Journal of Architectural Environment & Structural Engineering Research | Volume 06 | Issue 02 | April 2023

D BILINGUAL  Journal of Architectural Environment & Structural Engineering Research
PUBULISHING ) ) ; )
_) GROUP https://journals.bilpubgroup.com/index.php/jaeser

ARTICLE

Assessing the Role of Environmental Factors in the Transmission of
Infectious Diseases in Communal Spaces
Seyyed Mohammadmahdi Hosseinikia” ©, Negar Khiabanchian’®, Hadi Rezaei Rad’

! Architecture Department, Tabriz Islamic Art University, Tabriz, 5164736931, Iran
? Architecture Department, ACECR, Branch of Hamedan, Hamedan, 6517618399, Iran
Y Urban Planning Department, Buali Sina University, Hamedan, 6516738695, Iran

ABSTRACT

Communal spaces provide different facilities for users while they are the primary place for the spread of diseases,
especially respiratory. Transmission is possible through human behaviors, the way they communicate with each other
and breathe in an environment by airborne pathogenic particles. Experts from various fields have gained valuable
experience and achievements regarding how to prevent these diseases by means of environmental factors. Due to the
spread of the corona virus in the past years, environmental planners and designers seriously considered the need to
review the design and use of spatial components. This study provides a framework for decision making and design of
communal spaces based on how environmental components can be effective in preventing the spread of respiratory
diseases such as coronavirus and influenza. The research method used in this article is logical reasoning combined with
ANP method and focus group discussion. According to the results of this research, indoor air quality plays the most
crucial role in preventing the transmission of viruses (contagious respiratory diseases) based on expert groups.
Keywords: Well building; Healthy building; Contagious diseases respiratory; Air borne transmission

it. In times of need, we can only change the living
space and go from place to place. Quarantine is

As humans, we live in space and are surrounded usually the last place we live and if we get infected.
by, both public and private. There is no escape from The reason is clear; the place where the least use

1. Introduction
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and traffic takes place and important protocols are
implemented. Research has often forgotten the fac-
tor of the space in which man lives and is closer to
it. The amount of space usage and connection with
its components in various spaces is different. As an
intelligent component with special features, the vi-
rus exists everywhere. How people encounter space
on the one hand, and the effect that space and its
components such as surface, dimensions, material,
etc. have on the virus, all play a decisive role in the
spread of the virus among humans.

The topic of occupant health in public buildings
is an emerging area for both academic research and
industry practices. The World Health Organization
(WHO) defines health as ““a state of complete physical,
mental and social well-being” """, Physical well-being
is defined as the appropriate functioning of our bodies
and our ability to resist illness. Mental well-being in-
cludes more than merely the absence of mental illness;
it is comprised of mental resilience, contentment, con-
fidence, and peace of mind. Finally, social well-being
is the ability to build meaningful relationships with
others; it is determined by an individual’s sense of be-
longing, and social engagement . One of the threats
that societies face today is the spread of infectious
diseases in communal spaces. There are several ways
of transmitting respiratory pathogens. Spread or trans-
mission can be through close contact with humans
or by human touch **". The most common way of
spreading respiratory infectious diseases is through
respiratory droplets when an infected person coughs
or sneezes. These tiny droplets can infect a healthy
person by sitting on the face (mouth, nose, ears, and
eyes) or hands . Contagious diseases respiratory can
remain on different surfaces for a long time, which is

one of the important reasons for the transmission .

1.1 Airborne transmission

The use of Disinfectants decimates microorgan-
isms of viruses or bacteria on internal layers or inert
surfaces by acting as an antimicrobial mechanism.
Disinfectants are not always impressive against all
kinds of microorganisms like bacterial spores as
sterilization, which kills all types of life by the use
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of extreme physical or chemical procedures . Many
researches have been conducted on the effect of en-
vironmental factors and the form of spaces on the
airborne transmission of disease particles, mostly
due to the importance and epidemic of SARS virus
(COVID) in the study of this virus. Many indoor
spaces have a high occupant density, but do not pro-
vide adequate fresh air ), which increases the infec-
tion risk through airborne transmission. The trans-
mission by airborne route was considered to greatly
contribute to some reported outbreak events. For
example, the SARS-CoV-2 spread among the mem-
bers of the Skagit Valley Chorale during a weekly
rehearsal eventually making 53 out of 61 members
infected. Such a severe spread was highly suspected
to be caused by the airborne transmission . The
outbreak event that happened in a Guangzhou restau-
rant was likely caused by recirculated air, which car-
ried infectious aerosols emitted by an index case 7.
A retrospective analysis of these two outbreak events
also supported the airborne transmission of SARS-
CoV-2 " The outbreaks in a tour coach in Hunan

11 - 12
"a communal space in Seoul "* and a

province
tour coach in Zhejiang province "' also indicated the
possibility of airborne transmission. It is increasingly
clear and accepted that airborne transmission is an
important contributor to the rapid and long-distance
spreading of SARS-CoV-2 " Indoor air quality
(IAQ) control strategies can be applied to reduce the
infection risk of COVID-19 through airborne trans-
mission "', Improving indoor ventilation systems,
using air cleaning technologies, and wearing masks
can enhance the IAQ and decrease the infection risk
immensely. These strategies have been introduced
and discussed in other published papers """ and
recommended by WHO ", U.S. cDC ®**" and
ASHRAE ™. A well-known mathematical model for
estimating the infection risk through airborne trans-
mission is the Wells-Riley model ****. It assumes
well-mixed air and a steady-state infectious particle
concentration in a confined space.

1.2 Temperature & light

Various research has been done in the field of
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different environmental conditions and their relation-
ship with the transmission of viruses and respiratory
pathogens. In this context, these studies can be men-
tioned: In a study, the persistence of SARS-CoV-2 in
environmental conditions was measured at different
temperatures. The virus is very stable at 4 °C, but
sensitive to heat at 4 degrees Celsius, only approx.
0.7 infectious reduction logging units Title on day
14. With an increase in the temperature to 70 degrees
Celsius, the virus deactivation time is reduced to 5
minutes . The microbe that causes tuberculosis,
Mycobacterium Tuberculosis is called tuberculosis,
which affects the lungs in most cases it makes, but it
can influence other parts of the body as well. Tuber-
culosis bacillus is very sensitive to sunlight as a re-
sult good and dark places become more and more. In
general, TB is a socio-economic disease and every-
where there is a population that gathers a lot under
one roof and has proper nutrition and hygiene not
to worry and live in poverty, they are seen more often.
Housing situation plays a significant role in people’s
illness, houses are dark, and unsanitary grounds for

choosing their inhabitants prepared for tuberculosis **.

1.3 Surfaces

A comparative study of SARS-CoV-2 and SARS-
CoV-1 viruses is done and a comparative study of
both viruses shows that SARS-CoV-2 and SARS-
CoV-1 have significant sustaining time on different
surfaces. This research showed that the persistence
of the virus on the surface is directly related to their
gender. In this way, the longest shelf life is related
to plastic with 72 hours, then steel with 48 hours
shelf life, and the lowest copper with 2 hours shelf
life *”. Due to the fact that infectious respiratory
diseases are transmitted through the transmission of
pathogens in the air between sick and healthy peo-
ple, studies on the airborne transmission of viruses
are discussed. In seminal papers from 1930, Wells
proposed the concept of droplets and droplet nuclei
that has dominated thinking about airborne infection
over the ensuing decades. Wells commented that
larger droplets, governed by Stokes’ law, would fall
quickly to the ground, while smaller droplet nuclei,
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formed from droplets that evaporated and left behind
solid residue, would stay airborne for longer periods
of time. Since then, studies in the field of aerosol sci-
ence have shown that exhalation and various exhala-
tory activities, e.g. singing, variably generate thou-
sands of small par-tickles (of multiple size modes)
that can travel well beyond 6 feet and accumulate in
poorly ventilated indoor spaces **.

From the review of previous studies on the ef-
fective components in the transmission of airborne
infectious diseases, three important factors and indi-
cators are extracted (Figure 1).

Type of
Material

Indicators in
the
transmission of
respiratory
pathogenic

particles

Temperature

Figure 1. Primarily clustering of important indicators in the
transmission of respiratory pathogens from previous studies.

1.4 Well building

Due to the fact that a healthy building is a subset of
a good building, the well standard model is used to pro-
vide other indicators of a healthy building. These com-
ponents can play a role in the transmission of airborne
particles of infectious respiratory diseases.

WELL Building Standard: Delos Living LLC is
an American-based organization that says its mission
is ‘to build a better world’. It suggests that it trans-
forms the indoor environment by placing health and
‘wellness’ at the center of design and construction
decisions through research, consulting, and real es-
tate development, and by offering innovative solu-
tions for the built environment. The standard is based
on seven years of research in partnership with scien-
tists, doctors, and architects exploring the connection
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between the buildings where people spend their time,
and the health and well-being impact those buildings
have on their occupants. It is third-party certified
by Green Business Certification Inc. (GBCI), which
administers the Leadership in Energy and Environ-
mental Design (LEED) program (Delos Living LLC,
2020) .

According to the WELL building standard (Fig-
ure 2), the following components are defined and
Spaces can become WELL certified by achieving a
defined score in each of seven categories:
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Figure 2. Well Building Standard V2—Concepts and Features,
Delos Living LLC [29].

The project can pursue no more than 12 points
per concept and no more than 100 points across the
ten concepts. 10 additional points are available in the
innovation concept (innovative credits).

1.5 Healthy buildings

The term “healthy buildings” is emerging in the
literature; researchers have previously focused on
“sick buildings,” or the “Sick Building Syndrome”
(SBS) to address “Building Related Illness” (BRI) .
Clearly, the idea of designing places to support
resident health has only been recently adopted. A
“healthy building” is defined as a built structure that

promotes the positive well-being of individuals ",
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Considering that a healthy building is considered
a subset of a good building, the components of a
healthy building will be presented in order to finally
reveal the effective indicators in the airborne trans-
mission of respiratory disease particles. Despite the
importance of healthy buildings, rather than avoiding
sick buildings, we do not have a clear and commonly
accepted definition of what “healthy building” means
to building professionals and occupants (Figure 3).
Moreover, designers do not have a routine process
to integrate the fundamental definitions of health of-
fered by the WHO, as explained earlier, in buildings.

A healthy building may be better defined as a
building, including all of its systems, that promotes
and sustains the health of its occupants, as a state of
complete physical, mental and social well-being. As
a result of emerging environmental concerns (e.g.,
climate change, pollution), demographic shifts (e.g.,
aging population), lifestyle changes (e.g., global
epidemics of stress, longer working hours), the role
of building professionals and researchers in healthy
buildings will be highlighted. It can be said that the
components obtained from previous research, the in-
dicators of good building and the components of the
healthy building, each play a role in the transmission
of airborne particles of respiratory diseases from dif-
ferent dimensions.

According to what has been stated, the question
of this research is: What criteria should be con-
sidered to increase the communal space resilience
against contagious diseases respiratory? How can a
process facilitate the selection of criteria be proposed
by forming a discussion group with the experts’
choice?

The premise of this research is that using both
FGD? and analytical network process among the
spatial indicators of architecture in the transmission
of infectious respiratory diseases, he identified the
most important factors in order. Many researches
have been conducted in the field of infectious diseases
in various fields of medicine, environmental health,
environmental design, architecture and urban plan-
ning, and there is a lot of accumulated knowledge

D Focus Group Discussion
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Figure 3. Air quality and

related to this issue. Based on this and according to
the purpose of the research, which found the spatial
component as one of the most effective agents in the
transmission of airborne particles of infectious dis-
eases, the conceptual process model of the research
is presented (Figure 4).

2. Materials and methods

The research method used in this article is logical
reasoning combined with ANP® method and focus
group discussion. This is a practical method when
desiring to solve real-world issues ”*. The analysis
of indicators and their prioritization has been done
by Mat-Lab program. The method of data collection
is field and library and the research tool is the analyt-
ical network process. According to the scope of cal-
culations and accuracy in the computational process,
the Mat-Lab program is used to form the process and
perform calculations. This study has two main phases
so that collect and weigh qualitative criteria to help
explain and build upon the quantitative results. The
study encompassed a quantitative component (ana-
lytical network process) and a qualitative component
(focus group discussions). ANP method is used in
various fields of science, including engineering,

@ analytical network process
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healthy buildings concept |

management, business and science; to help decision
makers make good choices **. The purposes of using
such methods are evaluating, choosing, ranking and
sorting alternatives. FGD is a way of gathering data
that involves engaging a small group of (expert) peo-
ple “focused’ on a particular topic or set of issues .
Also the group consists of two doctors, two envi-
ronmental health experts, two urban planners, two
architects, and two environment designers who had
experience working in communal spaces of Hamed-
an city and dealing with coronavirus patients. The
most significant applications of the discussion group
method are: 1) Obtaining an information background
with existing and potential characteristics of indi-
viduals and groups in areas related to the goal. 2) In-
depth discovery and search and expertise concerning
the general needs of groups as well as information
are hidden in the thoughts and ideas of the people.
3) Estimating opinions in thought combinations are
related to how to achieve social needs °°.

Considering that the members of the group are
all residents of Hamadan province, so, their obser-
vations of the type and extent of the spread of infec-
tious diseases, including the coronavirus, in this city
will have an impact on the results of this study.

The analytical network process begins with iden-
tifying and prioritizing decision elements. These
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Collecting and
categorizing spatial
factors through literature
(healthy building, well
building, etc.)

fig (1),(2),(3)

GOLE : (Prioritizing
spatial indicators in
dealing with infectious
diseases in communal
space)

A two-by-two comparison
of all the criteria of the
first category by a group
of experts(Tab 2)

Forming a comparative
matrix and using the ANP
method for the final
analysis(Tab 2)

Forming a focuse group
discussion among fiel of
medical, environmental
health, environmental
design, urban design and
architecture

Choosing the appropriate
method of weighting
criteria

RESULT: Determining the
final score

(Tab 3)

Figure 4. Study design process.

elements include goals, criteria, characteristics and
possible options used in prioritization. The existence
of structure is because the elements of decision-mak-
ing (options and decision-making criteria) can be
summarized at different levels (Table 1).

Table 1. Degree of preference in ANP °7

Score (degree Description | Explanation
of preference)
| Equal Two criteria are equally
importance | important
lightl o
3 Isn(l)%et Y Two criteria are equally
. important
important
5 more Experience shows that i is more
important important than j
E i h that th
Much more | EXperience shows that the
7 . importance of i is much more
1mportant .
than j
9 Absolute Absolutely is more important
importance | than j
2.4.6.8 Intermediate
preferences

3. Case study

In the study of the statistics of infection and
deaths caused by corona disease in Hamedan prov-
ince, from the beginning of the epidemic of this virus
to May 2, 2021, about 37,812 people were infected
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with coronavirus in Hamedan province, and among
them, 15,330 patients were hospitalized, and this
number was 5,618 in Hamedan city for whom that
has been infected with this virus and hospitalized.
The number of deaths from the coronavirus in the
province has reached 1,951 people since the begin-
ning of the outbreak until the mentioned date "%,
which shows the importance of managing and re-ex-
amining the strategies for dealing with it, including

spatial factors affecting its spread.

4. Findings and discussion

This finding clarifies that each of the spatial
indicators has a role in the spread of viruses and
their transmission from the perspective of experts
in various fields of medicine, environmental health,
environment design and architecture. The indicators
were gathered in the literature section and downsized
by focus group discussion. They prioritized the ANP
method by experts in fields related to the purpose
of the research (Table 3). Each of these factors has
a determining effect on the probability of infectious
and respiratory pathogenic particle transmission.
Their combination with other spatial indicators in the
context of space along with factors such as the use
of space has a significant effect on the probability of
translocation (Table 2).
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Table 2. Related criteria and sub-criteria, on an example of Matrix of two-by-two weight comparison of criteria derived from the average weighing by experts, authors.

Numb | Criteria Explicate

1 Spatial use Permanent, temporary

2 The user of space All habitant, children, adults, ...

3 Spatial dimension Space length, Space width, Space height

4 Depth of space away from the original space, Main and secondary space

5 Spatial distance The distance between center of space

6 Spatial community Public transport, private transport, social activity...

7 Type of surface material Antiba.cterial and ant%viral mat.erials, Using metgls such as silv;r, brass, zinc, copper, Stopes su(?h as marb.le2 travertin.e, turquoise, azure, etc.
Not using steel, plastic, etc. brick, Stone, ceramic, Floor Covering, Parquet, Mosaic, Antibacterial and antiviral materials

8 Air quality Natural ventilation, Fan, air conditioner, Ventilator

9 Space lighting Direct sunlight, Direct Southern sunlight, Direct Eastern sunlight , Western front, Northern front

10 Space coloring Red and dark on the floor, Red and dark on the wall

11 Vertical communication Elevator, Residential and commercial complex

12 Construction technologies Floor heating, air conditioning, Air curtain system, X virus, Automatic doors, Positive Air Pressure system

13 Crowding Face to face, social distance,

14 circulation Air flow, windows, handle and automatic door

15 Space temp Natural sunlight, type of heating and cooling devices, air conditioning
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Table 2 continued

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
|7} — 72} @) %) 7] =3 > 7] ©»n < o Q @ Q. %8
ES - - - O -GS I - - 500 - - -
= | g | £ |5 | & |2 |8S| 8| & |8 | & |EE|E|E|cC
L = Q o 8, o o g = © 8 = s 5 5 =2 g
Criteria 2 o 5 w 7 ] < < = = 8 Q. = (] =t =]
e & E & E 2 = = = | &8 =
E z & g £ 8 . & 3
o o g. =}
a = o =.
= g
S g
1 Spatial use 1 173 173 173 1 1/5 3 1/5 3 7 3 1/3 1/5 173 1/3
2 The user of space 3 1 3 1/3 1 173 7 1/5 3 9 5 1 1/7 3 1/5
3 Spatial dimension 3 173 1 3 3 1/3 3 1/5 5 9 7 3 1/3 5 173
4 Depth of space 3 3 1/3 1 3 1/3 3 173 5 9 7 3 1/3 3 1/3
5 Spatial distance 1 1 173 1/3 1 1/3 3 3 3 7 5 3 1 1/3 1
6 Spatial communication 5 3 3 3 3 1 5 1 3 7 5 3 1 3 3
7 Type of surface material 173 1/7 173 1/3 1/3 1/5 1 1/5 173 3 1/3 1/5 1/7 1/5 1//3
8 Air quality 5 5 5 3 1/3 1 5 1 5 7 5 5 3 5 9
9 space lighting 1/3 1/3 1/5 1/5 1/3 1/3 3 1/5 1 3 3 1 1/5 1/3 3
10 Space coloring 1/7 1/9 1/9 1/9 1/7 1/7 1 1/7 173 1 1 1/3 1/5 173 1
11 Vertical communication 1/3 1/5 1/7 1/7 1/5 1/5 3 1/5 1/3 1 1 1/3 1/5 173 1/3
12 Construction technologies |3 1 1/3 1/3 1/3 1/3 5 1/5 1 3 3 1 1/3 3 3
13 Crowding 5 7 3 3 1 1 7 173 5 5 5 3 1 5 3
14 circulation 3 1/3 1/5 1/3 3 1/3 5 1/5 3 3 3 1/3 1/5 1 1
15 Space temp 3 5 3 3 1 1/3 3 1/9 173 1 3 1/3 173 1 1
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Matrix of two-by-two weight comparison

Each space has its unique features such as length
and width, height, depth of ambient and natural light,
the amount of ventilation, the surface material, and
most importantly, its use and the amount of its use
the level and lifespan of the virus vary on different
surfaces and colors. Natural light, fresh air, the ma-
terial of the surfaces, each has different effects on
the persistence of the virus and the possibility of its
transmission. These cases may have been unimpor-
tant and unnecessary for people before. Today, most
health recommendations consider one or more of
these factors and how people deal with them. In gen-
eral, these indicators can be presented and weighted
at the same time using the series analysis method
(Table 2).

Depending on their character, application, phys-
ical characteristics, such as the type of surfaces, the
amount of equipment used, and the transition that
takes place, spaces can prevent the transmission
of the virus or increase its transmission rate expo-
nentially. It is the shared living space that includes
people, which has a huge impact on the behavior of
the Infectious and respiratory pathogenic particles
(virus), their durability, how it moves, and ultimate-
ly the possibility of transmitting to another person.
The total score is calculated by MATLAB software
by comparing the indicators with each other, which
was previously determined by FGD. Therefore, the
quantitative values of the impact and final score of
the spatial indicators have been obtained according
to the process mentioned in Figure 4 in Table 3.

Given the fact from Table 3, based on the pur-
pose, spatial ventilation is ranked first. The next is
awarded to the spatial communication, crowding,
spatial dimension, space temp, depth of space, the
use of space, spatial distance and type of surface ma-
terial, respectively.

The strength of this study is the use of the opin-
ions of experts in different fields and its analysis by
MATLAB software. By bringing this different exper-
tise together, more effective solutions can be provid-
ed because each of them looks at the issue from their
own point of view and the sum of these views is
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more than their individual opinions. One of the most
important limitations of this article was the lack of
statistical information, especially location-based sta-
tistics regarding the effective factors in the spread of
infectious diseases in communal spaces.

Table 3. Ranking of criteria based on the effect on Infectious and
respiratory pathogenic particle transmission, authors.

Importance Criteria Final score
1 Air quality 0.215
2 Spatial communication 0.154
3 Crowding 0.142
4 Spatial dimension 0.129
5 Space temp 0.112
6 Depth of space 0.111
7 The user of space 0.089
8 Spatial use 0.057
9 Spatial distance 0.042
10 Direct natural lighting 0

10 Space coloring 0

10 Vertical communication 0

10 Construction technologies 0

10 Circulation 0

10 Type of surface material 0

5. Conclusions

Nowadays, the issue of infectious diseases has
become one of the principal problems in societies, in
such a way that with every pandemic, many social
activities in communal spaces face problems, and
many people in these spaces get infected with those
diseases. The World Health Organization (WHO) de-
fines health as “a state of complete physical, mental
and social well-being”. This study tries to determine
the indicators related to physical and social areas
and examine the effect of each of them on prevent-
ing the spread of infectious diseases and as a result
achieving a healthy building. The surrounding envi-
ronment in communal spaces has many capacities,
and the right decision about the use and changing
them can help in the face of infectious diseases. In
other words, different fields of knowledge have dif-
ferent views on environmental capacities, and taking
advantage of the personal experiences of specialists
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in separate scientific fields can be an optimal way
to deal with these conditions. The results of this
research are based on the quantitative method and
using both FGD and analytical network processes.
In this study, spatial criteria extracted from the lit-
erature review were evaluated and finally, the most
important ones were selected by experts, those who
somehow had the experience of dealing with infec-
tious diseases, including the coronavirus, in Ham-
adan city. According to this process, the degree of
importance and significant difference of the results
shows that the factor of air quality can have a very
high effect. The “Air Quality” in communal spaces is
the main criterion for the transmission of pathogen-
ic respiratory particles (Table 3). This method can
play an important role in finding the most effective
factors in the environment of the public building by
considering the effect of all criteria in the analytical
network process. This process will play an effective
role in making decisions and designing communal
spaces that can deal with the spread of airborne par-
ticles of infectious diseases. According to the logical
reasoning approach of this research, although the
group of experts has determined and weighted the in-
dicators based on their experiences in Hamadan city,
the results of this study can be generalized to other
cities as well. As a result, due to the high efficiency
and relatively low costs of taking advantage of clean
air, such as using natural air by leaving openings or
filtration, it is possible to reduce the amount of trans-
mission of diseases through airborne particles.
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