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ABSTRACT  

The extent to which an individual is harmed by indoor air pollution depends on their total exposure to 

pollutants, the duration of exposure, and the concentration level. Various factors contribute to the 

concentration levels and duration of exposure to the indoor pollutant. This study approached knowledge from 

a multitude of disciplines (e.g., epidemiology, virology, mechanical, etc.) and showcased them from an 

architectural point of view. Understanding the effects of these factors on contaminant dispersion in built 

environments can lead to the design of healthier living spaces. Several factors contribute to contaminant 

dispersion and escalate health risks in the built environment. These factors are not straightforward; but rather 

a complex interaction between several environmental factors. Building designs, site layout, and space 

distribution can contribute to the concentration level and duration of exposure to the indoor pollutant. 

Ventilation parameters such as ventilation exchange rate, airflow distribution patterns, and their overall 

direction are vital in controlling and diluting the pollutants' concentration levels. The study also shows that 

other factors, such as relative humidity, temperature, convective transport phenomena, and furniture 

arrangement, significantly influence indoor airflow and pollutant dispersion. Understanding these factors is 

critical to eliminating or reducing occupants’ exposure to indoor air pollutants found in the built 

environment. 
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1. Introduction 

Pollutants are the primary cause of indoor air quality 

(IAQ) problems [1, 2, 3, 4]. Mølhave identified 

indoor air pollutants as the accumulation of 

compounds in the indoor environment in 

concentrations and durations that cause adverse 

health problems. Indoor air is outside air brought 

directly either by natural, mechanical, or both to 

remove or reduce indoor pollutants' concentration. 

Indoor air pollution can be up to 650 times worse 

than outdoor air pollution [5, 6]. Some pollutants are 

produced indoors as a result of people's activities, 

such as cooking, respiration activities such as talking, 

or emitted from products used indoors, such as 

furnishing, and building materials [2, 7, 8]. Poor 

indoor air quality contributes to both short and long-

term adverse health problems, including lung cancer 

from radon, poisoning from carbon monoxide 

exposure, and an increased risk of heart disease, 

strokes, cancer, pneumonia, colds, and other airborne 

infectious diseases. Moreover, indoor air pollutants 

negatively affect cognitive function and increase the 

level of sick absence and productivity. Poor indoor 

air quality is attributed to an average of 10% of 

productivity losses among office workers [7]. IAQ 

and its impact on building occupants depend on 

different factors which determine the risk level. 

These factors are not straightforward, but rather a 

complex interaction between several environmental 

factors, such as the quality and quantity of indoor 

pollutants, ventilation systems, human parameters, 

etc. [6, 10]. To reduce the risk level and duration of 

exposure, there is a need to understand and narrow 

down the factors that affect the level of indoor 

contamination concentration and those that determine 

the risk level. An intensive, comprehensive, and 

interdisciplinary systematic review was conducted to 

clarify the factors that may potentially affect 

contaminant dispersion and concentration in occupied 

spaces. Understanding the effects of these factors on 

contaminant dispersion in built-up areas could lead to 

the design of healthier living spaces in the future. The 

main challenge was that the study approached 

knowledge from a multitude of disciplines (e.g., 

epidemiology, virology, mechanical...) and 
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showcased them from an architectural point of view. 

As a result, influential factors will be briefly 

discussed in this paper to open doors for further 

investigation from an architectural standpoint. 

2. Building designs and site layouts 

The first step in ventilation design for adequate IAQ 

is determining compliance with outdoor air quality 

standards in the region where the building exists. The 

building's location and ventilation should be a 

consideration, especially for buildings established 

near heavy traffic or other major outdoor sources of 

pollutants. According to WHO and other 

environmental regulatory agencies, poorly ventilated 

spaces result in high concentration levels of indoor 

pollutants [1, 3, 5, 11, 12]. Indoor concentrations of 

benzene range from 0.6 to 3.4 times the outdoor 

concentrations as a result of the accumulation of 

benzene from outdoor sources such as heavy traffic, 

nearby petrol stations or industrial sites, poor 

ventilation, and additional indoor sources [5]. The 

fresh air inlets should be located on the least polluted 

side of the building to reduce levels of indoor-

outdoor pollutants [1, 5]. Sites with crowded tall 

buildings could obstruct sunlight access and fresh air 

on lower-level floors. A study by Lai et al. correlated 

floor levels to pollutant concentrations [13]. The 

study found that spaces located at lower levels of a 

building had more health risks. Another study 

investigated the health risk in three buildings located 

at different sites: sites A, B, and C [14]. The building 

on site A had enough space available between 

adjacent buildings; subsequently, it had better access 

to sunlight and ventilation, which resulted in lower 

health risks compared to the other two sites. The 

layout of sites B and C led to higher health risks than 

site A, figure .1 [14]. This conclusion was supported 

by an Indonesian study that reported that the risk of 

chest infections was higher among residents in 

apartments at lower levels due to a lack of sunlight 

and/or natural ventilation [51] . 

 
3. Space disruption  

Furthermore, in addition to the influence, the building 

site can have on levels of pollutant concentrations 

and health risks, the building's interior spatial 

distribution can play a significant role in maximizing 

pollutant spread [15, 16]. A study by Escombe et al. 

compared natural ventilation performance in old-

fashioned designed facilities (pre-1950) to modern 

ones. These old buildings had higher ceilings and 

larger windows of 4.2 m compared to 3 m and 

openings of 6.6   and 3.4   , respectively. The risk 

of airborne contagion was significantly lower in 

older, spacious buildings with high ceilings and large 

windows. In contrast, modern buildings with low 

ceilings and small windows are associated with 

greater risk [17]. Another study that emphasizes 

space disruption was by Qi Zhou et al., who 

investigated natural ventilation performance in a 

building in Nanjing, China, with a central corridor 

and rooms on both sides figure. 2a [5]. The building 

had five stories, and the simulation was conducted for 

the third level. which had six rooms from (A) to (F), 

three on each side of the corridor. The rooms directly 

open to the corridor and have windows on the wall 

opposite the door figure. 2b. When the doors were 

opened, cross-ventilation infection risk was 

investigated using the computational fluid dynamics 

(CFD) method. The contaminated air moved from 

upstream rooms to downstream rooms. They found 

that the airflow pattern was responsible for the 

dispersion of airborne particles between rooms. The 

cross ventilation led to the dispersion of infectious 

particles across the entire floor. The infected 

individual was located in an upstream room (B), and 

the outdoor wind velocity was 2 m/s. When the 

infected individual stays at the same location in a 

space; the probability of catching an infection is high. 

The contaminated air moved from upstream rooms to 

downstream rooms. The downstream rooms were 

highly polluted. Cross infection occurred between the 

room with an infected individual and downstream 

rooms. In this scenario, keeping the doors closed or 

installing air curtain devices at the doorway is 

recommended. 

 

Figure 1 Shows spaces between adjacent buildings in 

(a) site A, (b) site B, and (c) site C [14]. 

4 .Building ventilation  

Indoor ventilation strategies can play a vital role in 

controlling and/or diluting indoor pollutants' health 

risks [16, 19]. The Chartered Institution of Building 

Services Engineers, CIBSE, recently guided on using 
ventilation as a way of diluting airborne pathogens. It 

stated that “there is good evidence that demonstrates 
occupants are more at risk of catching an illness in a 

poorly ventilated space than in a well-ventilated 

one”.    
Modern society spends from 80 to 90 % of its time 

indoors - offices, homes, schools, etc., which are 

either naturally, mechanically, or hybrid ventilated 
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[19]. The objective of any ventilation system is to 

supply fresh outdoor air to the occupants, removing 

excess heat and pollutants from the built environment 

[1,47]. Fresh air should be provided to the occupants' 

breathing zone, diluting the pollutants originating in 

the building and removing them from it [21]. The 

decision on whether to use mechanical or natural 

ventilation for indoor 

 

Figure 2 (a) Central corridor; (b) Building layout 

[18]. 

pollution or infection control should be based on 

needs, the availability of the resources, and the cost 

of the system to provide the best control to counteract 

the risks. Although advanced ventilation systems and 

negative pressure ventilation show a lot of potentials, 

they are expensive to install and maintain [16, 22, 

23]. Furthermore, faulty or insufficiently maintained 

mechanical ventilation systems can increase the 

concentration and spread of contaminants in the 

indoor environment, as shown by the outbreak of the 

novel coronavirus disease that occurred in a 

mechanically ventilated restaurant in China [19, 24, 

25]. The outbreak took place on the third floor of the 

restaurant, which is vented by five air conditioning 

units without natural ventilation. The third-floor 

dining area was 145   ; the distance between each 

table is about 1 m. 

 

Figure 3 Guangzhou restaurant’s third floor layout 

[25]. 

Each unit vented a particular zone of the floor, 

figure.3. The outbreak happened in a shared 

ventilation zone, zone (1), The air inlet and outlet for 

the central air conditioner were located above the 

right table with a low ventilation rate of 1 L/S/P. The 

airflow direction is illustrated in figure .4. This air 

movement facilitated the dispersion of infected 

droplets into adjacent occupants' breathing zones. 

Although there was a 30.5 x 30.5 cm exhaust fan in 

the wall opposite the air conditioning, it was 

insufficient 
 

Figure 4 Guangzhou restaurant’s air movement in 

the shared ventilation zone, zone (1) [25]. 

to remove the polluted air. None of the 62 occupants 
at the other 12 tables located in different ventilation     

zones were infected. Which suggested that the 

alternate scenarios (touching surfaces or going to the 

restroom at the same time) were less likely to be the 

cause of infection. This study concluded that the 

droplet transmission was prompted by air-

conditioned ventilation. The key factors for infection 

were low ventilation rates and the direction of the 

airflow [24, 25]. The furthest infection was about 4.6 

m; therefore, long-range transmission is possible in 

poorly ventilated spaces [14, 24, 25]. Natural-

ventilated buildings have been shown to reduce the 

risk of airborne infection [5, 17,19,18, 26]. Several 

researchers advocated for maximizing natural 

ventilation in low-resource settings for infection 

control [27]. Escombe et al. compared the health risk 

in naturally and mechanically ventilated rooms. 

When compared to rooms with natural ventilation, 

mechanically ventilated rooms with sealed windows 

had an even higher risk, despite being ventilated 

optimally according to guidelines [17]. Another 

mechanical and natural ventilation comparison was 

made by a collaborative study by Imperial College 

London’s Department of Infectious Diseases & 

Immunity. The study found that naturally ventilated 

environments provide high air exchange rates even 

on days with little wind compared to mechanically 

ventilated rooms. Mechanically ventilated rooms had 

poor absolute ventilation even at recommended air 

exchange rates (12 ACH) for high-risk areas and 

consequently had higher estimated risks of airborne 
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contagion [17]. Any type of ventilation has three 

elements: ventilation airflow rate, airflow pattern (air 

distribution), and airflow direction. These parameters 

can affect the concentration and distribution of 

pollutants in the occupied zone [19, 26, 28, 29]. 
  

4.1 Ventilation airflow Rate 

The ventilation rate measures how many times a 

volume of air within a room will be added, removed, 

or exchanged with fresh outdoor air. It is calculated 

using the air exchange rate (air changes per hour 

(ACH)) or ventilation rate per person (liters/second) 

[22]. Multiple experimental studies correlated high 

pollutant concentration levels to low rates of 

ventilation typically used in residences and offices, 

which aid the rapid dispersion of airborne 

contaminants. In the past two decades, several 

published studies have attempted to relate sick 

building syndrome (SBS) reported symptoms to their 

causations, finding that a low ventilation rate is 

among these factors. Studies have associated low 

ventilation rates of below 10 l/s per person with 

increased airborne building contaminants [29]. 

Although mechanical ventilation can be more reliable 

in delivering standard flow rates, natural ventilation 

generally provides higher ventilation rates. Natural 

ventilation, when properly designed, can be 

dependable and provide higher change rates at low 

costs [21]. It’s important to point that some studies 

argues that a high flow rate can heighten the risk of 

airborne cross-infection [30, 31]. 

 

4.2 Air distribution pattern and direction 

 

Figure 5 (a) The floor plan of the building where the 

airborne transmission occurred and the location of all 

cases. (b) building façade [37]. 

Although the outdoor air intake rate may be adequate, 

air distribution problems can lead to poorly ventilated 

areas in the building [21]. A study used a smoke test 

to show the airflow pattern and direction’s effects on 

pollutant dispersion in the built environment [32]. 

The floor plan of the building where the airborne 

transmission occurred is illustrated in figure 5a, the 

gray color indicates the dispersion pattern. The 

infectious particles spread to the adjacent rooms and 

then to the corridor, through a door normally kept 

ajar using a special device, and then into the entrance 

hall where occupant number 8 was. These spaces had 

the highest levels of concentration. After the infected 

particles passed through the entrance area, they 

flowed directly to the stairwell, which served as a 

chimney and conducted a dense cloud of smoke to 

the first and second-floor levels, where it drifted into 

the corridors and adjacent rooms. Ventilation for 

rooms and corridors was arranged by opening 

windows or doors. The rooms were heated by steam 

radiators situated beneath the windows in each room. 

The heaters were working when the outbreak 

occurred. The infected particles flow out of a 

partially opened window in the sick occupant’s room 

and then directly up the building’s facade, into the 

rooms where occupants’ numbers 10, 12, 13, and 18 

were, Figure 5b. This flow pattern into the upper 

windows appeared to be caused by convection 

currents generated by radiators located below the 

windows [37]. The direction of the overall airflow 

can affect pollutant transport within a building or 

adjacent buildings. W. Kemble et al. associated high-

occupied diverse spaces with high levels of pollutants 

and recommended that overall flow direction should 

move from low-occupied spaces to high-occupied 

ones [36]. The ideal ventilation system directs the 

overall airflow in a building from clean zones to dirty 

zones, e.g., from corridors to toilets; this role is 

important to prevent pollutant transmission between 

different spaces [21]. 

 

5. Furniture arrangement 

Multiple scholars claims that furniture arrangement 

could have great influence on the indoor airflow and 

pollutant dispersion. while others rank furniture 

arrangement and occupant position as low impact 

factors to IAQ as long as they do not obstruct airflow 

in a space [33, 37].  A study by Cheong et al. 

investigated the airflow and pollutant distribution 

patterns a room by means of objective measurement 

and computational fluid dynamics (CFD) finding that 

room furniture greatly influences the airflow and 

pollutant distribution a room; and recommended that 

furniture not to be placed in the path of the airflow 

from the air supply terminal to extract terminal in the 

room [33, 37].  R. Zhuang et al investigated the 

effects of furniture arrangement on the indoor air 

quility [33]. The ventilation system was kept constant 

in all the furniture arrangements, the inlet is at the 
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bottom of the left wall and outlet on the ceiling near 

the right wall figure 6a.  Three different combinations 

of furniture layout were investigated, arrangements 

(A), (B), and (C) figure. 6b. the airflow and the 

pollutants distribution pattern were significantly 

different in each arrangement. The bookshelf was the 

source of pollutant, which was assumed to be new; 

and emits formaldehyde. Arrangement (A) had the 

least favorable performance; the concentration levels 

was at its highest near the occupant. As a result of the 

location of both the work space and the bookshelf; It 

was observed that the pollutant was trapped for a 

period of time in the occupant breathing zone before 

it was exhausted.  
 

Figure 6 (a) Shows office’s ventilation system, inlet 

located at the bottom of the left wall, and an outlet on 

the ceiling near the right wall. (b) Different 

combinations of furniture arrangements for an office 

room [33]. 

In arrangement (B) the pollutant source moved near 

the right wall. The middle part of the room had the 

high concentration level, still it was much less than 

the magnitude of pollutant concentration in the 

previous arrangement. As for arrangement (c) the 

magnitude of pollutant concentration was as high as 

arrangement (A), but was less in concentration near 

the occupants breathing zone. Arrangement (A) had 

an average concentration of             , while 

(B) had            , and (C) had            . 

The study concluded that the quality of air in the 

occupants breathing zone could be significantly 

improved by adjusting the furniture layouts. It was 

recommended for designers to investigate furniture 

arrangements to reach optimal layout and achieve 

healthier indoor environments. designers should 

identify the upstream location of occupants and the 

downstream position for pollutants source in a space 

and position occupants in the upstream of the overall 

airflow. 
 

6. Temperature and relative humidity (RH) 

Temperature and relative humidity (RH) are major 

influential factors in the transmission and 

survivability of microorganisms [31]. In 2007, 

Lowen AC et al. studied the relationship between 

influenza virus transmission, relative humidity, and 

temperature. Low ambient temperatures (4°C–20°C) 

were found to increase influenza virus transmission 

and humidity levels factored in. At a higher 

temperature (30°C), virus transmission was 

eliminated regardless of relative humidity. Although 

the higher temperature will limit the survivability and 

transmission of most bacteria and fungi, it could still 

lead to occupants’ thermal discomfort. Low relative 

humidity can increase the chances of microbial and 

spore aerosolization from surfaces and their 

resuscitation in indoor air [34, 36]. Several studies 

concluded that both RH and humidity ratio values 

influence the survival of viruses and bacteria as well 

as transmission levels. For example, high humidity 

levels support microbial growth due to moisture 

absorption by building materials [34, 35]. Lowen et 

al. concluded that airborne transmission of influenza 

virus was maximal at 20%–35% RH and poor at 50% 

RH. Fernstrom and Goldblatt's study on the 

transmission of infectious diseases found that viruses 

are less stable at RH 40%–70%. They both 

recommend that the optimum temperature to control 

the survival of airborne viruses such as influenza is as 

high as 30 °C at 50% RH [36]. Humidity is trickier 

than temperature. RH ranges may limit the infectivity 

of certain microorganisms but may cultivate others. 

Figure 7 shows that RH ranges may limit the 

infectivity of certain microorganisms but may foster 

others. Although a 50% RH or higher can limit the 

transmission of airborne gram‐positive bacteria and 

lipid‐enveloped viruses such as influenza, it may 

cultivate viruses without a lipid envelope. Humidity 

and temperature should be reviewed not only for 

thermal comfort but also for optimal health risks.   
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Figure 7 Favorable relative-humidity ranges for 

different microorganisms [34]. 

7 .Conclusion 

Several factors affect the concentration and 

distribution of contaminants in the occupied zone. 

The building site can have a great impact on 

occupants’ health, especially sites established near 

major outdoor sources of pollutants. Ventilation 

systems should be located far away from 

contaminated sources of emissions. Lack of Sunlight 

access was correlated with health risks. Sites with tall 

and small sky view factors can block sunlight from 

accessing the space. Spacious buildings with high 

ceilings and large openings were found to provide 

better indoor air quality and reduce health risks. The 

distribution of interior space affects the airflow 

pattern and, if poorly designed, can lead to the 

dispersion of infectious particles across the entire 

floor. Humidity and temperature should be reviewed 

not only for thermal comfort but also for optimal 

health risk. It was recommended that the optimum 

temperature to control the survival of airborne viruses 

such as influenza is as high as 30 °C at 50% RH. 

Ventilation plays a vital role in controlling and 

diluting indoor pollutants. Occupants are more 

susceptible to catching an illness in a poorly 

ventilated space than in a well-ventilated one. The 

ventilation system should be selected with care. 

Malfunctioning and inadequate mechanical 

ventilation systems can increase the concentration 

and level of spread of contaminants in the indoor 

environment. Mechanically ventilated rooms can 

have a greater risk, despite being ventilated optimally 

according to guidelines, compared to naturally 

ventilated rooms. Natural ventilated buildings were 

found to be effective in reducing indoor pollutants 

and were recommended by multiple scholars for 

infection control in limited resource settings. Natural 

ventilation can provide high air exchange rates, even 

on days with little wind compared to mechanical 

ventilation. A high ventilation rate can dilute indoor 

pollution levels and reduce the risk of infection. Air 

distribution problems can lead to certain areas in the 

building being poorly ventilated even with adequate 

ventilation rates. Inlet and outlet location are the 

main driving forces for the air distribution pattern in 

a space. A good air distribution pattern supplies air to 

all parts of the occupied zone without the presence of 

stagnant zones. It was recommended for designers to 

investigate furniture arrangements to achieve an 

optimal layout and achieve a healthier indoor 

environment. Designers should identify the upstream 

and downstream positions of pollutant sources in a 

space and place occupants upstream of the overall 

airflow t 

 

7 .Recommendations  

Designers should consider how factors such as 

building location, design, space layout, temperature, 

relative humidity, and furniture layout can affect 

indoor air quality. Fresh air intakes should be located 

on the least polluted side of the building because 

pollutant concentrations tend to be higher at street 

level. When designing buildings near heavy traffic, 

designers should choose a ventilation technique that 

achieves all airflow at a higher level where pollutant 

concentrations tend to be lower. Higher ceilings and 

larger openings should be used by designers to 

reduce health concerns in the indoor environment. 

Designers should exert careful consideration when it 

comes to ventilation because it is a crucial element of 

indoor air quality and health hazards. The decision on 

whether to use mechanical or natural ventilation for 

indoor pollution or infection control should be based 

on needs, the availability of the resources, and the 

cost of the system to provide the best control to 

counteract the risks. Designers should consider the 

airflow pattern of each space individually and ensure 

that fresh air reaches the occupants’ breathing zone. 

To prevent pollutants from spreading from one room 

to another, the entire flow of the facility should be 

considered. The overall flow direction should move 

from low-occupied spaces to highly occupied ones, 

and from clean to dirty zones. In limited resource 

settings, natural ventilation is considered among the 

most effective environmental measures to reduce 

indoor-associated health risks. Finally, humidity and 

temperature should be assessed not only from a 

thermal comfort perspective but from a health 

perspective as well, to minimize health hazards. 

 

8. References 

 

[1] World Health Organization, WHO The right to 

healthy indoor air. World Health Organization, 

European Health21 targets 10, 13, 2000. 

s��{~ess���tp�}zt�sztty�sue.spps1psphtht 

[2] World Health Organization, WHO guidelines for 

indoor air quality: household fuel combustion, 

World Health Organization, 2014, ISBN 978 92 

4 154887 8.-|�rwt��-rt}-tyozz}-r�topwtyp~-�sz

nzxp�~�tzy-q�pw-sz�~pszwo 

https://www.euro.who.int/__data/assets/pdf_file/0019/117316/E69828.pdf
https://reliefweb.int/report/world/who-guidelines-indoor-air-quality-household-fuel-combustion
https://reliefweb.int/report/world/who-guidelines-indoor-air-quality-household-fuel-combustion


Mohamed Adel Shebl and Mona Ali " Factors affecting pollutants' dispersion and..................." 

416 ERJ, Menoufia University, Vol. 45, No. 4, October 2022                                 

[3] Air Quality System Data available via 

https://www.epa.gov/outdoor-air-quality-data. 

tsps5 ,p0 

[4] Indoor air pollution an introduction for health 

professions, environmental protection agency, 

American lung association, consumer product 

safety commission, American medical 

association. www.epa.gov/indoor-air-quality-iaq 

[5] WHO guidelines for indoor air quality: selected 

pollutants, WHO,2010 ISBN 978 92 890 0213 4. 

Who.int/publications 

[6] World Health Organization. Regional Office for 

Europe. Air quality guidelines: global update 

2005: particulate matter, ozone, nitrogen dioxide 

and Sulphur dioxide. World Health 

Organization. Regional Office for Europe.2006, 

ISBN: 9289021926. 

who.int/iris/handle/10665/107823 

[7] The WELL building standard, version 2, Q2, 

IWBI, 2022. 

w�ssrt}s��{~ess�st�pwwnp}�tqtpotnzxspys�pw 

[8] Levels and Indoor-Outdoor Relationships of 

Size-Specific Particulate Matter in Naturally 

Ventilated Portuguese Schools.  t oz�tnzwt 

uy�t}zyt 1prw�s tr}� ht sp5s.n1e5hsE-5hE0 

51s1nEthtsp5stns55nns5pt5p1p eIOD 

[9] J. G. Allen, P. MacNaughton, et al, Associations 

of cognitive function scores with carbon dioxide, 

ventilation, and volatile organic compound 

exposures in office workers: a controlled 

exposure study of green and conventional office 

environments. uy�t}zy 1prw�s tp}~{pn�t sp50. 

tIODe5pt5s1tsps{t515ppEn  t15s–5she1p1 

[10] Z. T. Ai , A. K. Melikov, Airborne spread of 

expiratory droplet nuclei between the occupants 

of indoor environments: A review, Indoor Air, 

2018 ;28 :500-524, DOI: 10.1111/ina.12465 

[11] Joshi S. The sick building syndrome. Indian J. 

Occup. Environ Med. 2008; 12: 61-64.  IODe 

t1sn1thEs0s-pp5ts5pth5pE 

[12] EPA, Indoor Air Facts No. 4 (revised) Sick 

Building Syndrome, US, Environmental 

Protection Agency, Air and Radiation (6609J), 

1991.tuthe acat p�twotyr qrn�~spp� 

[13] P.C. Lai, C.T. Low, et al, Risk of tuberculosis in 

high-rise and high density dwellings: An 

exploratory spatial analysis, Environmental 

Pollution, 2013;183: 40-45, 

DOI:10.1016/j.envpol.2012.11.025 

[14] P. Pardeshi, B. Jadhav, et al, Association 

between architectural parameters and burden of 

tuberculosis in three resettlement colonies of M-

East Ward, Mumbai, India.  t�tp~ ryo 1prw�s 

spsp ;heEpE-Esp  

IODe5pt5p1pssEnh11Ehtspspt5nE5t5t 

[15] Wanita , Q. Solihah, M. Djapawiwi, Relationship 

between House Condition and Tuberculosis 

Incidence in Timor Tengah Utara District. 

IJSBAR 2015; 21: 344-349. 

https://mesin.ulm.ac.id/assets/dist/penelitian/32_

WANTI.pdf 

[16] Y. Li, G.M. Leung et al, Role of ventilation in 

airborne transmission of infectious agents in the 

built environment – a multidisciplinary 

systematic review. Indoor air 2007; 17 :2-18. 

[17] A.R. Escombe, C. C. Oeser, R. H. Gilman, et al. 

Natural ventilation for the prevention of airborne 

contagion. PLos Med 2007; 4(2): e68.  

IODe5pt5En5suz�}yrwt{xpotpphpp 

[18] Q. Zhou, H. Qian, L. Liu, Numerical 

investigation of airborne infection in naturally 

ventilated hospital wards with central-corridor 

type. Indoor and Built Environment, 2018: 27: 

59–69. DOI:10.1177/1420326X16667177 

[19] T. Lipinski, D. Ahmad, N. Serey, J. Hussam, 

Review of ventilation strategies to reduce the 

risk of disease transmission in high occupancy 

buildings. Dy�p}yr�tzyrw  z�}yrw zq osp}xzqw�to~t 

IODe 5pt5p50suttuq�tspspt5ppph1  t5ppph1 ;spsp 

[20] C. Zhang, T. Yu, et al, Diffuse Ceiling 

Ventilation - Design Guide, indoor 

Environmental Engineering Research Group, 

Aalborg University, Department of Civil 

Engineering, 2016, ISSN 1901-726X.I u 

opnsytnrw .p{z}� czt TTT 

[21] World Health Organization. Natural Ventilation 

for Infection Control in Health-Care Settings. 

7sztty�st}t~ssryowps5p001shh50n t71Ot sppt 

[22] K.W.D. Cheong, S.Y. Phua, Development of 

ventilation design strategy for effective removal 

of pollutant in the isolation room of a hospital. 

c�twotyr ryo uy�t}zyxpy�  ,spp0;h5 e5505-55npt 

IODe5pt5p50sutp�twopy�tspp1tp1tppn 

[23] Environmental controls: ventilation, negative 

pressure isolation rooms, tents, booths, air 

filtration, UVG, The Interdepartmental Working 

Group on Tuberculosis, UK. osp  zy�}zw zq 

o�pp}n�wz~t~ ty �sp eyt�po utyrozx 

[24] J. Lu, J. Gu et al, COVID-19 Outbreak 

Associated with Air Conditioning in Restaurant, 

Guangzhou, China, Emerg Infect 

Dis. 2020;26:1628-1631. IODe 

ptos0pntsppn0hs5ptEsp5 

[25] Y. Lu, J. Gu et al, Evidence for probable aerosol 

transmission of SARS-CoV-2 in a poorly 

ventilated restaurant, Build Environ. sps5;5t0 e

IODe 5pt5p50sutp�twopy�tsps5t5pnn11 t5pnn11 

[26] C. Paolo,  W.  Pawel, et al, Framework for 

health-based ventilation guidelines in 

Europe.   zty� .p~pr}ns  py�}p  (u�}z{pry 

https://www.epa.gov/indoor-air-quality-iaq/indoor-air-pollution-introduction-health-professionals
https://www.who.int/publications-detail-redirect/9789289002134
https://apps.who.int/iris/handle/10665/107823
https://v2.wellcertified.com/en/wellv2/air
http://dx.doi.org/10.1080/15287394.2012.721177
https://ehp.niehs.nih.gov/doi/10.1289/ehp.1510037
https://pubmed.ncbi.nlm.nih.gov/?term=Ai+ZT&cauthor_id=29683213
https://pubmed.ncbi.nlm.nih.gov/?term=Melikov+AK&cauthor_id=29683213
doi:%2010.1111/ina.12465
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2796751/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2796751/
https://www.epa.gov/sites/default/files/2014-08/documents/sick_building_factsheet.pdf
https://www.sciencedirect.com/science/article/pii/S0269749112005039#!
https://www.sciencedirect.com/science/article/pii/S0269749112005039#!
https://www.sciencedirect.com/journal/environmental-pollution/vol/183/suppl/C
https://doi.org/10.1016/j.envpol.2012.11.025
https://www.tandfonline.com/doi/full/10.1080/23748834.2020.1731919
https://www.tandfonline.com/doi/full/10.1080/23748834.2020.1731919
https://www.tandfonline.com/doi/full/10.1080/23748834.2020.1731919
https://mesin.ulm.ac.id/assets/dist/penelitian/32_WANTI.pdf
https://mesin.ulm.ac.id/assets/dist/penelitian/32_WANTI.pdf
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.0040068
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.0040068
https://journals.sagepub.com/doi/full/10.1177/1420326X16667177
https://www.sciencedirect.com/science/article/pii/S266620272030032X?via%3Dihub
https://elforsk.dk/sites/elforsk.dk/files/media/dokumenter/elforsk/Design%2520guide%2520Final.pdf
https://elforsk.dk/sites/elforsk.dk/files/media/dokumenter/elforsk/Design%2520guide%2520Final.pdf
https://apps.who.int/iris/handle/10665/44167
https://www.sciencedirect.com/science/article/pii/S0360132305001733#!
https://www.sciencedirect.com/science/article/pii/S0360132305001733#!
https://www.sciencedirect.com/journal/building-and-environment
https://www.sciencedirect.com/journal/building-and-environment/vol/41/issue/9
https://https/www.sciencedirect.com/science/article/pii/S0360132305001733/www.sciencedirect.com/science/article/pii/S0360132305001733
https://https/www.sciencedirect.com/science/article/pii/S0360132305001733/www.sciencedirect.com/science/article/pii/S0360132305001733
https://https/www.sciencedirect.com/science/article/pii/S0360132305001733/www.sciencedirect.com/science/article/pii/S0360132305001733
https://www.yumpu.com/en/document/view/10604195/environmental-controls-ventilation-negative-pressure-isolation
https://www.yumpu.com/en/document/view/10604195/environmental-controls-ventilation-negative-pressure-isolation
https://wwwnc.cdc.gov/eid/article/26/7/20-0764_article
https://wwwnc.cdc.gov/eid/article/26/7/20-0764_article
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7954773/
https://www.sciencedirect.cohttps/www.sciencedirect.com/science/article/pii/S0360132321001955?via%3Dihubm/science/article/pii/S0360132321001955?via%3Dihub
https://op.europa.eu/en/publication-detail?p_p_id=publicationDetails_PublicationDetailsPortlet&p_p_lifecycle=1&p_p_state=normal&p_p_mode=view&_publicationDetails_PublicationDetailsPortlet_javax.portlet.action=author&facet.author=agent.Carrer__+Paolo&language=en&facet.collection=EUPub
https://op.europa.eu/en/publication-detail?p_p_id=publicationDetails_PublicationDetailsPortlet&p_p_lifecycle=1&p_p_state=normal&p_p_mode=view&_publicationDetails_PublicationDetailsPortlet_javax.portlet.action=author&facet.author=agent.Wargocki__+Pawel&language=en&facet.collection=EUPub
https://op.europa.eu/en/publication-detail?p_p_id=publicationDetails_PublicationDetailsPortlet&p_p_lifecycle=1&p_p_state=normal&p_p_mode=view&_publicationDetails_PublicationDetailsPortlet_javax.portlet.action=author&facet.author=JRC&language=en&facet.collection=EUPub


Mohamed Adel Shebl and Mona Ali " Factors affecting pollutants' dispersion and..................." 

 

426                                         ERJ, Menoufia University, Vol. 45, No. 4, October 2022                            

      

IODe   t1-1h5hE-nt-ts-tn1 ,spsp ,) zxxt~~tzy

5nhn0s5ptsn11 

[27] H. Qian, Yuguo Li, W.H. Seto, et al. Natural 

ventilation for reducing airborne infection in 

hospitals. Build Enviro 2010;45: 559–565   DOI: 

10.1016/j.buildenv.2009.07.011 

[28] J.W. Tang a, C.J. Noakes b, P.V. Nielsen, et al. 

Observing and quantifying airflows in the 

infection control of aerosol- and airborne 

transmitted diseases: an overview of approaches. 

J. Hosp. Infect. 2010;77: 213-222.  IODe 

utustytsp5ptpttpEns5pt5p50 

[29] G. Cao, H. Awbi, et al, A review of the 

performance of different ventilation and airflow 

distribution systems in buildings. c�twotyr ryo 

uy�t}zyxpy�IODe   t510-5n5 enE;sp5h ,

wopy�tsp5Et5stpptutp�ts5pt5p50 

[30] F. Memarzadeh, W. Xu, Role of air changes per 

hour (ACH) in possible transmission of airborne 

infections, Building Simulation 2012;5:15–28. 

h-pp1E-p55-IODe 5pt5ppns~5ssnE 

[31] A. Shajahan , C. H. Culp , B. Williamson, 

Effects of indoor environmental parameters 

related to building heating, ventilation, and air 

conditioning systems on patients' medical 

outcomes A review of scientific research on 

hospital buildings. Dyozz} ht}t sp5t.ste505-5n0 

IODe 5pt5555styrt5s1E5 

[32] P. F. Wehrle, J. Posch, et al, An Airborne 

Outbreak of Smallpox in a German Hospital and 

its Significance with Respect to Other Recent 

Outbreaks in Europe, Bull World Health Organ, 

1970; 43: 669-679 Doi: PMCID: PMC2427800 

[33] R. Zhuang, X. Li, J. Tu, CFD study of the effects 

of furniture layout on indoor air quality under 

typical office ventilation schemes. c�two atx�w 

-p5E-IODe5pt5ppns~5ssnEtsn1-nes0E ;sp5h

1-p5hh 

[34] S.W. Kembel, J.F. Meadow, Architectural 

Design Drives the Biogeography of Indoor 

Bacterial Communities, PLoS one, 2014; 9: 

e87093.IODe 5pt5En5suz�}yrwt{zyptpp1nptE 

[35] P. F. Horve, S. Lloyd, building upon current 

knowledge and techniques of indoor 

microbiology to construct the next era of theory 

into microorganisms, health, and the built 

environment, journal of exposure science & 

environmental epidemiology, 2020;30:219–235  

DOI:10.1038/s41370-019-0157-y 

[36] J.W. Tang, Li. Y, I. Eames, et al, Factors 

involved in the aerosol transmission of infection 

and control of ventilation in healthcare premises. 

IODe t55h–  1z~{ Dyqpn�t spp0. 0he5pp

tutustytspp0tp1tpsss5pt5p50 

[37] K.W.D. Cheong, E. Djunaedy, et al, 

Measurements and computations of 

contaminant's distribution in an office 

environment, Building and Environment, 2003; 

38:135-145. DOI:10.1016/S0360-

1323(02)00031-8 
 

 
 

https://op.europa.eu/en/publication-detail/-/publication/58331594-1e4d-11eb-b57e-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/58331594-1e4d-11eb-b57e-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/58331594-1e4d-11eb-b57e-01aa75ed71a1/language-en
https://www.sciencedirect.com/science/article/pii/S0360132309001887
https://www.sciencedirect.com/science/article/pii/S0360132309001887
https://www.journalofhospitalinfection.com/article/S0195-6701(10)00472-X/fulltext
https://www.journalofhospitalinfection.com/article/S0195-6701(10)00472-X/fulltext
https://www.sciencedirect.com/journal/building-and-environment
https://www.sciencedirect.com/journal/building-and-environment
https://www.sciencedirect.com/science/article/pii/S036013231300365X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S036013231300365X?via%3Dihub
https://www.sciencedirect.com/journal/building-and-environment/vol/73/suppl/C
https://link.springer.com/journal/12273
https://link.springer.com/article/10.1007/s12273-011-0053-4
https://link.springer.com/article/10.1007/s12273-011-0053-4
https://pubmed.ncbi.nlm.nih.gov/?term=Shajahan+A&cauthor_id=30588679
https://pubmed.ncbi.nlm.nih.gov/?term=Culp+CH&cauthor_id=30588679
https://pubmed.ncbi.nlm.nih.gov/?term=Williamson+B&cauthor_id=30588679
https://pubmed.ncbi.nlm.nih.gov/30588679/
https://pubmed.ncbi.nlm.nih.gov/30588679/
https://link.springer.com/article/10.1007/s12273-013-0144-5
https://link.springer.com/article/10.1007/s12273-013-0144-5
https://doi.org/10.1371/journal.pone.0087093
https://www.nature.com/jes
https://www.nature.com/jes
https://www.nature.com/articles/s41370-019-0157-y
https://www.nature.com/articles/s41370-019-0157-y
https://pubmed.ncbi.nlm.nih.gov/16916564/
https://pubmed.ncbi.nlm.nih.gov/16916564/
https://pubmed.ncbi.nlm.nih.gov/16916564/
https://www.sciencedirect.com/science/article/pii/S0360132305001733#!
https://www.sciencedirect.com/science/article/pii/S0360132302000318?via%3Dihub#!
https://www.sciencedirect.com/journal/building-and-environment
https://www.sciencedirect.com/science/article/pii/S0360132302000318?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0360132302000318?via%3Dihub

