_pothos
https://en.wikipedia.org/wiki/Chlorophytum_comosum
https://en.wikipedia.org/wiki/File:Spider_Plant_Blades.JPG

3. CHAPTER THREE: RESEARCH METHODOLOGY

After reviewing the literature studies, a background was created and the study

methodology was developed to achieve the research objectives.
3.1. Study Approach
3.1.1. Literature Review

After reviewing the various studies carried out for assessing thermal comfort and air
quality in Sri Lanka and several other countries, the theoretical background and
present situations were identified. From the literature available, relevant study
parameters were selected for analyzing the thermal comfort and air quality in suburbs

of Colombo, the capital city of Sri Lanka.

Initially a | \ juality parameters and

causes that influence the air quality level in the selected area.

An experimental program was conducted to obtain several air quality parameters in
rationally selected residential buildings based on the surrounding micro-climatic
features. In addition, the type of building materials used and daily practices that can

emanate air pollutants were also recorded.

The research methodology is summarized in Figure 3-1.
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Figure 3-1: Flow Chart of Research Methodology
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3.2. Study Location

This study was carried out in Kesbewa area which is situated in the southern
periphery of Western province in Sri Lanka. Sri Lanka being a tropical country, this
area is characterized by hot, humid climatic conditions having sunshine throughout
the day. Mainly Colombo is affected by heavy rainfalls in most of the months in
every year from the Southwest monsoon, two inter monsoons and thunderstorms
appear in northwest monsoon. Because this area is situated in a lowland region, most
of water bodies and green covers are naturally located within the area.

This area can be classified as a semi-urban area due to the presence of green patches
in the form of paddy fields and groves in the developed area. The study area

indicating the sample points is shown in Figure 3-2.

PR 7

Ay
¥ Sample3
A M .

Figure 3-2: Site Map of the Study Area
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Favorable and unfavorable microclimatic areas were considered for this study. Thus

these samples were carefully selected considering the presence of vegetation and

water bodies nearby and the distance to the main road. The considered microclimatic

area was limited to the boundary of land area of the selected building.

The microclimatic features of the selected samples can be described in the following

figures.

The First sample has the best
microclimate surrounding the
building. Kesbewa Lake is situated
adjacent to the building. It has a thick
surrounding vegetative cover. The
building is situated 30m away from B
267, Colombo Horana Road.

Google earth

Figure 3-4: Site Location of Sample 02
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Figuré 8-3:5itetkooation of Sample 01

The Second sample has directly
opened to the B 216,
Bandaragama Kesbewa Road. It
is a small land having land area
of 90 m? without any
considerable vegetation
surrounding the building. The
Building has a poor ventilation

system.



This is the furthest sample
from the Main Roads. It has
small amount of large trees
and the balance part of the

land is covered by grass.

Figure 3-6: Site Location of Sample 04

This is situated 200m away
from the B 216,
Kesbewa
Road. The Building has
considerably less amount of

Bandaragama

vegetation surrounding the
Building, but a better

ventilation system is there.

Figure 3-5: Site Location of Sample 03

The Forth sample is also adjacent
to the B 216, Bandaragama
Kesbewa Road. It has a good
vegetative cover at the rear side of
the Building and some bushes with
arigrassloover in front of the
Building.~A 2m high boundary wall
has separated the Main Road and
the Building.

(‘.l\\\{ll\ irth
i

Figure 3-7: Site Location of Sample 05
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3.3. Method of Data Collection

3.3.1. Desktop Studies

In the initial study the research was focused on the detailed literature review on the
level of permissible air quality. Indoor and Ambient Air Quality Guidelines used in
different countries in comparison with their existing levels of air quality were
studied. Then the study was focused to Sri Lankan current situation and National

Ambient Air Quality Standard published in Sri Lanka was reviewed.

The microclimatic analysis methods were studied. In addition analyzing methods of

favourable comfort levels were reviewed.

3.3.2. Field Observations

The ex| .n@gl s-carried ‘out in the months 'of AAugust and September in the year
2014 in seiected ia] .buildings in, Kest burb of nbo. In order to
assess 1 lildings, indoor

concentrations of Carbon Dioxide (CO,), Nitrogen Dioxide (NO;), Carbon Monoxide
(CO) and Volatile Organic Compound (VOC) were measured in two minutes interval
and Particulate Matter (PM,s) was measured in one minute interval throughout a day
from 9.00 AM to 4.00 PM in each sample building. The temperature, relative
humidity (RH) and wind speed were also obtained to perceive the thermal comfort
inside. The data collection points were located in the middle of the living room in all

the sites.

Using the Air Quality Monitor, IQM 60 which is integrated with photo-ionization
detector (PID) and non-dispersive infra-red (NDIR) sensors and Haz-Dust EPAM
5000 a real-time particulate monitor designed for ambient environmental and indoor
air quality applications, the air quality levels and concentration of particulate matters

(PM ,5) were measured in the selected buildings.
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Figure 3-8: Setup of Air Quality Monitor & Haz-Dust EPAM 5000 real-time
particulate Monitor

Wet & Dry Bulb Hygrometer and Portable Carbon Dioxide Monitor were placed
outside of the building to measure the outdoor Temperature and Carbon Dioxide

levels.

Figure 3-9: Setup of Wet & Dry Bulb Hygrometer & Portable Carbon Dioxide
Monitor

In addition to the indoor and outdoor air quality parameters wind speeds and light

levels were measured in 30 minutes intervals using Low Speed Air Meter and Lux
Meter.
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Figure 3-10: Low Speed Air Meter and Lux Meter

Possible indoor air pollution sources were investigated to justify the deviations
indoor pollutant levels in air with respect to outdoor micro-climate, if there is any.
Types of the building materials, usage of body/hair spray, air fresheners, insecticide
and tobacco smoking were included in the investigation criteria. As well, any

symptoms caused due to air pollution were examined throuah the occupants.

3,330 UestioRHaire SURes)

Questionnaire survey was conducted in parallel with the field observations. The data
was collected from 22 persons living in the selected 5 houses. The contents of the
questionnaire survey include details of the site and building, building characteristics,
details of the kitchen with their chimney location, normal daily routings of the
occupants and health related issues of the occupants. The symptoms elicited from the
questionnaire include nausea, dizziness, sore throat, runny nose, sore eyes, lethargy

and headache.
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3.4. Method of Data Analysis

The air quality data obtained from the field measurements were initially checked
against the threshold values of each pollutant to evaluate the level of air quality in
residential buildings. Then they were compared with the existing micro-climatic
conditions, specially the vegetation, to study the impact of micro-climate on indoor

environmental quality.

The dimensions of the building and the amount of vegetation were obtained to
quantify the micro-climatic features in the vicinity of the building. The extent of
micro-climate under consideration was limited to the extent of the land in which the
building is situated. These micro-climatic features of selected samples were divided

into three main categories. These are;

1. Vegetative cover — The area of the land covered by vegetation

2. Ha \ (plot coverage),
concregggavement and other man-made structures
;534
al

3. Soil Cover+

Outdoor temperature, relative humidity and wind speeds were used to rationalize the
deviations that could have occurred in observation due to the variations of daily

climatic conditions.

Then the temperature deviation from thermal neutrality was checked to analyze the
thermal comfortable of occupants in the selected area. A psychometric chart
including the comfort zone was used to compare the thermal conditions of the chosen
buildings. All buildings have only natural ventilation system. So that a psychometric
chart with the extended comfort zone that consider the natural ventilations is used for

analysis.

Finally, a statistical analysis was carried out based on the data received from

Questionnaire survey.

-42 -



4. CHAPTER FOUR: DATA ANALYSIS

4.1. Analyze the micro-climatic features in the selected area

This area consist of different micro-climatic features, some of them make positive

impacts as vegetative cover or water bodies and some of them make negative impacts

as artificial structures or distance from main roads. The details collected from each

sample are described as in the Table 4-1.

Table 4-1: Details of sample sites

Sample Site 1 2 3 4 5
Site Details
Area of the land (m?) 3125 |90 500 975 250
Floor Area of the building (m?) 684 47 116 247 65
Plot coverage (%) 22% | 52% |23% |25% |26%
Avrea of paviig crigreie; foads (MAoad8iven | $1i2b anlida 54.60 | 29.10
Hardscs J%" Elecironic Theses| 3dd15pe1tali0m8% | 31% | 38%
I (i ST foatL L T O EACTK
| Soft scape (%) 7% |29% |74% |69% |62%
Vegetative cover (%) 68% | 2% 62% |59% |41%
Soil cover (%) 9% 21% | 12% | 10% |21%
Data collection points
Area of the living room (m?) 68.70 | 14.85 |24.40 | 52.80 | 41.25
Void to floor ratio 19% |30% |37% |[15% |24%
General Details
Adjacent main road B 267 | B216 | B216 | B 216 | B 216
Distance from the site (m) 30 2 500 5 200
6500 | 6500 | 6500 | 6500 | 6500
Daily traffic (No. of vehicles) - - - - -
7000 | 7000 | 7000 | 7000 | 7000
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The significant effect of micro-climate on air quality parameters was observed in this
study. The impact on each parameter is described separately in the next chapter.

The effect of vegetation on micro-climate should be taken in to account in terms of
horizontal and vertical distribution. Hence the amount of vegetative cover was

analyzed considering the height of trees as well.

Table 4-2 describes below the vertical distribution pattern of the trees with respect to

the horizontal distribution.

Table 4-2: Vertical Distribution of Vegetation

Sample Site 1 2 3 4 5
Avrea of trees above 15m (m®) | 1062 0 0 350 0
Vegetative Coverage (%) 34% 0% 0% 36% 0%
Area of trees 15m-10m (m?) 446 0 0 162 0
Vegetati?%Coverage (%) 14% 0% 0% 17% 0%
Avrea of tré@83HM-5m0. (M) 314 0 17 0 4
Vegetativue'”C0verage (%) 10% 0% 3% 0% 2%
Avrea of bushes below 5m (m?) | 97 2 3 14 29
Vegetative Coverage (%) 3% 2% 1% 1% 11%
Avrea of grass cover (m?) 202 0 288 54 70
Vegetative Coverage (%) 7% 0% 58% 5% 28%
Total area of vegetation (m?) 2121 2 308 580 103
Total Vegetative Coverage (%) 68% 2% 62% 59% 41%
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Chart 4-1 illustrates the comparative distribution of micro-climatic features in the

sample sites.
100.0% -
90.0% -
80.0% -
70.0% +——
H % of Hard Scape
é:, 60.0% -— [ % of soil cover
[
g 50.0% - — Grass
el
E 40.0% 4 - Bushes
B Height -5m to 10m
30.0% - I .
H Height -10m to 15m
20.0% - ~ MW Height-15m or above trees
10.0% - —
0.0% - : — - ———
Site 01 Site 02 Site 03 Site 04 Site 05
Sangple Sites

Chart 4-1: Percentage of micro-climatic features in the Sites

According to the chart 4-1 and Table 4-2, Site 1 has the most favorable microclimate
towards the indoor air quality and thermal comfort with 68% of vegetative cover.
With the presence of Kesbewa Lake nearby, this site can be identified as the best
case scenario. Site 2 can be identified as the worst case scenario with 2% of
vegetative cover having only three plants of 1m height and the adjacent
Bandaragama — Kesbewa main road which is having asphalt paved surface.

Figure 4-1 shows the level of vegetation in the site 1 (Best case scenario) and the site

2 (Worst case scenario).
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Figure 4-1: Level of vegetation in the sites; (a) - site 1 (Best case) & (b) - site 2
(Worst case)

Even though the site 4 is also having reasonably the same percentage of vegetation
compared to site 01, the vegetation in the site was clogged in the rear side of the
building where the vegetation in the site 01 was distributed around the building
providing a shade in every direction. Hence the effect of the vegetation on the

indoor environment has reduced in the site 4 compared to site 1.

Figure 4-2: Level of vegetation in the site 4; (a) — front view & (b) — rear view

- 46 -



When we consider the sites 3 and site 5, both are having less vegetative cover with
respect to the tree heights. But both have grass cover on the land. That means total
effect due to their vegetation level is comparatively low. As well the sites are situated
a considerable distance away from the main roads. It has caused to improve the
surrounding environment because environmental disturbances due to commercial
activities and vehicle movements in the main roads rarely influence the surrounding

climate of sites.

4.2. Analyze the Indoor Air Quality

Recorded indoor air pollutants have been compared with the maximum permissible
values published in World Health Organization (WHO) Guideline and United State
Environmental Protection Agency (USEPA) Guideline to check whether it has
detoriated the air quality by exceeding the threshold values. They have published
regulatory v_alues only for selected air pollutants. There is also no regulation

published 1%85| Lanka to regulate the mdoor air quality.
)

Table 4-3: Maximum permissible level of the indoor air pollutants

Air quality parameter/

] WHO Guidelines US EPA Guideline

Exposure time
CO, 5000 ppm

1 hr 200 pg/m®/0.106 ppm | 100 pg/m®/ 0.053 ppm
NO,

Annual | 40 ug/m®/0.021 ppm
PM2s 15 pg/m?®

15 min | 100 mg/m®/ 87 ppm

1 hr 35 mg/m° / 31 ppm
co S

8 hr 10 mg/m* /9 ppm 9 ppm

24 hr 7 mg/m®/ 6 ppm
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Normally Guidelines give the threshold level of CO, concentration as 5000 ppm
which is the value directly related to health risk. However according to the US EPA
Guideline, CO, concentration is an indicator of human ordor (odorous bio-effluents)

and acceptability level of the ordor is 1000 ppm.

The stringent threshold values from the two Guidelines are compared with the
recorded values to check the air quality levels. Air pollutants were recorded in terms
of the concentrations of CO,, NO,, CO, PM;s and VOC. But there were no
detectable levels of VOCs in all the sites. Therefore comparison was focused to other

air quality contaminants.

Table 4-4: Recorded range of the air pollutants inside the building

Air  quality | Threshold Sample site
parameter value 1 ‘ 2 ‘ 3 ‘ 4 5
CO(ppm) & | 1000 ivers | B
2 p ﬁ“ | vy } '&" [ a,::\ | N L2 } - 541
=] 1nic ¢S & 1 )1SS |
<< 10,923 4z P 7 —10.017 -
NOz(p Yo 53 ‘ f
> 0.027

0.002 —-|0.001 —|0.001 —|0.002 —|0.001 -
0.065 0.097 0.025 0.095 0.040
000 -|000 -]0.00 -

CO (ppm 9 0.00 0.00
(ppm) 0.06 1.93 0.02

PM_5(mg/m®) | 0.015

The air quality in all the residential buildings is in the acceptable range except the
PMy, s concentration as shown in Table 4-4. The concentration of particular matter
exceeds the threshold value at some peak points through out the time period. More
explanation for the reasons behind the high levels of PM;s concentration have been
given in Section 5.1.3. The proposed controlling method for PM, 5 is described in
the Section 5.2.1.
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Even though there were two occupants inside the room at the time of investigation,
maximum CO, concentration recorded was 600 ppm. It should be noted that all
these residential buildings are naturally ventilated and the favorable level of CO,

concentration can be attributed to the natural ventilation provided.

It can be observed that the considerable CO concentration recorded in the site 2 and
data shows that there was a detectable level of CO throughout the day. Even though
the recorded CO concentrations are well below the threshold value, it is advisable to
maintain zero CO condition. The continuous exposure to CO gas may create some
long term health issue.

4.3. Analyze the thermal comfort

Initially the analysis is directed to the occupants’ statements regarding the comfort
levels. Only persons in the site 01 have satisfied with their surrounding environment.
Thermeal serés@tlon résponses from the occupants T other sites are beyond the neutral
level, warny or sllghtly warm.

Chart 4-2 describes the comparison of thermal sensation of the occupants, based on

their statements during the Questionnaire Survey.

O Thermal Comfort

E Thermal Discomfort

Chart 4-2: Comparison of thermal sensation of the occupants
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Then average values of recorded indoor temperature and relative humidity have been
used to check the thermal comfort level inside the buildings.

Table 4-5: Daily Average Indoor and Outdoor Temperature and Relative

Humidity
Sample site
1 2 3 4 5}
Indoor Temperature (°C) 28.9 29.3 29.6 32.3 32.3
Indoor RH (%) 77.8 78.3 77.6 68.6 66.6
Outdoor Temperature (°C) 28.5 28.5 29.3 34.8 33.0
Outdoor RH (%) 83.9 86.9 80.7 64.7 64.1

Daily average temperature and relative humidity values have been plotted on the

psychometric chart to compare the comfort levels as in the figure 4-3.

According ?lgwe figure 4-3, except.site 01, the-indoor comfort level of other all sites
have Iocate’gi:;g‘_t_,the houndary:Qr.out of the.comfort zone. The indoor comfort level of
site 01 vvhigh is having the best vegetative cover has only located within the
boundary. It also comparatively shows that the condition of indoor and outdoor in
site 01 is almost same. Other sites have comparatively higher difference in indoor
and outdoor comfort levels. It has been interpreted as only site 01 has the

comfortable environment and occupants in other sites feel thermal discomfort.

-50-



90
X/ /17~
85 & & yaun o
e 180 [85 e Indoor condition in Site 01
: bl N = o
: // / /i ;X& ‘ : Ve i ) ® Indoor condition in Site 02
'qé X 80, 7 : p 80 .. . .
3 / /\< V™ \ / w | ® Indoor condition in Site 03
2 8 (o \_ Gonventio 14 v e
8 L /z\ehupfdlflc ation X s 5 ¢ Indoor condition in Site 04
L 7 T ® N
, P~ 120 \ g ® Indoor condition in Site 05
R
© /\\& —70 2
go\ ; s Ok TP =
> .. 2 r 1= O
> & T R\ 2, 2 1 |65
g -] ity | ) ‘ 1 ‘ E
e & B3 0 ra 3CBNE ai8den S
3 E “ 1 ‘ NU\: M g)t_.ou O
@ o | B8 S| .
> . | | 38, o amtd . A | B8
Active solar & g 3 7 NESCH- B SR EIhT ~E—§§ z
conventionsl 2 * NG/ | 2| Non| ez d
A ks W r:/AE:_#‘g : S1 %Sl
2 = e =3 ) P i ) . . .
\ = el L ES £ 154 » Outdoor condition in Site 01
30 1 |=—IHeating = ] |\ _d 59 30 L
25| _— : - 'E/g?gfaﬂve \ - \ -0 A  Outdoor condition in Site 02
—1—1 umidification: 2009 [P ~~ N ) iion in Si
i o L = - - - m— e = A Outdoor condition in Site 03
Dry Bulb Temperature °F N. Chaoun. 1988 4 Outdoor condition in Site 04
4 Outdoor condition in Site 05
Psychromatic Chart: Comfort Zone

Figure 4-3: Comfort Levels of the selected buildings plotted on the psychometric chart

-51-



4.4. Questionnaire survey

The main aspects of conducting a Questionnaire survey are to find the causes for air
pollution and thermal discomfort exist in the indoor environment and investigate the

health and wellbeing of the occupants.

4.4.1. Indoor Pollution Sources & Thermal Discomfort

The kitchen of a building is a leading place to make different type of air pollutant
contaminants. On the other hand the Fireplace in a residential building is significant
source of air pollution. It makes CO,, CO, NO, NO,, etc gases which caused to
adverse health impacts. Additionally the undesirable gases, a hearth has caused to
disperse fine particulate matters to the air. When comparing the sources of fire in the

kitchen, gas cooker adds comparatively more gasses into the surrounding air.

The chart 4§'§hows the average selection of fireplaces,in the selected buildings.

120%

100%

80%

60%

40%

Percentage of usage (%)

20%

7
| | N

Hearth Gas Cooker Electric Cooker Kerosene Cooker

A\

\

Chart 4-3: Percentage of fireplaces
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According to the chart, almost all of houses in this area use gas cookers. Gas cooker
users also have wooden hearth (site 01 and site 04) or kerosene cooker (site 03) as an
optional one. However the major requirement has been fulfilled with a gas cooker.
As the gas cooker is a significant source of indoor air pollution, the buildings have a

great influence to increase indoor pollutants like CO, CO,, NOy, etc.

A chimney placed at the fireplace has great influence to dilute the indoor air
pollutants produced from the fireplace. The availability of chimney at the kitchen in

the selected buildings is shown in Chart 4-4.

O Chimney available

B Chimhky nafi avdilable

Chart 4-4: Availability of Chimney

According to the chart 4-4, there are two fireplaces in site 02 and site 05 that do not
have a chimney. They have used only a gas cooker for cooking. Gas cooker emit
more undesirable gases to the indoor air and it collects inside the house if there is not
a chimney and good ventilation system. it cause to increase the indoor air pollutants

greatly.
As well Building construction materials have a considerable contribution to increase

the indoor air pollution and thermal discomfort. It was analyzed in terms of walling

materials, roofing materials and ceiling materials.
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The walling materials directly affect to the thermal comfort. Walling materials,
considered in this study as cement block, brick, concrete and clay have differently
responded to the solar radiation. Past studied shows that Brick and clay walls

significantly reduce the thermal discomfort inside the building.

Chart 4-5 illustrates bellow, the walling materials used for the buildings in the

selected area.

0% 0%

B Cement Block
Brick
Concrete

H Clay

Char 4-5: Walling materials

According to the chart people used only cement block or brick as a wall material.
60% of the buildings as site 01, site 03 and site 04 have brick walls in their houses
and it helps to maintain the thermal comfort inside the building.

Roofing material has caused to the indoor air pollution together with thermal

discomfort. In this study area people use clay tile, asbestos sheets and concrete slab
for their roofing.
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Chart 4-6: Roofing material

Asbestos sheet and concrete slabs have a capacity to absorb more solar radiation and
it slowly emit. It cause to heat inside air of the building. According to the chart 4-6,

only site 04 has a roof with clay tiles.

The ceiling gnateria} fjas also:influenced the thermal comfort. In the selected study

e houses {site 01-and,site. 03}, have. net-a,eeling and they are directly

B Timber
[ Asbestos Sheet

O No ceiling

Chart 4-7: Ceiling material
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According to the chart, out of the people who have a ceiling in their house, 100% of
occupants use asbestos sheet for their ceiling materials. It is a main reason for

thermal discomfort.

The daily routing activities also cause to the indoor pollution. The following chart
shows some activities done by the occupants. By these activities some hazardous

materials can emit to the environment.

45%
X 40%
35%
30%
25%
20%
ﬁ
15% /
10%
5%
i"?ggdﬁ/hair spray_, Air freshper Tebageo Insecticide Chemical

smoking fertilizer

(Site 01, Site 04)

Percentage of daily routings (%
%
o
o
“

Chart 4-8: Source of hazardous contaminants emit to the air

According to the chart 4-8, usage of air freshners is considerably higher in the
selected area. Usage of air freshners, body spray, hair spray or insecticides makes the
indoor air more toxic. They add some pollutant contaminants to the air as
formaldehyde, petroleum distillates, aerosol propellants, p-dichlorobenzene, etc.
Therefore increasing the percentage of usage of these hazardous materials will cause

to increase indoor pollution and the health issues in future.
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4.4.2. Health Effects

The occupants have some of the discomfort symptoms related to the indoor air

environment. The following chart shows the discomfort symptoms of the occupants.

30%

27%

25%

20%

[1EY
0o
o

15%

10%

Percentage of symptoms (%)

5% 5%
5%

0% . % @

Sorethroat Headache Nausea Runny nose Lethargy

%<

N\
A\

Char;;i—‘sa' Pereehtidgevariation ofi discomfort symptems

According 0 the chart occupants reported to have runny nose and sore throat
comparatively higher percentage. It has mainly caused due to the considerable
concentration of particulate matter in the air. Increasing the percentage of symptoms
shows the level of poor air quality, and it tends to increase the sick building
syndrome. However the percentage of runny nose and sore throat also less than 30%.
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5. CHAPTER FIVE: RESULTS AND DISCUSSION

5.1. Effect of micro-climatic features on air quality parameters
5.1.1. CO; Concentration

The variation of indoor CO, concentration is shown in Chart 5-1. The chart
illustrates that indoor CO, concentrations becomes maximum in site 2 that has less
vegetation surrounding the building. However it is also well below the threshold

level of 1000 ppm for the acceptability of odorous bio-effluents.

1100

Site 1

Best Case Scenario
in Vegetation

Site 2

Worst Case Scenario
in Vegetation

Yo}
o
o

CO, concentration (ppm)
S
o

Site 3
Site 4
500
Site 5
300
9:22 AM 10:22 11:22  12:22PM 1:22PM 2:22PM 3:22PM 4:22 PM e==Threshold
AM AM Value

Time (hh:mm)

Chart 5-1: Variation of Indoor CO» level with time

When consider the correlation coefficients with respect to indoor CO; level and
vegetation it shows the correlation coefficient of -0.57. This statistical phenomenon
describes the nature of this situation that has the negative relationship of indoor CO,

level with vegetation.
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However the indoor CO, concentration mainly depends on the outdoor concentration
in naturally ventilated buildings. All these selected building sites are naturally

ventilated.

So that further, Chart 5-2 shows the Indoor CO, concentration / Outdoor CO,
concentration ratio throughout the daytime.

15
—Site 1
g_ 14 Best Case Scenario
& in Vegetation
8 13 ——— —Site 2
S Worst Case Scenario
é 1.2 in Vegetation
Q Site 3
S 11
o
=
1 Site 4
0.9 & miversitv of Moratowa=Stibanka _
o8 P F0et o Thade? & Plisertittonds® SIS

Tiie {ilih: niin)

Chart 5-2: Variation of Indoor-Outdoor CO, with time

When study the relationship between Indoor/Outdoor CO, level with vegetation, it
shows the relationship with -0.52 correlation coefficient. It also illustrates the
relationship with vegetation although it is not stronger than the relationship between

Indoor CO;, level and vegetation.

According to the Chart 5-2, site 1 and site 5 have the lowest Indoor to Outdoor CO,
concentration. Site 1 has the maximum outdoor vegetative cover and it has helped to
reduce the CO; concentration outdoors. The moderate indoor and outdoor wind
speeds of 0.15 ms™ and 0.27 ms™ respectively has resulted in creating the same CO,

level inside compared to that outdoors. Although site 05 has lesser vegetative cover,
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it has a comparatively higher indoor and outdoor wind speed amounting to 0.14 ms™
and 0.49 ms™ respectively. Thus the indoor CO, concentrations may have diluted as a
result of proper air circulation inside. Site 2 has the highest indoor CO; level
because of its poor ventilation and very low wind speeds of 0.04 ms™ inside and 0.19

ms™ outside. The absence of vegetation around the building has aggravated the issue.
When consider the correlation coefficient between Indoor to Outdoor CO,
concentration and Indoor Wind Speed, it gives the correlation coefficient of -0.82,
strong relationship. It shows Indoor to Outdoor CO, concentration strongly related
with the air circulation inside the building.

5.1.2. NO, Concentration

Chart 5-3 shows the indoor NO, variation in selected sites. Site 1 and site 2 have

shown _ 1orning with the
increast Jlt;ﬂc ntration “towards * day timé Moreover > highest NO,
concentration w: led..in_the site. 1 and site 2 the other sites.
Hence & strong tation could not

be established since site 1 and site 2 have the maximum and minimum vegetative
cover respectively. When consider the correlation between vegetation and NO;
concentration, it gives only -0.29 correlation coefficient. It shows there is no

relationship with vegetation and NO, concentration.

However this observation can be linked with the distance to the NO, generated
sources from the sites. Site 1 is situated nearly 30m away from the main road and
there is a fuel station at the distance of about 50m from the site 1. Also their vehicles
are in open garage adjacent to the main building. Site 2 located only 2m away from
the main road and the entrance of the building is directly opened to the main road. It
can be observed that these features have attributed to the higher NO, concentration
inside the buildings located in site 1 and site 2 than in the other sites. So correlation
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coefficient was found to see the relationship. It is the value of -0.18. That means
there is no relationship with NO, concentration and distance to NO, sources.

However, it should be noted that all the sites have recorded lesser NO,

concentrations than the maximum permissible level of 0.053 ppm.
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Chart 5-3: Variation of NO, concentration with time

5.1.3. Particular matter (PM;s) Concentration

The daily variation of PM, s concentration is shown in the Chart 5-4. It can be
observed that the site 2 has the highest average PM. s concentration of 0.014 mg/m®
with the highest peak value and values exceeding the threshold limit in a greater
frequency. The site 3 has the lowest average PM, s concentration of 0.004 mg/m®
peaking only once beyond the threshold level. It should be noted that site 2 is closest

to the main road being only 2m away and site 3 is furthest to the main road.
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Chart 5-4: Variation of PM, 5 concentration with time

The correlation coefficients of indoor particular matter concentration are -0.73 for

f

vegetation .28 5-0.83 for-‘distance from<“main“roads.~it''siows strong negative

relationshig:Beiveen indoor particular matter concentration and the distance from

e

main road while there is another negative relationship between indoor particular

matter concentration and vegetation.

Chart 5-5 shows the daily averages of PM;s concentration plotted against the
distance to the main road. A declining trend of PM, s concentration with the increase
of the distance cover can be clearly observed with the coefficient of determination
(R?) value of 72.8%.
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Chart 5-5: PM, 5 concentration variation with the distance to the main road

As well Chart 5-6 shows the daily averages of PM, s concentration plotted against the
% vegetation cover. It also shows a declining trend of PM, s concentration with the
increase of the % vegetation cover, with the coefficient of determination (R?) value
of 53.5%.
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Chart 5-6: PM, 5 concentration variation with the % vegetation cover

-63 -



5.1.4. CO Concentration

According to the chart 5-7, it is observed that CO contaminant exists in air only in
site 2 throughout the day. But it is well below the threshold level for a health risk.
However long term exposure to the CO may cause health problem due to slightly
increasing carbooxyhaemoglobin (COHb) concentration in blood day by day.

It is noted that there are many reasons to considerable level of CO concentration only
in site 2. The site is the closet to the main road having the distance from site of 2m
and 30% of the openings were to the wall facing the road. So the vehicular emission
can directly enter to the building. The kitchen of this house has also no proper
ventilation system and all gases generated in cooking disperse inside the house. Thus
the vehicular emissions and gasses born by cooking have caused detectable levels of
CO concentrations.
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= = ite
.g 6 Worst Case Scenario in Vegetation
® .
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Chart 5-7: Variation of Indoor CO level with time
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5.1.5. Temperature

When consider relationships between indoor temperature and vegetation cover or
indoor temperature and distance from main road there are no clear relationship
between them. Correlation coefficients, ie 0.12 for indoor temperature and vegetation
cover and -0.08 for indoor temperature and distance from main road show very weak

relationships.

These relationships has not shown because of the indoor temperature is directly
affected by the outdoor temperature. Therefore the difference in indoor and outdoor
temperature (Indoor temperature — Outdoor temperature) was considered in the
comparison. Chart 5-8 shows the variation of indoor temperature difference
compared to outdoor with time. In site 1, the maximum temperature difference
observed is 1.1°C. Site 2 has the highest temperature difference of 2.24°C having a
higher temperature inside than that of outdoor throughout the day. When study the
correlation between Indoor temperature- Outdoor temperature and vegetation cover,
it shows strgﬂg relationship between them With correlatiori coefficient of -0.81. Thus
a reductlon of stemperature was observed in the best case scenario compared to the
worst case scenario with respect to presence of vegetative cover. Thus it is noticed
that by introducing the surrounding vegetation, comfort level inside the building can

be improved.
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Chart 5-8: Variation of Indoor-outdoor temperature difference with time

5.2. Th“”j::\"gl Comfort

Although fhermal sensation varies from person to person, it is considered 80%
acceptable comfort zone for the naturally ventilated buildings as in the psychometric
chart. The only site 01 within the comfort zone indicates that the selected suburb area
has thermally discomfort and vegetated areas have some deviations towards the

thermal neutrality.

5.3. Results of Questionnaire Survey

The Questionnaire survey was conducted to find the causes for air pollution and
thermal discomfort exist in the indoor environment and investigate the health and
wellbeing of the occupants. The data received from 22 occupants in selected 5
residential buildings can be generalized to view the environmental condition in a

suburb.

- 66 -



According to the results, 100% of houses are now using the gas cookers for cooking
purposes. Site 01 and site 04 have wooden hearth and site 03 has kerosene cooker in
addition to the gas cooker. However several undesirable gases generated from the gas
cooker contribute to environmental degradation. 40% of gas cooker users, ie site 02
and site 05 have not a chimney in their kitchen. The kitchens without a chimney
enhance the issue. This is a prominent reason for having more undesirable gases like
NO, and CO in site 02.

The types of building materials cause not only air pollution but also thermal
discomfort. 60% of houses, ie site 01, site 03 and site 04 were built by brick walls
and others were built by cement blocks. Bricks can maintain the inside cooler than
cement blocks because of their high thermal capacity. When consider the roofing
material 60% roofs, ie site 02, site 03 and site 05 are asbestos sheets while only site
04 has clay tile. Even though only 60% of houses have ceilings they all are asbestos
sheets. Asbestos sheets create heat inside the building. It causes to increase the
thermal

2

40% of ocet

upant ir freshners and 2( ly or hal and insecticide.

No one use ¢ sehold materials
add more volatile organic matters to the environment. Although according to the
results present usage is low, the trend may increase in future. It negatively affect to

the environment.

According to the results, sore throat and runny nose are prominent in the area. It
mainly cause due to particular matters. However the highest percentage of symptoms
is also lower than 30%. It shows the health condition of the occupants is still in better
and this area has acceptable level of air quality.
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5.4. Control measures of high concentrated air pollutants

5.4.1. Particular matters (PM 2.5) Concentration

Inhaled small fine particles have been deeply penetrating to the lungs and have
caused serious health risk. According to this study site 2 and site 4 shows
comparatively high level of particular matter concentrations. The following methods

can be suggested to control the amount of particles in the indoor air.

% Site2
- Close the opening that is directly open to the main road.
- Plant middle height trees at available places near the building.
- Place pots of indoor plants at daytime inside the building.
- Cover the interior of ceiling material by painting.

- Make attention to avoid damage of ceiling and roofing material.

% Si =
- M=keHs thitk gedem fencélihdrant of theibaitding:
- Clgsewindows' thatthavé directly at peak time of
tdtiie.

5.4.2. CO Concentration

The main source of CO is emissions of motor vehicles due to fuel combustion and
emission of kitchen. Only occupants in site 2 has continuous expose to CO. The

following suggestions can be proposed to minimize the exposure.

e Site2
- Construct a chimney at the kitchen.
- Open all openings in the kitchen open to outside at cooking time.
- Close the opening that is directly open to the main road.

- Use CO detecting meter to make aware the inside CO level.
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6. CHAPTER SIX: CONCLUSIONS & RECOMMENDATIONS

6.1. CONCLUSION

The indoor air quality and thermal comfort levels in the residential buildings in
suburbs have been evaluated to identify the effect of rapid urbanization in the
vicinity. It can be concluded that the air quality in the chosen suburb is still in the

acceptable range except for peaking of PM, s concentration from time to time.

The findings of this study show that significant relationships between indoor air

quality level and microclimatic features, as follows:

+« Indoor CO, level decrease with the vegetation cover

¢+ Indoor/Outdoor CO, level decrease with vegetation cover

¢ Indoor CO, level strongly decline with the level of indoor air
__ circulation (Ventilatign)

@llndoor PMo,. s conhcentration decrease with. the vegetation cover and
:_;;.,rr"_distance from:the main, road

~:: Indoor and Outdoor Temperature difference decrease with the

vegetation

It also shows the indoor air quality and thermal comfort in ecofriendly buildings are

still being satisfied.

As well the selected suburb is moving towards the thermal dissatisfaction parallel
with the urbanization. The areas with better micro-climatic features such as

vegetation, water bodies still have thermally comfort.
This clearly indicates that there is a risk of exceeding the desirable air quality levels

in the suburbs in the near future if there is no proper plan to manage these residential

developments.
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6.2. RECOMMENDATIONS

Based on the findings of this study, it can be suggested to have a vegetative cover
around buildings to overcome this problem since there is a favourable impact of
vegetation on temperature and several air pollutant concentrations. Findings of this
research could also be used by the individual house owners for managing thermal
comfort in their homes. A reasonable distance from the main road can be proposed
with due consideration for the building lines and the street lines for improving air

quality.

This study can be further enhanced with;

% Finding a significant tree cover that could act as a barrier for the thermal

discomfort and the pollutants generated by the traffic.

X/

% Developing a list of instructions that required to follow by house owners for
improving and managing the comfort level inside the house. This can be

developed as in building construction period and during occupancy period.

X/

X8 Bthéug an empirical” relationship™ between  micfociimatic conditions and
thermdl' comfont or level of air pellutants. The policy makers can use this
emplrlcal relationship for making policy decisions to initiate economic
developments.

% Finding a benefitted area from the microclimatic features.

% The type of trees that can reduce the thermal discomfort and pollutants in air.

This research model could be tested for a few other areas to develop the best model.

Then the model could give inputs for decision making of the utilization of lands.
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Readings of Indoor & Outdoor CO, levels and variation of the
ratio of (Indoor/Outdoor) CO, with time
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Readings of Indoor & Outdoor CO, levels and variation of the ratio of (Indoor/Outdoor)CO, with time

Annex - |

Site 1 Site 2 Site 3 Site 4 Site 5
Time Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor
co, co, |(/0)co,| co, co, |(/0)co,| co, co, |(/0)co,| co, co, | (/0)co,| co, co, | (1/0)co,
(ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm)
09:22:24 554
09:24:24 538
09:26:24 516
09:28:24 519
09:30:24 404 514 416 1.236 542 394 1.377 406
09:32:24 405 514 415 1.239 528 394 1.340 406
09:34:24 405 515 414 1.244 510 393 1.296 406
09:36:24 406 @l 513 B fdar hod 3931 VW 258 407
09:38:24 407 ML 09 413 1,234 187 383 1.240 407
09:40:24 408 e o2 412 1.219 497 393 1254 407
09:42:24 487 408 9499 Tl 1213 489 392 1.247 483 407 1.186
09:44:24 490 409 " 496 410 1.211 490 392 1.251 482 408 1.183
09:46:24 483 410 491 409 1.201 488 392 1.246 470 408 1.154
09:48:24 484 410 486 408 1.190 481 391 1.228 462 408 1.133
09:50:24 482 411 519 407 1.275 477 391 1.219 498 408 1.219
09:52:24 486 412 532 407 1.308 486 391 1.244 541 408 1.326
09:54:24 479 413 511 406 1.260 487 391 1.247 470 409 1.151
09:56:24 484 413 532 405 1.314 488 390 1.251 453 409 1.107
09:58:24 484 414 508 404 1.257 506 390 1.297 441 409 1.079
10:00:24 481 414 492 404 1.219 500 390 1.281 413 445 409 1.089
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Site 1 Site 2 Site 3 Site 4 Site 5
Time Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor
o, co, | (l/0)co, | cCo, co, | (I/0)co,| cCO, co, | (i/0)co,| co;, co, | (I/0o)co,| co, co, | (I/0)co,
(ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm)

10:02:24 470 414 1.136 495 405 1.224 492 391 1.259 414 442 409 1.082
10:04:24 472 414 1.141 513 406 1.265 498 392 1.268 414 440 408 1.078
10:06:24 471 414 1.139 514 407 1.265 491 393 1.249 415 444 408 1.089
10:08:24 472 414 1.141 527 407 1.293 499 395 1.264 415 441 408 1.083
10:10:24 480 414 1.159 522 408 1.277 496 396 1.255 416 444 407 1.091
10:12:24 472 414 1.141 507 409 1.239 483 397 1.217 554 416 1.330 445 407 1.095
10:14:24 479 414 1.156 & 504 A0 1229 n78 398 14200 30% 317 1.201 440 407 1.083
10:16:24 475 414 | 114647512 411 1.246 A76 399 |, 1.192 484 418 | 1.159 437 406 | 1.076
10:18:24 469 414 1. 740 713 117239 468 400 1:270 481 418 1.150 440 406 1.085
10:20:24 469 414 1.13%0, 8486 413 11878 468 401 1.167 478 419 1.141 440 405 1.086
10:22:24 478 414 1.154 | 474 413 1.145 476 403 1.181 476 419 1.134 440 405 1.087
10:24:24 482 414 1.164 492 414 1.188 482 404 1.194 479 420 1.140 499 405 1.232
10:26:24 476 414 1.149 510 415 1.229 476 405 1.175 489 420 1.164 468 404 1.158
10:28:24 474 414 1.144 528 416 1.269 470 406 1.159 489 421 1.162 452 404 1.118
10:30:24 479 414 1.156 538 416 1.294 480 406 1.182 489 421 1.162 446 404 1.105
10:32:24 489 414 1.182 545 416 1.310 483 406 1.190 483 421 1.148 440 404 1.089
10:34:24 488 414 1.179 531 417 1.274 480 405 1.183 479 420 1.140 440 404 1.089
10:36:24 486 414 1.175 517 417 1.241 486 405 1.200 483 420 1.151 443 404 1.096
10:38:24 486 414 1.175 524 417 1.255 489 405 1.208 486 419 1.160 447 405 1.106
10:40:24 483 414 1.167 518 417 1.242 488 405 1.207 483 419 1.154 443 405 1.095
10:42:24 435 414 1.052 517 418 1.238 479 404 1.184 480 418 1.148 429 405 1.059
10:44:24 422 414 1.022 584 418 1.397 479 404 1.185 484 418 1.159 432 405 1.066
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Site 1 Site 2 Site 3 Site 4 Site 5
Time Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor
co, co, |(/0)co,| co, co, |(/0)co,| co, co, |(/0)co,| co, co, | (/0)co,| co, co, | (1/0)co,
(ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm)

10:46:24 438 413 1.060 536 418 1.282 492 404 1.219 493 417 1.183 425 405 1.048
10:48:24 498 413 1.204 526 419 1.256 492 403 1.220 488 417 1.172 422 405 1.042
10:50:24 453 413 1.095 515 419 1.230 481 403 1.193 484 416 1.163 428 405 1.055
10:52:24 440 413 1.065 510 419 1.217 474 403 1.175 479 416 1.152 430 406 1.060
10:54:24 439 413 1.063 503 419 1.199 476 403 1.181 484 415 1.166 422 406 1.041
10:56:24 432 413 1.045 495 420 1.180 481 402 1.195 477 415 1.150 435 406 1.072
10:58:24 435 413 1.053 §ia 498 T, 5185 nap 200, 1199 478 414 1.149 432 406 1.064
11:00:24 435 413 | 10584 531 420 | 1.264 485 492 |, 1.206 485 414 | 1172 425 406 | 1.046
11:02:24 435 413 1.0535;?}563 A2e 11345 489 AdR 1296 498 414 1.178 422 406 1.040
11:04:24 416 413 1.00 78500 419 11430 499 402 1.224 492 415 1.187 420 406 1.035
11:06:24 423 413 1.024 | 545 419 1.302 475 402 1.179 493 415 1.188 417 406 1.027
11:08:24 429 414 1.037 522 419 1.246 465 403 1.156 501 416 1.204 430 406 1.058
11:10:24 426 414 1.029 529 418 1.264 465 403 1.155 508 416 1.221 428 406 1.052
11:12:24 429 414 1.036 532 418 1.273 463 403 1.150 506 417 1.214 416 406 1.024
11:14:24 438 414 1.058 551 418 1.319 465 403 1.154 498 417 1.193 413 407 1.016
11:16:24 432 414 1.043 535 417 1.283 463 403 1.149 488 417 1.169 416 407 1.024
11:18:24 432 414 1.042 522 417 1.251 464 403 1.151 484 418 1.158 421 407 1.036
11:20:24 423 414 1.022 514 416 1.235 477 403 1.182 483 418 1.155 419 407 1.031
11:22:24 431 415 1.039 510 416 1.226 479 404 1.186 484 419 1.156 419 407 1.031
11:24:24 431 415 1.039 505 416 1.214 486 404 1.204 484 419 1.155 421 407 1.036
11:26:24 436 415 1.051 507 415 1.220 479 404 1.185 484 420 1.153 417 407 1.025
11:28:24 439 415 1.058 504 415 1.214 472 404 1.170 486 420 1.157 416 407 1.023
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Site 1 Site 2 Site 3 Site 4 Site 5
Time Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor
co, co, |(/0)co,| co, co, |(/0)co,| co, co, |(/0)co,| co, co, | (/0)co,| co, co, | (1/0)co,
(ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm)

11:30:24 430 415 1.035 511 415 1.232 479 404 1.185 476 420 1.132 419 407 1.030
11:32:24 428 415 1.031 511 415 1.233 465 404 1.151 476 420 1.133 422 407 1.039
11:34:24 429 415 1.033 511 414 1.234 465 404 1.151 485 419 1.157 433 406 1.065
11:36:24 423 415 1.021 505 414 1.220 460 404 1.139 479 419 1.143 425 406 1.045
11:38:24 433 415 1.044 501 413 1.211 463 404 1.146 492 419 1.176 422 406 1.041
11:40:24 438 415 1.056 504 413 1.220 464 404 1.149 517 418 1.237 423 406 1.044
11:42:24 429 415 1.034 §al 502 A1 %216 nelh A n141 498 318 1.188 439 405 1.083
11:44:24 425 415 | 1.024@"mi522 412 1.266 462 404 |, 1.144 487 418 | 1.167 447 405 | 1.105
11:46:24 427 414 1.0295;?}528 .} 1A 464 AQ4 1149 487 417 1.168 448 405 1.108
11:48:24 427 414 1.030M 8532 A% 11294 469 404 1.139 484 417 1.161 438 404 1.083
11:50:24 437 414 1.055 | 525 411 1.277 457 404 1.131 482 416 1.157 440 404 1.089
11:52:24 440 414 1.063 527 410 1.284 454 404 1.123 479 416 1.151 446 404 1.105
11:54:24 432 414 1.043 519 410 1.267 463 404 1.146 477 416 1.147 445 404 1.104
11:56:24 432 414 1.043 522 409 1.274 463 404 1.146 487 415 1.173 443 403 1.099
11:58:24 426 414 1.028 513 409 1.255 458 404 1.133 490 415 1.181 450 403 1.115
12:00:24 433 414 1.046 496 409 1.214 450 404 1.113 502 415 1.209 458 403 1.136
12:02:24 440 414 1.064 496 409 1.213 454 404 1.123 499 415 1.201 447 403 1.109
12:04:24 438 414 1.059 498 410 1.214 463 404 1.146 486 415 1.171 431 404 1.067
12:06:24 423 413 1.024 500 410 1.218 469 404 1.162 483 415 1.164 434 404 1.074
12:08:24 427 413 1.033 506 411 1.232 465 404 1.151 482 415 1.161 425 404 1.050
12:10:24 423 413 1.026 530 411 1.289 457 404 1.131 485 415 1.169 427 405 1.054
12:12:24 438 413 1.061 543 412 1.320 456 404 1.128 487 415 1.174 430 405 1.061
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Site 1 Site 2 Site 3 Site 4 Site 5
Time Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor
CO, CO, (1/0)co, CO, CO, (1/0)co, CO, CO, (1/0)co, CO, CO, (1/0)co, CO, CO, (1/0)co,
(ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm)

12:14:24 433 413 1.049 528 412 1.281 455 404 1.126 489 415 1.179 418 406 1.031
12:16:24 430 412 1.042 523 412 1.267 454 404 1.123 492 415 1.186 422 406 1.041
12:18:24 421 412 1.023 524 413 1.268 458 404 1.133 490 415 1.181 428 406 1.053
12:20:24 427 412 1.036 520 413 1.259 472 404 1.170 495 415 1.194 429 407 1.054
12:22:24 434 412 1.054 506 414 1.223 481 404 1.190 486 415 1.171 435 407 1.069
12:24:24 438 411 1.065 518 414 1.252 469 404 1.162 481 415 1.159 442 407 1.086
12:26:24 431 411 1.048 Iu-;":-d, 524 A1, 243 464 204 11149 483 415 1.164 434 408 1.064
12:28:24 439 411 1.06,8?"%509 415 1.226 469 404 1.162 485 415 1.169 428 408 1.048
12:30:24 438 411 1.066§;?:'507 415 1122 474 494 4 12N 488 415 1.176 415 408 1.017
12:32:24 435 411 | 1.058Mw8r509 445 11226 47 404 | 1.180 494 415 1.191 418 408 | 1.025
12:34:24 439 411 1.065.73»_' ~ 502 415 1.208 470 404 1.165 498 415 1.198 421 408 1.033
12:36:24 433 411 1.053 501 416 1.205 466 404 1.155 493 415 1.188 417 408 1.023
12:38:24 433 411 1.053 516 416 1.242 469 404 1.163 491 416 1.182 411 408 1.007
12:40:24 427 411 1.038 506 416 1.216 468 404 1.160 487 416 1.172 416 408 1.020
12:42:24 433 411 1.053 512 416 1.230 467 404 1.158 489 416 1.176 418 408 1.025
12:44:24 427 411 1.038 522 417 1.252 469 404 1.163 499 416 1.198 414 408 1.015
12:46:24 425 411 1.033 520 417 1.249 470 403 1.166 502 416 1.206 412 408 1.010
12:48:24 425 411 1.033 522 417 1.251 472 403 1.171 494 416 1.188 435 408 1.066
12:50:24 426 411 1.035 529 417 1.268 466 403 1.156 494 416 1.187 422 408 1.035
12:52:24 422 411 1.028 518 417 1.242 464 403 1.151 489 417 1.174 421 408 1.033
12:54:24 413 411 1.005 511 418 1.224 469 403 1.164 491 417 1.179 423 408 1.038
12:56:24 429 411 1.043 523 418 1.251 469 403 1.164 492 417 1.181 422 408 1.035
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Site 1 Site 2 Site 3 Site 4 Site 5
Time Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor
Co, Cco, | (I/0)co, | cCO, co, | (I/0)co, | co, Co, | (1/o)co, | cO, co, | (I/o)co, | co, co, | (I/0)co,
(ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm)

12:58:24 425 411 1.033 529 418 1.265 459 403 1.139 488 417 1.171 422 408 1.035
13:00:24 427 411 1.038 532 418 1.273 455 403 1.128 480 417 1.151 451 408 1.104
13:02:24 429 411 1.043 527 417 1.262 457 403 1.133 479 417 1.147 430 408 1.053
13:04:24 432 411 1.051 515 417 1.236 450 403 1.115 476 418 1.139 419 408 1.028
13:06:24 423 411 1.030 517 416 1.243 451 403 1.117 485 418 1.161 412 408 1.010
13:08:24 425 411 1.033 517 416 1.244 447 404 1.109 489 418 1.170 421 408 1.034
13:10:24 432 411 1.051 §a 509 A5 226 450 a0 n114 490 318 1.172 419 408 1.029
13:12:24 429 411 1.043’@5500 415 1.205 A52 404 1.118 494 419 1.181 412 408 1.011
13:14:24 430 411 1.0455;?}506 Al [ TS 456 Aj4 1128 49" 419 1.172 412 408 1.011
13:16:24 432 411 1.0580, 8510 413 11234 461 404 1.141 492 419 1.174 403 407 0.988
13:18:24 439 411 1.068 | 501 413 1.213 460 404 1.138 498 420 1.186 405 407 0.993
13:20:24 434 411 1.056 494 412 1.199 452 404 1.117 503 420 1.197 409 407 1.004
13:22:24 440 411 1.071 503 412 1.221 460 405 1.137 499 420 1.187 408 407 1.001
13:24:24 437 411 1.063 513 411 1.248 457 405 1.129 500 420 1.188 402 407 0.986
13:26:24 440 411 1.071 514 411 1.252 455 405 1.123 499 421 1.185 409 407 1.004
13:28:24 440 411 1.071 507 410 1.236 454 405 1.120 500 421 1.187 418 407 1.028
13:30:24 434 411 1.056 504 410 1.229 452 405 1.115 495 421 1.177 409 407 1.005
13:32:24 431 411 1.049 503 410 1.226 456 405 1.125 493 421 1.173 409 407 1.005
13:34:24 429 411 1.044 490 410 1.195 452 405 1.115 508 420 1.208 408 407 1.003
13:36:24 430 410 1.047 498 410 1.213 451 405 1.113 498 420 1.184 406 407 0.998
13:38:24 432 410 1.053 500 410 1.218 448 405 1.107 489 420 1.165 411 406 1.011
13:40:24 440 410 1.074 496 410 1.210 450 405 1.110 488 420 1.163 441 406 1.086
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Site 1 Site 2 Site 3 Site 4 Site 5
Time Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor
Co, co, | (I/0)co,| co, co, | (I/0)co,| co, co, | (1/0)co, | cCo, co, | (l/0)co, | co, co, | (I/0)co,
(ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm)

13:42:24 433 410 1.056 492 410 1.199 451 405 1.113 489 419 1.167 434 406 1.068
13:44:24 431 410 1.052 491 411 1.197 455 405 1.123 491 419 1.172 429 406 1.056
13:46:24 430 409 1.050 492 411 1.199 450 405 1.110 487 419 1.163 418 406 1.031
13:48:24 440 409 1.076 488 411 1.189 457 405 1.128 483 418 1.154 418 406 1.031
13:50:24 430 409 1.051 482 411 1.173 456 405 1.125 483 418 1.155 412 406 1.016
13:52:24 433 409 1.059 485 411 1.181 459 405 1.133 484 418 1.158 413 405 1.019
13:54:24 431 408 1.055 el 477 Wik 560 asp 405, 0128 478 318 1.139 412 405 1.017
13:56:24 425 408 | 1.0404"i31 411 1.170 457 495 1.128 481 417 | 1.152 414 405 | 1.022
13:58:24 425 408 1.0405;?}483 Ai's 11175 455 AQ5 1123 499 417 1.178 443 405 1.095
14:00:24 433 408 1.06 8084 75 Al {1855 453 405 1.118 495 417 1.188 431 405 1.064
14:02:24 437 408 1.070 | 470 412 1.142 457 405 1.128 491 417 1.178 419 405 1.035
14:04:24 436 409 1.067 475 413 1.150 459 405 1.134 483 417 1.158 411 405 1.014
14:06:24 432 409 1.056 472 414 1.142 459 405 1.134 487 417 1.167 433 405 1.068
14:08:24 426 409 1.040 478 414 1.153 454 404 1.122 481 417 1.152 434 406 1.070
14:10:24 440 409 1.075 477 415 1.148 454 404 1.122 486 417 1.165 428 406 1.054
14:12:24 438 410 1.069 479 416 1.150 462 404 1.143 481 417 1.152 419 406 1.033
14:14:24 430 410 1.048 483 417 1.158 465 404 1.151 472 418 1.132 418 406 1.030
14:16:24 438 410 1.068 486 418 1.163 462 404 1.144 472 418 1.132 419 406 1.032
14:18:24 439 411 1.070 493 419 1.178 459 404 1.137 470 418 1.126 417 406 1.027
14:20:24 438 411 1.066 491 420 1.171 464 404 1.150 464 418 1.111 429 406 1.055
14:22:24 439 411 1.068 487 420 1.159 467 403 1.158 467 418 1.118 422 407 1.039
14:24:24 435 411 1.057 489 421 1.161 479 403 1.187 472 418 1.131 418 407 1.028
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Site 1 Site 2 Site 3 Site 4 Site 5
Time Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor
co, co, |(/0)co,| co, co, |(/0)co,| co, co, |(/0)co,| co, co, | (/0)co,| co, co, | (1/0)co,
(ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm)

14:26:24 435 412 1.056 486 422 1.151 486 403 1.206 476 418 1.138 417 407 1.025
14:28:24 433 412 1.051 481 423 1.137 479 403 1.188 475 418 1.135 446 407 1.097
14:30:24 429 412 1.040 483 423 1.142 484 403 1.201 475 418 1.135 442 407 1.087
14:32:24 435 412 1.057 483 424 1.139 491 403 1.219 472 418 1.130 429 407 1.054
14:34:24 437 411 1.063 480 425 1.128 483 403 1.197 474 418 1.132 417 406 1.027
14:36:24 417 411 1.016 483 426 1.132 476 403 1.179 470 419 1.124 411 406 1.013
14:38:24 425 410 1.035 el 486 DR 5137 n78 A 1184 475 319 1.133 405 405 0.999
14:40:24 427 410 | 1.0494" 37 429 1.136 477 404 |, 1.181 481 419 | 1.147 401 405 | 0.989
14:42:24 439 409 1.074_5,' Y089 A3p [ TTA1H34 486 AQ4 1204 486 419 1.159 405 404 1.001
14:44:24 440 409 1.07 #8500 A43% 11859 4R 404 1.170 487 420 1.161 405 404 1.002
14:46:24 434 408 1.063 | 506 432 1.171 472 404 1.169 486 420 1.158 411 404 1.018
14:48:24 435 408 1.067 500 433 1.153 478 404 1.182 484 420 1.152 412 403 1.022
14:50:24 440 407 1.081 501 434 1.152 483 404 1.194 496 420 1.182 409 403 1.015
14:52:24 440 407 1.083 498 436 1.142 483 405 1.194 514 420 1.223 410 402 1.019
14:54:24 440 406 1.084 498 437 1.139 484 405 1.196 498 421 1.183 410 402 1.020
14:56:24 440 406 1.085 499 438 1.139 484 405 1.195 485 421 1.153 411 401 1.024
14:58:24 440 405 1.087 493 439 1.124 487 405 1.203 486 421 1.155 409 401 1.020
15:00:24 438 405 1.082 489 439 1.114 487 405 1.203 481 421 1.142 411 401 1.025
15:02:24 440 405 1.086 489 439 1.114 485 405 1.198 489 420 1.164 410 402 1.021
15:04:24 440 406 1.085 489 439 1.114 476 405 1.175 486 420 1.158 411 402 1.022
15:06:24 440 406 1.083 483 439 1.100 467 405 1.155 482 419 1.150 408 403 1.013
15:08:24 439 407 1.080 486 439 1.107 462 404 1.142 475 418 1.135 407 403 1.009
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Site 1 Site 2 Site 3 Site 4 Site 5
Time Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor
o, co, | (l/0)co, | cCo, co, | (I/0)co,| cCO, co, | (i/0)co,| co;, co, | (I/0o)co,| co, co, | (I/0)co,
(ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm)

15:10:24 440 407 1.081 488 439 1.112 462 404 1.143 468 417 1.122 405 404 1.003
15:12:24 438 408 1.075 487 439 1.110 463 404 1.146 468 417 1.124 399 404 0.989
15:14:24 430 408 1.053 492 439 1.121 460 404 1.139 465 416 1.118 406 405 1.003
15:16:24 440 408 1.078 500 439 1.138 471 404 1.167 446 415 1.075 399 405 0.986
15:18:24 441 409 1.079 517 439 1.178 472 404 1.170 435 415 1.049 405 406 0.998
15:20:24 433 409 1.058 512 439 1.167 482 404 1.194 428 414 1.033 423 406 1.043
15:22:24 429 410 1.046 5 523 30 5390 us 403 14192 432 313 1.045 420 407 1.034
15:24:24 435 410 | 1.0604"M522 439 1.188 491 403 1.218 437 412 | 1.060 411 407 | 1.010
15:26:24 440 411 1.07 9Nk 439 11215 506 403 1,259 437 412 1.061 406 408 0.996
15:28:24 440 411 1.07 8028540 439 11235 491 403 1.219 439 411 1.068 403 408 0.987
15:30:24 439 411 1.068 | 552 439 1.257 479 403 1.188 431 411 1.048 403 408 0.987
15:32:24 435 411 1.058 552 438 1.258 484 403 1.201 436 411 1.061 402 408 0.984
15:34:24 435 411 1.058 552 438 1.260 477 403 1.184 421 411 1.026 399 408 0.979
15:36:24 440 411 1.070 548 437 1.252 470 403 1.168 420 411 1.024 402 408 0.984
15:38:24 438 412 1.064 537 437 1.230 471 402 1.171 421 410 1.027 405 408 0.992
15:40:24 437 412 1.061 535 436 1.227 478 402 1.187 428 410 1.042 410 408 1.005
15:42:24 427 412 1.036 562 436 1.291 472 402 1.175 440 410 1.073 411 408 1.007
15:44:24 429 412 1.040 557 435 1.280 472 402 1.175 435 410 1.061 412 408 1.010
15:46:24 433 412 1.050 543 434 1.251 472 402 1.176 441 410 1.076 417 408 1.023
15:48:24 437 412 1.060 559 434 1.289 469 402 1.168 440 410 1.074 415 408 1.017
15:50:24 436 412 1.057 518 433 1.196 476 402 1.184 438 410 1.070 405 408 0.992
15:52:24 440 413 1.067 518 433 1.198 476 401 1.185 431 409 1.052 405 408 0.992
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Site 1 Site 2 Site 3 Site 4 Site 5
Time Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor Indoor | Outdoor
CO, CO, (1/0)co, CO, CO, (1/0)co, CO, CO, (1/0)co, CO, CO, (1/0)co, CO, CO, (1/0)co,
(ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm) (ppm) | (ppm)
15:54:24 440 | 413 1.066 513 | 432 1.187 474 401 1.180 427 | 409 1.042 406 | 408 0.994
15:56:24 440 | 413 1.066 511 | 432 1.184 479 401 1.193 430 | 409 1.050 406 | 408 0.994
15:58:24 441 | 413 1.068 517 | 431 1.200 485 401 1.209 440 | 409 1.076 406 | 408 0.994
16:00:24 443 | 413 1.073 516 | 431 1.198 485 401 1.209 447 | 409 1.094 404 | 408 0.989
16:02:24 440 527 486 446 405
16:04:24 440 491 453 403
16:06:24 438 478 457 407
16:08:24 431 470 451 413
16:10:24 440 462 456 411
16:12:24 440 Aed 454 409
16:14:24 440 508 452 406
16:16:24 440 456 408
16:18:24 440 452 401
16:20:24 440 446 403
16:22:24 438 451 403
16:24:24 443 451 410
16:26:24 442 416
442 419
AVG 441 412 1.071 510 419 1.219 472 402 1.173 480 417 1.151 422 406 1.048




Annex ||

NO, readings from Air Quality Monitor



NO, Reading from Air Quality Monitor

. NO; (ppm)

Time
Sitel | Site2 | Site3 Site 4 Site 5

9:22 AM 0.026

9:24 AM 0.025

9:26 AM 0.027

9:28 AM 0.024

9:30 AM 0.025 | 0.029

9:32 AM 0.025 | 0.024

9:34 AM 0.026 | 0.024

9:36 AM 0.026 | 0.024

9:38 AM 0.027 | 0.024

9:40 AM 0.028 | 0.023

9:42AM | 0.023| 0.030| 0.023 0.025

9:44AM | 0.024| 0.031| 0.023 0.024

9:46 AM | 0.027 | 0.031| 0.024 0.022

9:48AM | 0.026| 0.031| 0.021 0.020

9:50AM | 0.028 | 0.032| 0.025 0.022

9:52AM | 0.027 | 0.030| 0.025 0.022

9:54 AM | 0.030| 0.031| 0.023 0.022

9:56 AM | 0.029 | 0.032| 0.025 0.020

958 Al | d.dpsversiasidl 'dloms 0/022
10:0dEME] 00ReCr 091031 TThee.026 0.023
10:00%8Y  0.029.1. 10032 ,0.025 0.022
10:04 AM | 0.030 | 0.034| 0.024 0.025
10:06 AM | 0.028 | 0.033| 0.024 0.024
10:08AM | 0.030| 0.032| 0.026 0.023
10:10AM | 0.029 | 0.032| 0.024 0.023
10:12AM | 0.031| 0.032| 0.025 0.023 0.025
10:14AM | 0.031| 0.033| 0.025 0.021 0.026
10:16 AM | 0.031| 0.032| 0.024 0.020 0.024
10:18AM | 0.030| 0.030| 0.025 0.019 0.023
10:20AM | 0.031| 0.032| 0.027 0.018 0.023
10:22AM | 0.030 | 0.032| 0.027 0.018 0.024
10:224AM | 0.032| 0.034| 0.025 0.018 0.024
10:226 AM | 0.032| 0.032| 0.024 0.018 0.024
10:28AM | 0.032| 0.031| 0.026 0.018 0.023
10:30AM | 0.033| 0.033| 0.029 0.018 0.023
10:32AM | 0.032| 0.031| 0.026 0.017 0.024
10:34AM | 0.031| 0.032| 0.026 0.020 0.025
10:36AM | 0.030 | 0.033| 0.027 0.020 0.024
10:33 AM | 0.030| 0.032| 0.026 0.019 0.024
10:40AM | 0.031| 0.032| 0.026 0.019 0.025
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Time . . NO, (ppm) _ .
Site 1 Site 2 Site 3 Site 4 Site 5

10:42 AM | 0.032| 0.032| 0.026 0.019 0.025
10:44 AM | 0.029 | 0.034| 0.027 0.019 0.024
10:46 AM | 0.032| 0.031| 0.027 0.020 0.023
10:48 AM | 0.033| 0.031| 0.028 0.021 0.024
10:50 AM | 0.032| 0.032| 0.023 0.019 0.025
10:52 AM | 0.031| 0.032| 0.027 0.019 0.024
10:54 AM | 0.033| 0.031| 0.028 0.020 0.026
10:56 AM | 0.033 | 0.030| 0.028 0.019 0.024
10:58 AM | 0.032| 0.030| 0.027 0.019 0.024
11:00AM | 0.033| 0.030| 0.028 0.019 0.024
11:02AM | 0.036| 0.032| 0.028 0.019 0.025
11:04 AM | 0.036| 0.033| 0.028 0.021 0.027
11:06 AM | 0.038 | 0.029 | 0.027 0.020 0.026
11:08 AM | 0.034 | 0.034| 0.029 0.023 0.026
11:10AM | 0.035| 0.033| 0.027 0.023 0.025
11:12AM | 0.035| 0.033| 0.028 0.023 0.025
11:14AM | 0.034 | 0.032| 0.029 0.023 0.025
11:16 AM | 0.034| 0.032| 0.030 0.022 0.025
11:18AM | 0.035| 0.035| 0.029 0.025 0.026
11:20AM | 0.036 | 0.033| 0.029 0.022 0.025
11:22 ANy | d.osavereids3ql Ndlong 0.020 0lo26
1124888  00R6 1091034 h @029 2,029 0.027
11268 Q.039.1. 10.034 .. .,0.027 0.020 0.026
11:28AM | 0.039 | 0.033| 0.029 0.020 0.027
11:30 AM | 0.034 | 0.033| 0.028 0.019 0.027
11:32AM | 0.038| 0.033| 0.028 0.020 0.027
11:34AM | 0.037| 0.034| 0.027 0.021 0.027
11:36 AM | 0.038 | 0.034| 0.027 0.020 0.027
11:38AM | 0.037 | 0.036| 0.029 0.022 0.027
11:40AM | 0.034| 0.034| 0.026 0.021 0.027
11:42 AM | 0.034| 0.034| 0.028 0.021 0.026
11:44AM | 0.034| 0.035| 0.030 0.021 0.024
11:46 AM | 0.031| 0.034| 0.030 0.020 0.025
11:48 AM | 0.032| 0.034| 0.025 0.021 0.025
11:50 AM | 0.037 | 0.035| 0.030 0.022 0.026
11:52AM | 0.036| 0.034| 0.031 0.020 0.026
11:54 AM | 0.035| 0.032| 0.027 0.022 0.025
11:56 AM | 0.034| 0.032| 0.028 0.021 0.024
11:58 AM | 0.032| 0.032| 0.027 0.021 0.024
12:00PM | 0.033 | 0.033| 0.029 0.021 0.024
12:02PM | 0.033| 0.033| 0.030 0.022 0.022
12:04PM | 0.034| 0.036| 0.027 0.020 0.024
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Time . . NO, (ppm) _ .
Site 1 Site 2 Site 3 Site 4 Site 5
12:06 PM | 0.033| 0.035| 0.027 0.021 0.025
12:08PM | 0.033| 0.034| 0.028 0.022 0.026
12:10PM | 0.033 | 0.032| 0.027 0.021 0.026
12:12PM | 0.034| 0.032| 0.027 0.021 0.024
12:14PM | 0.033| 0.032| 0.026 0.020 0.024
12:16PM | 0.033 | 0.031| 0.029 0.019 0.026
12:18PM | 0.032 | 0.032| 0.028 0.021 0.024
12:20PM | 0.033 | 0.029 | 0.028 0.021 0.025
12:22PM | 0.036 | 0.032| 0.027 0.020 0.023
12:24PM | 0.039| 0.031| 0.026 0.020 0.023
12:26 PM | 0.037 | 0.031| 0.026 0.020 0.020
12:28PM | 0.038 | 0.032| 0.028 0.021 0.019
12:30PM | 0.035| 0.031| 0.029 0.021 0.019
12:32PM | 0.036| 0.031| 0.025 0.022 0.022
12:34PM | 0.034| 0.034| 0.022 0.023 0.020
12:36PM | 0.036 | 0.031| 0.025 0.023 0.020
12:38PM | 0.034 | 0.032| 0.031 0.023 0.021
12:40PM | 0.032 | 0.033| 0.025 0.021 0.021
12:42PM | 0.032| 0.033| 0.028 0.021 0.018
12:44PM | 0.033| 0.032| 0.029 0.022 0.021
12:46 By | d.osaversis2ql loloag 0.0212 0loas
12:4460F)  T0B4 91033 [Thc2.027 0,024 0.020
12:56@%° 0.036.1. 10.032.& ..0.925 0.024 0.019
12:52PM | 0.037 | 0.030 | 0.028 0.023 0.020
12:54PM | 0.036 | 0.032| 0.027 0.022 0.018
12:56 PM | 0.036 | 0.032| 0.029 0.022 0.019
12:58PM | 0.034 | 0.031| 0.025 0.021 0.023
1:00PM | 0.034| 0.031| 0.026 0.021 0.019
1:02PM | 0.033| 0.031| 0.026 0.018 0.020
1:04PM | 0.033| 0.031| 0.028 0.021 0.021
1:06 PM | 0.034| 0.031| 0.026 0.019 0.022
1:08PM | 0.032| 0.033| 0.027 0.019 0.020
1:10PM | 0.034| 0.032| 0.030 0.019 0.019
1:12PM | 0.036| 0.030| 0.029 0.020 0.021
1:14PM | 0.036| 0.033| 0.029 0.018 0.020
1:16PM | 0.035| 0.033| 0.030 0.020 0.019
1:18PM | 0.036| 0.033| 0.030 0.019 0.020
1:220PM | 0.036| 0.034| 0.028 0.019 0.020
1:22PM | 0.034| 0.036| 0.028 0.020 0.019
1:224PM | 0.033| 0.033| 0.028 0.019 0.021
1:226PM | 0.034| 0.033| 0.029 0.020 0.021
1:28PM | 0.034| 0.033| 0.030 0.019 0.021
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Time . . NG, (ppm) _ .
Site 1 Site 2 Site 3 Site 4 Site 5
1:30PM | 0.031| 0.033| 0.030 0.020 0.022
1:32PM | 0.031| 0.034| 0.030 0.020 0.022
1:34PM | 0.033| 0.034| 0.031 0.019 0.020
1:36PM | 0.033| 0.034| 0.030 0.019 0.021
1:33PM | 0.032| 0.034| 0.029 0.018 0.021
1:40PM | 0.033| 0.032| 0.030 0.018 0.019
1:42PM | 0.032| 0.032| 0.030 0.019 0.017
1:44PM | 0.032| 0.034| 0.030 0.019 0.023
1:46PM | 0.034| 0.034| 0.030 0.018 0.021
1:48PM | 0.037| 0.033| 0.028 0.017 0.019
1:50PM | 0.032| 0.033| 0.029 0.020 0.021
1:52PM | 0.033| 0.034| 0.029 0.020 0.022
1:54PM | 0.033| 0.034| 0.029 0.019 0.021
1:56 PM | 0.033| 0.033| 0.029 0.021 0.021
1:58PM | 0.032| 0.033| 0.030 0.020 0.020
2:00PM | 0.033| 0.035| 0.031 0.020 0.021
2:02PM | 0.035| 0.033| 0.030 0.019 0.021
2:04PM | 0.034| 0.035| 0.030 0.020 0.021
2:06PM | 0.033| 0.035| 0.029 0.020 0.023
2:08PM | 0.032| 0.035| 0.030 0.021 0.020
2:10 8 | d.osaversidsaql Nolose 0.029 0loa2
2:136MF) 00RO 91085 h2.081 2,020 0.020
218987 Q.032.. 10.034.L ..0.029 0.020 0.021
2:16PM | 0.031| 0.036]| 0.029 0.020 0.021
2:18PM | 0.033| 0.037| 0.030 0.018 0.022
2:220PM | 0.034| 0.038| 0.030 0.020 0.021
2:22PM | 0.035| 0.036| 0.029 0.021 0.021
2:224PM | 0.031| 0.036| 0.030 0.021 0.021
2:226PM | 0.032| 0.035| 0.030 0.020 0.021
2:28PM | 0.032| 0.035| 0.028 0.021 0.021
2:30PM | 0.033| 0.034| 0.028 0.022 0.021
2:32PM | 0.033| 0.034| 0.030 0.021 0.021
2:34PM | 0.035| 0.035| 0.029 0.021 0.019
2:36PM | 0.033| 0.034| 0.029 0.021 0.020
2:38PM | 0.031| 0.034| 0.028 0.022 0.022
2:40PM | 0.033| 0.036| 0.029 0.023 0.023
2:42PM | 0.033| 0.036| 0.030 0.022 0.022
2:44PM | 0.032| 0.036| 0.029 0.021 0.021
2:46PM | 0.033| 0.034| 0.029 0.020 0.023
2:48PM | 0.036| 0.033| 0.028 0.021 0.021
2:50PM | 0.038| 0.032| 0.028 0.022 0.021
2:52PM | 0.035| 0.032| 0.028 0.021 0.022
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Time . . NO, (ppm) _ .
Site 1 Site 2 Site 3 Site 4 Site 5
2:54PM | 0.035| 0.033| 0.028 0.017 0.021
2:56PM | 0.035| 0.031| 0.028 0.018 0.021
2:58PM | 0.033| 0.035| 0.028 0.020 0.021
3:00PM | 0.033| 0.037| 0.028 0.020 0.020
3:02PM | 0.034| 0.035| 0.027 0.020 0.020
3:.04PM | 0.034| 0.034| 0.028 0.019 0.021
3:.06PM | 0.033| 0.033| 0.026 0.018 0.019
3:08PM | 0.032| 0.033| 0.028 0.019 0.021
3:10PM | 0.031| 0.034| 0.028 0.021 0.021
3:12PM | 0.032| 0.033| 0.027 0.022 0.021
3:14PM | 0.034| 0.033| 0.028 0.021 0.021
3:16PM | 0.034| 0.034| 0.027 0.022 0.021
3:18PM | 0.033| 0.032| 0.027 0.021 0.022
3:220PM | 0.033| 0.032| 0.028 0.022 0.022
3:22PM | 0.033| 0.031| 0.028 0.021 0.020
3:224PM | 0.033| 0.031| 0.028 0.022 0.020
3:26PM | 0.032| 0.031| 0.028 0.022 0.023
3:28PM | 0.031| 0.032| 0.028 0.021 0.025
3:30PM | 0.032| 0.031| 0.028 0.021 0.026
3:32PM | 0.031| 0.032| 0.029 0.021 0.025
3:34 8 | dosavereidsaql Ndlopz 0.021 0loas
3:346ME) 0B 91084 2028 2,020 0.024
338987 Q.031.]. 10.032.L ..0.027 0.021 0.024
3:40PM | 0.030| 0.032]| 0.027 0.022 0.024
3:42PM | 0.034| 0.032| 0.028 0.023 0.021
3:44PM | 0.032| 0.029| 0.029 0.022 0.024
3:46PM | 0.032| 0.031| 0.028 0.022 0.026
3:48PM | 0.033| 0.033| 0.028 0.022 0.025
3:;50PM | 0.034| 0.030| 0.029 0.021 0.023
3:52PM | 0.032| 0.031| 0.028 0.021 0.022
3:54PM | 0.033| 0.032| 0.028 0.021 0.024
3:56PM | 0.032| 0.031| 0.030 0.022 0.025
3:;58PM | 0.030| 0.030| 0.028 0.022 0.025
4:00PM | 0.032| 0.031| 0.029 0.022 0.025
4:02PM | 0.031| 0.030| 0.029 0.022 0.026
4:04PM | 0.031| 0.030| 0.028 0.021 0.026
4:06 PM | 0.030| 0.030| 0.028 0.022 0.025
4:08PM | 0.031| 0.030| 0.028 0.022 0.025
4:10PM | 0.032| 0.033| 0.029 0.022 0.025
4:12PM | 0.032| 0.032| 0.029 0.022 0.024
4:14PM | 0.030| 0.032| 0.030 0.022 0.025
4:16PM | 0.030 | 0.030 0.022 0.024
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Time . . el 2 :
Site 1 Site 2 Site 3 Site 4 Site 5

4:18 PM 0.032 0.032 0.022 0.024
4:20 PM 0.032 0.031 0.023 0.024
4:22 PM 0.032 0.033 0.023 0.024
4:24 PM 0.029 0.034 0.023 0.025
4:26 PM 0.029 0.031 0.025
0.030 0.026
AVG 0.033 0.032 0.028 0.021 0.023
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Particulate Matter readings from Real-time Particulate Monitor

T



Particular Matter Readings from Real-time Particulate Monitor

Time Site 1 Site 2 Site 3 Site 4 Site 5
9:10 AM
9:11 AM 0.004
9:12 AM 0.003
9:13 AM 0.005
9:14 AM 0.007
9:15 AM 0.015
9:16 AM 0.016
9:17 AM 0.002
9:18 AM 0.002
9:19 AM 0.002
9:20 AM 0.002
9:21 AM 0.001
9:22 AM
9:23 AM
9:24 AM
9:25 AM
9:26 AM
9:27 AM
9:28 AM
9:29 AM
9:3Q.AM
9:35ANM
%3
9:33AM 0.029
9:34 AM 0.002 0.011
9:35 AM 0.002 0.002
9:36 AM 0.002 0.002
9:37 AM 0.002 0.002
9:38 AM 0.002 0.002
9:39 AM 0.002 0.002
9:40 AM 0.010 0.002
9:41 AM 0.007 0.002
9:42 AM 0.006 0.002
9:43 AM 0.005 0.002
9:44 AM 0.002 0.002
9:45 AM 0.002 0.002
9:46 AM 0.002 0.002
9:47 AM 0.002 0.022 0.002
9:48 AM 0.002 0.036 0.002
9:49 AM 0.002 0.023 0.002
9:50 AM 0.002 0.011 0.002
9:51 AM 0.002 0.010 0.002
9:52 AM 0.002 0.007 0.002
9:53 AM 0.002 0.005 0.002
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Time Site 1 Site 2 Site 3 Site 4 Site 5
9:54 AM 0.002 0.006 0.002
9:55 AM 0.002 0.003 0.002
9:56 AM 0.002 0.002 0.002
9:57 AM 0.002 0.002
9:58 AM 0.002 0.002
9:59 AM 0.002 0.001

10:00 AM 0.001 0.002 0.001
10:01 AM 0.002 0.003
10:02 AM 0.002 0.002
10:03 AM 0.002
10:04 AM 0.002
10:05 AM 0.002
10:06 AM 0.002
10:07 AM 0.002
10:08 AM 0.002
10:09 AM 0.002
10:10 AM 0.002
10:11 AM 0.002
10:12 AM 0.002
10:13 AM 0.002
10:14 AM 0.002
10:15 AM 0.002
10:16:4AM 0.Q02
10: 2R 0.002
10.18AN 0°b02
10:E5AM 0.006
10:20 AM 0.003
10:21 AM 0.006
10:22 AM 0.002
10:23 AM 0.003
10:24 AM 0.002 0.003
10:25 AM 0.003 0.002
10:26 AM 0.002 0.002
10:27 AM 0.005 0.002
10:28 AM 0.006 0.002
10:29 AM 0.002 0.002
10:30 AM 0.002 0.002
10:31 AM 0.002 0.002
10:32 AM 0.002 0.002
10:33 AM 0.002 0.002
10:34 AM 0.002 0.002
10:35 AM 0.002 0.002
10:36 AM 0.002 0.002 0.002
10:37 AM 0.002 0.002 0.002
10:38 AM 0.002 0.002 0.002
10:39 AM 0.002 0.002 0.002
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Time Site 1 Site 2 Site 3 Site 4 Site 5
10:40 AM 0.002 0.002 0.002
10:41 AM 0.002 0.002 0.002
10:42 AM 0.002 0.002 0.002
10:43 AM 0.002 0.002 0.002
10:44 AM 0.002 0.002 0.002
10:45 AM 0.002 0.002 0.002
10:46 AM 0.002 0.002 0.003
10:47 AM 0.002 0.002 0.005
10:48 AM 0.002 0.002 0.003
10:49 AM 0.002 0.011 0.004
10:50 AM 0.001 0.017 0.002
10:51 AM 0.001 0.022 0.002
10:52 AM 0.020 0.002
10:53 AM 0.008 0.002
10:54 AM 0.017 0.021 0.002
10:55 AM 0.018 0.033 0.002
10:56 AM 0.018 0.070 0.002
10:57 AM 0.011 0.075 0.002
10:58 AM 0.009 0.069 0.002
10:59 AM 0.013 0.052 0.002
11:00 AM 0.009 0.046 0.002
11:01 AM 0.012 0.026 0.002
11:02AM 0,012 0.Q12 0002
11:0ﬁM 0.004 0.012 0.004 0.002
11308EN 07002 0,025 07002 0.002
11:G55AM 0.088 0002 0.002 0.002
11:06 AM 0.043 0.002 0.002 0.010
11:07 AM 0.047 0.002 0.002 0.009
11:08 AM 0.070 0.002 0.002 0.009
11:09 AM 0.002 0.097 0.004 0.002 0.007
11:10 AM 0.002 0.065 0.002 0.002 0.009
11:11 AM 0.018 0.046 0.002 0.002 0.010
11:12 AM 0.026 0.040 0.002 0.002 0.010
11:13 AM 0.032 0.002 0.003 0.005
11:14 AM 0.030 0.088 0.002 0.002 0.009
11:15 AM 0.029 0.015 0.002 0.002 0.009
11:16 AM 0.042 0.003 0.002 0.006 0.007
11:17 AM 0.051 0.002 0.002 0.006 0.006
11:18 AM 0.049 0.002 0.002 0.006 0.008
11:19 AM 0.038 0.002 0.002 0.013 0.009
11:20 AM 0.029 0.002 0.002 0.009 0.010
11:21 AM 0.030 0.002 0.002 0.007 0.005
11:22 AM 0.034 0.021 0.002 0.003 0.009
11:23 AM 0.034 0.032 0.002 0.002 0.003
11:24 AM 0.049 0.082 0.003 0.002 0.002
11:25 AM 0.065 0.041 0.009 0.002 0.002
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Time Site 1 Site 2 Site 3 Site 4 Site 5
11:26 AM 0.052 0.059 0.006 0.002 0.002
11:27 AM 0.046 0.007 0.002 0.002 0.002
11:28 AM 0.047 0.006 0.002 0.002 0.002
11:29 AM 0.043 0.008 0.002 0.002 0.002
11:30 AM 0.036 0.013 0.002 0.002 0.002
11:31 AM 0.025 0.069 0.002 0.002 0.002
11:32 AM 0.016 0.027 0.002 0.002 0.002
11:33 AM 0.008 0.004 0.002 0.002 0.003
11:34 AM 0.004 0.002 0.002 0.002 0.002
11:35 AM 0.002 0.042 0.002 0.002 0.002
11:36 AM 0.002 0.032 0.002 0.002 0.013
11:37 AM 0.002 0.048 0.002 0.002 0.010
11:38 AM 0.010 0.016 0.002 0.002 0.012
11:39 AM 0.018 0.006 0.002 0.002 0.013
11:40 AM 0.024 0.002 0.002 0.002 0.004
11:41 AM 0.008 0.002 0.002 0.002 0.004
11:42 AM 0.005 0.002 0.002 0.002 0.002
11:43 AM 0.002 0.002 0.002 0.002 0.002
11:44 AM 0.002 0.002 0.002 0.002 0.002
11:45 AM 0.002 0.002 0.002 0.002 0.002
11:46 AM 0.002 0.019 0.002 0.002 0.002
11:47 AM 0.002 0.028 0.002 0.002 0.002
11:4&AM 0.002 0.089 0,002 0.002 0002
11:4ﬁM Q.002 0.057 0.002 0.009 0.002
11:5MM 0.002 0°027 0.001 0.008 0.002
11:58AM 0002 0.023 0.007 0.005
11:52 AM 0.002 0.022 0.007 0.005
11:53 AM 0.002 0.013 0.002 0.002
11:54 AM 0.002 0.012 0.009 0.002 0.002
11:55 AM 0.002 0.016 0.010 0.002 0.002
11:56 AM 0.002 0.012 0.013 0.002 0.002
11:57 AM 0.002 0.004 0.019 0.002 0.002
11:58 AM 0.002 0.003 0.024 0.002 0.002
11:59 AM 0.002 0.022 0.029 0.002 0.002
12:00 PM 0.002 0.002 0.029 0.002 0.002
12:01 PM 0.002 0.002 0.034 0.002 0.002
12:02 PM 0.002 0.005 0.031 0.002 0.002
12:03 PM 0.002 0.002 0.012 0.002 0.002
12:04 PM 0.002 0.002 0.015 0.002 0.002
12:05 PM 0.002 0.037 0.012 0.002 0.002
12:06 PM 0.002 0.009 0.002 0.002 0.020
12:07 PM 0.002 0.005 0.002 0.002 0.009
12:08 PM 0.002 0.005 0.005 0.002 0.002
12:09 PM 0.002 0.015 0.002 0.008
12:10 PM 0.002 0.003 0.002 0.006
12:11 PM 0.014 0.002 0.002 0.003
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Time Site 1 Site 2 Site 3 Site 4 Site 5
12:12 PM 0.011 0.002 0.002 0.003
12:13 PM 0.006 0.002 0.002 0.002
12:14 PM 0.015 0.018 0.002 0.002
12:15 PM 0.032 0.002 0.002
12:16 PM 0.019 0.091 0.002 0.002
12:17 PM 0.017 0.089 0.002 0.002
12:18 PM 0.034 0.053 0.002 0.002
12:19 PM 0.017 0.012 0.013 0.002
12:20 PM 0.011 0.024 0.013 0.002
12:21 PM 0.006 0.034 0.013 0.002
12:22 PM 0.002 0.034 0.011 0.002
12:23 PM 0.002 0.013 0.007 0.002
12:24 PM 0.002 0.002 0.006 0.002
12:25 PM 0.002 0.002 0.007 0.002
12:26 PM 0.002 0.002 0.008 0.002
12:27 PM 0.002 0.002 0.008 0.002
12:28 PM 0.002 0.002 0.009 0.002
12:29 PM 0.002 0.002 0.005 0.002
12:30 PM 0.002 0.003 0.003 0.002
12:31 PM 0.002 0.002 0.002 0.002
12:32 PM 0.002 0.002 0.003 0.002
12:33 PM 0.002 0.002 0.002 0.002
12:34PM 0.002 Q.002 0.002 0002
12:355FAM Q.002 0.009 0.002 0.002
12:3%'€M 0.002 07010 0.003 0.009
12:34EM 0002 0.016 0.005 0.014
12:38 PM 0.002 0.013 0.003 0.016
12:39 PM 0.002 0.022 0.002 0.015
12:40 PM 0.002 0.021 0.002 0.019
12:41 PM 0.003 0.020 0.006 0.011
12:42 PM 0.002 0.020 0.007 0.009
12:43 PM 0.002 0.013 0.003 0.013
12:44 PM 0.002 0.009 0.002 0.014
12:45 PM 0.002 0.003 0.002 0.014
12:46 PM 0.002 0.002 0.002 0.015
12:47 PM 0.002 0.002 0.002 0.012
12:48 PM 0.002 0.002 0.002 0.009
12:49 PM 0.002 0.002 0.005 0.012
12:50 PM 0.002 0.004 0.005 0.010
12:51 PM 0.002 0.002 0.005 0.011
12:52 PM 0.002 0.002 0.002 0.011
12:53 PM 0.002 0.002 0.003 0.011
12:54 PM 0.002 0.002 0.003 0.009
12:55 PM 0.002 0.002 0.002 0.007
12:56 PM 0.002 0.002 0.002 0.008
12:57 PM 0.002 0.002 0.002 0.007
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Time Site 1 Site 2 Site 3 Site 4 Site 5
12:58 PM 0.002 0.002 0.002 0.005
12:59 PM 0.002 0.002 0.002 0.003

1:00 PM 0.002 0.002 0.002 0.004
1:.01 PM 0.002 0.002 0.002 0.002
1:.02 PM 0.002 0.002 0.002 0.002
1:.03 PM 0.002 0.002 0.002 0.002
1:.04 PM 0.002 0.002 0.002 0.002
1:.05 PM 0.002 0.014 0.002 0.002
1:.06 PM 0.002 0.014 0.002 0.008
1:.07 PM 0.002 0.011 0.002 0.011
1.08 PM 0.002 0.003 0.002 0.013
1:.09 PM 0.002 0.005 0.002 0.019
1:10 PM 0.002 0.005 0.002 0.025
1:.11 PM 0.002 0.006 0.002 0.028
1:12 PM 0.004 0.005 0.002 0.031
1:13 PM 0.005 0.003 0.002 0.026
1:14 PM 0.007 0.002 0.002 0.021
1:15PM 0.012 0.003 0.002 0.020
1:.16 PM 0.011 0.009 0.002 0.018
1:17 PM 0.009 0.011 0.002 0.016
1:18 PM 0.015 0.012 0.002 0.018
1:19 PM 0.027 0.017 0.012 0.018
1:2@:PM 0.007 Q.017 0.012 0004
12§'ﬂM Q.004 0.022 0.017 0.002
1:25—'#?!.\/! 0.002 0.024 0.018 0.004
1:23EM 0002 0.024 0.016 0.006
1:24 PM 0.002 0.019 0.006 0.004
1:25 PM 0.002 0.016 0.004 0.007
1:26 PM 0.002 0.022 0.003 0.005
1:27 PM 0.004 0.026 0.004 0.002
1:28 PM 0.016 0.026 0.004 0.009
1:29 PM 0.003 0.011 0.005 0.005
1:30 PM 0.002 0.013 0.005 0.003
1:31 PM 0.002 0.029 0.005 0.003
1:32 PM 0.002 0.027 0.008 0.005
1:33 PM 0.002 0.016 0.005 0.004
1:34 PM 0.002 0.019 0.005 0.005
1:35 PM 0.002 0.013 0.007 0.002
1:36 PM 0.002 0.014 0.007 0.002
1:37 PM 0.002 0.014 0.007 0.002
1:38 PM 0.002 0.014 0.005 0.004
1:39 PM 0.002 0.007 0.005 0.005
1:40 PM 0.002 0.006 0.005 0.005
1:41 PM 0.013 0.011 0.004 0.006
1:42 PM 0.021 0.014 0.005 0.005
1:43 PM 0.034 0.021 0.006 0.004
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Time Site 1 Site 2 Site 3 Site 4 Site 5
1:44PM | 0038 | 0014 0.005 |  0.003
1:45PM | 0042 | 0.025 0.007 |  0.009
1:46PM | 0038 | 0.021 0.006 |  0.010
1:47PM | 0038 | 0018 0.006 |  0.009
1:48PM | 0034 | 0015 0.006 |  0.013
1:49PM | 0036 | 0018 0.008 |  0.015
1:50PM | 0.027 | 0.015 0010 | 0.013
1:51PM | 0021 | 0.023 0010 |  0.010
1:52PM | 0015 | 0.027 0012 |  0.009
1:53PM |  0.020| 0.020 0017 |  0.007
1:54PM | 0019 | 0.013 0013 |  0.006
1:55PM | 0010 | 0.013 0019 |  0.005
1:56PM | 0.005| 0.024 0.004 |  0.005
1:57PM | 0003 | 0.025 0.003 |  0.009
1:58PM | 0010 | 0.026 0003 | 0011
1:59PM |  0.009| 0.026 0.006 |  0.008
2:00PM | 0.025| 0.030 0.007 |  0.009
2:01PM | 0037 | 0.030 0.008 |  0.010
2:02PM | 0045 | 0.031 0.007 |  0.010
2:03PM | 0.035| 0.030 0007 | 0011
2:04PM | 0015| 0.036 0013 | 0011
2:05PM | 0003| 0016 0019 | 0.015
2:06:PM | 1 0.003 i Q.022 0.032 || 0006
2:g&RY, | 0002 | 0024 0.006
20888 | "09b3 V1 bo0ds 0036 V0.009
2:68PM | Viowoy 11D 51649 0.031 |  0.009
2:10PM | 0002 | 0.020 0.020 |  0.010
2:11PM |  0.004 | 0.016 0016 |  0.009
2:12PM | 0011 | 0.011 0014 |  0.005
2:13PM | 0020 | 0.012 0.018 |  0.004
2:14PM | 0012 | 0.013 0018 |  0.002
2:15PM | 0013 | 0.019 0.025 |  0.002
2:16PM | 0020| 0019| 0009 | 0040 0.003
2:17PM | 0005| 0013| 0002 | 0051 0.002
2:18PM | 0002 | 0010| 0002| 0049 0.003
2:19PM | 0004| 0027| 0002| 0040 0.004
2:20PM | 0006 | 0024| 0002| 0033| 0.005
2:21PM | 0007 | 0022| 0002| 0.031]| 0.009
2:22PM |  0005| 0020] 0002| 0.030] 0.006
2:23PM | 0002 | 0022] 0002| 0.026| 0.006
2:24PM | 0002 | 0019| 0002| 0.021| 0.008
2:25PM | 0002 | 0019| 0002| 0014 0.012
2:26PM | 0002 | 0013| 0002| 0017 0.014
2:27PM | 0002 | 0013| 0002| 0018| 0.008
2:28PM | 0002 | 0014| 0002| 0014 | 0.007
2:29PM | 0002 | 0017| 0002 | 0014 | 0.007
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Time Site 1 Site 2 Site 3 Site 4 Site 5
2:30 PM 0.004 0.016 0.002 0.009 0.011
2:31 PM 0.004 0.012 0.002 0.002 0.008
2:32 PM 0.002 0.007 0.002 0.002 0.009
2:33 PM 0.003 0.002 0.002 0.002 0.009
2:34 PM 0.006 0.002 0.002 0.002 0.008
2:35 PM 0.032 0.007 0.002 0.002 0.013
2:36 PM 0.020 0.003 0.002 0.002 0.011
2:37 PM 0.011 0.006 0.002 0.002 0.010
2:38 PM 0.005 0.003 0.002 0.002 0.010
2:39 PM 0.006 0.003 0.002 0.002 0.006
2:40 PM 0.002 0.002 0.011 0.005
2:41 PM 0.002 0.002 0.012 0.007
2:42 PM 0.002 0.002 0.010 0.007
2:43 PM 0.002 0.002 0.007 0.005
2:44 PM 0.002 0.002 0.004 0.003
2:45 PM 0.002 0.002 0.003 0.007
2:46 PM 0.002 0.002 0.002 0.003
2:47 PM 0.002 0.002 0.002 0.004
2:48 PM 0.002 0.002 0.003 0.003
2:49 PM 0.002 0.003 0.004 0.004
2:50 PM 0.002 0.002 0.006 0.005
2:51 PM 0.002 0.002 0.005 0.003
2:52:PM 0.002 0,002 0.Q05 0004
2:5§3gM 0.002 0.002 0.009 0.004
2:54PN) 07002 0,002 07009 0.006
2:55M 0.002 0002 0.009 0.008
2:56 PM 0.002 0.002 0.009 0.010
2:57 PM 0.002 0.002 0.011 0.013
2:58 PM 0.002 0.002 0.012 0.018
2:59 PM 0.002 0.002 0.013 0.021
3:00 PM 0.002 0.002 0.013 0.027
3:01 PM 0.003 0.002 0.013 0.028
3:02 PM 0.002 0.002 0.014 0.018
3:03 PM 0.002 0.002 0.015 0.011
3:04 PM 0.002 0.002 0.095 0.025
3:05 PM 0.005 0.002 0.013 0.002
3:06 PM 0.004 0.002 0.012 0.013
3:07 PM 0.003 0.002 0.012 0.018
3:08 PM 0.004 0.002 0.011 0.016
3:09 PM 0.004 0.002 0.011 0.021
3:10 PM 0.009 0.002 0.005 0.026
3:11 PM 0.005 0.002 0.002
3:12 PM 0.014 0.002 0.004
3:13PM 0.009 0.002 0.002 0.023
3:14 PM 0.011 0.002 0.003 0.026
3:15PM 0.009 0.002 0.003 0.025
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Time Site 1 Site 2 Site 3 Site 4 Site 5
3:16 PM 0.004 0.002 0.005 0.023
3:17 PM 0.003 0.002 0.005 0.023
3:18 PM 0.003 0.004 0.006 0.029
3:19 PM 0.003 0.008 0.006 0.030
3:20 PM 0.002 0.018 0.009 0.032
3:21 PM 0.005 0.020 0.011 0.023
3:22 PM 0.010 0.007 0.010 0.020
3:23 PM 0.007 0.003 0.010 0.020
3:24 PM 0.005 0.004 0.014 0.026
3:25PM 0.008 0.005 0.011 0.033
3:26 PM 0.013 0.003 0.012 0.036
3:27 PM 0.008 0.002 0.009 0.038
3:28 PM 0.008 0.002 0.008 0.040
3:29 PM 0.003 0.002 0.009 0.040
3:30 PM 0.002 0.002 0.009 0.034
3:31 PM 0.002 0.002 0.011 0.027
3:32 PM 0.002 0.002 0.006 0.026
3:33 PM 0.002 0.002 0.006 0.033
3:34 PM 0.010 0.002 0.002 0.006 0.036
3:35 PM 0.012 0.011 0.002 0.005 0.037
3:36 PM 0.014 0.012 0.002 0.008 0.011
3:37 PM 0.011 0.017 0.002 0.012 0.011
3:38:PM 0.002 Q.011 0,002 0.020. 0p14
3:3§';FAM Q.002 0.012 0.002 0.027 0.018
3:4WM 0.002 07011 0.002 0.012 0.021
3:4EPM 0002 0.009 0:002 0.008 0.022
3:42 PM 0.002 0.006 0.002 0.008 0.023
3:43 PM 0.002 0.003 0.002 0.011 0.022
3:44 PM 0.002 0.005 0.002 0.013 0.024
3:45 PM 0.002 0.003 0.002 0.016 0.023
3:46 PM 0.002 0.004 0.002 0.022 0.024
3:47 PM 0.002 0.003 0.004 0.026 0.026
3:48 PM 0.003 0.002 0.003 0.027 0.025
3:49 PM 0.007 0.005 0.005 0.021 0.022
3:50 PM 0.006 0.005 0.006 0.021 0.026
3:51 PM 0.004 0.011 0.008 0.017 0.026
3:52 PM 0.005 0.016 0.002 0.024 0.027
3:53 PM 0.006 0.024 0.002 0.023 0.027
3:54 PM 0.007 0.016 0.002 0.021 0.025
3:55 PM 0.004 0.011 0.002 0.019 0.025
3:56 PM 0.004 0.004 0.002 0.016 0.021
3:57 PM 0.009 0.004 0.002 0.018 0.021
3:58 PM 0.016 0.022 0.002 0.018 0.025
3:59 PM 0.019 0.024 0.002 0.022 0.023
4:00 PM 0.034 0.015 0.002 0.019 0.025
4:01 PM 0.037 0.013 0.002 0.027 0.025
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Time Site 1 Site 2 Site 3 Site 4 Site 5
4:02 PM 0.037 0.023 0.002 0.023 0.028
4:03 PM 0.039 0.050 0.002 0.026 0.030
4:04 PM 0.003 0.078 0.002 0.031
4:05 PM 0.002 0.027
4:06 PM 0.002 0.017
4:07 PM 0.002 0.019
4:08 PM 0.002
4:09 PM 0.002
AVG 0.010 0.014 0.004 0.009 0.010
Max 0.065 0.097 0.034 0.095 0.040
Min 0.002 0.001 0.001 0.002 0.001
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Annex IV

CO readings from Air Quality Monitor



CO Readings from Air Quality Monitor

. CO (ppm)
Time Site1 | Site2 | Site3 | Site4 Site 5

9:22 AM 0.09

9:24 AM 0.00

9:26 AM 0.00

9:28 AM 0.00

9:30 AM 0.00| 000

9:32 AM 0.00| 0.0

9:34 AM 0.00| 000

9:36 AM 0.00| 000

9:38 AM 0.00| 0.0

9:40 AM 0.00| 000

942AM | 000| 000| 0.00 0.00

9:44AM | 000| 000| 000 0.00

946AM | 000| 000| 0.00 0.00

948AM | 000| 000| 0.00 0.00

9:50AM | 0.00| 000| 000 0.00

952AM | 0.00| 000| 0.00 0.00

954AM | 0.00| 005| 0.00 0.00

956AM | 000| 000| 000 0.00

9:58AM | 0.00| 047 0.0 0.00
10:00 8% | [0:80+er<B354f MR:00 Q0
10:07EME,  19:00.1....02%H....0.00 0.00
10:088844 000 | . 034 ~ 0.00 5.00
10:06AK°|  '0.00') - 1 H3I[-ATol60 0.00
10:08AM | 000| 005| 000 0.00
10:10AM | 000| 0.10| 000 0.00
10:12AM | 000| 009| 000 0.00 0.00
10:14AM | 000| 001| 0.00 0.00 0.00
10:16AM | 0.00| 004| 000 0.00 0.00
10:18AM | 0.00| 0.16| 000 0.00 0.00
1020AM | 000| 0.12] 0.0 0.00 0.00
1022AM |  000| 026| 000 0.00 0.00
1024AM | 000| 030| 000 0.00 0.00
1026 AM | 000| 044| 0.0 0.00 0.00
10:28AM | 0.00| 024| 000 0.00 0.00
1030AM | 000| 005| 0.00 0.00 0.00
1032AM | 000| 000| 0.0 0.00 0.00
10:34AM | 000| 007| 0.00 0.00 0.00
1036 AM | 0.00| 002| 000 0.00 0.00
1038AM | 000| 000| 0.0 0.00 0.00
10:40AM | 000| 000| 0.00 0.00 0.00
10:42AM | 000| 0.17| 000 0.00 0.00
10:44AM | 000| 0.70| 0.0 0.00 0.00
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. CO (ppm)

Time Site1 | Site2 | Site3 | Site4 Site 5

10:46 AM | 000| 037| 0.00 0.00 0.00
10:48AM | 000| 0.12] 0.0 0.00 0.00
1050 AM | 0.00| 036| 000 0.00 0.00
1052AM | 000| 193] 0.0 0.00 0.00
1054AM | 000| 0.77| 0.0 0.00 0.00
1056 AM | 0.00| 037| 000 0.00 0.00
1058AM | 000| 028| 0.0 0.00 0.00
11:00AM | 0.00| 006| 000 0.00 0.00
11.02AM | 000| 027| 0.0 0.00 0.00
11.04AM | 000| 020] 0.0 0.00 0.00
11:06 AM | 0.00| 000| 000 0.00 0.00
11:08AM | 000| 040| 000 0.00 0.00
11:10AM | 000| 053] 0.00 0.00 0.00
11:12AM | 000| 059| 0.0 0.00 0.00
11:14AM | 000| 024| 0.0 0.00 0.00
11:16 AM | 000| 056| 0.0 0.00 0.00
11:18AM | 000| 0.71] 0.0 0.00 0.00
1120AM | 000| 081] 0.0 0.00 0.00
1122AM | 000| 089| 0.00 0.00 0.00
1124AM | 000| 0.75| 0.00 0.00 0.00
1126 AM | 000| 077] 0.00 0.00 0.00
1128 8V | [0.80+ereR720f V090 009 0.0
11:3g Mk,  0:00.1....0.7%H. . 0,00 0.00 0.00
1138844 000 — 076 ~ 000 0.00 5.00
11:34A%° | 0,001 - 1 BAI-ACo6o 0.00 0.00
1136 AM | 000| 1.04| 0.0 0.00 0.00
11:38AM | 006 | 1.10| 0.0 0.00 0.00
11:40AM | 002| 091] 0.00 0.00 0.00
11:42AM | 000| 086| 000 0.00 0.00
11:44AM | 000| 1.13| 000 0.00 0.00
11:46 AM | 000| 1.11| 0.0 0.00 0.00
11:48AM | 000 | 1.24| 000 0.00 0.00
11:50 AM | 0.00| 1.33| 000 0.00 0.00
1152AM | 000| 1.24| 0.0 0.00 0.00
1154AM | 000| 1.11| 0.0 0.00 0.00
1156 AM | 000| 084| 0.00 0.00 0.00
1158AM | 000| 089| 0.0 0.00 0.00
12.00PM | 0.00| 079| 0.00 0.00 0.00
12:02PM | 000| 079| 0.00 0.00 0.00
12:04PM | 0.00| 091| 0.00 0.00 0.00
1206 PM | 0.00| 1.11| 0.00 0.00 0.00
12.08PM | 0.00| 1.08| 0.00 0.00 0.00
12:10PM | 0.00| 1.19| 0.00 0.00 0.00
12:12PM | 0.00| 1.09| 0.00 0.00 0.00
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. CO (ppm)

Time Site1 | Site2 | Site3 | Site4 Site 5
12:14 PM 0.00 1.02 0.00 0.00 0.00
12:16 PM 0.00 0.89 0.00 0.00 0.00
12:18 PM 0.00 0.91 0.00 0.00 0.00
12:20 PM 0.00 0.84 0.00 0.00 0.00
12:22 PM 0.00 0.63 0.00 0.00 0.00
12:24 PM 0.00 0.88 0.00 0.00 0.00
12:26 PM 0.00 0.98 0.00 0.00 0.00
12:28 PM 0.00 0.95 0.00 0.00 0.00
12:30 PM 0.00 0.96 0.00 0.00 0.00
12:32 PM 0.00 0.76 0.00 0.00 0.00
12:34 PM 0.00 0.82 0.00 0.00 0.00
12:36 PM 0.00 0.78 0.00 0.00 0.00
12:38 PM 0.00 0.73 0.00 0.00 0.00
12:40 PM 0.00 0.90 0.00 0.00 0.00
12:42 PM 0.00 1.13 0.00 0.00 0.00
12:44 PM 0.00 0.91 0.00 0.00 0.00
12:46 PM 0.00 0.70 0.00 0.00 0.00
12:48 PM 0.00 0.73 0.00 0.00 0.00
12:50 PM 0.00 0.82 0.00 0.00 0.00
12:52 PM 0.00 0.78 0.00 0.00 0.00
12:54 PM 0.00 0.63 0.00 0.00 0.00
12:56 PII 0.60 052 0:00 0.0¢ D90
12:5d@Mk 000 0.38 0.00 0.00 0.00

1:00.PM: 0.00 0.49 0.00 0.00 0.00
1:.07pNF| 000 b4 0-60 0.00 0.00
1:04 PM 0.00 0.50 0.00 0.00 0.00
1:06 PM 0.00 0.35 0.00 0.00 0.00
1:08 PM 0.00 0.35 0.00 0.00 0.00
1:10 PM 0.00 0.33 0.00 0.00 0.00
1:12 PM 0.00 0.28 0.00 0.00 0.00
1:14 PM 0.00 0.34 0.00 0.00 0.00
1:16 PM 0.00 0.45 0.00 0.00 0.00
1:18 PM 0.00 0.38 0.00 0.00 0.00
1:20 PM 0.00 0.36 0.00 0.00 0.00
1:22 PM 0.00 0.81 0.00 0.00 0.00
1:24 PM 0.00 0.52 0.00 0.00 0.00
1:26 PM 0.00 0.37 0.00 0.00 0.00
1:28 PM 0.00 0.38 0.00 0.00 0.00
1:30 PM 0.00 0.43 0.00 0.00 0.00
1:32 PM 0.00 0.65 0.00 0.00 0.00
1:34 PM 0.00 0.66 0.00 0.00 0.00
1:36 PM 0.00 0.60 0.02 0.00 0.00
1:38 PM 0.00 0.52 0.00 0.00 0.00
1:40 PM 0.00 0.29 0.00 0.00 0.00
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. CO (ppm)

Time Site1 | Site2 | Site3 | Site4 Site 5
1:42 PM 0.00 0.34 0.00 0.00 0.00
1:44 PM 0.00 0.53 0.00 0.00 0.00
1:46 PM 0.00 0.42 0.00 0.00 0.00
1:48 PM 0.00 0.39 0.00 0.00 0.00
1:50 PM 0.00 0.49 0.00 0.00 0.00
1:52 PM 0.00 0.45 0.00 0.00 0.00
1:54 PM 0.00 0.53 0.00 0.00 0.00
1:56 PM 0.00 0.44 0.00 0.00 0.00
1:58 PM 0.00 0.39 0.00 0.00 0.00
2:00 PM 0.00 0.40 0.00 0.00 0.00
2:02 PM 0.00 0.22 0.00 0.00 0.00
2:04 PM 0.00 0.53 0.00 0.00 0.00
2:06 PM 0.00 0.73 0.00 0.00 0.00
2:08 PM 0.00 0.78 0.00 0.00 0.00
2:10 PM 0.00 0.67 0.00 0.00 0.00
2:12 PM 0.00 0.59 0.00 0.00 0.00
2:14 PM 0.00 0.38 0.00 0.00 0.00
2:16 PM 0.00 0.30 0.00 0.00 0.00
2:18 PM 0.00 0.41 0.00 0.00 0.00
2:20 PM 0.00 1.10 0.00 0.00 0.00
2:22 PM 0.00 0.90 0.00 0.00 0.00
2:24 BV 0.60 0-80, 0:00 0.0¢ D90
2:260ME, 900 Q.61 0.00 0.00 0.00
2: 28 PM: 0.00 0.52 0.00 0.00 0.00
2:36RWP| '0.00 L) 0-60 0.00 0.00
2:32 PM 0.00 0.34 0.00 0.00 0.00
2:34 PM 0.00 0.36 0.00 0.00 0.00
2:36 PM 0.00 0.30 0.00 0.00 0.00
2:38 PM 0.00 0.25 0.00 0.00 0.00
2:40 PM 0.00 0.29 0.00 0.00 0.00
2:42 PM 0.00 0.59 0.00 0.00 0.00
2:44 PM 0.00 0.58 0.00 0.00 0.00
2:46 PM 0.00 0.19 0.00 0.00 0.00
2:48 PM 0.00 0.13 0.00 0.00 0.00
2:50 PM 0.00 0.05 0.00 0.00 0.00
2:52 PM 0.00 0.18 0.00 0.00 0.00
2:54 PM 0.00 0.30 0.00 0.00 0.00
2:56 PM 0.00 0.24 0.00 0.00 0.00
2:58 PM 0.00 0.45 0.00 0.00 0.00
3:00 PM 0.00 0.51 0.00 0.00 0.00
3:02 PM 0.00 0.28 0.00 0.00 0.00
3:04 PM 0.00 0.22 0.00 0.00 0.00
3:06 PM 0.00 0.21 0.00 0.00 0.00
3:08 PM 0.00 0.12 0.00 0.00 0.00
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. CO (ppm)

Time Site1 | Site2 | Site3 | Site4 Site 5
3:10 PM 0.00 0.04 0.00 0.00 0.00
3:12 PM 0.00 0.00 0.00 0.00 0.00
3:14 PM 0.00 0.00 0.00 0.00 0.00
3:16 PM 0.00 0.24 0.00 0.00 0.00
3:18 PM 0.00 0.05 0.00 0.00 0.00
3:20 PM 0.00 0.00 0.00 0.00 0.00
3:22 PM 0.00 0.00 0.00 0.00 0.00
3:24 PM 0.00 0.00 0.00 0.00 0.00
3:26 PM 0.00 0.00 0.00 0.00 0.00
3:28 PM 0.00 0.00 0.00 0.00 0.00
3:30 PM 0.00 0.00 0.00 0.00 0.00
3:32 PM 0.00 0.00 0.00 0.00 0.00
3:34 PM 0.00 0.47 0.00 0.00 0.00
3:36 PM 0.00 0.05 0.00 0.00 0.00
3:38 PM 0.00 0.00 0.00 0.00 0.00
3:40 PM 0.00 0.00 0.00 0.00 0.00
3:42 PM 0.00 0.00 0.00 0.00 0.00
3:44 PM 0.00 0.00 0.00 0.00 0.00
3:46 PM 0.00 0.00 0.00 0.00 0.00
3:48 PM 0.00 0.34 0.00 0.00 0.00
3:50 PM 0.00 0.13 0.00 0.00 0.00
3:52 BV 0.00 012 0:00 0.0 .00
3:54@Mk, 900 0.09 0.00 0.00 0.00
3:56:PM 0.00 0.04 0.00 0.00 0.00
3:58RNP| .00 b3 0.60 0.00 0.00
4:00 PM 0.00 0.04 0.00 0.00 0.00
4:02 PM 0.00 0.04 0.00 0.00 0.00
4:04 PM 0.00 0.04 0.00 0.00 0.00
4:06 PM 0.00 0.01 0.00 0.00 0.00
4:08 PM 0.00 0.16 0.00 0.00 0.00
4:10 PM 0.00 0.33 0.00 0.00 0.00
4:12 PM 0.00 0.38 0.00 0.00 0.00
4:14 PM 0.00 0.34 0.00 0.00 0.00
4:16 PM 0.00 0.25 0.00 0.00
4:18 PM 0.00 0.31 0.00 0.00
4:20 PM 0.00 0.27 0.00 0.00
4:22 PM 0.00 0.45 0.00 0.00
4:24 PM 0.00 0.34 0.00 0.00
4:26 PM 0.00 0.35 0.00

AVG 0.00 0.42 0.00 0.00 0.00
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Readings of Indoor and Outdoor temperatures and variation of temperature differences with time

Annex -V

Site 1 Site 2 Site 3 Site 4 Site 5
Time Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp
Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference
(°C) (°C) (°C) (°C) (°C) (°C) (°C) (°C) (°C) (°C) (°C) (°c) (°C) (°C) (°C)
9:22:24 28.76
9:24:24 28.74
9:26:24 28.75
9:28:24 28.71
9:30:24 28.00 28.64 27.00 1.64 | 27.82 28.00 -0.18 29.00
9:32:24 28.00 #7869 290/7 1.62 2799 28107 -6.08 29.11
9:34:24 28.00 .'gﬁg_&@ 27.14 155 | 27.93 28.14 -0.21 29.21
9:36:24 28.00 Ael=8.35 270 134 || 2792 2321 ;0:29 29.32
9:38:24 28.00 WPEIS61 27.29 1.32 28.01 28.29 -0.28 29.43
9:40:24 28.00 128,70 286 18410 g 02 28.36 -0.34 29.54
9:42:24 | 28.67 28.00 0.67 28.63 27.43 1.20 | 28.08 28.43 -0.35 29.93 29.64 0.29
9:44:24 | 28.73 28.00 0.73 | 28.04 27.50 1.14 | 28.1S 28.50 -0.31 30.03 29.75 0.28
9:46:24 | 28.63 28.00 0.63 | 28.65 27.57 1.08 | 28.24 28.57 -0.33 30.16 29.86 0.30
9:48:24 | 28.51 28.00 0.51 | 28.75 27.64 1.11 | 28.16 28.64 -0.48 30.22 29.96 0.26
9:50:24 | 28.51 28.00 0.51 | 28.73 27.71 1.02 | 28.17 28.71 -0.54 30.29 30.07 0.22
9:52:24 | 28.42 28.00 0.42 | 28.85 27.79 1.06 | 28.25 28.79 -0.54 30.36 30.18 0.18
9:54:24 | 28.40 28.00 0.40 | 28.89 27.86 1.03 | 28.27 28.86 -0.59 30.38 30.29 0.09
9:56:24 | 28.31 28.00 0.31| 28.85 27.93 0.92 | 28.23 28.93 -0.70 30.46 30.39 0.07
9:58:24 | 28.37 28.00 0.37 | 28.90 28.00 0.90 | 28.27 29.00 -0.73 30.55 30.50 0.05
10:00:24 | 28.39 28.00 0.39 | 28.86 28.00 0.86 | 28.34 29.00 -0.66 30.50 30.54 30.50 0.04
10:02:24 | 28.37 28.04 0.33 | 29.00 28.11 0.89 | 28.44 29.00 -0.56 30.54 30.66 30.54 0.12
10:04:24 | 28.41 28.07 0.34| 29.01 28.21 0.80 | 28.44 29.00 -0.56 30.57 30.68 30.57 0.11
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Site 1 Site 2 Site 3 Site 4 Site 5
Time Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp
Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference
(°C) (°C) (°c) (°) (°C) (°C) (’0) (’0) (°) (’0) (’0) (’0) (°C) (°C) (’0)

10:06:24 | 28.29 28.11 0.18 | 29.06 28.32 0.74 | 28.48 29.00 -0.52 30.61 30.76 30.61 0.15
10:08:24 | 28.38 28.14 0.24 | 29.17 28.43 0.74 | 28.50 29.00 -0.50 30.64 30.89 30.64 0.25
10:10:24 | 28.42 28.18 0.24 | 29.16 28.54 0.62 | 28.56 29.00 -0.44 30.68 30.86 30.68 0.18
10:12:24 | 28.44 28.21 0.23 | 29.11 28.64 0.47 | 28.60 29.00 -0.40 | 30.23 30.71 -0.48 | 30.96 30.71 0.25
10:14:24 | 28.30 28.25 0.05| 29.14 28.75 0.39 | 28.63 29.00 -0.37 | 30.42 30.75 -0.33 | 31.10 30.75 0.35
10:16:24 | 28.38 28.29 0.09 | 29.16 28.86 0.30 | 28.57 29.00 -0.43 | 30.51 30.79 -0.28 | 31.12 30.79 0.33
10:18:24 | 28.39 28.32 0.07 | 29.21 28.96 0.25 28.54 29.00 -0.46 | 30.54 30.82 -0.28 | 31.17 30.82 0.35
10:20:24 | 28.36 28.36 0.0Q' L2129 27 29107 0.20 { ) 28/51 20104 -0949]| 13965 30.86 -0.21 | 31.06 30.86 0.20
10:22:24 | 28.39 28.39 0.QE™R6, 19 29.18 0.01},.28.64 29,00 -0.36, | 30.71 30.89 -0.18 | 31.17 30.89 0.28
10:24:24 | 28.43 28.43 0.005';3:9.19 20009 1040 [L 28W8 29400 20:22 30.68 30.93 -0.25 | 31.18 30.93 0.25
10:26:24 | 28.42 28.46 -0.045 %2932 29,39 :0.07.1..28 70 29.00 -0.30 | 30.75 30.96 -0.21 | 31.22 30.96 0.26
10:28:24 | 28.48 28.50 -0.07%79.33 29.50 £0.17 2875 29.00 -0.25 30.86 31.00 -0.14 | 31.22 31.00 0.22
10:30:24 | 28.47 28.50 -0.03 29.34 29.50 -0.16 | 28.77 29.00 -0.23 30.99 31.00 -0.01 | 31.22 31.00 0.22
10:32:24 | 28.53 28.46 0.07 | 29.35 29.43 -0.08 | 28.83 29.07 -0.24 | 31.01 31.07 -0.06 | 31.18 31.00 0.18
10:34:24 | 28.48 28.43 0.05| 29.31 29.36 -0.05 | 28.92 29.14 -0.22 | 31.03 31.14 -0.11 | 31.21 31.00 0.21
10:36:24 | 28.44 28.39 0.05| 29.35 29.29 0.06 | 28.90 29.21 -0.31| 31.13 31.21 -0.08 | 31.25 31.00 0.25
10:38:24 | 28.45 28.36 0.09 | 29.41 29.21 0.20 | 28.98 29.29 -0.31| 31.18 31.29 -0.11 | 31.27 31.00 0.27
10:40:24 | 28.47 28.32 0.15| 29.43 29.14 0.29 | 29.04 29.36 -0.32 | 31.18 31.36 -0.18 | 31.28 31.00 0.28
10:42:24 | 28.55 28.29 0.26 | 29.51 29.07 0.44 | 29.01 29.43 -0.42 | 31.36 31.43 -0.07 | 31.29 31.00 0.29
10:44:24 | 28.51 28.25 0.26 | 29.54 29.00 0.54 | 28.97 29.50 -0.53 | 31.44 31.50 -0.06 | 31.35 31.00 0.35
10:46:24 | 28.55 28.21 0.34 | 29.67 28.93 0.74 | 29.07 29.57 -0.50 | 31.55 31.57 -0.02 | 31.38 31.00 0.38
10:48:24 | 28.57 28.18 0.39 | 29.62 28.86 0.76 | 29.17 29.64 -0.47 | 31.58 31.64 -0.06 | 31.43 31.00 0.43
10:50:24 | 28.57 28.14 0.43 | 29.58 28.79 0.79 | 29.12 29.71 -0.59 | 31.67 31.71 -0.04 | 31.44 31.00 0.44
10:52:24 | 28.67 28.11 0.56 | 29.48 28.71 0.77 | 29.09 29.79 -0.70 | 31.65 31.79 -0.14 | 31.42 31.00 0.42
10:54:24 | 28.68 28.07 0.61 | 29.47 28.64 0.83 | 29.09 29.86 -0.77 | 31.66 31.86 -0.20 | 31.44 31.00 0.44
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Site 1 Site 2 Site 3 Site 4 Site 5
Time Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp
Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference
(°C) (°C) (°c) (°) (°C) (°C) (’0) (’0) (°) (’0) (’0) (’0) (°C) (°C) (’0)

10:56:24 | 28.60 28.04 0.56 | 2941 28.57 0.84 | 29.13 29.93 -0.80 | 31.71 31.93 -0.22 | 31.50 31.00 0.50
10:58:24 | 28.60 28.00 0.60 | 29.51 28.50 1.01 | 29.19 30.00 -0.81 | 31.70 32.00 -0.30 | 31.48 31.00 0.48
11:00:24 | 28.64 28.00 0.64 | 29.46 28.50 0.96 | 29.23 30.00 -0.77 | 31.73 32.00 -0.27 | 31.44 31.00 0.44
11:02:24 | 28.62 28.04 0.58 | 29.51 28.46 1.05 29.21 30.00 -0.79 | 31.74 32.00 -0.26 | 31.42 31.04 0.38
11:04:24 | 28.52 28.07 0.45| 29.60 28.43 1.17 | 29.23 30.00 -0.77 | 31.68 32.00 -0.32 | 31.39 31.07 0.32
11:06:24 | 28.60 28.11 0.49 | 29.50 28.39 1.11 | 29.28 30.00 -0.72 | 31.68 32.00 -0.32 | 31.44 31.11 0.33
11:08:24 | 28.59 28.14 0.45 | 30.43 28.36 2.07 29.34 30.00 -0.66 | 31.65 32.00 -0.35 | 3143 31.14 0.29
11:10:24 | 28.62 28.18 0.44' L2129.69 28137 1.37 L) 934 30104 -0%6]| 13164 32.00 -0.36 | 31.53 31.18 0.35
11:12:24 | 2858 | 28.21 0. 374788, 62 28.29 1.33,/,,29.32 30,00 -0.68 | 31.68| 32.00 -0.32 | 3148 | 31.21 0.27
11:14:24 | 28.62 28.25 0.37‘1'_'_.'329.57 2825 132 29%34 30400 206611 31476 32.00 -0.24 | 31.60 31.25 0.35
11:16:24 | 2855 | 28.29 0.65 %2952 28,21 1330927 30.00 -0.63 | 31.81 32.00 -0.19 | 31.54 | 31.29 0.25
11:18:24 | 28.64 28.32 0.375E%79.50 28.18 1.32°729:36 30.00 -0.64 | 31.92 32.00 -0.08 | 31.52 31.32 0.20
11:20:24 | 28.61 28.36 0.25 29.47 28.14 1.33 29.41 30.00 -0.59 31.99 32.00 -0.01 | 31.59 31.36 0.23
11:22:24 | 28.55 28.39 0.16 | 29.42 28.11 131 | 29.44 30.00 -0.56 | 31.91 32.00 -0.09 | 31.61 31.39 0.22
11:24:24 | 28.46 28.43 0.03 | 29.47 28.07 1.40 | 29.46 30.00 -0.54 | 31.80 32.00 -0.20 | 31.62 31.43 0.19
11:26:24 | 28.54 28.46 0.08 | 29.51 28.04 1.47 | 29.50 30.00 -0.50 | 31.84 32.00 -0.16 | 31.67 31.46 0.21
11:28:24 | 28.52 28.50 0.02 | 29.49 28.00 1.49 | 29.52 30.00 -0.48 | 31.83 32.00 -0.17 | 31.66 31.50 0.16
11:30:24 | 28.50 28.50 0.00 | 29.40 28.00 1.40 | 29.55 30.00 -0.45 | 31.83 32.00 -0.17 | 31.58 31.50 0.08
11:32:24 | 28.48 28.46 0.02 | 29.47 28.04 1.43 | 29.65 30.04 -0.39 | 31.83 32.04 -0.21 | 31.58 31.57 0.01
11:34:24 | 28.57 28.43 0.14 | 29.44 28.07 1.37 | 29.62 30.07 -0.45 | 31.81 32.07 -0.26 | 31.61 31.64 -0.03
11:36:24 | 28.49 28.39 0.10 | 29.43 28.11 1.32 | 29.57 30.11 -0.54 | 31.74 32.11 -0.37 | 31.72 31.71 0.01
11:38:24 | 28.57 28.36 0.21 | 29.44 28.14 1.30| 29.67 30.14 -0.47 | 31.84 32.14 -0.30 | 31.75 31.79 -0.04
11:40:24 | 28.57 28.32 0.25| 2941 28.18 1.23 | 29.67 30.18 -0.51 | 31.85 32.18 -0.33 | 31.74 31.86 -0.12
11:42:24 | 28.58 28.29 0.29 | 29.44 28.21 1.23 | 29.64 30.21 -0.57 | 31.88 32.21 -0.33 | 31.92 31.93 -0.01
11:44:24 | 28.54 28.25 0.29 | 29.39 28.25 1.14 | 29.58 30.25 -0.67 | 31.88 32.25 -0.37 | 32.03 32.00 0.03
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Site 1 Site 2 Site 3 Site 4 Site 5
Time Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp
Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference
(°C) (°C) (°c) (°) (°C) (°C) (’0) (’0) (°) (’0) (’0) (’0) (°C) (°C) (’0)

11:46:24 | 28.61 28.21 0.40 | 29.40 28.29 1.11 29.75 30.29 -0.54 | 31.87 32.29 -0.42 | 32.06 32.07 -0.01
11:48:24 | 28.57 28.18 0.39| 29.44 28.32 1.12 | 29.82 30.32 -0.50 | 31.84 32.32 -0.48 | 32.07 32.14 -0.07
11:50:24 | 28.59 28.14 0.45 | 29.37 28.36 1.01 | 29.83 30.36 -0.53 | 31.83 32.36 -0.53 | 32.12 32.21 -0.09
11:52:24 | 28.63 28.11 0.52 | 29.44 28.39 1.05 29.98 30.39 -041| 3181 32.39 -0.58 | 32.03 32.29 -0.26
11:54:24 | 28.63 28.07 0.56 | 29.36 28.43 0.93 | 30.05 30.43 -0.38 | 31.85 32.43 -0.58 | 32.05 32.36 -0.31
11:56:24 | 28.68 28.04 0.64 | 29.35 28.46 0.89 | 30.04 30.46 -0.42 | 31.80 32.46 -0.66 | 32.07 32.43 -0.36
11:58:24 | 28.71 28.00 0.71 | 29.34 28.50 0.84 | 30.11 30.50 -0.39 31.78 32.50 -0.72 | 32.07 32.50 -0.43
12:00:24 | 28.71 28.00 0.71,' L2129.40 28150 0.90 { ) 8009 30150 -01]| 13184 32.50 -0.66 | 32.14 32.50 -0.36
12:02:24 | 28.74 | 28.07 0.8747™8.40 | , 28.50 0.90,{,30.20 | 30,50 -0.30,| 31.92 32.54 -0.62 | 32.23| 3254 -0.31
12:04:24 | 28.69 28.14 0.55";-:59.36 2850 0.86 |L BOW3Z 30450 201801 31492 32.57 -0.65 | 32.26 32.57 -0.31
12:06:24 | 28.70 | 28.21 0.8G8 %2937 | _ 28,50 0.87. 43036, [11.-30.50 -0.14 | 3196 | 32.61 -0.65 | 32.28 | 32.61 -0.33
12:08:24 | 28.61 28.29 0.329%79.33 28.50 0.837 30.3% 30.50 -0.19 | 31.94 32.64 -0.70 | 32.34 32.64 -0.30
12:10:24 | 28.63 28.36 0.27 29.46 28.50 0.96 | 30.35 30.50 -0.15 32.07 32.68 -0.61 | 32.42 32.68 -0.26
12:12:24 | 28.71 28.43 0.28 | 29.40 28.50 0.90 | 30.34 30.50 -0.16 | 32.08 32.71 -0.63 | 32.43 32.71 -0.28
12:14:24 | 28.68 28.50 0.18 | 29.45 28.50 0.95 | 30.29 30.50 -0.21 | 32.06 32.75 -0.69 | 32.49 32.75 -0.26
12:16:24 | 28.66 28.57 0.09 | 29.35 28.50 0.85 | 30.30 30.50 -0.20 | 32.18 32.79 -0.61 | 32.58 32.79 -0.21
12:18:24 | 28.71 28.64 0.07 | 29.33 28.50 0.83 | 30.36 30.50 -0.14 | 32.22 32.82 -0.60 | 32.64 32.82 -0.18
12:20:24 | 28.66 28.71 -0.05 | 29.27 28.50 0.77 | 30.41 30.50 -0.09 | 32.22 32.86 -0.64 | 32.75 32.86 -0.11
12:22:24 | 28.69 28.79 -0.10 | 29.29 28.50 0.79 | 30.55 30.50 0.05| 32.32 32.89 -0.57 | 32.68 32.89 -0.21
12:24:24 | 28.66 28.86 -0.20 | 29.21 28.50 0.71| 30.52 30.50 0.02 | 32.35 32.93 -0.58 | 32.68 32.93 -0.25
12:26:24 | 28.69 28.93 -0.24 | 29.24 28.50 0.74 | 30.58 30.50 0.08 | 32.30 32.96 -0.66 | 32.78 32.96 -0.18
12:28:24 | 28.75 29.00 -0.25 | 29.31 28.50 0.81 | 30.59 30.50 0.09 | 32.30 33.00 -0.70 | 32.75 33.00 -0.25
12:30:24 | 28.77 29.00 -0.23 | 29.35 28.50 0.85 | 30.72 30.50 0.22 | 32.37 33.00 -0.63 | 32.68 33.00 -0.32
12:32:24 | 28.86 28.96 -0.10 | 29.26 28.50 0.76 | 30.94 30.46 0.48 | 32.39 33.00 -0.61 | 32.77 33.04 -0.27
12:34:24 | 28.93 28.93 0.00 | 29.25 28.50 0.75 | 30.87 30.43 0.44 | 32.30 33.00 -0.70 | 32.88 33.07 -0.19
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Site 1 Site 2 Site 3 Site 4 Site 5
Time Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp
Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference
(°C) (°C) (°c) (°) (°C) (°C) (’0) (’0) (°) (’0) (’0) (’0) (°C) (°C) (’0)

12:36:24 | 28.91 28.89 0.02 | 29.26 28.50 0.76 | 30.83 30.39 0.44 | 32.45 33.00 -0.55 | 32.92 33.11 -0.19
12:38:24 | 28.93 28.86 0.07 | 29.32 28.50 0.82 | 30.88 30.36 0.52 | 32.48 33.00 -0.52 | 32091 33.14 -0.23
12:40:24 | 28.98 28.82 0.16 | 29.33 28.50 0.83 | 30.90 30.32 0.58 | 32.53 33.00 -0.47 | 32.89 33.18 -0.29
12:42:24 | 29.01 28.79 0.22 | 29.38 28.50 0.88 | 30.98 30.29 0.69 | 32.50 33.00 -0.50 | 32.92 33.21 -0.29
12:44:24 | 28.85 28.75 0.10 | 29.27 28.50 0.77 | 31.02 30.25 0.77 | 32.61 33.00 -0.39 | 32.88 33.25 -0.37
12:46:24 | 28.92 28.71 0.21| 29.33 28.50 0.83 | 30.98 30.21 0.77 | 32.67 33.00 -0.33 | 32.86 33.29 -0.43
12:48:24 | 28.91 28.68 0.23 | 29.36 28.50 0.86 | 31.05 30.18 0.87 32.64 33.00 -0.36 | 32.90 33.32 -0.42
12:50:24 | 28.94 28.64 0.30%8@h9.44 28150 0.%2 {)380.92 30114 0s8]| 1326/ 33.00 -0.33 | 32.92 33.36 -0.44
12:52:24 | 28.90 28.61 0. 296™R8. 34 28.50 0.84,..30.79 30,11 0.68 | 32.64 33.00 -0.36 | 32.95 33.39 -0.44
12:54:24 | 28.85 28.57 0.28‘1'_'_.'329.38 2850 0.88 |L BOwS 30407 6:62 32,67 33.00 -0.33 | 32.96 33.43 -0.47
12:56:24 | 28.99 | 28.54 0.A55 =29'36 | _ 28,50 0.86, ,-4+30.71 [11,-30.04 0.67 | 32.81| 33.00 -0.19 | 32.94| 3346 -0.52
12:58:24 | 28.98 28.50 0.489%79 39 28.50 0.89 30:61 30.00 0.61 32.74 33.00 -0.26 | 32.97 33.50 -0.53
13:00:24 | 29.02 28.50 0.52 29.33 28.50 0.83 30.55 30.00 0.55 32.68 33.00 -0.32 | 33.08 33.50 -0.42
13:02:24 | 28.96 28.54 0.42 | 29.33 28.50 0.83 | 30.42 29.93 0.49 | 32.72 33.00 -0.28 | 33.21 33.50 -0.29
13:04:24 | 28.92 28.57 0.35| 29.39 28.50 0.89 | 30.34 29.86 0.48 | 32.74 33.00 -0.26 | 33.27 33.50 -0.23
13:06:24 | 29.00 28.61 0.39 | 29.34 28.50 0.84 | 30.26 29.79 0.47 | 32.79 33.00 -0.21 | 33.24 33.50 -0.26
13:08:24 | 29.01 28.64 0.37 | 29.33 28.50 0.83 | 30.24 29.71 0.53 | 32.84 33.00 -0.16 | 33.29 33.50 -0.21
13:10:24 | 28.98 28.68 0.30 | 29.37 28.50 0.87 | 30.15 29.64 0.51 | 32.83 33.00 -0.17 | 33.31 33.50 -0.19
13:12:24 | 28.98 28.71 0.27 | 29.33 28.50 0.83 | 30.17 29.57 0.60 | 32.88 33.00 -0.12 | 33.24 33.50 -0.26
13:14:24 | 28.88 28.75 0.13 | 29.33 28.50 0.83 | 30.08 29.50 0.58 | 32.91 33.00 -0.09 | 33.33 33.50 -0.17
13:16:24 | 28.93 28.79 0.14 | 29.33 28.50 0.83 | 30.15 29.43 0.72 | 32.79 33.00 -0.21 | 33.23 33.50 -0.27
13:18:24 | 28.93 28.82 0.11 | 29.31 28.50 0.81 | 30.06 29.36 0.70 | 32.78 33.00 -0.22 | 33.31 33.50 -0.19
13:20:24 | 28.96 28.86 0.10 | 29.26 28.50 0.76 | 30.05 29.29 0.76 | 32.92 33.00 -0.08 | 33.27 33.50 -0.23
13:22:24 | 29.05 28.89 0.16 | 29.32 28.50 0.82 | 30.00 29.21 0.79 | 32.94 33.00 -0.06 | 33.30 33.50 -0.20
13:24:24 | 29.09 28.93 0.16 | 29.27 28.50 0.77 | 30.09 29.14 0.95 | 32.97 33.00 -0.03 | 33.21 33.50 -0.29
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Site 1 Site 2 Site 3 Site 4 Site 5
Time Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp
Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference
(°C) (°C) (°c) (°) (°C) (°C) (’0) (’0) (°) (’0) (’0) (’0) (°C) (°C) (’0)

13:26:24 | 29.11 28.96 0.15| 29.38 28.50 0.88 | 29.93 29.07 0.86 | 33.00 33.00 0.00 | 33.13 33.50 -0.37
13:28:24 | 29.14 29.00 0.14 | 29.31 28.50 0.81 | 29.85 29.00 0.85 | 33.13 33.00 0.13 | 33.23 33.50 -0.27
13:30:24 | 29.20 29.00 0.20 | 29.24 28.50 0.74 | 29.70 29.00 0.70 | 33.09 33.00 0.09 | 33.19 33.50 -0.31
13:32:24 | 29.23 29.04 0.19 | 29.25 28.46 0.79 | 29.72 29.00 0.72 33.10 33.00 0.10 | 33.31 33.46 -0.15
13:34:24 | 29.21 29.07 0.14 | 29.27 28.43 0.84 | 29.73 29.00 0.73 | 33.18 33.00 0.18 | 33.28 33.43 -0.15
13:36:24 | 29.28 29.11 0.17 | 29.31 28.39 0.92 | 29.64 29.00 0.64 | 33.14 33.00 0.14 | 33.33 33.39 -0.06
13:38:24 | 29.21 29.14 0.07 | 29.23 28.36 0.87 29.52 29.00 0.52 33.09 33.00 0.09 | 33.32 33.36 -0.04
13:40:24 | 29.10 29.18 —0.08' L2129.26 28132 0.94 { ) 2965 20104 0%e5)| 13348 33.00 0.13 | 33.15 33.32 -0.17
13:42:24 | 29.11 29.21 -0, 50ETRS. 26 28.29 0.97 ,~29.71 29,00 0.71,| 33.03 33.00 0.03 | 33.07 33.29 -0.22
13:44:24 | 29.14 29.25 —0.115'_'_;329.25 28%25 100 (L 2962 29400 6:62 33,04 33.00 0.04 | 33.05 33.25 -0.20
13:46:24 | 29.12 29.29 0. V5 729723 28,21 1.02.1..29.60 29.00 0.60 | 33.10 33.00 0.10 | 33.09 33.21 -0.12
13:48:24 | 29.15 29.32 -0.17%79.25 28.18 1.07 29765 29.00 0.65 32.99 33.00 -0.01 | 33.03 33.18 -0.15
13:50:24 | 29.11 29.36 -0.25 29.25 28.14 1.11 29.63 29.00 0.63 32.98 33.00 -0.02 | 33.02 33.14 -0.12
13:52:24 | 29.21 29.39 -0.18 | 29.25 28.11 1.14 | 29.67 29.00 0.67 | 3294 33.00 -0.06 | 32.96 33.11 -0.15
13:54:24 | 29.28 29.43 -0.15| 29.19 28.07 1.12 | 29.66 29.00 0.66 | 32.85 33.00 -0.15 | 33.02 33.07 -0.05
13:56:24 | 29.20 29.46 -0.26 | 29.21 28.04 1.17 | 29.56 29.00 0.56 | 32.92 33.00 -0.08 | 32.95 33.04 -0.09
13:58:24 | 29.23 29.50 -0.27 | 29.13 28.00 1.13 | 29.58 29.00 0.58 | 32.96 33.00 -0.04 | 33.10 33.00 0.10
14:00:24 | 29.30 29.50 -0.20 | 29.11 28.00 1.11 | 29.55 29.00 0.55| 3294 33.00 -0.06 | 33.13 33.00 0.13
14:02:24 | 29.24 29.46 -0.22 | 29.26 28.04 1.22 | 29.51 29.00 0.51 | 3297 32.96 0.01 | 33.09 32.93 0.16
14:04:24 | 29.34 29.43 -0.09 | 29.21 28.07 1.14 | 29.54 29.00 0.54 | 32.98 32.93 0.05 | 33.13 32.86 0.27
14:06:24 | 29.31 29.39 -0.08 | 29.17 28.11 1.06 | 29.48 29.00 0.48 | 32.90 32.89 0.01 | 33.15 32.79 0.36
14:08:24 | 29.32 29.36 -0.04 | 29.16 28.14 1.02 | 29.55 29.00 0.55 | 3293 32.86 0.07 | 33.11 32.71 0.40
14:10:24 | 29.31 29.32 -0.01| 29.19 28.18 1.01 | 29.59 29.00 0.59 | 3294 32.82 0.12 | 33.14 32.64 0.50
14:12:24 | 29.27 29.29 -0.02 | 29.23 28.21 1.02 | 29.49 29.00 0.49 | 32.87 32.79 0.08 | 33.04 32.57 0.47
14:14:24 | 29.23 29.25 -0.02 | 29.19 28.25 0.94 | 29.52 29.00 0.52 | 32.87 32.75 0.12 | 33.08 32.50 0.58
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Site 1 Site 2 Site 3 Site 4 Site 5
Time Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp
Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference
(°C) (°C) (°c) (°) (°C) (°C) (’0) (’0) (°) (’0) (’0) (’0) (°C) (°C) (’0)

14:16:24 | 29.17 29.21 -0.04 | 29.18 28.29 0.89 | 29.57 29.00 0.57 | 32.82 32.71 0.11 | 32.97 32.43 0.54
14:18:24 | 29.17 29.18 -0.01 | 29.26 28.32 0.94 | 29.52 29.00 0.52 | 32.75 32.68 0.07 | 32.97 32.36 0.61
14:20:24 | 29.15 29.14 0.01 | 29.18 28.36 0.82 | 29.62 29.00 0.62 | 32.69 32.64 0.05 | 32.99 32.29 0.70
14:22:24 | 29.22 29.11 0.11 | 29.25 28.39 0.86 | 29.55 29.00 0.55 32.64 32.61 0.03 | 33.20 32.21 0.99
14:24:24 | 29.21 29.07 0.14 | 29.19 28.43 0.76 | 29.58 29.00 0.58 | 32.61 32.57 0.04 | 33.06 32.14 0.92
14:26:24 | 29.22 29.04 0.18 | 29.25 28.46 0.79 | 29.59 29.00 0.59 | 32.64 32.54 0.10 | 33.07 32.07 1.00
14:28:24 | 29.13 29.00 0.13 | 29.27 28.50 0.77 29.59 29.00 0.59 32.72 32.50 0.22 | 33.03 32.00 1.03
14:30:24 | 29.11 29.00 0.11,' L1922 28150 0.72 { ) 29)50 20104 (0sa01| 13246 32.50 0.29 | 33.08 32.00 1.08
14:32:24 | 29.14 29.00 0. H4EP™R8, 19 28.50 0.69 },~29.53 29,00 0.53, | 32.74 32.46 0.28 | 33.00 32.07 0.93
14:34:24 | 29.24 29.00 0.24‘1'_'_"'529.29 2:8+50 0.%9 29443 29400 6:43 3186 32.43 0.43 | 33.05 32.14 0.91
14:36:24 | 29.28 29.00 0.288 %2926 28,50 0.76,|..29.50 29.00 0.50 | 32.82 32.39 043 | 3294| 3221 0.73
14:38:24 | 29.32 29.00 0.377%79.29 28.50 0.79772946 29.00 0.46 | 32.79 32.36 0.43 | 32.90 32.29 0.61
14:40:24 | 29.31 29.00 0.31 29.23 28.50 0.73 29.42 29.00 0.42 32.86 32.32 0.54 | 32.88 32.36 0.52
14:42:24 | 29.31 29.00 0.31| 29.28 28.50 0.78 | 29.48 29.00 0.48 | 32.93 32.29 0.64 | 32.81 32.43 0.38
14:44:24 | 29.31 29.00 0.31| 29.36 28.50 0.86 | 29.42 29.00 0.42 | 33.00 32.25 0.75 | 32.88 32.50 0.38
14:46:24 | 29.30 29.00 0.30 | 29.27 28.50 0.77 | 29.45 29.00 0.45| 33.04 32.21 0.83 | 32.92 32.57 0.35
14:48:24 | 29.33 29.00 0.33 | 29.42 28.50 0.92 | 29.48 29.00 0.48 | 33.12 32.18 0.94 | 33.04 32.64 0.40
14:50:24 | 29.33 29.00 0.33 | 29.44 28.50 0.94 | 29.47 29.00 0.47 | 33.17 32.14 1.03 | 32.97 32.71 0.26
14:52:24 | 29.30 29.00 0.30 | 29.33 28.50 0.83 | 29.51 29.00 0.51 | 33.27 32.11 1.16 | 33.06 32.79 0.27
14:54:24 | 29.32 29.00 0.32 | 29.30 28.50 0.80 | 29.48 29.00 0.48 | 33.17 32.07 1.10 | 33.06 32.86 0.20
14:56:24 | 29.26 29.00 0.26 | 29.33 28.50 0.83 | 29.54 29.00 0.54 | 33.07 32.04 1.03 | 33.06 32.93 0.13
14:58:24 | 29.26 29.00 0.26 | 29.40 28.50 0.90 | 29.58 29.00 0.58 | 33.06 32.00 1.06 | 33.16 33.00 0.16
15:00:24 | 29.20 29.00 0.20 | 29.32 28.50 0.82 | 29.59 29.00 0.59 | 32.95 32.00 0.95 | 33.11 33.00 0.11
15:02:24 | 29.24 28.96 0.28 | 29.36 28.54 0.82 | 29.63 29.00 0.63 | 32.96 31.96 1.00 | 33.08 32.93 0.15
15:04:24 | 29.29 28.93 0.36 | 29.38 28.57 0.81 | 29.62 29.00 0.62 | 32.95 31.93 1.02 | 33.15 32.86 0.29




Annex -V

Site 1 Site 2 Site 3 Site 4 Site 5
Time Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp
Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference
(°C) (°C) (°c) (°) (°C) (°C) (’0) (’0) (°) (’0) (’0) (’0) (°C) (°C) (’0)

15:06:24 | 29.34 28.89 0.45| 29.35 28.61 0.74 | 29.49 29.00 0.49 | 32.89 31.89 1.00 | 33.18 32.79 0.39
15:08:24 | 29.26 28.86 0.40 | 29.37 28.64 0.73 | 29.59 29.00 0.59 | 32.79 31.86 0.93 | 33.20 32.71 0.49
15:10:24 | 29.28 28.82 0.46 | 29.37 28.68 0.69 | 29.59 29.00 0.59 | 32.68 31.82 0.86 | 33.05 32.64 0.41
15:12:24 | 29.31 28.79 0.52 | 29.42 28.71 0.71 29.61 29.00 0.61| 3254 31.79 0.75 | 33.03 32.57 0.46
15:14:24 | 29.17 28.75 0.42 | 29.41 28.75 0.66 | 29.71 29.00 0.71| 3255 31.75 0.80 | 33.01 32.50 0.51
15:16:24 | 29.30 28.71 0.59 | 29.44 28.79 0.65 | 29.65 29.00 0.65 | 32.58 31.71 0.87 | 32.97 32.43 0.54
15:18:24 | 29.27 28.68 0.59 | 29.48 28.82 0.66 | 29.70 29.00 0.70 | 32.51 31.68 0.83 | 32.98 32.36 0.62
15:20:24 | 29.28 28.64 0.64' L2129 .47 28186 0.61 { ) R29J6/ 20104 0%al/1| 132565 31.64 0.91 | 33.03 32.29 0.74
15:22:24 | 29.24 28.61 0. 6378, 47 28.89 0.58 .-29.69 29,00 0.69,| 32.38 31.61 0.77 | 32.96 32.21 0.75
15:24:24 | 29.23 28.57 0.66";-:59.43 28v93 050 L 2OWL 29400 %0 4 3INA6 31.57 0.89 | 32.83 32.14 0.69
15:26:24 | 29.26 | 28.54 0.725 %2949 28,96 0.53.|..29.74 29.00 0.74 | 32.46 31.54 0.92 | 32.83 32.07 0.76
15:28:24 | 29.24 28.50 0.749%79 58 29.00 0.5377 2977 29.00 0.77 32.51 31.50 1.01 | 32.87 32.00 0.87
15:30:24 | 29.17 28.50 0.67 29.57 29.00 0.57 29.81 29.00 0.81 32.56 31.50 1.06 | 32.73 32.00 0.73
15:32:24 | 29.19 28.46 0.73 | 29.55 29.00 0.55 | 29.75 29.00 0.75| 3253 31.50 1.03 | 32.66 31.93 0.73
15:34:24 | 29.25 28.43 0.82 | 29.51 29.00 0.51 | 29.76 29.00 0.76 | 32.38 31.50 0.88 | 32.65 31.86 0.79
15:36:24 | 29.17 28.39 0.78 | 29.53 29.00 0.53 | 29.74 29.00 0.74 | 32.27 31.50 0.77 | 32.67 31.79 0.88
15:38:24 | 29.13 28.36 0.77 | 29.60 29.00 0.60 | 29.83 29.00 0.83 | 32.22 31.50 0.72 | 32.67 31.71 0.96
15:40:24 | 29.10 28.32 0.78 | 29.55 29.00 0.55 | 29.82 29.00 0.82 | 32.19 31.50 0.69 | 32.61 31.64 0.97
15:42:24 | 29.13 28.29 0.84 | 29.46 29.00 0.46 | 29.77 29.00 0.77 | 32.19 31.50 0.69 | 3257 31.57 1.00
15:44:24 | 29.03 28.25 0.78 | 29.52 29.00 0.52 | 29.81 29.00 0.81 | 32.23 31.50 0.73 | 3254 31.50 1.04
15:46:24 | 28.96 28.21 0.75 | 29.57 29.00 0.57 | 29.75 29.00 0.75 | 32.28 31.50 0.78 | 32.53 31.43 1.10
15:48:24 | 28.99 28.18 0.81 | 29.53 29.00 0.53 | 29.72 29.00 0.72 | 32.27 31.50 0.77 | 32.46 31.36 1.10
15:50:24 | 28.92 28.14 0.78 | 29.57 29.00 0.57 | 29.76 29.00 0.76 | 32.24 31.50 0.74 | 32.43 31.29 1.14
15:52:24 | 28.81 28.11 0.70 | 29.48 29.00 0.48 | 29.75 29.00 0.75 | 32.25 31.50 0.75 | 32.41 31.21 1.20
15:54:24 | 28.89 28.07 0.82 | 2941 29.00 0.41 | 29.74 29.00 0.74 | 32.23 31.50 0.73 | 32.27 31.14 1.13




Annex -V

Site 1 Site 2 Site 3 Site 4 Site 5
Time Indoor | Outdoor Temp Indoor | Qutdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp Indoor | Outdoor Temp
Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference | Temp Temp | Difference
(°C) (°C) (°c) (°) (°C) (°C) (’0) (’0) (°) (’0) (’0) (’0) (°C) (°C) ()
15:56:24 | 28.78 28.04 0.74 | 29.46 29.00 0.46 | 29.71 29.00 0.71| 32.17 31.50 0.67 | 32.19 31.07 1.12
15:58:24 | 28.75 28.00 0.75| 29.43 29.00 0.43 | 29.75 29.00 0.75| 32.22 31.50 0.72 | 32.20 31.00 1.20
16:00:24 | 28.78 28.00 0.78 | 29.48 29.00 0.48 | 29.85 29.00 0.85 | 32.20 31.50 0.70 | 32.21 31.00 1.21
16:02:24 | 28.80 29.45 29.77 32.27 32.17
16:04:24 | 28.82 29.34 29.78 32.32 32.09
16:06:24 | 28.74 29.42 29.78 32.30 32.11
16:08:24 | 28.73 . 29.39 29.59 32.29 32.07
16:10:24 | 28.73 #219.36 Ro.58 32p5 32.15
16:12:24 | 28.67 SA™R8.40 29.65 32.30 32.03
16:14:24 | 28.65 AP0 39 ( pY58 3234 32.02
16:16:24 | 28.73 L2946 32.24 32.03
16:18:24 | 28.63 32.21 31.92
16:20:24 | 28.62 29.42 32.23 31.84
16:22:24 | 28.72 29.45 32.24 31.80
16:24:24 | 28.64 29.47 32.21 31.76
16:26:24 | 28.62 29.56 31.77
17:26:24 | 28.59 31.67
AVG 28.86 28.57 29.31 28.46 29.57 29.42 32.30 32.20 32.30 32.03




Annex VI

Indoor Relative Humidity Readings from Air Quality Monitor



Indoor Relative Humidity Readings from Air Quality

Monitor
Relative Humidity (%)
Time
Sitel | Site2 | Site3 | Site4 | Site5

9:22:24 78.2

9:24:24 78.0

9:26:24 78.3

9:28:24 78.5

9:30:24 786 | 79.9

9:32:24 786 | 79.8

9:34:24 789 | 80.0

9:36:24 79.1| 803

9:38:24 789 | 805

9:40:24 78.8| 80.7

9:42:24 | 75.2| 786/| 80.7 72.4

9:44:24 | 754 | 785| 806 72.5

9:46:24 | 75.8| 785| 805 72.3

9:48:24 | 763 | 78.7| 80.0 71.8

9:50:24 | 76.6| 78.8| 80.1 71.6

9:52:24d 7700 Nivessly 0sols 1.4

9:54- 385k | 77 7861C T804 11:2

9:56: 2058 7774 7BiB, [1-B0;2 70.3

9:58:24 | 77.4| 786| 803 70.1
10:00:24 | 773 | 78.7| 804 70.1
10:02:24 | 77.4| 788 80.6 69.5
10:04:24 | 77.5| 78.8| 805 69.7
10:06:224 | 776 | 788| 804 69.8
10:08:224 | 77.4| 788 | 805 69.4
10:10:224 | 77.4| 788 | 805 69.3
10:12:24 | 77.4| 788| 80.6| 717| 696
10:14:24 | 77.7| 789| 805| 715| 699
10:16:224 | 775| 79.0| 803| 715| 70.0
10:18:224 | 775| 786| 803| 715| 698
10:20:224 | 776| 783| 803| 714| 6938
10:22:24 |  773| 784 805| 714| 6938
10:24:24 |  775| 78.7| 803| 715| 699
10:26:224 |  775| 789| 799| 716| 70.0
10:28:224 | 77.8| 789| 79.6| 714| 697
10:30:224 | 783 | 789| 801| 710| 69.4
10:32:24 | 783 | 788| 80.1| 70.7| 693
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Relative Humidity (%)

Time - , , - -
Site 1 Site 2 Site 3 Site 4 Site 5

10:34:24 | 786| 78.7| 80.1| 709| 695
10:36:24 |  78.2| 78.8| 803| 709| 69.6
10:38:24 | 78.0| 788| 80.2| 709| 69.5
10:40:24 | 78.1| 78.6| 800| 709| 69.4
10:42:24 | 783 | 785| 80.0| 707| 69.4
10:44:24 | 77.8| 78.6| 800| 706| 69.4
10:46:24 | 77.9| 78.1| 800| 707 689
10:48:24 | 78.2| 78.1| 80.0| 704 686
10:50:224 | 77.7| 78.1| 79.4| 702| 688
10:52:24 | 77.4| 783| 793| 69.8| 687
10:54:24 | 775 782| 796| 70.0| 689
10:56:24 | 77.7| 783| 796| 70.0| 69.1
10:58:24 | 77.6| 781| 796| 700| 68.6
11:00:24 | 775| 782| 79.7| 70.1| 685
11:02:24 | 776| 781| 798| 699| 684
11:04:24 | 77.8| 78.0| 798| 69.8| 688
11:06:24 | 783 | 780| 794| 69.4| 69.0
11:08:24 | 783 | 765| 793| 695| 69.4
11:10224 | 783 | 779| 79.1| 69.7| 69.4
11:12:244, 78 Nivegdly ordelprarow . Seg.d
11:14, 3% ) 786 lectraric Tisss SoBRissosdal
11:16: 2845 778 \wvw7iB Imr7de lk 69.8 | 69.0
11:18:24 | 77.8| 780| 789| 69.9| 69.1
11:20:24 | 77.9| 780| 789| 70.0| 688
11:22:224 | 77.7| 77.9| 789| 700| 688
11:24:24 | 777 77.9| 789| 69.8| 688
11:26:24 | 77.7| 778| 784| 69.8| 687
11:28:224 | 78.0| 779| 786| 69.8| 688
11:30:24 |  77.7| 779| 787| 69.6| 689
11:32:224 | 78.0| 779| 785| 69.6| 69.0
11:34:24 | 78.1| 780| 784| 69.7| 689
11:36:24 | 78.1| 776| 782| 69.8| 689
11:38:24 | 78.2| 776| 783| 701 689
11:40:24 | 78.1| 778| 780| 703| 69.0
11:42:24 | 781| 77.8| 77.7| 702| 69.0
11:44:24 | 783 | 780| 779| 70.0| 686
11:46:24 | 787 | 779| 779| 696 682
11:48:24 | 785| 778| 770| 695| 679
11:50:24 |  785| 779| 770| 69.6| 681
11:52:24 | 78.2| 780| 773| 695| 685
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Relative Humidity (%)

Time , , , , ,
Site 1 Site 2 Site 3 Site 4 Site 5

11:54:24 |  78.0| 77.8| 769| 69.7| 688
11:56:24 | 77.8| 779| 767| 69.9| 69.0
11:58:224 | 77.8| 77.8| 762| 69.9| 69.0
12:00:24 | 78.2| 77.6| 764| 700| 689
12:02:24 | 783| 77.7| 766| 70.0| 685
12:04:24 | 782 | 77.6| 763| 69.8| 67.9
12:06:24 | 78.2| 775| 760| 696| 67.9
12:08:24 | 78.1| 77.6| 760| 69.8| 67.9
12:10224 | 781 | 77.6| 758| 70.0| 67.9
12:12:24 | 783 | 77.7| 754| 700| 67.7
12:14:24 | 782| 77.6| 753| 69.9| 67.2
12:16:224 | 78.2| 77.8| 757| 696 67.3
12:18:24 | 78.0| 77.8| 759| 693 67.3
12:2024 | 781 | 77.6| 761 | 69.1| 67.2
12:22:24 | 782 | 77.7| 761| 69.0| 67.2
12:24:24 | 783| 779| 755| 689 675
12:2624 | 782 77.9| 752| 69.0| 67.1
12:28:224 | 783| 779| 751| 69.2| 66.3
12:30:24 | 783 | 781| 755| 69.1| 656
12:32:28d,  7sWnivesgly orsivlpratgwh. S¢y.d
12:34:385F ) 78Blcctronic Tissgs &sloisscass
12:36: 285 785y 7BB iImr73iz.lk 68.5| 65.1
12:38:224 | 785| 782| 745| 687 64.9
12:4024 | 783 | 78.1| 740| 687| 649
12:42:24 | 782 | 782| 741| 687 643
12:44:24 | 781 | 782| 744| 686| 64.2
12:46:24 | 78.0| 78.1| 748| 684| 639
12:48:24 | 77.8| 782| 748| 683| 642
12:50:224 |  77.8| 783 | 742| 683| 642
12:52:24 | 781 | 78.2| 743| 683 643
12:54:24 | 781 | 78.0| 743| 683| 64.1
12:56:24 | 784 | 782| 746| 682| 63.6
12:58:24 | 783 | 784| 743| 684 641
13:00:24 | 78.4| 786| 741| 686 640
13:02:24 | 783 | 786| 739| 683| 639
13:04:24 | 77.8| 784| 742| 686 635
13:06:224 | 77.7| 783| 741| 686| 63.8
13:08:224 | 77.4| 782| 739| 684| 638
13:10224 | 77.4| 784| 743| 684| 637
13:12:24 | 77.6| 783| 746| 684 640
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Relative Humidity (%)

Time - , , - -
Site 1 Site 2 Site 3 Site 4 Site 5

13:14:24 | 77.8| 782| 749| 682| 642
13:16:224 | 77.8| 78.0| 753 | 683| 63.9
13:18:24 | 78.1| 77.6| 755| 682 64.0
13:20:224 | 78.2| 77.8| 750| 680| 63.8
13:22:24 | 782| 77.8| 748| 680 635
13:24:24 | 78.1| 78.0| 745| 680| 635
13:26:224 | 78.1| 781| 746| 678| 63.7
13:28:224 | 784 | 780| 748| 676| 63.8
13:30224 | 77.9| 780| 761| 675| 641
13:32:224 | 77.4| 780| 76.1| 674 645
13:34:24 | 775| 780| 764| 673| 644
13:36:224 | 77.7| 781| 764 | 673| 641
13:38:224 | 77.7| 782| 763| 674 643
13:40:24 | 78.1| 784| 764 | 672 642
13:42:24 | 779 784| 765| 673| 63.6
13:44:24 | 77.7| 783| 767| 676| 639
13:46:24 | 775| 783| 770| 675| 63.8
13:48224 | 77.9| 782| 768| 669| 63.7
13:50:24 | 77.8| 780| 768 | 669 63.6
13:52:248, 776 Nivegsly of7lelprasneq, S¢3.d
13:54.869F ) 77B lectrenic Tiests &7I01sscst
13:56: 2855 774y 7BD imr7&e lk 67.1| 63.9
13:58:224 | 77.2| 782| 767| 671| 63.6
14:0024 | 77.1| 781| 769| 671| 63.6
14:02:24 | 77.4| 783| 769| 67.1| 63.8
14:04:24 | 77.7| 783| 769| 67.2| 636
14:06:24 | 77.8| 785| 769 | 67.4| 639
14:0824 | 77.7| 784 769| 67.7| 64.0
14:10224 | 77.7| 785| 771| 675| 64.1
14:12:24 | 775| 786| 774| 676| 64.1
14:14:24 | 776| 786| 774| 677 640
14:16:24 | 775| 786| 772| 679| 640
14:18:24 | 776 78.7| 775| 67.4| 642
14:2024 | 778 78.7| 776| 672 643
14:22:24 | 782| 78.7| 776| 675 643
14:24:24 |  77.9| 78.7| 777| 67.7| 644
14:2624 | 77.4| 78.7| 778| 676 645
14:28:24 | 775| 788| 775| 675| 645
14:30224 | 774 789| 774| 675| 645
14:32:24 | 774 790| 774| 67.7| 64.6
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Relative Humidity (%)

Time , , , , ,
Site 1 Site 2 Site 3 Site 4 Site 5

14:34:24 | 775| 789 776| 67.6| 64.0
14:36:24 | 77.4| 789| 775| 674| 63.8
14:38:24 | 77.0| 789| 775| 673| 640
14:40:24 | 77.1| 79.0| 775| 67.4| 642
14:42:24 | 771 789| 777| 675| 644
14:4424 | 769 | 789 779| 674| 644
14:4624 | 76.7| 79.0| 779| 67.2| 648
14:4824 | 769 | 789| 77.7| 671| 646
14:50:24 | 77.1| 789| 775| 673| 646
14:52:24 | 77.1| 78.8| 776| 673| 64.6
14:54:24 | 772 787| 715| 66.7| 64.6
14:56:24 |  775| 786| 776| 663 645
14:58:24 | 77.4| 783| 776| 665| 645
15:00:24 | 77.4| 782| 777| 669 64.2
15:02:24 | 775| 782| 776| 672 640
15:04:24 | 77.7| 783 776| 67.2| 640
15:06:24 | 77.7| 783| 775| 66.7| 635
15:08:224 | 77.4| 783| 775| 66.4| 63.6
15:10:224 | 77.1| 783| 776| 66.5| 63.8
15:12:288, 779 Nivesdly or7¥lpragaw . Sg4.d
15:14:389F ) 778 lectrenic Tiwrgs &7101sscat@
15:16: 285 777 \vw7BB Imr7as lk 67.3| 643
15:18:24 | 776 784| 776| 675| 64.6
15:20224 | 77.6| 784| 777| 67.7| 649
15:22:24 | 77.6| 783| 776| 67.8| 647
15:24:24 | 77.7| 783| 778| 67.8| 64.2
15:26:24 | 77.7| 78.1| 777| 67.8| 640
15:2824 | 77.7| 781| 777| 676| 643
15:30:224 |  77.9| 781 | 77.7| 674 649
15:32:24 | 78.0| 782 781| 673| 654
15:34:24 | 77.8| 783| 780| 673| 654
15:36:24 | 77.8| 783| 780| 673| 654
15:38:224 | 77.8| 78.1| 779| 672 655
15:40:24 | 773 78.1| 778| 675| 656
15:42:24 | 772 784| 77.7| 678| 652
15:44:24 | 774 782| 77.7| 679| 651
15:46:24 | 773 782| 776| 679| 657
15:48:224 | 775| 782| 77.7| 679| 66.1
15:50:24 | 78.0| 78.0| 77.7| 67.7| 66.3
15:52:24 | 781 | 77.8| 776| 676| 659
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Relative Humidity (%)

Time , , , , ,
Site 1 Site 2 Site 3 Site 4 Site 5
15:54:24 78.2 77.9 77.6 67.4 66.2
15:56:24 78.6 78.0 77.8 67.4 66.7
15:58:24 78.2 78.0 77.6 67.6 67.1
16:00:24 77.8 78.0 77.6 67.9 67.2
16:02:24 78.0 77.9 77.8 68.0 67.4
16:04:24 78.1 77.9 77.7 68.0 67.6
16:06:24 78.2 77.9 77.6 68.2 67.6
16:08:24 78.3 77.8 77.5 68.3 67.6
16:10:24 78.5 78.0 77.5 68.4 67.6
16:12:24 78.6 78.0 77.3 68.3 67.6
16:14:24 78.6 78.1 77.5 68.0 67.6
16:16:24 78.5 77.9 67.8 67.4
16:18:24 78.8 78.0 67.8 67.3
16:20:24 79.1 78.0 67.9 67.3
16:22:24 79.3 78.1 67.9 67.1
16:24:24 79.2 78.4 67.8 67.2
16:26:24 78.9 78.4 67.3
17:26:24 79.0 67.6
AVG 77.8 78.3 77.6 68.6 66.6
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Annex VII

Measurements of Outdoor and Indoor wind speeds
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Measurements of Indoor and Outdoor Wind Speed

Annex - VII

Site 1 Site 2 Site 3 Site 4 Site 5
Time Indoor Outdoor Indoor Outdoor Indoor Outdoor Indoor Outdoor Indoor Outdoor
(hh:mm) Wind Wind Wind Wind Wind Wind Wind Wind Wind Wind
Speed Speed Speed Speed Speed Speed Speed Speed Speed Speed
(m/2min) | (m/2min) | (m/2min) | (m/2min) | (m/2min) | (m/2min) | (m/2min) | (m/2min) | (m/2min) | (m/2min)
9:30 34 6 5 24 0 14 3 39
10:00 14 34 8 16 9 50 0 8 2 12
10:30 16 s 19 6 16 20 84 1 6 0 26
11:00 120w 26 4 33 22 59 0 20 5 22
11:30 E(=5) JEP) % 14 18 5 8 5 35
12:00 1858 10 3 32 110 20 38 9 33
12:30 269 g) 5 10 105 8 9 5 22
13:00 32 55 3 42 90 18 24 5 47
13:30 20 43 4 34 13 100 8 14 9 63
14:00 17 13 5 33 7 43 8 16 10 33
14:30 18 74 2 32 3 38 9 10 5 25
15:00 24 35 7 10 1 10 28 20 20 27
15:30 3 9 15 12 3 14 3 2 28 13
16:00 10 39 0 18 3 20 8 8 15 15
AverageWind | 453 |  0272| 0.041| 0194| 0060| 0509| 0.149| 0235| 0.144| 0.490
Speed (m/s)
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Annex - VIII

QUESTIONNAIRE SURVEY FOR INDOOR AIR QUALITY

1. GENERAL DETAILS

2.  LOCATION MAP

e

AT
NG
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3.  DETAILS OF THE SITE AND BUILDING

e) Site Map (with location of Kitchen & Garage)

N
f) PlotSize perches
g) Plot Coverage by the Building ...................... m?
h) Percentage pf plot cOveragen 1 . . v . o @i qe or i %o
i) Aréﬁi&ivered by timens @PPNe i BeiBNESertationsS. - - veveeeeenes %
) Aréaieoverdd by'shiepglit.ac.l< %
k) Area covered by paving slabs or concrete roads  ................... %
4.  DETAILS OF THE KITCHEN
a) Type of the Kitchen fuel use:
Hearth [ ] Gas Cooker [ ]
Electric Cooker [ ] Kerosene Cooker [ ]

Other (Specity) [ ]
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b) Whether a Chimney is present:

Yes [ ] No [ ]

c) Sketch of the kitchen with Chimney location

N
5. BUILDING CHARACTERISTICS
a) Tvpeg:%f thelBlstdiag
Singféétory building [ ] Multi Story building [ ]
b) When was the building last colour washed or polished:
Recently [ ] 1 year ago [ ]
2 year ago [ ] 5 year ago [ ]
c) Type of Floor Covering Material (in Ground Floor):
Cement [ ] Ceramic Floor Tiles [ ]
Clay Floor Tiles [ ] Stone [ ]
Concrete [ ] Wooden Flooring [ ]
Other (Specify) [ ]
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d) Type of Walling Material:

Cement Blocks [ ] Bricks [ ]
Concrete [ ] Clay [ ]
Other (Specity) [ ]

e) Type of Roofing Material:

Clay Tile [ ] Asbestos Sheet [ ]
Concrete Slab [ ] Metal Roofing Sheet[ ]
Other (Specity) [ ]

f) Type of Ceiling Material:

Timber [ ] Asbestos Sheet [ ]
Other (Specify) [ ]
..... 5':3

g) Type of Doois:
Timber Door [ ] Plywood Door [ ]
Other (Specity) [ ]

i) Type of Windows:
Timber frame with glass [ ] Timber [ ]
Aluminium frame with glass| ] Aluminium [ ]

Other (Specify) [ ]



6.

j) Number of Windows open to outside:.......................

k) Percentage of Doors & Windows Opened Daily:

Never [ ] 25%
50% [ ] 75%
100% [ ]

NORMAL DAILY ROUTING OF THE OCCUPANTS

a) Usage of body spray or hair spray:

Yes [ ] No [

If Yes, howoften.............cooovvviiiin...

b) Usage of air freshener:

Yes , ( ] Na [

If Yes,h(m often. Tia vt i Tl e e eeveeennn.

c) Usage of tobacco smoking:

Yes [ ] No [

If Yes, howoften.............cooovviiiiiiinn...

d) Usage of insecticides:

Yes [ ] No [

If Yes, howoften............oooviviiiiiiin...
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7.

e) Any Chemical fertilizer/insecticide use in the garden:

Yes [

If Yes, how often

ANY SYMPTOMS FEEL TO THE OCCUPANTS

a) Nausea
b) Dizziness

c) So throat

d) Runny nose

e) Sore Eyes
f) Lethargy
g) Headache
h) Thermal d

No effact
2

] No

Yes

iscomfort

fod™ b b b b b bd bd ]
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Annex IX

Measurements of Outdoor Conditions



Measurements of Outdoor conditions
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Site 01 Site 02 Site 03 Site 04 Site 05

Time | co, ;urx) gjkt) WX | co, ;J%; g\l/ﬁ:) Hx o, gu% ZYJT:) "X o, EIsDu% ;YJT; Hx | co, gu?;) gﬁkt; X
(ppm) | Temp. | Temp. Level (ppm) | Temp. | Temp. Level (ppm) | Temp. | Temp. Level (ppm) | Temp. | Temp. Level (ppm) | Temp. | Temp. Level
Cc) Cc) (kLux) Cc) Cc) (kLux) Cc) Cc) (kLux) Cc) Cc) (kLux) Cc) Cc) (kLux)
9:30 404 28.0 26.0 5.90 416 27.0 26.0 | 10.18 394 28.0 26.5 22.1 406 31.0 26.0 92.5
10:00 414 28.0 26.0 | 61.10 4 28.5 26.5, 1, 17.45 390 29.0 26.5 421 Al3 33,0 26.5 95.5 409 34.0 27.5 95.6
10:30 414 28.5 26.0 | 14.50 ’ 29.0 27.0 | 10.16 406 29.0 27.0 40.2 421 34.0 28.0 | 105.0 404 32.0 26.5| 101.1
11:00 413 28.0| 26.0| 16.10 7 28.5 27707 16.11 402 30:0 |~™27.0 [ ~54°0 414 32.0 26.5| 38.0 406 | 33.0| 27.0| 85.5
11:30 415 28.5 26.0 | 43.20 28.5 27.9yv|. 1008 404 305 27.0 87.0 420 34.5 28.0 | 120.3 407 33.0 27.0 | 106.5
12:00 414 28.0 26.0 | 54.00 28.5 27.0 | 12.82 404 30.5 27.0 | 110.0 415 34.5 28.0 | 115.0 403 33.5 27.0 | 105.3
12:30 411 29.0| 26.5| 71.20 415 28.5 26.5 | 11.92 404 | 30.0| 26.0| 303 415 35.0| 28.0| 110.1 408 | 335 26.5| 101.4
13:00 411 28.5 27.0| 13.20 418 | 285 26.5 | 11.61 403 29.0| 26.0| 215 417 36.0 | 28.0| 108.1 408 | 35.0| 27.5| 95.8
13:30 411 29.0| 26.5| 12.56 410 | 285 26.5 | 11.12 405 29.0| 26.0| 19.6 421 37.0| 27.5| 105.6 407 | 34.0| 27.0| 875
14:00 408 | 29.5 26.5 | 11.10 411 28.0| 26.5| 9.87 405 29.0| 26.5| 16.2 417 36.5| 26.5| 92.2 405 34.5 27.0| 734
14:30 412 29.0| 26.5| 9.45 423 28.5 26.5 | 12.75 403 29.0| 26.5| 19.2 418 36.5| 27.0| 86.9 407 | 33.0| 26.5| 79.6
15:00 405 29.0| 26.5| 29.10 439 | 285 26.5 | 13.41 405 29.0| 26.5| 19.2 421 365| 28.0| 27.1 401 340| 26.5| 53.6
15:30 411 28.5 26.0| 3.75 439 | 29.0| 26.5]| 15.91 403 29.0| 26.5| 18.0 411 350| 27.5| 645 408 | 31.0| 26.0| 19.8
16:00 413 28.0| 26.0| 2.15 431 29.0| 26.5| 12.75 401 29.0| 26.5| 14.2 409 32.0| 26.5| 15.2 408 | 31.0| 26.0| 33.9
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