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RESUMEN

De entre las alternativas para proporcionar una
adecuada calidad ambiental interior en las vi-
viendas del noroeste de México y suroeste de
los Estados Unidos, los sistemas de ventilacion
mecanica son la fuente mas utilizada para pro-
veer aire fresco y control de temperatura. La in-
novacion tecnolégica en los sistemas de ventila-
cién a menudo nos conduce a la disminucién en
el uso de la ventilacion natural, aunque, durante
selectos dias del ano, la libre circulacién del flujo
de aire puede contribuir a la salud humana y la
conservacion de la energia. Para este estudio se
realiz6 una evaluacion de riesgos sanitarios a un
estudio de caso donde se comparan los tres sis-
temas regulacion de temperatura por su funcion
como suministro de aire: ventilacién natural,
refrigeracién evaporativa y aire acondicionado,
para con ello observar y medir acumulaciones de

polvo y variacidén de temperatura en una vivienda
unifamiliar ubicada en Tucson, Arizona.

Este estudio tiene como objetivo entender si
la cantidad y la ubicacién de las acumulaciones
de polvo en una casa estan correlacionadas con
el tipo de ventilacién. En segundo término, este
estudio prueba cémo la exposicion al polvo es
diferente en dependencia de la ubicacién de la
acumulacién dentro de la casa. Por tltimo, se re-
flexiona acerca de las lecturas de temperatura y
su relacion con la eficacia de los tipos de siste-
mas de ventilacién para mitigar la acumulaciéon
de polvo.

Palabras clave: ventilacién natural, ventila-
cidén mecanica, polvo, exposicion, vivienda.

ABSTRACT

From all the alternatives to provide a better in-
door environmental quality in the residential
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sector in Northwest Mexico and Southwest U.S.;
mechanical ventilation systems are the most
commonly used source of air exchange and tem-
perature control. Innovation in the technology of
ventilation systems often leads to declining use
of natural ventilation, although, during selected
days of the year, the free movement of airflow can
contribute to human health and energy conserva-
tion. This study applies a hazard assessment pro-
cess to a case study, and compares the three most
common systems of temperature control and air
supply: natural ventilation, evaporative cooling,
and air conditioning; to observe and measure ac-
cumulations of dust and temperature variation in
a single-family household in Midtown Tucson,
Arizona.

Firstly, this study aims to understand whether
the amount and location of dust accumulations
throughout a house is correlated to the type of
natural ventilation and mechanical systems in
operation at that time. Secondly, this study tests
how human exposure to dust is different depend-
ing on the location of the accumulation within
the house. Finally, temperature measurements
are discussed to reflect upon the effectiveness
of different types of ventilation systems in oper-
ation, to mitigate dust accumulation.

Keywords: natural-ventilation, mechani-
cal-ventilation, dust, exposure, housing.

INTRODUCTION

Excessive and long-lasting exposure to high
temperatures can result in dehydration and oth-
er health effects (Popkin et al., 2010). It is im-
portant to consider that houses that do not have
adequate cooling systems can accumulate heat
and become hotter than outdoors, having severe
and even deadly consequences in vulnerable peo-
ple (ASHRAE, 2007). Under extreme temperature,
health and comfort concerns, humans have his-
torically adapted residential buildings. One of the
most populated and heat-stressed regions, the
Sonoran Desert’s unique characteristics include
dust, allergens, and wildfires along with water

scarcity and heat (Peter, 2018). Technological ad-
vances in indoor comfort, among other demands
of modern life, make possible for people spend
up to 90% of their time indoors (UA EPA 2015).
EPA,' however, reports that the levels of pollut-
ants indoors may be now 2-5 times greater than
outdoors. We now face the consequences of our
reliance on conditioned spaces which contradict
the main goals of a home, that include providing
shelter, comfort, and keeping us healthy.

This topic has recently created awareness in
government and social agencies such as EPA and
SERE since low income households in the U.S. have
a history of experiencing the impacts of crowded
spaces, mold, lack of ventilation, heavy use of
cleaning products, paint with lead and isolation
based on asbestos (Atkinson et al., 2009; Escobe-
do et al., 2014; US EPA, 2015.). Ventilation systems,
therefore, are, or should be, a central part of the
decision-making process of architectural design,
especially since mechanical ventilation systems
have now become the norm. The more the sys-
tems are seen only as accessories to the overall
design, the more the negative effects, including
higher energy consumption, human discomfort,
and illnesses, could potentially arise. One of the
many undesirable consequences of the lack of
healthy air and temperature is the Sick Building
Syndrome, which can be experienced across dif-
ferent income levels, building sizes, and types of
spaces (Joshi, 2008). Exposure to toxicity in sick
buildings is an important concern. Mold, dust,
soot, smoke, fumes, impact human health as well
as increase medical and living expenses of house-
hold members (Escobedo et al., 2014).

Although public policy and guidelines in the
United States such as the Clean Air Act and its
section for National Ambient Air Standard, the
International Residential Code, the Polluter Pays
Policy and the ASHRAE? acknowledge the roll of
indoor environments and ventilation systems
in human health, and the EpA’s Indoor Air Plus

1. U.S. Environmental Protection Agency.
2. Sonoran Environmental Research Institute.

3. American Society of Heating, Refrigerating and Air-
conditioning Engineers.
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program and the Green Building Codes are es-
pecially concerned about the interior sources
of pollutants, the use of these guidelines mostly
happens in cases where the user, the owner or the
architect is aware of potential risks (Bernal, 2018).
Therefore, indoor air quality should be a manda-
tory requirement in renovations of existing hous-
ing stock or design of new homes. The solutions
should take a multidisciplinary approach that
understands key issues faced by indoor air qual-
ity research: low degree of awareness of design,
construction, occupancy and post-occupancy
processes of a building, a poor understanding
of human behavior and not accounting for its
unpredictability, proposing solutions before the
damage is done, and failing to address the need
to adapt to future climate change scenarios. This
research assumes the point of view of an average
user to observe a typical ventilation system in an
average household. The objective is to provide
a set of evidence-based recommendations that
bring awareness to decision-makers, technology
developers, innovators, and users. The study also
investigates how to effectively account for social,
cultural, and economic implications of different
design processes in the residential sector, in heat
stressed regions.

VENTILATION SYSTEMS

ASHRAE standards for a healthy average residen-
tial building, indicate that the volume of indoor
air has to be replaced with fresh air at a rate that
ensures enough oxygen for the occupants. The
whole-house ventilation rate recommended by
ASHRAE’s Handbook of HVAC applications (2007)
is between 45 to 50 cfm for a 3-bedroom house
with 2,000 ft> meaning that an effective ventila-
tion system should replace 45 to 50 cubic feet of
air per minute (cfm), i.e. 24 L/s. In some regions,
this exchange rate is possible with natural venti-
lation because the local weather conditions and
air quality provide adequate airflow, temperature,
and low or non-risky exposure to polluted air.
Under extreme heat and in the presence of dust,

however, the most commonly used ventilation
type is mechanical.

Natural ventilation, in regions exposed to high
temperature, is generally known to challenge ex-
isting indoor environmental health and comfort
standards. Natural ventilation systems rely on the
movement of air through buildings (Bjorn, 2002).
This movement is forced by outdoor air intensity,
its direction, pressure differences, and humidity
in the environment (Atkinson et al., 2009; Fag-
gianelli et al,, 2014). Airflow is provided in rooms
via openings and vents, with special attention to
areas such as kitchens and bathrooms. For the
arid region of the Southwest US, it is possible to
have up to 24 hours of natural ventilation from
the months of November to March, and from
10:00 pm to 7:00 a.m. in the months of April to
October (Chalfoun, 2015).

The case study selected for this research has
openings in all the facades that allow adequate
natural ventilation; it also has a 14 SEER self-con-
tained packaged air conditioner (HVAC), and a
downdraft evaporative swamp cooler of1/3hp.

The air conditioner or HVAC system control
indoor air conditions by providing fresh air via a
combination of recycled air from the same room
and outdoor make-up air passed through filters.
The systems can serve three purposes: heating,
cooling, and exchanging polluted air with clean,
filtered air. Malfunctions, lack of maintenance,
leakages, fractures in the building envelope, and
the lack of effective zoning challenge the oper-
ation of mechanical ventilation systems which
are effective for removing airborne pollutants
mostly when the systems are used according to
the manufacturer’s recommendations. Failing to
change filters as recommended by manufacturer
guidelines, leads to insufficient intake of air and
reduced or non-particle removal.

An evaporative swamp cooler forces hot out-
door air through water-soaked pads after which it
is blown into the house. In dry environments, this
system is effective because it adds moisture to
indoor air, cooling it in the process. Unlike HVAC,
this system always uses outdoor air, and it needs
openings in the farthest point of the house for
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the air to find a route to leave the space. Without
adequate outlets for the air, the system creates a
buildup of positive pressure with excessive mois-
ture which can lead to sick building syndrome
(Pavelchak et al. 2002).

METHODOLOGY

The methodology is based on a hazard assess-
ment process that is used to estimate the nature
and provability of adverse consequences in hu-
mans when exposed to contaminated environ-
mental media (ECA, 2000; US EPA, 2015). This
study adapted the process to help understand
how temperature and dust may be related during
September and October under average outdoor
temperatures of 83°F (28°C). The Midtown Tuc-
son house used as a case study has five household
members: two adults that work office jobs, and
three adolescents, two high school and one in

middle school. The three children have outdoor
sport practice four days a week. The family also
has a medium-sized pet dog.

The map in figure 1 shows the setup for data
collection of temperature and dust. The property
was divided in areas as per their general use: Pri-
vate (PR), Public (PA), Semi Public (sp), Kitchen
(KT), and Bathroom (BA).

The collection of dust was done using 1.5-inch
(38 mm) diameter plastic dishes labelled accor-
ding to the following conventions:

Ventilation system: NV for natural ventilation,
HVAC for air conditioning and EV for evapo-
rative cooling.

Ventilation mode: cVv for cross-ventilation, sV
for single sided ventilation, NF for new filter
and of for old filter.

Area of the house: PR for private, PA for pu-
blic, sp for semipublic, KT for kitchen, and BA
for bathroom.

FIGURE 1
Floor plan and areas of the household

Main access

N

@sample location

Source: Bernal, Engineer, Chalfoun, 2019.

Single family house - Tucson, Arizona
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The hazard assessment process includes three
steps (UA EPA, 2015): 1) Hazard identification,
which involved recording temperature readings
to assess effectiveness of the systems to provide
a healthy thermal comfort level, and observing
whether or not there are evident accumulations
of dust. 2) Exposure assessment that observes dust
accumulations in weekly intervals in each selec-
ted area of the house, and its variations according
to the ventilation system in use. 3) Dose-response
assessment which analyses the amount and con-
tent in the dust samples and evaluates their health
impacts in relationship to the location, including
amount of time spent by residents and activities
normally performed by them in these areas.

RESULTS

The hazard identification on day one showed that
during a period of 10 minutes after enabling na-
tural ventilation (figure 2), the bathroom was the
hottest room in the house. The bathroom faces
south (figure 1) and has no sun shading devices
for solar exposure protection. The temperature,
therefore, did not change even when the ope-
nings were closed. The temperature dropped by
one degree only during the period of cross-venti-
lation. Similarly, in other public and private areas
of the home, the temperatures dropped when
cross-ventilation or totally open ventilation were
enabled, while the semi-public area remained the
same. The kitchen temperature rose by a degree
during the totally open ventilation mode, perhaps
as a result of heat migration either from the laun-
dry room or from other parts of the house. After

this exercise, the sample plates were placed in
position for a week of dust collection.

After the dust samples from the natural ven-
tilation period were collected, the HVAC system
was put to work for 10 minutes with new filters.
The original temperature in each room was 8o
degrees Fahrenheit (26°C) in all areas except for
the bathroom, which was at 82°F (27°C). At this
point, we stopped tracking the bathroom tempe-
ratures since it was consistently giving different
readings and the conditions were distinctly diffe-
rent from the rest of the house as well. The HVAC
system reduced the temperature by 10°F. During
that period, the time the public area took to reach
70°F (21°C) was 4 minutes; the semi-public area
took 5 minutes, the private area, 3 minutes, and
the kitchen, 7 minutes. The dust sample collec-
tion plates were then placed in the exact same
locations used by the ones used during the natu-
ral ventilation period. These plates were also put
there for a week. After the week using the HVAC
system with the setback temperature of 70F, the
plates were removed but the HVAC system was
kept on and working for another whole month.
With a one-month old filter, it was found that
the temperatures took more time to decrease by
10°F degrees (5°C approx.). The public area took
9 minutes, the semiprivate area, 9 min, the pri-
vate area, 11 min, and the kitchen took 8 minutes.
The increase in time to reach the same reduction
in temperature in these spaces could possibly be
linked to other factors such as increase in out-
door air temperature, a failure in mechanical sys-
tems, a change on the behavior of the occupants,
or other external factors. It was evident, however,
that the old filters played a role in this increase
of temperature.

FIGURE 2
Temperature comparison under natural ventilation

Closed openings Cross- ventilation Single sided vent Totally open ventilation
Public area 80F (26C) 78F (25C) 80F (26C) 79F (26C)
Semi-public 80F (26C) 80F (26C) 80F (26C) 80F (26C)
Private 80F (26C) 79F (26C) 80F (26C) 79F (26C)
Bathroom 86F (30C) 85F (29C) 86F (30C) 86F (30C)
Kitchen 80F (26C) 80F (26C) 80F (26C) 880F (27C)

Source: author, 2019.
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FIGURE 3
Time that the HVAC system took to reduce 10 degrees
Fahrenheit (5 degrees Celsius) in each area

3
2
=
Public area Semi public Private area Kitchen
New filter 4 5 3 7
Old filter 9 9 1 8

Source: Author, 2019.

For the next step of this study, the evaporative
cooling system was set up, cleaned, tuned up,
and turned on. Windows of each area were left
slightly open and the interior doors were closed
for each room to have a single opening for the
time period taken to reduce the room tempera-
ture by 10°F (5°C approx.) (figure 4).In the public
area it took 7 min for this reduction to happen,
the semipublic area, 9 min, the private area, 7
min, and the kitchen, 12 min. The sample dishes
were placed in the same spots as those in the
previous two collections for a week, while the
evaporative cooling system kept running with
one opening per room and with normal use by
the household, including opening interior doors

when required for passing through. After a week,
the system was turned off overnight and the next
day, the openings were closed with the exception
of only one window in the living room and one
in the master bathroom which were left open for
supporting the work of the swamp cooler using
the cross-ventilation principle. The experiment
was then repeated. The time taken for the tem-
perature to reduce by 10°F (5°C approx.) in each
area was 15 min in the public area, 15 min in the
semipublic area, 19 min in the private area, and 17
min in the kitchen. The sample plates were then
put in place for a week of dust collection.

FIGURE 4
Time that the evaporative cooling system
took to reduce 10° Fahrenheit (5 degrees Celsius)
in each area

2 ~
-
3 a
S
[}
~ ~
8
-
£
s
Publi . .
ublic Sem./ Private Kitchen
area public area
Cross ventilation 7 9 7 12
Single sided ventilation 15 15 19 17

Source: Author, 2019.

TABLE 1
Particle size comparison modified from Hyde et al., 2018

particlesize | particleshape  particleorigin pathway effect house effect related human activity related
Asthma doors, windows, leakages,
pm 0.1 spheres chemical inhalation Emphysema a chimneys, attached transportation
cancer garages
carrying on clothes, shoes,
. inhalation, o doors, windows, leakages, rying K
pm 2.5 flakes chemical L . poisoning . food, preparation, water
absorption ingestion chimneys
storage
pm 5.0 varies natural inhalation, ingestion allergies bed rooms, living rooms hygiene
) carrying on clothes, shoes,
. . . . doors, windows, leakages, .
pm 10 varies natural inhalation allergies ) food, preparation, water
chimneys
storage

82 VIVIENDA Y COMUNIDADES SUSTENTABLES / Ano 4, nUm. 7, enero-junio de 2020, 77-91



Implications of natural and mechanical ventilation on exposure
to dust at the housing scale: a case study in Tucson, Arizona, us

FIGURE 5
Visual comparison of sample collection under natural ventilation

Sample collection during natural ventilation: cross ventilation vs single sided ventilation

NV CV SP NV SV SP

Original

Modified

Source: Bernal, Engineer, Chalfoun, 2019.

The hazard identification procedure showed that
all the sample collection dishes had an accumu-
lation of dust.

The results of the exposure assessment
showed that each combination of location and
system dust samples with different characteris-
tics such as color and size of the particles as well
as fibers, insects, and other unidentified content.
Exposure implications in table 1, considers size
as an important factor, because smaller parti-
cles, such as particulate matter (PM) 2.5 and PM
o.1reach tracheobronchial and pulmonary areas
in humans, resulting in short or long-term heal-
th problems. Meanwhile, larger particles such as
PM 5 and PM 10 can be retained at the nasal level
(Hyde et al. 2018). In all cases, the fact that the
samples show particles regardless of the ventila-
tion system, raises concerns.

In the visual assessment of the dust collection
shown in figures 5, 6 and 7, each deposition is
shown in the original state and then compared

NV CV PR

NV SV PR

NV CV PA NV SV PA

with a high-contrast version of the same sample.
Each image was edited using Photoshop software,
increasing the image exposure to 100%, reducing
showdowns to 0%, and turning up the sharpness
to 100%. This image editing process attempts to
show larger particles. By contrasting the origi-
nal and the modified image, we can assume that
the particles which are not visible in the second
image are likely to be inhaled into nasal or deeper
respiratory track.
Semipublic area: more particles and clusters
when using cross-ventilation, less and loo-
sen particles plus insects during single sided
ventilation.
Private area: more particles and clusters
when using cross ventilation, less and loo-
sen particles plus insects during single sided
ventilation.
Public area: Less particles when using
cross-ventilation, clusters in both samples,
more of the loosen particles during single
sided ventilation.
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FIGURE 6
Visual comparison of sample collection under HVAC

Sample collection during HVAC: New filters vs old filters

HVAC NF SP

HVAC OF SP

HVAC NF PR HVAC OF PR HVAC NF PA HVAC OF PA

Original

Modified

Source: Bernal, Engineer, Chalfoun, 2019.

Semipublic area: both samples have loosened
particles; there are apparently more particles
when using a new filter.

Private area: less and more loosened parti-
cles; apparently more particles when using
an old filter and more clusters mostly with

Public area: both samples show similar
amount of particles, some hair and small in-
cents are within booth samples as well; under
the new filter period the sample show loosen
particles while during the period of old filter
the particles are clustered.

textile fibers.

FIGURE 7
Visual comparison of sample collection under evaporative cooling

Sample collection during Evaporative cooling: cross ventilation vs single sided ventilation

ECCV SP EC SVsP ECCVPR EC SVPR ECCV PA EC SVPA

Original

Modified

Source: Author, 2019.
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Semipublic area: both samples show simi-
lar amount of dust and other particles; the
sample under cross-ventilation shows hairs,
textile fibers, and insects; during single sided
ventilation the sample has more clusters.
Private area: during the period of cross-ven-
tilation the samples show clusters and more
particles; the single sided ventilation sample
show less particles and hair but no clusters.
Public area: both samples show clusters in
difference sizes and color. The sample from
when the system was using cross-ventilation
has more particles and the clusters are big-
ger; the single sided ventilation sample has
small black clusters.

Dose response assessment to the areas and sys-

tems that provide less possibility of intake of par-

ticles by humans (possible dose):
Semipublic area during single sided natural
ventilation, HVAC with old filters, however,
the results from the evaporative cooling
period is inconclusive since the amount of
particles is similar in both tests, but the diffe-
rence between the appearances of the clus-
ters may have to be analyzed in a specialized
laboratory to see what it is in those clusters
besides moisture.
Private area during single sided natural venti-
lation although there were insects, HVAC with
new filter and during single sided ventilation
evaporative cooling.
Public area during cross-natural ventilation,
HVAC during both samples and during single
sided evaporative cooling ventilation.

Overall, the comparison between original and
modified images of each sample reveal that the-
re is an important amount of Ultrafine PM 0.1 and
fine particles PM 2.5, both responsible for chro-
nic diseases due to their tracheobronchial and
pulmonary deposition, and are present in large
quantities, in dry environments. Particles from
combustion in kitchens maybe re-suspended and
transferred into bedrooms and represent a major

hazard for users, since people spend more time
and breathe deeper in bedroom (Bjorn, 2002).

Natural ventilation created a deposition of
dust particles in public areas, but this was not
much of a concern to human health since the ac-
tivities in this area are transitional; these spaces
are not used for more than 2 to 3 hours a day
in this particular case study, and humans would
only be exposed to a greater degree of dust than
the outdoors if the dust settled in food. Settled
dust cannot be re-suspended with the move-
ments of humans, air and objects, and this could
be an increased risk factor in public areas. In this
case, however, it was a lower degree of concern
because of the little amount of time spent insi-
de these spaces and minimal number of vehicles
such as food, for human intake.

Dust in the private area, in this case - the mas-
ter bedroom, appeared to have a higher content
of textile fibers, and some particles not found
in other areas of the house in a pale beige co-
lor scheme indicative of dead cells, dandruff and
dust mites. The scale of human health exposure
in this case, is of medium to high concern, be-
cause the bedroom is a space where occupants
tend to spend more time inside the house. This
time period is mostly spent in bed in which one
breathes at alower point from the floor level than
during other activities. The area under 3 feet abo-
ve the ground is more prone to dust exposure for
humans because dust in the floor is easily re-sus-
pended, airborne dust is pushed down by fans
and air blown from windows and vents and, se-
ttled dust in upper surfaces can easily be re-sus-
pended and then resettle over the bed. One more
factor that increases human exposure to dust is
the typical human breathing pattern during night.
Humans may breathe deeper and from the mouth
more often while sleeping, making the intake of
dust easier.

The temperature reading did not show an im-
portant reduction using the different modes of
ventilation which is indicative of a need to su-
pport the natural ventilation strategy with other
physical and natural barriers to reduce heat while
restricting dust accumulation to specific areas.
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During the use of the HVAC system, the higher
collection of loosen particles was in the semi-pu-
blic. The location of particle deposition is near
the location of the return air intake of the HVAC
system from where the air is recirculated. The
human health concern in this scenario is me-
dium to high, since the semipublic area of this
house connects a bathroom to the bedrooms and
the probability of users walking barefoot or with
open footwear in this area is high. It is also a place
that is usually unfurnished, therefore the dust will
settle on the floor. Additionally, the chances for
re-suspension of dust by walking are high which
in turn increases the risk for this dust to be brou-
ght to the private area and into the beds. A second
examination of the samples showed that during
the old filter period the amount of dust accumula-
tion in spaces was different. More dust was found
in public areas and less in the private area. The
return-air-duct was clogged due to the accumula-
tion of dust in the filter and this may have played
a role in reducing the suction of the system due
to which particles were not carried to the intake
as effectively as with the new filter. This unex-
pected finding calls for future research regarding
the efficiency of centralized HVAC systems. The
HVAC showed good results for reaching thermal
comfort easily and quickly, however, the presence
of dust in semipublic areas was ambiguous and
studies for the optimal performance of air filters
for dust reduction deserves more attention.

Samples from the period when the evapora-
tive cooler was running, revealed that moisture
prompted the formation of dark dust clusters.
Moisture was present in the system due to the
outdoor air being forced to pass through pads
soaked in water which also filtered the outdoor
air. However, the presence of moisture elevates
human health risk since more humidity increases
the chances of mold and bacteria growth. Bacte-
ria and viruses expelled by humans and pets may
also live longer in this environment. The system
was more effective when every room had an ope-
ning for natural air flow due to which the humidi-
ty levels dropped and there were fewer clusters
in the samples. The efficiency of the system for

thermal comfort was higher when there was a
single opening per room rather than cross-ven-
tilation across rooms.

DISCUSSION

Results from the hazard assessment show the be-
havior of the natural cross-ventilation system and
the evaporative cooling system from the perspec-
tive of dust accumulation. Natural cross-ventila-
tion has been established one of the most effecti-
ve passive strategies for cooling in heat-stressed
regions (Chalfoun, 2015 & Faggianelli, 19906).
When a simulation of both, cross-ventilation and
single sided ventilation using Energy 2d software
was run, simulated air movement showed that
the single side ventilation had a vortex right at
the entrance, pushing the air towards the negati-
ve pressure side, and exiting without entering the
opposite side of the room. The cross-ventilation
simulation showed an almost even distribution of
temperature and a better distribution of air while
creating a slight vortex at the same time. This
simulation exercise verified the effectiveness of
cross-ventilation as compared to a single-sided
one. It may be assumed that the effectivity relies
on the position of the air supply in relationship
to the opening, however, this need to be tested
and verified in further studies. Another finding
of this study was that the cross-ventilation was
less effective during the evaporative cooling cy-
cle. This may be due to the location of the air
supply to each room from a top outlet which
led to the airflow following the easiest pathway
in the room, i.e. towards the negative pressure
side. When the temperature is measured along
this pathway, it was found to be lower than the
other position in the same room at the same time,
away from the pathway. This may also have in-
fluenced the dust collection pattern, as well as
direction of the moisture. Another possibility is
that cross-ventilation under evaporative cooling
as it was set up - one opening in the living room
and one in the master bedroom - may have forced
the airflow to travel in a forced pathway against
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FIGURE 9
Simulation of air movement and temperature flux
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Source: Bernal, Engineer, Chalfoun, 2019.

the direction of its supply. The study also found
that the creation of vortices which are related to
the layout of the house may warm the air faster.
These findings are shown graphically in figure
9 consisting of four simulation diagrams of air
flow and temperature flux in single-sided and
cross-ventilation systems.

While the dust samples and temperatures may
not be useful parameters for an overall building
performance assessment, the findings may be
useful for the development of new inquiries. Te-
chnological advances in the field and knowledge

TEMPERATURE FLUX

——vvvrever

pomhabuiy

about how humans inhabit indoor environments
are developing rapidly. These advances may lead
to standardizations while, on the other hand, hu-
mans tend to have unpredictable, erratic beha-
viors. Residential design as of today pays more
attention to aesthetics than indoor environmen-
tal quality. An affordable and aesthetically plea-
sing house is a priority. However, this research
reveals that there are unseen variables putting
people at risk ones that are not commonly stu-
died or considered in decision-making processes.
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Recent concerns about energy consumption
and its impact on climate change and air pollu-
tion have opened the conversation about more
suitable buildings. We now have the opportunity
to reassess our design priorities and develop new
solutions, inspire new technologies and avoid
human health risks. In hot arid regions, there is
significantly more concern about managing high
temperatures while reducing energy consump-
tion at the same time, therefore, it is urgent that
our understanding about indoor air quality is fur-
ther developed and made easily available to all.
Research and innovation should lead to better
ventilation systems based on health impact and
energy consumption together, from a user-pers-
pective. Human behavior which includes chan-
ging air filters as instructed, breathing patterns
during the day versus at night, and activities that

occur in different parts of the house, schedules
and location are some of the many factors that
impact indoor air quality.

Effective mechanical ventilation could be the
key for fighting pollutants that were either gene-
rated indoors or leaked from outdoors. Higher
incidence of airborne dust is one of the many
variables which may impact the performance of
ventilation systems. If the ventilation system is
not designed appropriately or working properly,
infiltration and re-suspension of dust in the in-
doors represent higher risk for users and ultima-
tely lead to more costly maintenance, tune-ups,
upgrades and energy use.

One example of how to use this study for
decision making is shortening the distance in
between air supply and air intake based on the

FIGURE 10
Cross-ventilation in a single room

Cross ventilation in a single room

Air outlet
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Source: Bernal, Engineer, Chalfoun, 2019.
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observation of temperature dissipation and dust
accumulation.

In Figure 10, the alternative is to treat each
room in isolation managing the air supply and
its outlet in a short-distance cross-ventilation pa-
thway. Shorter distance between air supply and
outlet may guarantee that the temperature in the
case of evaporative cooling and natural ventila-
tion does not easily dissipate. The same set up
but now looking at the air intake of the HVAC sys-
tem, may avoid resuspension and settlement of
dust and lessen the risk to humans also take due
to the short distance between the farthest point
of the room and the air intake.

In contrast, cross-ventilation and centralized
ventilation systems in multi-room settings were
shown in the study to be less effective in main-
taining temperature and they also contributed to
reallocating dust in the center of the house.

For architects, designers, technicians, and
even social services and healthcare providers, a
user-based decision-making process can signifi-
cantly reduce risk.

CONCLUSIONS

This research proves that there is a correlation
between amount and location of accumulation

FIGURE 11
Cross-ventilation in a multi-room setting

Cross ventilation in a multiroom setting

Air outlet

Air supply

Source: Bernal, Engineer, Chalfoun, 2019.
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of dust throughout the house and the type of na-
tural ventilation and mechanical systems used.
It highlights concerns about human exposure to
dust, especially under high temperatures due to
the dependency on mechanical ventilation for su-
pplying enough air changes. Due to such depen-
dency, we believe there are additional linkages
between these concerns and energy consumption
that need to be studied further. These findings
require new research and innovation based on
more case studies including but not limited to
computer simulations, which include passive and
mechanical ventilation techniques that mitigate
human exposure to indoor pollutants. The pre-
sence of dust during the period when the HVAC
and the Evaporative Cooler were active is an area
that needs to be better further studied by the in-
dustry for better filtration solutions which can
stop dust more effectively and accumulate less
dust than during natural ventilation. The new pa-
radigm should account for human error, unfore-
seen real-world conditions, and mismatched and
uninformed design strategies. The architectural
and engineering team which oversees design,
site, building systems, structural design, code re-
quirements, and aesthetics plays a crucial role in
determining a new, human-centered approach in
the residential sector. The relationship between
indoor ventilation and airborne and settled dust
must be included in building codes and guideli-
nes for environmentally responsible designs.
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