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Preface

Air pollution is one of the most important causes of morbidity and mortality, as it causes 
cardiovascular and respiratory system diseases, which are the most common causes of 
death today. According to the World Health Organization (WHO), fine particulate mat-
ter is 2.5 microns or less in diameter and is taken into the respiratory system by inhalation 
where it causes mainly chronic bronchitis and chronic obstructive pulmonary diseases. 
In addition, particulate substances with a diameter of less than 0.5 microns pass through 
the alveoli into the bloodstream and cause cardiovascular diseases. It is known that ozone 
in the atmosphere has a protective role against ultraviolet rays, but the presence of high 
concentrations of ozone on the earth, together with sulfur dioxide and nitrogen oxides, 
adversely affects the respiratory and cardiovascular systems. In addition, sulfur dioxide, 
nitrogen oxide, Volatile Organic Compounds (VOCs), and polycyclic aromatic hydrocar-
bons (PAHs), which are the most important pollutants in indoor air, can cause reproduc-
tive and central nervous system disorders and various cancers. Inhalation of high levels 
of carbon monoxide can cause acute poisoning and death. Lead is a heavy metal and is 
another one of the main outdoor air pollutants. While chronic lead exposure can lead to 
diseases such as anemia, memory impairment, and hypertension, lead intoxication may 
develop in acute work-related lead exposures in the indoor environment. Air pollution is 
one of the most important components of environmental pollution and therefore it is one 
of the most important causes of climate change and natural disasters. It also facilitates the 
spread of many infectious diseases directly and indirectly. Biological pollution of the air 
leads to respiratory tract infections. Dust facilitates the spread of biological pollution.

Rapid population growth, rapid industrialization, excessive use of motor vehicles, 
and the use of fossil fuels for heating are the most important causes of outdoor air 
pollution. The use of biomass, wood and other solid fuels for heating in the indoor 
environment and the use of cigarettes and tobacco are the most important indoor air 
pollutants. Air quality standards and guidelines for different air pollutants are used 
for air quality management. 

This book highlights the importance of clean air for public health, draws attention to 
the sources of air pollution, and proposes some solutions and interventions to prevent 
air pollution. I would like to thank the chapter authors for their valuable contributions. 
It is my wish that efforts for clean air will continue.

Ayşe Emel Önal
Istanbul Medical Faculty,

Department of Public Health,
Istanbul University,

Istanbul, Turkey 
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Chapter 1

Air Quality and Health in Ethiopia
Tadesse Weyuma Bulto and Birhanu Chalchisa Werku

Abstract

In Ethiopia, people who live in cities with rapid urbanization and high  
industrialization suffer greatly from air pollutants. These air pollutants, which include 
particulate matter, sulfur dioxide (So2), nitrogen oxide (Nox), carbon monoxide 
(CO), and ozone (O3), often exceed National Ambient Air Quality Standards. When 
we compared African regions, we found that the population of Eastern and Western 
Sub-Saharan Africa is greatly affected by air pollution, whereas the population of 
Southern and Central Sub-Saharan African provinces is less affected by air pollu-
tion, specifically through particulate matter. Air pollution is a major issue for both 
developing and developed countries. The main sources of air pollution in Ethiopia 
are open burning of refuse, vehicular emissions, and traditional practice. Among 
these, open burning causes the greatest air pollution in metropolitan cities like Addis 
Ababa. This chapter examines the effect of air pollution on human health in Ethiopia. 
In high concentrations, air pollutants can harm both human and ecosystem health. 
The effect of air pollution on human health includes irritation of the eyes, coughing 
and breathing difficulties, worsening of existing lung and heart problems, asthma, 
and increased risk of heart attack. Air quality and health human are directly related. 
As such, air quality management plans for developed and developing countries are 
needed to minimize air pollution and reduce risk to human health.

Keywords: air quality, health, air pollution, particulate matter

1. Introduction

Air pollution is the largest single environmental risk to health, responsible for 
an estimated seven million premature deaths globally every year. Air pollution is 
an important determinant of health [1]. Air pollution presents a global problem 
that undermines health and economic productivity. Data from the World Health 
Organization (WHO) shows that nine out of ten people breathe air containing high 
levels of pollutants, with low- and middle-income countries (LMICs) bearing the 
brunt of poor air quality [2]. Principally, open burning of refuse is a major source of 
high air pollution in metropolitan cities. This chapter identifies pollutant concen-
tration of particulate matter (PM2.5) emission. PM2.5 is harmful to people who are 
unusually sensitive to particulate pollution and have health problems [3]. In addi-
tion, vehicle-related particulate matter is a main source of air pollution in the urban 
environment [4].

Particulate matter contains both solid particles and liquid droplets found in 
the air’s atmosphere. There are artificial (humanmade) and natural sources of air 
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pollution. Sources of fine particles include motor vehicles, power plants, wood burn-
ing, and industrial processes. Sources of coarse particles include crushing and dust 
from paved or unpaved roads [5]. According to different studies, the main sources of 
primary fine particles are cars and trucks (diesel engines), open burning, wildfires, 
woodstoves, outdoor wood boilers, cooking, dust from roads and construction, agri-
cultural operations, and coal and oil-burning boilers. The main sources of secondary 
fine particles are power plants and industrial processes such as oil refining and pulp 
and paper production.

Knowledge of the effects of air pollutants on human health is a prerequisite for the 
development of effective policies to reduce the adverse impact of ambient air pollu-
tion [6]. Due to the health effects of air pollutants, billions of people and animals die 
yearly. Fine particulate matter (PM2.5) has been determined to be a serious worldwide 
air problem during the last several decades. People who live in cities with rapid 
urbanization and high industrialization suffer more from air pollutants than those 
individuals living in rural areas. In addition, particulate matter pollution contributes 
the most to global burden of disease in developing countries. Air pollution can lead to 
increased risk of lung cancer, heart disease, bronchitis, and other cardiorespiratory 
conditions (Figure 1) [7].

Air quality is a cause for concern in Ethiopia, particularly in cities, and air pollut-
ants including particulate matter, sulfur dioxide (SO2), nitrogen oxide (NOx), carbon 
monoxide (CO), and ozone (O3) often exceed the National Ambient Air Quality 
Standards (NAAQS). Daily records of raw concentration of air pollutant and air qual-
ity index data acquired at one-hour intervals can be found on the AirNow website of 
Addis Ababa’s central monitoring station.

2. Effect of air pollution on human and ecosystem health

Air pollution has both short- and long-term effects on human health. Some 
short-term effects include irritation of the eyes, nose, and throat, and coughing and 
breathing difficulties. Long-term effects of air pollution can cause cancer and damage 
to the immune, reproductive, and respiratory systems. In extreme cases, air pollution 
can even cause death.

A three-year study (2017–2021) of fine particulate pollution in Addis Ababa 
found that the daily mean (SD) PM2.5 concentration was 42.4 μg/m3 (15.98). A 

Figure 1. 
Effect of fine particulate matter on human health.
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total of 502 deaths (4.44%) were attributable to current air pollution levels refer-
enced to the 35 μg/m3 WHO interim target annual level and 2043 (17.7%) at the 
WHO 10 μg/m3 annual guideline [8]. Another study aimed to identify the major 
sources of PM2.5 in Ethiopia’s capital city and found that 28% comes from vehicu-
lar sources, 18.3% comes from biomass burning, and 17.4% comes from soil dust, 
all of which comprise about two-thirds of total PM2.5 mass, followed by sulfate at 
17.4% [9].

Data from a study of particulate matter with aerodynamic diameter < 10 μm 
(PM10) in Addis Ababa show that maximum emission occurs around 7:00 am daily 
with secondary peaks in the late afternoon and evening. This suggests that PM10 
is emitted during periods associated with motor-vehicle traffic, food preparation, 
and heating of homes. The morning concentration is likely accentuated by stable 
atmospheric conditions associated with overnight surface temperature inversions 
[10]. Air contamination influences the human health and environmental wellbeing of 
the ecosystem. Particulate matter is a series of issues from major air pollutants in the 
atmosphere [11].

When we compared African regions, we found that the population of Eastern and 
Western Sub-Saharan Africa is greatly affected by air pollution, whereas the popula-
tion of the Southern and Central Sub-Saharan African provinces is less affected by 
air pollution, specifically through particulate matter. Priority should be given to air 
quality management to improve human and environmental health and reduce the 
global burden of disease of African provinces [11].

Health risk assessments of air pollution are being developed for a variety of policy 
scenarios, using different methodologies and spatial and temporal scales [12]. Air 
pollution is a serious health and environmental problem. Poor air quality has been 
linked to numerous diseases and is a significant public health issue related to urban 
planning [13]. Ethiopians face quality of life and livelihood challenges associated with 
sub-optimal sanitation, dependence on biomass energy, and decreasing agricultural 
productivity [14]. Detailed knowledge of the effects of air pollutants on human health 
is a prerequisite for the development of effective policies to reduce the adverse impact 
of ambient air pollution (Figure 2) [15].

Figure 2. 
DPSIR diagram for particulate matter pollution.
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3. Conclusion

This chapter discussed air pollution and its effects on human health in Addis 
Ababa, Ethiopia. It presented data from scientific studies showing the types and 
amounts of fine particulate matter pollution present in the African city. Air pollu-
tion is a transboundary problem that particularly affects vulnerable groups. Many 
Ethiopian cities face challenges to quality of life and livelihood associated with 
sub-optimal sanitation, dependency on biomass energy, and decreasing agricultural 
productivity. As such, the country, as well as other developing and developed coun-
tries worldwide, requires an air quality management plan to minimize pollution and 
mitigate its negative effects on humans and the environment.
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Chapter 2

Air Quality and Health in West 
Africa
Odubanjo D. Adedolapo

Abstract

One of the most important elements for survival is air. Its significance cannot be 
overstated, necessitating proactive measures and regulations to ensure clean air in 
our atmosphere. Africa is one of the continents with the worst air quality. According 
to NASA modelling research, air pollution causes approximately 780,000 premature 
deaths per year in Africa. Experiments were carried out by the European-African 
consortium DACCIWA to investigate the causes and effects of air pollution by looking 
at the entire chain of natural and human-made emissions, from formation to disper-
sion to repercussions. The findings suggest that air pollution has already reached a 
dangerous threshold for human health in most West African countries. The aim of this 
chapter is to highlight and increase awareness about the severe risk that air pollution 
poses to the health of inhabitants of West African countries.

Keywords: air pollution, air quality, health, particulate matter, emission, disease, 
pollutants

1. Introduction

Africa is undergoing a lot of major changes. In this century, the continent’s 
population is expected to more than triple, from 13 billion in 2020 to 43 billion in 
2100. Cities are rapidly increasing, economies are booming, and life expectancy has 
nearly doubled. At the same time, as a result of increased fossil fuel burning, ambient 
air pollution is increasing, and mortality from ambient air pollution has increased 
from 2613 per 100,000 population in 1990 to 2915 per 100,000 population in 2019. 
Despite its small volume, this rise is unmatched in history. The most significant 
gains are found in Africa’s most developed countries [1]. African cities have become 
a substantial source of pollution as a result of rising populations, urbanisation, and 
resource-intensive industries. African urban growth rates are currently and will likely 
remain the highest in the world, averaging 3.1–3.8% each year. The World Health 
Organisation (WHO) estimates that the annual median concentration of PM2.5 in 
more than half of Africa exceeded 26 g/m3, much surpassing the WHO-set guideline 
of 10 g/m3 as the annual average for healthy outdoor air. Air pollution monitoring is 
severely poor; only six of the 47 countries that make up Sub-Saharan Africa can pro-
vide long-term data on airborne particulate matter (PM), spanning 16 cities [2]. The 
automobile pool is the most significant source of pollution in urban areas. Increased 
traffic congestion is caused by an increase in the number of vehicles on the road and 
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a lack of urban planning, which leads not only to increased air pollution but also to 
major economic losses in terms of time and fuel. In Sub-Saharan Africa, PM from 
road traffic is substantially higher than in developed countries. PM2.5 values varied 
between 40 and 260 g/m3 in a review of eight studies of outdoor air pollution in 
African cities (covering seven nations), compared to an annual average of 13 g/m3 in 
urban Europe and 9 g/m3 in urban America in 2019. In four West African cities, road 
traffic was the leading source of black carbon and PM2.5 (88%), with diesel exhaust 
being the most significant contributor to PM at roadside in Addis Ababa, Ethiopia, 
contained several substances linked to negative health impacts, including chromium, 
cadmium, zinc, and lead [2].

It is now well known that air pollution causes a significant amount of disease. 
The International Agency for Research on Cancer (IARC) of the World Health 
Organisation recently has classified outdoor air pollution as carcinogenic to humans, 
placing it in the same category as cigarette smoke, UV radiation, and plutonium. 
In 2010, ambient fine particles were responsible for approximately 223,000 lung 
cancer deaths, with more than half of those fatalities occurring in China and other 
East Asian countries (Straif et al. 2013). In 2019, an estimated 1.1 million people died 
in Africa as a result of air pollution (95% UI 932,000–1.26 million). HAP caused an 
estimated 697,000 fatalities (95% UI 526,000–879,000), ambient PM2.5 pollution 
caused 383,000 deaths (95% UI 289,000–491,000), and ambient ozone pollution 
caused 11,300 deaths (95% UI 4800–18,300) [1]. Air pollution is Africa’s second 
leading cause of death. It caused more deaths than tobacco, alcohol, car accidents, 
and substance abuse. Only AIDS is responsible for more deaths. Chronic lung infec-
tions (336,460 deaths; UI: 251,827–430,493), myocardial infarction (223,930 deaths; 
UI: 185,558–268,252), new-born disorders (186,541 deaths; UI: 152,569–229,402), 
chronic obstructive pulmonary disease (COPD) (70,479 deaths; UI: 53,765–87,251), 
and stroke are amongst (193,936 deaths, UI, 165,936–227,196) [1]. Due to the adverse 
effects of air pollution, clean air guidelines and policies have been approved or backed 
by the WHO and the United Nations’ Sustainable Development Goals. This has aided 
many countries throughout the world in developing efficient policy, tools and data to 
control, and even reduce, harmful emissions in cities, hence reducing health burdens. 
Governments in other regional contexts, on the other hand, continue to deal with 
rising levels of urban air pollution and underperforming air quality surveillance for a 
variety of reasons. A prime example is Africa [3].

2. Air quality and health in west africa

Pollutant concentrations differ considerably based on a country’s population, 
industrialisation, urbanisation, and economic status, as well as its physical region, 
emission sources, and meteorology. Air quality research has traditionally focused 
on North America and Europe’s industrialised regions. However, with significant 
breakthroughs in our understanding, the focus has shifted to quickly emerging Asian 
regions (particularly China and India) over the last decade. Despite its enormous 
and quickly rising population, Africa is still a little-studied region when it comes to 
air pollution [4]. Pollutant concentrations in West Africa are caused by a number of 
different sources. Anthropogenic sources, such as transportation, industries, and 
refuse combustion, as well as natural biogenic emissions from plants, fall under 
this category. The location of the population is one of the most important elements 
impacting the locations and sources of emissions in West Africa. West Africa’s 
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population density is higher around the shore because extensive port infrastructures 
are present in major coastal towns. Shipping emissions are a major source of pollu-
tion along the coast, particularly along major shipping lanes and at offshore oil and 
gas operations. Within cities, pollution is caused by emissions from industries and 
power plants, as well as emissions from motorised vehicles and home sources, such as 
wood-fired stoves for cooking and refuse to burn [4]. Man-made emission sources, 
such as transportation, household burning, and industries tend to be located adjacent 
to places with high population density, making anthropogenic emissions one of the 
most important factors affecting human health. As a result, anthropogenic emissions 
can be expected to scale as a function of population. As a result of Africa’s widespread 
economic growth, quick rates of urbanisation and industrial development, and grow-
ing population, anthropogenic pollution emissions are expected to climb dramatically 
during the next century. Much of this growth is predicted to take place along the West 
African coast. While the effects of anthropogenic pollution on human health have 
been extensively studied around the world, quantifying the negative consequences on 
the West African population is difficult [4].

The levels of air pollution in ECOWAS cities are rapidly increasing to alarming 
levels: Nigerian cities, such as Onitsha and Kaduna, are now amongst the world’s 
most polluted, with PM10 concentrations 30 and 21 times higher than the WHO’s 
limit, respectively. To complicate things, all ECOWAS countries are classed as low- or 
lower-middle-income, implying that their public health systems are vulnerable and 
that their populations are more susceptible to poverty-related diseases, such as tuber-
culosis. Long-term exposure to ambient air pollution has been demonstrated to raise 
the chance of getting active and even drug-resistant tuberculosis infections, putting 
ECOWAS city dwellers at even greater risk [3]. Despite the great danger that air pollu-
tion poses to ECOWAS countries, the availability of air quality data from government 
sources is a problem. This contributes to the fact that the issue of urban air pollution 
receives little public attention and is not high on government agendas. Due to a lack 
of data on air quality, many national and local governments only have a fragmentary 
understanding of emissions sources, concentrations, and trends. It also means that 
the efficiency of some governments’ forecasting models may be hampered, as they 
rely on reliable ground-level readings [3]. ECOWAS countries trail behind other 
African countries in terms of official air quality monitoring and related health 
expertise, such as South Africa, which has studies employing air quality monitoring 
data to identify health hazards. There has been no comprehensive review of available 
knowledge on this subject to date, as the few existing reviews on air quality and health 
in the Sub-Saharan African region (none of which were specific to West Africa) have 
focused on indoor air pollution or specific populations, such as children, and have not 
assessed the status of air quality monitoring or policy [3].

Accra (Ghana) is one of the ECOWAS cities that has achieved significant 
improvements in air quality monitoring recently. The Ghana Environmental 
Protection Agency has established an Air Quality Management Plan that covers up 
to 10 districts in Accra and its environs, in collaboration with the US Environmental 
Protection Agency, the US Agency for International Development (USAID), and 
UNEP [3]. In the case of Nigeria, [5] indicate that the monitoring network is “scant-
ily disseminated,” implying that there are stations, but no mention of their location 
or functionality. The Nigerian Meteorological Agency established five stations 
across the country in the early 2000s, however it is speculated that they have not 
been operational since 2013, probably due to a lack of technical expertise required 
to properly maintain equipment. Furthermore, air quality monitoring equipment 
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is occasionally damaged, possibly as a result of a lack of public knowledge of 
pollution-related health problems [3]. [6] particularly highlight the six measuring 
sites in Dakar, Senegal, that are now operational. The city’s Air Quality Management 
Centre (CGQA—Centre de Gestion de la Qualité de l’Air) manages these sites 
in the Guédiaway, Medina, Yoff, Bel-air, HLM, and Cathedral districts. Another 
study conducted by [7] in Dakar combined air quality monitoring data, Ministry 
of Health data, models, and seasonal variability of Saharan dust influence to look 
at patterns of respiratory diseases, such as asthma, bronchitis, and tuberculosis. 
They discovered a significantly greater incidence of respiratory conditions in Dakar 
than in other parts of the country, implying that anthropogenic air pollution has a 
significant impact.

In summary, only two of the 15 ECOWAS countries appear to have operational gov-
ernment air quality monitoring stations. Cabo Verde, Gambia, Guinea, Guinea-Bissau, 
Liberia, and Sierra Leone had no information [3].

2.1  The DACCIWA project: dynamics-aerosol-chemistry-cloud interactions in 
west africa

It is clear that there is a major shortage of knowledge and observational data in 
West Africa regarding atmospheric composition and air pollution. The Dynamics-
Aerosol-Chemistry-Cloud Interactions in West Africa (DACCIWA) project, funded 
by the European Commission’s Framework 7 programme with €8.75 million, has 
helped to close this knowledge gap [8]. The partnership, which includes universities, 
research institutes, and operational meteorological and climate services, is made up 
of 16 partners from four European and two West African nations. The DACCIWA 
consortium’s expertise spans atmospheric chemistry, aerosol science, air pollution, 
and their consequences for human and ecological health, as well as atmospheric 
dynamics, climate science, cloud microphysics, and radiation. It has competence in 
the ground, air, and space observations, as well as modelling and impact studies [8]. 
DACCIWA intends to contribute to 10 fundamental objectives, the first nine of which 
are research-oriented. The objectives are as follows [8]:

• During the wet season in southern West Africa, determine the impact of different 
emission sites (natural and anthropogenic), as well as mixing and transportation 
processes, on aerosol composition.

• Evaluate the effects of surface pollutants (particularly particulate matter and 
ozone) on human health, ecological health, and agricultural output.

• Accurately measure two-way aerosol-cloud interaction with a focus on cloud 
condensation nuclei properties and distribution, as well as their impact on cloud 
characteristics and aerosol removal by precipitation.

• Determine the factors that influence low-level cloud formation, persistence, and 
breakup.

• Determine the meteorological factors that influence precipitation.

• Measure the effect of aerosols and clouds on energy and radiation budgets, with 
an emphasis on aerosol effects on cloud characteristics.
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• Analyse meteorological, chemical, and air quality models, as well as satellite 
precipitation, radiation, cloud, and aerosol retrieval.

• Examine the impacts of precipitation and cloud radiative forcing on the water 
budget and the circulation of the West African monsoon.

• Evaluate the socioeconomic consequences of future changes in emissions, 
climate, and land use on human health, ecosystem health, agricultural output, 
and water availability.

• Inform the general public, scientists, operational centres, and policymakers 
about critical results.

To achieve these goals, DACCIWA science is divided into seven scientific Work 
Packages (WPs) that coincide with the major study areas, which are [8];

1. Boundary Layer Dynamics

2. Air Pollution and Health

3. Atmospheric Chemistry

4. Cloud-Aerosol Interactions

5. Radiative Processes

6. Precipitation Processes

7. Monsoon Processes

The lack of data was a key stumbling block to achieving the DACCIWA research 
goals outlined above. To address this, DACCIWA conducted major field campaigns 
in SWA in June and July 2016, which included coordinated flights with three research 
aircraft—the British Antarctic Survey (BAS) DHC-6 Twin Otter, the Deutsches 
Zentrum für Luft- und Raumfahrt (DLR) Falcon 20, and the Service des Avions 
Francais Instrument’es pour la Recherche en Environnement (SAFIRE) ATR-42 and 
a wide range of surface-based instrumentation in Kumasi, Ghana, Savé, Benin, and 
Ile-Ife, Nigeria [9]. During the 3-week campaign period (June 29–July 16, 2016), the 
three aircraft flew 50 research flights across Cote d’Ivoire, Ghana, Togo, and Benin. 
One of the purposes of the research flights was to collect air pollution measurements 
all across some of the world’s most populous cities. Abidjan.

(Côte d’Ivoire), Accra and Kumasi (Ghana), Lome (Togo), and Cotonou and Save 
were amongst the cities targeted by the DACCIWA flight tracks (Benin). Each plane 
carried an identical cargo of instruments for measuring weather patterns, chemical 
concentrations, and aerosol and cloud characteristics. Most of the measurements 
were made onboard the plane; however, some of the samples acquired in flight were 
analysed offline [4].

Notwithstanding the project’s primary focus on meteorological conditions, 
it came to a number of important conclusions about air quality and its effects on 
human health. In the cities of Abidjan and Cotonou, measurements of tiny particles 
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suspended in the air (known as PM2.5) were taken. The locations were adjacent to 
major sources of air pollution, including waste burning at a dumpsite, motor vehicles, 
and cooking fires. PM2.5 concentrations are virtually always above 10 g m−3 (the 
WHO yearly limit) and frequently exceed 25 g m−3 at all sites (WHO 24-hour limit). 
These concentrations are higher than those found in European cities but lower than 
those found in Asian cities [10]. Gaseous pollutants (ozone O3, nitrogen dioxide NO2, 
sulphur dioxide SO2) have no long-term observations in southern West African cities. 
DACCIWA conducted bi-monthly surface observations at the four air quality measur-
ing sites from 2015 to 2017, as well as airborne observations in the summer of 2016. 
The concentrations of these contaminants did not surpass WHO guidelines. However, 
it is possible that NO2 levels will rise on some days [11]. In Côte d’Ivoire, DACCIWA 
took direct measurements of particle and organic gas emissions from individual 
automobiles. They were much greater than the region’s average. Old gasoline vehicles 
pollute the environment by a factor of a thousand. The performance of older diesel 
automobiles was just a factor of five worse. The emissions from new four-stroke 
engines are much lower than those from the new two-stroke engines [12].

For the first time, DACCIWA researched how the local population is affected in 
the cities of Abidjan and Cotonou. The number of hospital visits and PM2.5 concen-
trations was found to be significantly correlated at all three monitoring locations in 
Abidjan, especially during the rainy (summer) season. This shows that humidity may 
play an important role in the relationship between particulate matter and health, 
presumably by assisting in the inhalation of contaminants. The connections we detect 
between particulate matter and health outcomes vary by metropolitan region, imply-
ing that when addressing air quality implications on health, not only the concentra-
tion levels but also the source of PM2.5 should be considered. Long-term relative risk 
estimates for each municipality in Abidjan were derived using the number of medical 
visits as a benchmark for bad health outcomes. The link between long-term exposure 
to PM2.5 and respiratory, cardiac, and dermatologic health, as well as emergency 
room mortality, is described in this study. With PM2.5 concentrations decreased to the 
WHO recommended limit of 10 g m3, the number of visits to the emergency depart-
ment for respiratory or cardiac difficulties might be reduced by 3–4%, and up to 4% 
of emergency room mortalities could be averted [9]. Domestic fires pose a significant 
health danger because of the high concentration levels, although the risks from heavy 
traffic or rubbish burning were less severe. The findings may be obscuring the serious 
risk associated with long periods of time near a significant emission source because 
this study focused more broadly on residents of the neighbourhoods surrounding the 
DACCIWA measuring sites, rather than specifically on bus drivers, people working in 
food preparation, or at the landfill site. Direct contact assessments on various groups 
of people in the vicinity of these sites revealed that the health risk was highest for 
children in waste burning sites owing to heavy metals, while the risk was highest for 
women in the home burning site in the summer due to organic matter [9].

3. Conclusion

In general, air quality monitoring, public policy, and regulation in ECOWAS 
cities are improving slowly, while it still has a long way to go before reaching Europe, 
America, Asia, or even other African regions. Research must be encouraged to 
accurately measure and manage the origins and health impacts of urban air pollu-
tion in ECOWAS [3]. While this study has shed light on the major flaws in current 



Air Quality and Health in West Africa
DOI: http://dx.doi.org/10.5772/intechopen.102706

17

Author details

Odubanjo D. Adedolapo
Department of Civil Engineering, Covenant University, Ota Ogun State, Nigeria

*Address all correspondence to: odubanjodolapo05@gmail.com

inventories; long-term observational data is required to thoroughly evaluate emission 
inventories for the region and to allow for ongoing monitoring of emissions changes 
over time. The West African region currently lacks these observational data, and 
future studies should focus on developing a broader observational network in the 
region [4]. However, [13] believes that when it comes to investigating air pollution 
and its health impacts, Sub-Saharan Africa—and the current study has revealed that 
ECOWAS is acutely susceptible and is systematically left out of such studies, further 
lagging the region. Creating public awareness is particularly challenging due to a lack 
of air quality or health data to emphasise the seriousness of the situation. Investments 
in infrastructure, such as waste management and energy provision, are also important 
aspects of any holistic policy in these metropolitan contexts. Also, because facts alone 
do not form a policy, politicians and administrations must pay close attention and 
have a comprehensive vision to ensure successful urban air quality management, as 
updating laws is a critical first step. Some West African countries have environmental 
rights included in their constitutions, while others have air quality rules dating back 
to the 1980s and 1990s. Despite this solid start, many laws are already antiquated, 
with PM limits well exceeding WHO norms, for example. As a result, even in coun-
tries where standards are publicised, public health is not adequately protected [3]. To 
these limited regulations, issues of unstable governance and insufficient enforcement 
capacities must be added—even when legislation is established, maintaining compli-
ance is typically difficult due to limited administrative resources. This is due in part to 
the fact that urban air pollution is a problem that impacts a wide range of industries. 
As a result, its administration necessitates a high level of coordination and coopera-
tion amongst them. Although extensive evaluation studies are missing, having an 
organisation responsible for centralising air quality control, as in the examples of 
Senegal, Ghana, and the Ivory Coast, could lead to beneficial results in this regard [3].

In summary, it is not enough to simply provide these countries with air quality 
data; it is also critical to encourage long-term efforts that will boost data availability, 
good communication across government sectors and stakeholders, and ECOWAS-
wide collaboration. This will increase government action, sufficient legislation, and 
public awareness, resulting in the area as a whole prioritising urban air quality and 
public health protection [3].

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 3

Effects of a Saharan Dust Episode 
on Emergency Attendances for 
Respiratory Diseases in İstanbul
Özkan Çapraz and Ali Deniz

Abstract

Saharan dust events have an important effect on the air quality of Turkey due to 
their significant contribution to particulate matter concentrations. These events likely 
impact public health in urban areas. However, there is no available information on 
the health effects of Saharan dust in Turkey. On Sunday 1 February 2015, İstanbul 
experienced an episode of extreme Sahara dust event, which increased the particulate 
matter concentrations greatly compared to the average values of the city. In this study, 
we examined the relationship between particulate matter (PM10, PM2.5) concentra-
tions and emergency attendances for asthma, chronic obstructive pulmonary disease 
(COPD), and acute bronchitis on the episode day to better understand the association 
between an extreme dust event and emergency attendances for respiratory health 
in the city. Analyses showed that there was no significant effect of the Saharan dust 
event on emergency attendances for asthma and COPD in İstanbul compared to 
average emergency attendance numbers of the city. However, emergency attendances 
for acute bronchitis significantly increased on the episode day. This study revealed, 
extreme Saharan dust events can considerably increase the risk of visiting hospital for 
acute bronchitis in İstanbul during a severe dust episode.

Keywords: air pollution, Saharan dust episode, particulate matter, health effects, 
emergency attendances

1. Introduction

Large quantities of dust from arid lands and deserts can be transported thousands 
of kilometers by winds. Therefore, the impact of dust storms can be observed many 
hundreds of kilometers downwind from the emission source. Ambient concentrations 
of particulate matter during dust transportation events can be extremely high due 
to millions of tons of mineral dust and many people are likely to inhale a higher than 
usual concentration of particulate matter (PM) during these events. Studies suggest 
that dust storms can increase the risk of respiratory health effects, such as emergency 
department visits, hospital admissions, and mortality [1–5].

Sahara dust is the largest, naturally occurring source of particulate matter in The 
World. Due to the proximity to the Sahara Desert, Sahara dust transportation have an 
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important effect on the air quality of Turkey and can lead to high PM levels that can 
exceed the limit values [6–9]. These events likely impact public health in urban areas 
in Turkey. However, there is no available information on the health effects of Saharan 
dust in Turkey so far.

On Sunday, 1 February 2015, İstanbul experienced a serious Sahara dust transport 
event caused by strong southwesterly winds. During this episode, the sky turned 
dusty orange, ferry traffic was interrupted, and over 100 flights were canceled by 
Turkish Airlines. Daily average PM10 concentration was recorded at 325,1 μg/m3, 
which is an extremely high level of ambient PM10 not normally encountered in the 
city. This episode provided an opportunity to assess the health effects during an 
extreme dust event that significantly affected daily city life. We conducted an analy-
sis to determine the effects of this episode on the emergency department visits for 
asthma, COPD, and acute bronchitis in İstanbul by using air quality and health data. 
Synoptic analysis and NASA satellite maps are also used to show the dust transporta-
tion from the Sahara Desert as a dust source region.

2. Methodology

2.1 Study area

Located between Black Sea and Sea of Marmara, İstanbul is the largest urban area 
of Turkey with a population of more than 16 million. The city forms one of the largest 
urban agglomerations in Europe. İstanbul is separated into Asian and European parts 
by Bosphorus strait which is approximately 30 km in length.

2.2 Air quality data

Hourly air pollution data (PM10 and PM2.5) were used from the database of 
Republic of Turkey Ministry of Environment and Urbanization, the government 
agency in charge of collection of air pollution data in Turkey. The hourly concentra-
tions for each pollutant were obtained from the 9 fixed-site air quality monitoring 
stations of Marmara Clean Air Center Monitoring Network (Kağıthane, Esenyurt, 
Silivri, Ümraniye, Mecidiyeköy, Şirinevler, Üsküdar and Kandilli). To evaluate the 
weather conditions on the episode days, hourly meteorological data (temperature and 
relative humidity) were obtained from the Air Quality Monitoring Stations where 
meteorological measurements are also made (Table 1). Daily means of the concentra-
tions calculated from the hourly data of the pollutants and weather variables were 
used to represent the daily reading for İstanbul.

2.3 Satellite data

In this study, Hybrid Single-Particle Lagrange Integrated Trajectory Model 
developed by Air Resources Laboratory of National Oceanic and Atmospheric 
Administration (NOAA) was used to detect the trajectories showing dust transporta-
tion during the episode. Region coordinates are marked on the map in HYSPLIT 
model and past trajectories showing dust transportation on the maps are obtained. 
In order to visually examine the high particulate matter concentrations during the 
episode day, Moderate Resolution Imaging Spectroradiometer (MODIS) on NASA’s 
Aqua satellite images were also used in the study.
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2.4 Health data

Data on the number of daily respiratory hospital admissions of the 21 public 
hospitals in İstanbul from January 1, 2014, to December 31, 2017 (1445 days) were 
obtained from the database of Republic of Turkey Ministry of Health. The daily 
respiratory hospital admission counts in our study were selected for seven different 
respiratory outcomes according to the International Classification of Disease, Tenth 
Revision (ICD-10) by the World Health Organization: Acute bronchitis (J20), COPD 
(J44), and asthma (J45-J46).

In Turkey, admissions for state hospitals (except emergency services) on weekdays 
are made by appointment taken via the internet. Weekend services of state hospitals 
are limited to emergencies services only. In this study, due to the Saharan dust episode 
that occurred on Sunday, all the hospital admissions made on the day of the episode 
are attendances to emergency services.

3. Results

On 01 February 2015, a cyclone centered on Italy caused a southerly wind event 
on the eastern Mediterranean (Figure 1). Sahara Desert sands were lifted by strong 
winds, passed over Aegean Sea, and reached İstanbul. Dust load transport and its 
path can be seen well on NASA Earth Data imaginary as a continuous dust flow from 
North Africa to the Black Sea (Figure 2). HYSPLIT 48 hr. air-mass back trajectories 
at different elevations (Figure 3) indicate the movement of air masses from Saharan 
Desert in North Africa passing through Mediterranean to İstanbul.

The stations of air quality monitoring network in İstanbul measured high concentra-
tions of PM10 (325.1 μg/m3) and PM2.5 (70.6 μg/m3) on February 1, 2015, which were good 
matched with the NASA satellite image and HYSPLIT model trajectories. Particulate 
matter size distribution was dominant at a 3–7.2 μm size fraction on the episode day [13]. 
On February 2, dust transportation was ceased, and precipitation started. Consequently, 

Mean + SD Min P(25) P(50) P(75) Max Episode
Day

Number of emergency attendances

Acute bronchitis (n = 154,182) 369 ± 200 51 228 337 471 1259 829

Asthma (n = 65,592) 157 ± 59 52 122 155 186 779 153

COPD (n = 25,240) 60 ± 24 15 42 59 74 217 33

Air pollution concentrations (μg/m3)

PM10 52.7 ± 24.7 17.0 35.3 45.6 60.5 325.1 325.1

PM2.5 25.5 ± 14.6 5.6 15.4 20.9 31.4 105.0 70.6

Weather

Temperature (°C) 15.2 ± 7.1 −3.8 9.5 15.1 22.0 30.0 17,4

Humidity (%) 79.5 ± 10.7 45.9 72.7 80.2 86.9 100 50,6

Table 1. 
Summary statistics of number of emergency attendances, air pollutant concentrations, and weather conditions in 
İstanbul, Turkey (2014–2017).
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Figure 1. 
Mean sea-level pressure (hPa) map of Europe showing weather fronts on 01 February 2015 [10]. İstanbul is 
marked with a red dot.

Figure 2. 
Saharan dust transport on 01 February 2015 [11].
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particulate matter concentrations decreased with wet and dry deposition. Figure 4 
shows the significant contribution of Saharan dust to ambient concentrations of par-
ticulate matter during the episode. Descriptive statistics for daily mean pollutant levels, 
temperature, and humidity over a 4-year period between 2014 and 2017 are presented in 
Table 1, showing comparisons of concentrations on the dust storm day (01/02/15) with 
the average numbers between 2014 and 2017. The PM10 concentration recorded on the 
episode day (325.1 μg/m3), which greatly exceeded the European union daily standard 
of 50 μg/m3, is the highest concentration of daily average PM10 observed between 2014 
and 2017 in İstanbul. Yearly the average PM10 concentration was 52.6 μg/m3 between 2014 
and 2017 in the city, respectively. Considering the yearly average, it could be inferred that 
ambient PM10 concentration increased more than 6 times during the dust episode.

The PM2.5 concentration recorded on the episode day was 70.6 μg/m3. Yearly aver-
age PM2.5 concentrations between 2014 and 2017 were 25.5 μg/m3 (Table 1). Although 
a high PM2.5 value is measured on the episode day, PM2.5 concentration did not rise 
considerably compared to the very high PM10 value (Figure 4). Low atmospheric 
pressure, warm air, and strong winds were observed during the episode. The daily 
average air temperature on the day of the event was 17.4°C and the daily average wind 
speed (6.5 m/s) was also very high compared to the average temperature (6.1°C) and 
wind speed values (2.6 m/s) of the city (Table 1).

Figure 3. 
HYSPLIT backward air mass trajectories originating from North Africa and arriving in Istanbul on 01 February 
2015 [12].
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Descriptive statistics for daily mean emergency department visits for three dif-
ferent respiratory diseases are presented in Table 1, showing comparisons of the ED 
visits on the dust episode day (01/02/15) with the average ED admissions between 
2014 and 2017. Because the Saharan dust episode happened on Sunday, all hospital 
applications on the episode day are made for emergency departments. According to 
our results, the dust storm episode had no significant effect on the emergency depart-
ment visits for asthma and COPD; ED visits for asthma (n = 153) and COPD (n = 33) 
on the episode day were below the average values of ED visits (avg. = 157 and avg. = 
60) made between 2014 and 2017 (Table 1). However, the dust storm episode had a 
significant effect on the emergency department visits for acute bronchitis (Figure 5). 
Elevated Saharan dust levels exacerbated acute bronchitis in patients, as assessed by 
the increasing number of ED admissions (n = 829) on 01/02/15. According to results, 
more than twice of the average ED visits (avg. = 369) have been made on the episode 
day (Table 1).

Figure 5. 
Hospital applications for asthma, COPD, and acute bronchitis in İstanbul between 20/01/2015 and 15/02/2015.

Figure 4. 
Daily mean values of PM10 and PM2.5 measured in İstanbul between 20/01/2015 and 15/02/2015 [9].
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4. Discussion and conclusion

In this study, the relationship of a severe Saharan dust episode with the 
emergency department visits for asthma, chronic obstructive pulmonary disease 
(COPD), and acute bronchitis in İstanbul was examined. Investigation of the impact 
of a Saharan dust episode on respiratory diseases has not been done previously in 
Turkey, yet. Our results showed that the dust episode did not significantly affect ED 
visits for asthma and COPD as there were no substantial changes on the emergency 
visits that could be linked to an extreme increase in dust concentration. However, 
the dust storm was significantly associated with increased ED visits for acute 
bronchitis as there was a large increase in ED visits on the episode day compared to 
average levels of the city.

Many studies stated that dust storms can increase the risk of emergency depart-
ment visits, respiratory hospitalizations, or admissions for respiratory diseases. 
A study conducted in Guadeloupe Island over 1 year found that PM10 and PM2.5–10 
pollutants contained in the Saharan dust increased the risk of visiting the health 
emergency department for children with asthma [14]. In Rome, Alessandrini et al. 
[1] investigated the residents hospitalized during Saharan dust days between 2001 
and 2004. They found that the effect of PM2.5–10 on respiratory hospitalizations 
was higher during dust days compared with dust-free days. No effect of PM2.5 was 
detected. Saharan dust also increased the effect of PM10 on cerebrovascular diseases. 
Extremely high levels of particulate matter were recorded, with daily average levels of 
coarse matter (<10 μm) peaking over 11,000 μg/m3 and fine (<2.5 μm) over 1600 μg/
m3 d. in Sydney, Australia. The dust storm period was associated with large increase 
in asthma emergency department visits, and respiratory emergency department 
visits. There was no significant increase in cardiovascular emergency department 
visits or hospital admissions [14]. According to a study in Taiwan, Asian dust storms 
increase cardiopulmonary emergency visits in Taipei when ambient PM10 concentra-
tions are above 90 μg/m3. Compared to their pre-dust periods, emergency visits for 
ischemic heart diseases, cerebrovascular diseases, and COPD during high dust events 
are increased by 0.7 cases (35%), 0.7 cases (20%), and 0.9 cases (20%) per event, 
respectively [15].

However, several studies did not find any link between dust episodes and nega-
tive health outcomes. Prospero et al., found no substantial changes in pediatric 
asthma attendances that could be linked to short-term surges in dust concentra-
tions from African dust carried in the Atlantic Trade Winds in Barbados reporting 
on a 2-year study [16]. In a study undertaken in Saudi Arabia, where major sand-
storms are frequent, there was no correlation between the average daily PM10 and 
PM2.5 levels and the average number of children presenting with acute asthma per 
day, their daily asthma score, or admission rate [17]. The study of Menendez et al. 
[18] conducted in Gran Canaria (Spain) found no statistically significant relations 
between emergency patients with respiratory diseases and elevated Saharan dust 
levels.

Considering the health effects of particulate matter, it is suggested to investigate 
the effects of dust transport episodes on human health in future studies.
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Chapter 4

COVID-19, Air Pollution and One 
Health at the Climate Change 
Turning Point
Riccardo Pansini and Lei Shi

Abstract

COVID-19 escalated into a pandemic posing humanitarians and scientific chal-
lenges. We explored the geographical feature of the first wave infection and correlated 
it with annual satellite and ground indexes of air quality in eight countries: China, 
U.S.A, Italy, Iran, France, Spain, Germany, and U.K. Controlling for population size, 
we found more viral infections in those areas which were afflicted by high PM 2.5 and 
nitrogen dioxide values. Higher mortality was also correlated with relatively poor air 
quality. This phenomenon also occurs in China when removing, the city of Wuhan 
and its province from the dataset. For long recognised to be a high-risk factor for 
several respiratory-related diseases and conditions, air pollution seems to be a risk 
factor for COVID-19 too. This finding suggests the detrimental impact climate change 
will have on the trajectory of future respiratory epidemics. Previous Asian epidem-
ics and the Ebola have brought forward evidence of the natural causes of zoonoses 
which have become more threatening due to land-use change, ensued lack of a buffer 
zone between the cities and the forests, and our closer proximity to wild pathogens. 
Together with air pollution, these elements illustrate the need to stick to the UN 
targets limiting biodiversity loss and climate change.

Keywords: air pollution, COVID-19, risk factor, zoonosis, climate change

1. Introduction

In early 2020, the world was hit by a pandemic of epochal dimensions as never 
seen before since a century earlier when the 1918 Spanish influenza hit worldwide. 
Too much of the public concern, such a global, new disease brought about several 
complot theories. Typical to difficult to explain phenomena, humans’ resort to an 
intelligent hand as the causing factor behind them. In fact, during these last 20 years, 
the SARS outbreak from Southern China and Hong Kong, the Zika one from Central 
and South America, and the Ebola one from West Africa have shown how very large 
epidemics can originate in every continent with similar patterns.

Like the other SARS coronaviruses, scientists have provided the best evidence that 
SARS-CoV-2 transferred hosts from the originating reservoir of bats to humans [1] 
without any laboratory modification. Despite some warnings that SARS-CoV-2 might 
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have occurred before its allegedly first outbreak in Wuhan, the most likely place 
where the spillover took place remains that wet market in Wuhan. To environmental 
scientists, though, this is an unimportant, episodic event that will always tell just one 
piece of a bigger story composed by the many accounts of cross-species transfers. In 
the last few years, these accounts of new viral zoonotic diseases have repeated and 
what they brought have been harmful consequences, such as the other of the three 
most relevant coronaviruses, the MERS from the middle-east in which dromedaries 
were involved [2].

Regardless of the specific epidemics, we look at, we know that in these last epidem-
ics both the causes of the spill overs and later the fast spreads across different habitats 
and cities were all anthropogenic. Land-use change and habitat loss together with the 
biodiversity loss causing the sixth mass extinctions are the climate change reasons 
behind epidemics [3, 4]. As the WWF neatly summarises (Figure 1) [5], as long as the 
forest ecosystems are healthy and there exists a proper countryside buffer (without 
intensive farming) to the cities, spill overs to humans are extremely unlikely [6].

Intensive livestock farming is another key element contributing to zoonotic dis-
eases [7] that coupled with human overpopulation, played a critical role [8]. Evidence 
flourished showing that a higher frequency of contagions occurred in German [9] and 
French abattoirs [10]. A multidisciplinary ecological approach to study the corona-
virus and other zoonotic infections is necessary as well as combining medical factors 
causing co-morbidity before and after the disease in patients more at risk.

COVID-19 appeared in a Chinese area affected by some of the highest air pollu-
tions in the world, and it showed a relatively high virulence there. The areas in the 
world that were particularly hit by the pandemic were those with high commercial 
trade [11] and those hit by air pollution. These are risk factors that, together with 

Figure 1. 
WWF pictorial.
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medical issues including smoking, get associated with higher morbidity and mortality 
of COVID-19 [12]. In particular, smoking affects hyperactivates the ACE20 recep-
tors in our alveolar respiratory system which are also attacked by the coronavirus 
[13]. Chronic exposure to air pollution causes a chronic lung and bronchial infection 
similar in features as that found in smokers because of the ACE20 receptors [14, 15].

2. Air pollution and COVID-19: the case of 8 studied countries

In late 2020 winter, alarmed by the spreading of the virus from China to Iran and 
Italy, we were struck by how it was hitting the most polluted region of the European 
continent, the Italian Po′ river plane. Of course, air pollution was just one of the 
reasons of the virus spread, mostly the travelling of passengers from China to Mecca, 
which brought it to Iran, and later of Chinese merchants that went to trading exhibi-
tions in Italy were the first causes of the spread of the disease out of China. Yet, in 
China itself, SARS-CoV-2 was first recorded in one of the most polluted areas in the 
world. Conversely and paradoxically instead, the ecologically lush Chinese Yunnan 
Province, the one from where most of the coronavirus bat hosts have ever been 
sampled [16], has been one of the areas in the world’s least affected by the pandemic. 
A zoonotic disease was seemingly hitting again in areas of the world where unsustain-
able human practices were present likely because of wild animals trading in a wet 
market.

We, therefore, started working at the theory that chronic exposure to air pollut-
ants was a cofactor for higher cases and deaths from COVID-19 [17]. This was the 
safer long-term air pollution hypothesis, while confronting some experts in the 
field we understood others had the same intuition and, amongst those, bold physicists 
and environmental doctors were working on the more alarming short-term hypoth-
esis that the virus is also carried by the polluting particulate matter [18]. Colleagues 
from America showed the same day of our preprint that other individuals and envi-
ronmental risk co-factors play a minor role than pollution [19]. We were glad because 
the same idea was picked up by scientists with more experience than ourselves, and 
we enlarged the analysis to include the other countries of Spain, the U.K., the U.S.A., 
France, and Germany [20]. Later, dozens of other studies showed a similar trend 
occurring for many pollutants in many regions of the world.

What was important for our analyses to work was to find territories small enough 
to split the countries from which we could compare COVID-19 data and 2019 aver-
aged pollution data. We repeated the analysis throughout the months of 2020 and it 
was frustrating not to be able to obtain, for example, deaths at a small provincial level 
from Italy; the country was not disclosing this important piece of information to the 
scientific community! We were glad to be able to use very important and early infec-
tion data published from the Iranian state in Farsi; those data stopped being published 
just after a few months and the country at a larger regional level could not be followed 
in its progression.

Relying on the expertise of the satellite geographer and co-author Davide 
Fornacca, the data on air pollution posed less trouble. Not totally trusting the accu-
racy of ground measures collected from the various devices around the world, we 
relied on data sampled from a European open-access satellite that estimates ground 
pollution around the globe at a fine scale.

The comparison between cases and deaths from COVID-19 and 2019 air pollu-
tion had to be controlled for the most important confounding factor within those 
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comparably small territories in the 8 countries: population density. The higher the 
densities of the new hosts, the higher the contagions were going to be regardless of 
the type of parasite and ecological conditions around; it is a simple transmission 
paradigm we were not interested to look at.

A plethora of other confounding risk cofactors could have been added, and many 
other colleagues did so at a smaller scale than eight countries. From our side, we were 
aiming at a simple and global illustrative variable that represents a degraded environ-
ment and is involved in respiratory disease; a variable that could have played an even 
more important role once a disease becomes endemic and infections from distant 
places play less of a role.

The maps (Figure 2 reported from our main publication [21]) show how the 
most polluted regions overlap with the areas where COVID-19 infects or causes most 
deaths. The trend is most evident in Italy, where we find a marked gradient between 
a highly polluted and the majority of cleaner areas. Germany and Spain provided no 
clear evidence of this correlation because of the character of the air pollution there. 
In Germany, pollution is evenly spread and the lack of a gradient does not allow for 
a Kendall correlation to output significant results. In Spain the pollution is negligible 
and the statistics also do not work out at a country level. Yet, later accounts could find 
some evidence also for these countries (as reviewed by [22] and later reviewed by 
more recent papers referenced at the end of this paper).

The pollutants we analysed were several, and amongst the most influential for 
finding a trend there are PM 2.5 (of the previous Figure 2) and PM 10 and, reported 
in the following Figure 3 (reported from the other publication [23]) for China, NO2, 
CO, and HCHO).

The China ‘case’ drew much of our attention right because it was where the 
epidemic started and the country where it was contained most effectively. The pol-
lution hypothesis should not have stood much because the onset of the virus should 

Figure 2. 
COVID/Pollution correlation maps of 8 countries.
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have been attributed to the location of the spill over. If it had happened somewhere 
with a high population density, that is in a megalopolis like Wuhan, pollution should 
have played a role possibly only later on from the initial abrupt explosion. Instead, 
the trend was there, even after removing Wuhan and its Hubei Province from the 
analysis [23].

Was the publication of these results easy in a high-impact journal? The earliest 
authors reflected on some limitations in a journal with high-impact factors [24]. We 
were unable to have such an impact for supposedly two or three reasons. Firstly, a cor-
relational study is still an observational one missing an artificial intervention as such 
to be able with a control, non-modified group of patients, to compare results. Clear 
causation is, therefore, lacking. It is obvious that we cannot spread the virus ourselves 
in polluted and non-polluted places, as well as we cannot start polluting clean places 
for months to check whether, there, there will be more COVID cases and deaths. 
To overcome this ethical impossibility to turn the observation into an experiment, 
with years’ time longitudinal screenings performed on patients from retrospective 
cohorts will help cast doubts out [25].  A first example has been attempted in Spain 
[26] with results which agree with out hypothesis [27]. The other limitation may be 
given by the truly interdisciplinary nature of the study which finds it hard to gather 
environmental medical doctors in general science journals who can also assess the 
geographical methods used here. The third, more important reason is given by the 

Figure 3. 
COVID/Pollution correlation maps for three pollutants in China.
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apparent nature of the problem; although air pollution like smoking is a problem 
causing millions of deaths every year, it is not big news… Nevertheless, the editors of 
journals and journalists with a large impact on the general public missed the chance to 
communicate the message at the right time of the epidemics, that is during the earliest 
months, when the scariest new deaths during the lockdowns could have allowed us 
to ponder on the true nature of these recent new diseases, including their ecological 
characteristics linked to climate change [28].

Several reviews collated our studies together with well over a hundred during 
almost 2 years. A few recent ones are listed in refs. [29–32].

3. Conclusions

The fossil fuel economy causing air pollution carried on unabated once we 
resumed activities after the lockdowns. At an individual level, we are fast at not 
wanting to tackle the emission problem because the institutions have not endorsed 
reforms effectively [33]. However, the basics of game theory tell us that we need 
to have a proper behavioural strategy at an individual level before expecting to see 
groups of individuals or institutions act likewise. As well as solving the Public Good 
Game of the pandemic [34] by paying a small individual cost and getting vaccinated 
for the benefit of the collectively, we must also more strongly clean our environment 
and strongly limit our impact for the good of the collectively and ourselves. The fact 
that nature is going to profit and that we need to pay a cost seems to cause us an extra 
layer of difficulty in the swift employment of these green strategies, when in fact, we 
do not understand that we belong to that layer too.

What saves the planet will save us too.
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Abstract

Airborne particulate matter contains biological entities from various 
 anthropogenic/biogenic activities. Within 1 nm–100 μm size, these are carried to 
long distances through various external agents. Identified as potential pathogens, 
they bring forth substantial economic losses in many parts of the world. Despite these 
shortcomings, bio-aerosols play a vital role in cloud condensation, ice nucleation, 
precipitation and various atmospheric processes affecting the hydrological cycle in 
general. Furthermore, bio-aerosols play a decisive role in the dispersal of reproduc-
tive plant parts and fungal spores, which play important roles in the evolution and 
sustenance of ecosystems. However, there remains substantial knowledge on air 
micro-biome with respect to their occurrence, transformation, role in climate change, 
interaction and impact on living organisms, agriculture and ecosystem. The current 
COVID-19 pandemic is a wakeup call for retrospective analysis of airborne particles to 
reduce their emission, transmission and health risk hazards while understanding their 
impact on various atmospheric processes. This chapter identifies the various types 
of bio-aerosols and systematically includes their prime role in the climatic processes, 
pathogenicity to the exposed flora and fauna along with an exclusive interrogation 
into their types and characterisation over the Indian subcontinent with a hugely 
diverging population and pollution panorama.

Keywords: bio-aerosol, types, characterisation, health impacts, pandemic

1. Introduction

Recently, the changes in lifestyle have tremendously changed the surrounding, as 
the freshwater is wastewater, soil is contaminated with xenobiotic as well as qual-
ity of air is deteriorating day by day. The air we breathe not only contains oxygen, 
nitrogen and other trace gases but also contains fine and ultra-fine particulate 
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matter (PM), which has aerosolised organic and inorganic components in associa-
tion with live and dead cells of organism that may be microbes, plant parts or skin 
shedding of animal and human, termed as bio-aerosols. These are released from 
biosphere to the atmosphere and become a significant component to the already 
existing myriad air pollutants. Their size varies from 1 nm to 100 μm, whereas they 
are a diverse group of biological materials like living and dead organisms (bacteria, 
fungus, archaea, protozoa, virus and their by-products), dispersal units (fungal 
spore and pollinium) and fragments and defecations (plant debris/leaf litter and 
brochosomes) [1].

1.1 Sources of bio-aerosols

In ambient air, bio-aerosols can exist as particular entities or in aggregates with 
organic matter, particulate matter, water droplets and chemical constituents of 
aerosols, which provide an amiable condition for maintaining the metabolism of 
these organic components that can reproduce even under stressful conditions [2–4]. 
Hence, for this reason, it is crucial to know the sources of bio-aerosols, their meta-
morphosis during the course of movement to atmosphere and recycling to biosphere, 
their impact on public health, agriculture as well as ecosystem including their role in 
global climate change. The initial step towards becoming airborne is to be aerosol-
ized first from contaminated sites [5]. Bio-aerosols are ubiquitous in nature and 
present in troposphere at an altitude of 10–20 km and even 20–40 km above sea level 
within the stratosphere [6]. Major sources of airborne microorganisms are municipal 
dumping areas, waste streams and discharge points, shabby water-soaked buildings, 
soil, degenerated and fermented plant and animal parts, sewage sludge dumping 
sites, animal husbandry, fermentation process, agriculturally active areas, animal 
houses, breeding farms, feedstuff-factory outlets and various other anthropogenic 
activities [7–9]. Some bio-aerosols are released to the environment by naturally active 
processes such as through fungal spores, which are emitted through osmotic stress or 
floor pressure impact whereas some via passive process, equivalent to thallus debris 
and dried fungal spores mainly due to wind [1, 10].

2. Importance of bio-aerosol and the existing knowledge gap

Bio-aerosols play a significant part in cloud condensation, ice nucleation and 
precipitation influencing hydrological cycle in addition to local weather patterns. 
Pratt et al. [11] reported that the ice-crystal residues in cloud condensation nuclei 
and ice nuclei were of organic origin, which accounted for about 33%. Moreover, 
bio-aerosols play a vital role in the dispersion of reproductive plant parts and fungal 
spores. Owing to their small dimension, wind movements transport these through 
any geo-graphical obstacles and are, therefore, the important aspects of genetic 
alterations between habitats and geographic changes of biomes. Hence, these are 
key components within the development, evolution and dynamics of ecosystems. 
However, a majority of bio-aerosols have a negative impact on agriculture, animals 
and public health. More importantly, some of these hold the potential to penetrate the 
deeper components of the respiratory system being of respirable sizes, distinctively 
0.003 μm for viruses [12], 0.25–20 μm for bacteria [13], 17–58 μm for plant pollen 
[14] and 1–30 μm for fungi [15]. In addition, bio-aerosols of 1–5 μm size typically stay 
in the air, whereas bigger particles get deposited on surfaces sooner [16, 17]. Wet or 
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dry deposition on the earth surface facilitates the removal of bio-aerosols from the 
atmosphere. Wet deposition courses are the main sink of atmospheric aerosols, while 
dry deposition has a much smaller global meaningful impact on native air quality and 
public well-being.

Recently, Haddrell and Thomas [18] have identified that it is time to merge the 
present and novel methods of multidisciplinary research in atmospheric chemistry, 
aerobiology and molecular biology to grasp the long-sought mechanisms of bio-aerosol 
transport and disintegration as this discipline has huge lack of expertise and enough 
hypothesis. Still, there is very less information on air micro-biome in comparison with 
their counterparts in water and soil. In addition, the lack of standard methods, envi-
ronmental guidelines and databases makes it difficult to interpret and compare results. 
In a widely diversified country like India, there has been a significant lack of knowl-
edge of bio-aerosols with most of the related work done in metropolitan cities, mainly 
Delhi (mega city), Mumbai, Chennai, Kolkata, Pune and few in central and eastern 
parts of India [2, 19–42]. Despite being a very important area, no field campaign has 
been reported yet. The methodology followed for the sampling of bio-aerosols and 
their identification and quantification has to be improvised over the Indian continent, 
as there are immense gap areas in comparison with other countries. In addition, an in-
depth study is required to know more about the biological entities of the atmosphere 
to reduce their emission to atmosphere as well as to reduce the health risk hazards. The 
recent pandemic has been a wakeup call. Rise in epidemics is the most important threat 
to humankind across the globe since the inception of the civilisation [43]. In late 2019, a 
novel coronavirus illness, later named as COVID-19 outbreak, was initially announced 
in Wuhan, China. With the increase in the number of confirmed cases throughout the 
world, the World Health Organisation (WHO) soon declared it as a global pandemic. 
Since then, researchers have highlighted different aspects of this situation specifically 
on the detection, transmission, pathogenicity and epidemiology of the virus (WHO, 
2020). COVID-19 attributable to severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) is thought of being transmitted from human to human [44]; however, 
the pathways of the airborne transmission of these virus are still unclear. All these 
potential questions need a serious attention in order to establish an organised approach 
to deal with such grave challenges in the future.

This chapter includes extensive information pertaining to types of bio-aerosol and 
their impact on the atmosphere and bio-sphere as a whole. Types and impact, moni-
toring, sampling methods of bio-aerosol research from the purview of the Indian 
subcontinent and a brief comparison with international prospectus are the crucial 
aspects of this critical review, which also include a special section on SARS-COV-2 
and its potential transmission pathways within aerosol particles.

3. Types and impact of bio-aerosols

3.1 Bacteria

Myriad bacterial species are present in indoor and outdoor environments up to 
1.5-km altitude of the surface boundary layer and typically up to 12-km altitude within 
the higher troposphere and even within the stratosphere at the altitudes of 20–41 km 
above the ocean floor. These bacteria have the potential to adapt to harsh environmen-
tal conditions and are one of the most successfully thriving life forms on the Earth 
[1, 6, 16, 45, 46]. The presence of bacteria in atmosphere is strongly influenced by 
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meteorological conditions, seasonal variability, human activities as well as their natural 
and anthropogenic sources [2, 8, 20, 23, 36]. Bacteria may exist in the form of indi-
vidual units or in aggregation with organic structures or could also be dispersed into 
the air through crops, organismal fragments, soil particles, pollen or spores [45–48].

3.1.1 Impact on atmospheric processes

Microorganisms play an active role in ice nucleation, cloud condensation, distri-
bution and precipitation in global scale. Besides health hazards, bio-aerosols in the 
0.43–0.65 and < 0.43 μm scale ranges are unavoidable due to the cloud condensation 
nuclei-forming effects of aerosols [20]. Some bacteria possess the distinctive potential 
of synthesising ice-nucleation-active (INA) proteins at low temperature as well as 
under stress condition. The synthesised INA proteins, which are anchored and highly 
conserved in a gene [49], get attached to the outer membrane of the cell wall forming 
oligomers. Several researchers [50–55] proposed that these INA protein oligomers 
contribute a template for the formation of ice crystal and concluded that higher 
temperature is likely to be one of the factors to extend INA proteins in oligomers. 
In addition, it was reported that cell fragments carrying INA proteins are enough to 
induce freezing. There have been reports [53, 56–58] that the gram-negative bacte-
ria found in leaf surfaces, such as Pseudomonas syringae, Pseudomonas fluorescence, 
Erwinia herbicola, Xanthomas campestris and Sphingomonas spp. play a crucial role 
in ice nucleation. In addition, Akila et al. [59] suggested that the bacteria present in 
rainwater are significant candidates for ice nucleation. These microorganisms belong 
to the known ice-nucleating genera Pseudomonas, Pantoea and Bacillus. Furthermore, 
Bowers et al. [60] also suggested that bacteria in atmospheric samples are sometimes 
present in soil environments or on leaf surfaces.

3.1.2 Impact on flora, fauna and human beings

Airborne bacteria own deadly impact not only on public well-being but also on 
agriculture and livestock. Legionella pneumophila, a rod-shaped, gram-negative 
non-spore-forming bacterium, is the leading causative agent of legionellosis in 
humans and livestock. Inhalation is the primary route of an infection; however, the 
foremost sources are freshwater, portable water, cooling towers or soil. Moreover, the 
unprotected livestock or contaminated animal products of India are one of the serious 
causes for legionellosis [61, 62]. Bacillus anthracis, which is well known as anthrax, is 
a gram-positive, rod-formed and spore-forming bacterium causing bio-terror attack. 
It can have effect on both human and animal over disclosure to infected livestock or 
contaminated animal products [63, 64]. However, anthrax has been almost eradicated 
from Western countries, but still it is a cause of concern in the endemic region of India 
[65–67]. The inhalation of bacterium Coxiella burnetii can cause mild-flu-like condi-
tion to severe diseases such as pneumonia or hepatitis leading to increasing death rates 
[68–70]. Moreover, the most predominantly distributed airborne bacteria belong to 
genus Bacillus, Acinetobacter, Micrococcus spp. and Staphylococcus [2, 20, 21, 31, 71].

3.2 Fungi

Ubiquitous fungi are capable to bring forth serious health hazards [7, 24, 38, 39, 
72–77]. They proliferate on moist or hygroscopic materials that may be natural or syn-
thetic in both indoors and outdoors. In addition, numerous groups of fungi represent 
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a significant fraction (by mass and number) of the atmospheric aerosol particles. The 
aerosolized fungi are components of the fungal bodies that are sufficiently small to 
develop into airborne particles and mainly contain the spores, hyphae and mycelia. 
The atmospheric fungi are discharged both actively or passively from their parent 
bodies. Furthermore, fungal aerosols originate primarily from the fungi rising in 
plant/tree floor or from the fungi thriving within the soil as well as in human beings.

3.2.1 Impact of fungi on atmospheric processes

Certain fungal spores possess the potential to induce ice nuclei formation in deep 
convective clouds at relatively warmer conditions for homogeneous ice nucleation. 
This process is believed to have an influence on the hydrological cycle [76, 78, 79].

3.2.2 Impact of fungi on flora, fauna and human beings

The spores can adversely have an effect on the plants, animals and human beings as 
a result of their ample and widespread dispersal in environment [45, 76, 80, 81]. A lot 
of fungal genera are the foremost reason behind respiratory ailments primarily causing 
allergies, asthma and pathogenic infections to the respiratory tract. In addition, they 
are vital promoters for the degradation of cellulosic and non-cellulosic materials in 
outdoor atmosphere [82]. However, more than 80 genera of fungi have been reported 
to cause people susceptible to type 1 allergies [83], among which Alternaria is one of the 
vital allergenic fungi that cause bronchial asthma in chindren [84]. In addition, many 
common airborne fungal species of Aspergillus, Penicillium and Cladosporium also cause 
allergy [85]. The prevalence of childhood asthma is increased in developing countries 
due to rapid industrialisation [86] as well as distinct seasonal variation, which has 
resulted in declining air quality. In India, about 15–20 million individuals have bronchial 
asthma induced by ambient air exposure, according to the World Health Organisation. 
Apart from that, fungal spores exposure can cause allergic reactions such as allergic 
sinusitis [87, 88], atopic dermatitis [89] and diseases like sick building syndrome (SBS) 
[90], and their mycotoxins, especially, can adversely have an effect on human as well as 
animal well-being. Moreover, most of the fungal species present in ambient air topple 
within the range of 3.3–2.1 μm. This is in consistent with the extent to which the second-
ary bronchi of the lungs penetrate the human body. Most of the immuno-toxic and 
allergic fungi can have an effect on the secondary bronchi in human lungs [91]. Other 
than that, a lot of fungal plant pathogens trigger considerable losses in agricultural crops 
in each part of the world, which may be approximately 10,000 different types of fungal-
infected plant diseases that may not necessarily be host specific [34].

3.3 Viruses

Viruses are the smallest bio-aerosols present in the atmosphere (size approximately 
0.003 μm) and are considered as major environmental risk factors to human, animal 
and plant species [92, 93]. However, their occurrence in the atmosphere is mostly in 
association with suspended particles [94]. Viruses are dispersed to the atmosphere 
from water, soil surface and from infected animals, plants, birds and human beings 
[45]. The detection and identification of these viruses is still a challenge. However, 
the recent development of molecular tools is proving to be quite promising for their 
identification. There is little information on viruses in the atmosphere; however, most 
of the studies are focused on single viral aerosol [93–96].
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3.3.1 Impact of viruses on atmospheric processes

Viruses get dispersed easily into the atmosphere pertaining to their sizes. Some 
virus particles, such as influenza A virus (IAV), upon transmission experience rapid 
evaporation and shrinkage followed by their encounter with the unsaturated ambi-
ent atmosphere. The size of the virus determines the aerodynamic behaviour and its 
sustainability in the atmosphere. Some settle on the ground quickly with a potential 
to cause secondary infections. There is little information about ice-nucleating viruses 
and other environmental factors, such as temperature, humidity and solar radiation, 
which are affecting the survival of virus in atmosphere [97].

3.3.2 Impact of viruses on flora, fauna and human beings

Airborne viruses are potential environmental risk factors due to their complex 
disease pathogenesis in humans, plants and animals. Readily transmitted by air, they 
have a potential to incorporate severe acute respiratory syndrome (SARS). Airborne 
intestinal virus due to sewage contamination, respiratory syncytial virus (RSV), 
hantavirus from rodent faeces, varicella-zoster virus, measles, mumps and rubella 
viruses cause viral diseases in humans and animals [16].

3.3.3 Viral aerosol transmission in the recent pandemic

Viral infection causes severe-pneumonia-like symptoms, such as heavy breath-
ing, coughing, sneezing, which, in turn, help overcome the surface tension of the 
fluid lining present in the respiratory tract causing virus-loaded aerosol formation 
[98]. Immediately after the expiration of any virus-loaded droplets from an infected 
person, the larger droplets (>100 μm diameter) settle down on the nearby surface 
due to gravity and also remain in the air for few hours [99]. It may be re-suspended 
in air through various human activities as well as meteorological factors, such as local 
turbulence, differential adiabatic lapse rate, wind velocity, hence becoming more 
prone to cause infection [100]. However, the smaller (a few nanometres to 100 μm) 
remain suspended in the air for longer time due to its circulatory flow, ambient rela-
tive humidity and the ability to disperse, thereby travelling to a longer distance based 
on the expiratory action [101]. These smaller droplets are of great concern as in an 
outdoor environment; these can travel to some kilometre depending on the wind con-
dition and can penetrate deep into the alveolar sac causing severe health issues. It was 
evident that larger droplets exhaled from sneezing can travel more than 6 m, while 
due to coughing, these can travel 2 m and 1 m for breathing [102]. The symptoms 
of SARS-CoV-2 have been observed to appear within 6 days of infection and reach 
its peak 4 days later. It is evident that COVID-19 virus remains viable for 4 hours on 
copper surface whereas for 2–3 days on plastic or steel [103].

There are numerous modes of transmission routes for COVID-19 disease, includ-
ing airborne transmission, endogenous infection, common vehicle, vector, aerosol 
transmission [104]. The three major modes of viral transmission [105] are aerosol 
transmission, droplet transmission and autoinoculation of viable virus from con-
taminated hands to respiratory tract. Droplet transmission occurs by spraying large 
or small droplet nuclei directly onto the recipient’s eyelids or nasal cavity when an 
infected person coughs, sneezes or even talks. Droplet, airborne and contact [100] are 
considered to be the three modes of transmission. Large virus-loaded droplets that 
are released with sufficient momentum by an infected person reach the respiratory 
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organ of the healthy person through droplet transmission. During coughing, a high 
intrathoracic pressure of high expiratory airflow of 12 L/s breaks up the mucous into 
smaller droplets. Physical contact with viral droplets deposited on a surface and trans-
mission to its respiratory organ is known as contact transmission, whereas the inhala-
tion of aerosolized viral droplets by a healthy person is considered airborne mode of 
transmission [106]. However, the significance of transmitting the disease remains 
unclear [107]. Samples collected from the air outlet exhaust fan of a COVID-19 posi-
tive patient’s room have reported to be positive referring to the fact that microscopic 
virus-loaded aerosols would have been displaced by airflows [108]. Interestingly, there 
are claims [44] that a person in Mangolia, China, has tested positive when he has 
passed several times indicating that airborne transmission is credible. The airborne 
transmission evidence even strengthened up by the WHO statement that in indoor 
environment, the virus-loaded aerosols can be transmitted up to certain distance and 
result in an accumulation of infection in a short period.

3.3.4 Role of air pollution in COVID-19 transmission

Though it was found that the spread of COVID-19 virus is mainly by human-to-
human transmission, in 55 Italian province capitals, the number of confirmed cases 
was in the days exceeding the PM10 threshold limit of 50 μg/m3, hence suggesting 
the transmission mode to be air-to-human transmission rather than the direct way 
[109]. It was also noticed that polluted cities with low wind pace have a soaring 
number of COVID-19 circumstances than the much less polluted cities [109]. It was 
reported that maximum COVID-19 cases were found in the highly polluted regions 
of northern Italy (SIMA, 2020). Particulate matter performs a vital function within 
the transport of viable viral droplets as it comprises solid or liquid particles that act 
as a carrier and allow the virus to flow in airflow for hours to days. In an analysis done 
by Setti et al. [110], PM10 samples were collected from an industrial site of Bergamo 
province known to be the epicentre of COVID-19 in Italy. According to Bashir et al. 
[111], utilising Spearman and Kendall correlation confirmed an optimistic associa-
tion of PM10, PM2.5, SO2, NO2 and CO ranges with COVID-19. In a signification study 
conducted by Wu et al. [112], it was concluded that a rise in 1-μg/m3 concentration 
of PM2.5 resulted in a rise in 8% death rate of COVID-19. Similarly, Travaglio et al. 
[113] concluded the positive correlation between high levels of SO2 and NO2 and 
COVID-19 cases. However, Dhand et al. [106] explored the fact that by considering 
some completely different parameters such as air quality index (AQI), four ambient 
air pollution types such as PM10, PM2.5, NO2 and CO and meteorological parameters 
such as temperature and sunshine duration, a rise in the concentration of these 
parameters can set off COVID-19 cases. Similar investigation performed by Xu et al. 
[114] concluded the fact that the increase in AQI can enhance the spread of COVID-19 
under low relative humidity.

Accepting the inter-relationship of confirmed COVID-19 cases and air pollution, 
many scientists worldwide carried out studies including different perspectives of 
linkage to this fact. Combining three databases of NO2 concentration, atmospheric 
situation and confirmed COVID-19 instances from 66 areas of France, Germany, 
Italian republic and Spain, two NO2 hotspots were recognised, and surprisingly, 78% 
of fatality was confirmed from these two hotspot areas [115]. However, there is not 
much exploration on the significance of airborne transmission, which may be due to 
the fact that it is challenging to directly detect the virus travelling in ambient air as a 
number of external factors are even associated with the movement of viable particles, 
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such as size, temperature, rainfall, humidity, wind speed, wind direction and flow 
physics [116].

3.3.5 Possible prevention measures

The fact of COVID-19 virus spreading through air can never be denied. 
Considering the expiration range of SARS-CoV-2 by an infected person, social 
distancing and masking by using any type of mask can control the situation to a great 
extent [104]. Homemade cloth mask should be promoted in the countries with the 
shortage of mask [117]. However, transmission is not the only factor to be assessed, 
whereas a risk assessment, including the virus, viability of infection and aerosol 
formation process, is the need of the hour. The identification of the main pollutant in 
ambient air causing the spread of COVID-19 virus needs a thorough investigation.

Considering the above fact, a link between COVID-19 transmissions with increas-
ing pollution level is emphasised and needs further speculations. It is obvious from 
the previous SARS-CoV-1 epidemic episodes that long-run exposure to particulate 
matter, particularly PM2.5 can cause over-expression of alveolar angiotensin-converting 
enzyme receptor-2 (ACE-2), which on exposure to air pollutants can increase the 
viral load-depleting ACE-2 receptors making them more prone to viral diseases [118]. 
The airborne transmission of the SARS-CoV-2 viral aerosol is mostly influenced by 
disease symptoms as well as meteorological factors. The fatality of the disease lies due 
to past patient history such as whether he/she has been suffering from any pulmonary 
disorder and chronic disease such as diabetics, obesity, hypertension, anaemia, which 
decreases the oxygen-carrying capacity and obstructs its supply to the lungs due to 
pneumonic alveolar congestion. With chronic exposure to air pollution as reported for 
the urbanites, COVID-19 lethality increases. Though no vaccine has been developed for 
SARS-CoV-2 yet, prevention is the only solution. As per WHO guidelines, social dis-
tancing (2 m) and wearing of multi-layered face mask are the best-known preventive 
measures to get rid of being infected from SARS-CoV-2 and its airborne transmission.

3.4 Pollen

Pollen is the reproductive unit of plant, which is the largest in size among bio-
aerosols; therefore, its residence time in atmosphere is short and is prevalent in near 
surface of atmosphere. However, the atmospheric convection can up-draft these to 
high altitudes. Having long residence time, the pollens too have the potential to form 
ice nuclei in different environments [119]. Most of the pollen grains have hard shell, 
which protects them from adverse environmental conditions. The environmental 
elements, such as temperature, humidity, rain and wind, can have an effect on the 
dispersal of pollen.

3.4.1 Impact of pollen on flora, fauna and human beings

Plant pollen and their fragments are one of the first causes of allergy in city facili-
ties. The size of airborne pollen generally ranges between 10 and 50 μm [120]. The 
airborne bio-pollutants, such as pollen grains, fungal spores and mud mites, include 
particular proteins and glycoproteins, which react with the immune entity to trigger 
allergy. They set off allergic irritation within the nasal, conjunctival and/or bronchial 
mucosa in addition to bronchial asthma [121, 122]. However, the vast majority of 
sufferers with allergic ailments possess medical signs within the respiratory tract 
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[122, 123]. Grass pollens are among well-known bio-aerosols causing respiratory 
allergy in human beings. It was reported that some of the rice pollen also cause respi-
ratory allergy in the field workers and the people living in the vicinity of the rice field. 
According to researchers in Israel and Poland, the threshold values for pollen range 
from 4 to 20 grains/m3 air for grass pollen [1].

3.5 Algae

Algae are microscopic or macroscopic in sizes dispersed to atmosphere actively or pas-
sively and are found in almost all the environments. In comparison with other bio-aero-
sols, their number is less in atmosphere. Their presence in atmosphere has been reported 
in several studies worldwide [124–130]. These are rich in bioactive secondary metabolites, 
which are beneficial in the developments of new pharmaceutical agents [127, 129].

3.5.1 Impact of algae on flora, fauna and human beings

Despite their usefulness, microflora cause several adverse health consequences. 
They are capable of contaminating drinking water, act as allergen to humans 
[129] and deteriorate old-age architectural heritage [131], and some of the taxa 
produce toxins posing threat to humans [132]. The genera Chlorella, Scenedesmus, 
Chlorococcum, Klebsormidium (Hormidium) and Lyngbya are most commonly 
associated with health results [133]. However, algae and cyanobacteria can make a 
significant contribution to the total load of suspended air particle making a pleasing 
contribution when inhaled and causing many environmental problems. In addition, 
these are everlasting constituents of indoor and outdoor environments [134]. They 
also cause inflammation of pores and skin, hay fever, allergies, headaches, sinusitis, 
rhinitis, sclerosis and various respiratory illnesses.

4. Indoor versus outdoor environment

The risk of hazards is higher in indoor surroundings than outdoor as folks spend most 
of their time indoors. In addition, the lack of proper ventilation and dispersal mechanism 
has posed a high risk to human health [135]. The World Health Organisation has recently 
reported [136] that the inhabitants of damp or mouldy building both in houses and 
public buildings are at enhanced threat of experiencing respiratory symptoms, respira-
tory infections and exacerbation of bronchial asthma. In India, approximately 10 million 
people suffer from Asthma, whereas 15 million from frequent/intermittent Allergic 
Rhinitis due to the inhalation of air containing various allergens [137]. The foremost 
sources of indoor bio-aerosols are home dust, fungal spores and hyphae, pollen grains, 
shedding of human pores and skin cells and actions such as talking, coughing and sneez-
ing, fragments of insects, meals crumbs, pure fibres. However, outdoor bio-aerosols 
have always been a source of bio-aerosols in a variety of indoor environments [16, 31]. 
People belonging to open area were more prone to seasonal attack, whereas those living 
in congested areas were at high risk to perennial attack [138].

Several studies on monitoring and impact of indoor/outdoor bio-aerosols have 
been conducted to address health risk issues [1, 16, 20, 75, 76, 96, 135, 139–142]. 
Bio-aerosols are reported for 5–34% of indoor air pollution [67]. In addition, the 
global burden of diseases was 2.7%, while 2 million deaths occurred per year due 
to the indoor bio-aerosols that exceeded the annual mortality attributed to malaria 
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[43, 143, 144]. One of the best examples of indoor bio-aerosols impact is sick building 
syndrome (SBS) [31, 123]. Moreover, the bio-terror attack (2001), outbreak of SARS 
(2003) and H1N1 influenza virus (2009) are some of the life-threatening issues due to 
bio-aerosols. However, it is estimated that the fraction of outdoor particulate matter 
(PM) below 2.5 in aerodynamic diameters has attributed to 3.1 million deaths in 2010 
worldwide [144]. It has been predicted that in near future, 85% of global population 
of the developing world, in particular children, would grow up exposed to unsafe air 
both in indoor and outdoor environments due to the lack of major policy for clean 
air quality [145, 146]. Morey [147] suggested that concentrations above 1000 CFU/
m3 indicate potential microbial contamination, and further investigation in indoor 
environment is recommended.

5. Bio-aerosol characterisation in India

India with 1.2 billion population (2011, Census) is the second most populated 
nation on the Earth and likewise accounts for 17% of world’s population. Besides, it 
is a rapidly growing nation and is among the top 10 most industrialised nations of 
the globe. According to the Central Pollution Control Board (CPCB) of India, there 
are 17 classes of drastically polluting industries (large and medium scale). Higher 
population density, rapid urbanisation, industrialisation and improper control policy 
lead to high environmental burden and a significant health risk. In 2012, the WHO 
reported that about 7 million folks died prematurely from both indoor and outdoor 
air pollutions. It accounts for one-eighth of all the premature deaths worldwide 
[144, 148–150]. In 2013, Global Burden of Disease Study (GBD) concluded that 19% 
of the world’s untimely loss of life occurred in India, while air pollution accounts for 
620,000 premature death in each year [151]. These reports signify that air pollution 
is a global environment burden as well as an important risk factor for morbidity and 
mortality, especially in the developing countries [143], and is also the world’s largest 
single environmental health hazard [144, 150].

Based on massive developmental activities along with topographical/climatic 
diversity, the Indian subcontinent has become a breeding ground for quite some com-
plex air pollution issues that is taking a toll on the environment in general, impacting 
the plant animal and human health in particular.

Biological components in the aerosols are important to understand from several 
perspectives as these are an integral part of the aerosolisation process apart from hav-
ing a strong impact on various actively spreading airborne diseases across the country 
and the world. In spite of the predominance of the biological components in ambient 
air, bio-aerosol research is still in its infancy in a tropical climatic zone like India. In 
this study, the authors have made a conscious attempt to compile the entire microbial 
composition detected in the atmospheric particles across eastern, western, northern 
and southern parts of India. A vivid description of the bacterial and fungal types 
and their spatial-temporal variation has been summarised along with the detection 
techniques. This will be a very first report of its kind from the Indian subcontinent.

5.1 Northern India

The northern part of India comprises megacity Delhi, tourist places like Rajasthan, 
Uttar Pradesh, predominantly biomass-burning states such as Punjab, Chandigarh 
and Industrial state Haryana as well as the pristine Jammu and Kashmir.
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5.1.1 Delhi

The megacity Delhi is the nationwide capital and second largest metropolitan 
in India having ~16 million inhabitants (2011 Census, India). The city experiences 
mainly three seasons: monsoon (subtropical climate, average amount of rainfall of 
~611.8 mm), excessive chilly winter (dense foggy climate and low atmospheric bound-
ary layer top conditions) and hot summers (temperature ~ 46–49°C). Occasionally, 
Delhi also experiences dust storms event from the Thar Desert or the Middle East [2]. 
According to the recent air pollution monitoring data of 2011 and 2015, Delhi is the 
second most polluted major city in the world [152]. Therefore, we observed that most 
of the bio-aerosol-monitoring reports were made from Delhi.

Most of the studies have been reported on viable culturable bacterial and fungal 
concentration in both the outdoor and indoor environments of the city premises 
of Delhi. The research group of [41] has been actively monitoring the bio-aerosol 
concentration in both the indoor and outdoor environments of Jawaharlal Nehru 
University (JNU) and nearby areas. This research group mainly focuses on the 
concentration of fungi and bacteria (both gram positive and gram negative). The 
highest concentrations of both gram-positive and gram-negative bacteria were 
reported near a garbage dump site where gram-negative bacteria were predominant 
[41]. However, most of the fungal bio-aerosols identified were of respirable sizes 
and were associated with immune-toxic diseases and allergies. Higher concentra-
tions of viable airborne microbes were detected in post-monsoon than in monsoon 
season in indoor sites in comparison with the outdoor ones, which may be due to 
seasonal rain wash [153]. However, Ghosh et al. [31] reported an enchanting connec-
tion between the concentration of fungal spores and microorganism in relation to 
each environmental and human factor. They analysed ambient ranges of viable bio-
aerosol (fungi, gram constructive and destructive bacteria) in the Central Library of 
JNU (five indoors and one outdoor samples) and suggested that most of the fungal 
species were Rhizopu soryzae, Aspergillus nidulans and Aspergillus flavus, whereas 
predominant bacteria were of Bacillus and Coccus types based on gram staining and 
morphology observation. They noticed the highest fungal concentration in indoor 
surroundings, but bacterial concentration for both gram negative and positive has 
been the highest within the reading corridor. Furthermore, Kumar et al. [8] reported 
the abundance of culturable airborne bacteria during monsoon and winter season 
at the building of the School of Environmental Science in JNU. Their observation 
revealed that the mean concentrations of bacteria were higher throughout the rainy 
season than in winters, which deviated from the reports from Delhi as well as from 
data of temperate as well as tropical climate zones. In addition, the percentage of 
gram-positive bacteria dominated over gram-negative bacteria during both the 
seasons, and among gram-positive bacteria, cocci dominated over rod-shaped ones. 
The ambient level of viable fungal bio-aerosols of a sewage treatment plant (from 
six different segments) of Vasant Kunj, a posh area in Delhi city, depicted eight 
genera of fungi, and among them, four, for example Mucor, Rhizopus, Aspergillus and 
Penicillium, were found in larger number throughout all the seasons [73]. Moreover, 
Lal et al. [91] identified and characterised size-segregated bio-aerosols at four 
different sites in JNU campus, Delhi, during all the four seasons. They suggested the 
highest bio-aerosol concentration (fungi, gram-positive bacteria and gram-negative 
bacteria) during post-monsoon and the lowest in monsoon season in all the four 
sites. Fungal bio-aerosols, such as Penicillium sp., Alternaria sp. and Aspergillus sp., 
were predominant.
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Culturable airborne bacterial and fungal concentrations were detected near a 
busy roadside restaurant cluster in New Delhi. A big variation in bacterial and fungal 
focus was noticed in numerous seasons starting from 1.7 × 104–9.8 × 104 (averaged 
6.3 × 104 ± 2.6 × 104 cfu m−3) and 3.5 × 102–9.5 × 103 (3.9 × 103 ± 3.1 × 103 cfu m−3) cfu 
m−3, respectively. Based mostly on 16S rDNA sequencing, Bacillus and Acinetobacter 
were predominant microorganisms, whereas predominant fungal genera were 
Aspergillus, Cladosporium, Alternaria and Fusarium, which are popular for bad health 
effects resulting in quite a few allergic and pathogenic irritation [21]. In another 
study, Agarwal et al. [2] reported size-segregated bio-aerosols at Okhla landfill of 
Delhi, known to be a municipal dumping station, and stated that both bacteria and 
fungi had major peak in winter than summer. Larger focus of bio-aerosols could 
be related to low atmospheric boundary layer height and beneficial meteorological 
situations in New Delhi. However, the low concentration in summer may be due to 
microbial lethal consequences of critical meteorological situations (high temperature 
and photovoltaic radiation) that are more pronounced than the release of microbial 
flux due to the effect of summer photovoltaic underfloor heating. In addition, size 
distribution evaluation confirmed that microorganisms were largely ample in fine 
particle sizes, that is <0.43–2.1 μm, but few peaks were additionally seen in dimension 
ranges between 5.8 and >9.0 μm, whereas fungal spores largely peaked in coarse sizes 
(2.1–5.8 μm). Bacillus, Staphylococcus, Streptococcus, Klebseilla and Escherichia genera 
were predominant bacterial strains. However, a lot of identified fungal spores possess 
negative health effects resulting in quite a few pathogenic inflammations. In addi-
tion, in various places of Delhi, that is at a landfill site, agricultural facilities, highway 
orientation and restaurant cluster sites report bio-aerosol size disparate monitoring in 
winter, spring and summer seasons [20]. In spring, bacterial particles were enhanced 
in size ranging between 5.8 and >9.0 μm, but concentrations were higher during win-
ter. More importantly, ample strains were Bacillus cereus (16%), Bacillus licheniformis 
(11%), Bacillus thuringiensis (9%), Micrococcus sp. (7%) and Acinetobacter sp. (9%). 
The variability in bio-aerosol concentration was reported at three different sites, 
such as land use configuration commercial complex, dumping site and vegetated 
ridge with respective microclimatic variation in Urban Delhi. It was observed that the 
dumping site had the maximum bacterial count, whereas the vegetated ridge site had 
the highest fungal count [23]. Although spatiotemporal variation was quite distinct, 
the meteorological parameter independently failed to show a uniform and conclusive 
relationship. From this study, it was interpreted that the land use pattern and human 
activity seem to play an important role in determining aerosolized microbial diversity 
than meteorological variables.

5.1.2 Kanpur

Kanpur is an industrialised metropolis in the state of Uttar Pradesh in India and is 
positioned with the central part of highly polluted Indo-Gangetic Plain (IGP). Many 
studies on the physical and chemical characterisation of aerosols and their climate 
impact have been reported from Kanpur. Viable aerosols and particle concentration 
in ambient atmosphere of Kanpur were analysed during southwest monsoon and 
post-monsoon (June-October 2015). Gram-negative bacteria were reported to be 
predominant over gram-positive bacteria and fungi [154]. However, in a separate 
study, the same group of researchers reported the maximum concentration of 
bio-aerosols during wintertime (gram-positive bacteria, gram-negative bacteria and 
fungi) followed by post-monsoon, monsoon and pre-monsoon during June 2015-May 
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2016 at the same location. In addition, they reported the correlation between meteo-
rological parameters and bio-aerosol concentration and suggested that ambient 
temperature affects the bacterial concentration, whereas wet precipitation relates to 
higher abundance of fungi [155].

The northern part of India is the heavily polluted part where life is quite worse. 
Still, most of the researchers focus on chemical constituents of particulate matter. 
However, both the chemical and biological constituents have adverse impact on living 
beings causing numerous respiratory problems. Many of the researchers represented 
an excellent correlation between the concentrations of culturable bacteria and fungi 
with meteorological parameters, and some correlate with organic carbon (OC), 
elemental carbon (EC) or EC/OC, volatile organic carbon (VOC) and total suspended 
particulate matter (TSPM) [8, 21, 155]. Moreover, some of them used low-volume 
handy sampler, single stage and size-segregated impactor to enumerate the cultur-
able bio-aerosol concentration [2, 8, 20, 21]. However, most researchers identified 
bacterial species based on phenotype characteristics and gram staining [2, 8, 23, 31], 
whereas very few followed PCR amplification and 16S identification to identify bac-
teria up to species level [20, 21]. In addition, fungal bio-aerosols were identified based 
on morphology and lacto-phenol cotton blue staining (microscopic observation). 
Still, there is a huge gap as culturable bio-aerosols are only a fraction of the bacterial 
and fungal diversity as most of them were unculturable and have potential impact on 
living beings [46].

5.2 Eastern India

The states Bihar, Jharkhand, West Bengal and Odisha are located in the eastern 
part of the Indian subcontinent. Kolkata, the capital city of West Bengal, is also one of 
the largest metropolitan cities in the region, while Bihar and West Bengal are in Indo-
Gangetic Plain (IGP); Jharkhand, rich in mineral wealth and dense forest, lies in the 
Chota Nagpur Plateau. Odisha is also rich in mineral wealth and lies along the Eastern 
Ghats and Deccan Plateau. Most research activities on bio-aerosols were reported in 
Kolkata compared to other cities in eastern India.

5.2.1 West Bengal

Kolkata, the capital of West Bengal, is the third most populous city in India 
having a population of about ~4.5 million according to a 2011 census. In spite of 
that, this metropolis is the economic, cultural and academic hub of eastern India 
and is below traffic congestion, poverty, overpopulation and logistic issues associ-
ated with the inhabitant bust [156]. However, Sundarbans mangrove forest, the 
world’s biggest mangrove eco-region on the land-ocean boundary of the Ganges 
delta, is located at approximately 100 km from Kolkata city [157]. Studies on bio-
aerosol from the ambient air and both from outdoor and indoor environments have 
been reported in many parts of urban and sub-urban Kolkata. Mostly, the studies 
focused on the identification of fungal species using various sampling techniques. 
Few reports were on the pollen and bacteria as well; mostly, the effect of meteo-
rological parameters was discussed along with the health impact of the identified 
microorganisms.

Initial studies on airborne fungal load in agricultural environment through-
out threshing operation of paddy and wheat crop within the neighbourhood of 
Barrackpore, West Bengal, were published way back in 1994 [158]. During wheat 
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threshing, a relatively better frequency of Alternaria tenuissima was detected followed 
by Drechslera sp. and Cladosporium herbarum, while during the threshing of paddy, 
a high count of A. humicola and A. tenuissima seen was detected in Boro variety, but 
in Aman variety, Helminthosporium oryzae was dominated followed by C. herbarum 
and a few unidentified yeasts. However, the frequency of Aspergillus sp. was observed 
before and after threshing but was quite negligible during the threshing period. 
Adhikari et al. [19] attempted quantitative and qualitative strategies to estimate the 
extent and kinds of indoor airborne fungal spores in two unique cowsheds: one in 
a rural region of Konnagar (December 1994-September 1995), and the other in a 
sub-urban space located at Kestapur (during December 1995-September 1996) of 
West Bengal. In addition, they attempted to emphasise the fact that these species can 
cause respiratory allergies in sensitive people. In addition, they monitored the spread 
of spores in the air. This helps predict the spread of fungi that contaminate milk and 
dairy products rising out of these cowsheds. Moreover, they attempted for searching 
out the link between the categories and the amount of fungal spores and culturable 
moulds produced under completely different meteorological parameters because 
it is believed that the climate plays a completely crucial feature in fungal growth, 
sporulation and dispersal. Their investigation revealed that 29 airborne spores were 
from the rural cowshed, whereas 24 were from the sub-urban area. At every location, 
a comparatively higher frequency of Cladosporium sp., Aspergillus/Penicillium group, 
Periconia sp., Nigrospora sp., and some unidentified ascospores and basidiospores were 
reported. However, the occurrences of fungal spore were completely exceptional in 
several meteorological components in each cowshed.

A comparative research of airborne fungal spores was undertaken in five indoor 
and outdoor environments in Burdwan, West Bengal, for an interval of 2 years utilis-
ing Rotorod samplers and sedimentation plates (culture plate). They revealed the low-
est count in summer season and the highest in the wet season. However, Aspergillus 
was fairly predominant in all of the environments investigated [26].

The vertical profile of major airborne pollen and spore concentration at totally 
different heights in an agricultural farm situated in West Bengal, India, revealed that 
the frequency of tree pollen confirmed roughly good correlation with the increase in 
heights, whereas pollen from herb/shrub is dominant at decreasing heights throughout 
all of the three seasons (winter, summer season and rains). However, the smaller fungal 
spores were dominant at increasing heights, and larger spores and conidia were more 
often at decrease levels. In addition, Aspergilli group, Cladosporium and Nigrospora were 
predominant throughout the investigation, whereas Aspergillus japonicus and Drechslera 
oryzae were discovered to be potential inflicting respiratory allergy in agricultural work-
ers. The examination was performed utilising Rotorod samplers [25].

Airborne fungal spore concentration was studied in five indoor environments in 
Santiniketan, West Bengal, India, for an interval of 2 years utilising the Astir 1-day 
personal volumetric sampler in addition to a Rotorod sampler and sedimentation 
plates. Aspergillus sp. was the very best aerospora contributor within the environ-
ment, followed by Curvularia and Cladosporium. However, during winter, the focus 
of Cladosporium was highest attributable to the presence of a giant variety of sapro-
phytic kinds [159].

Aeromycoflora studies over a paddy field near Barrackpore, West Bengal, were 
carried out in two consecutive crop seasons (Rabi) using the gravimetric culture 
plate exposure technique. Cladosporium was dominated at the early stage of seeding, 
which was declined in the later stage with the onset of summer, while Penicillium 
showed a reverse pattern. However, Curvularia showed no seasonal variation and 
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was observed throughout the investigation period. In addition, Alternaria, Fusarium, 
Helminthosporium and Nigrospora also observed in air were potent phytopathogenic 
fungi of which Alternaria was predominant. However, a species of Alternaria was 
detected as an epidemic-causing agent in this variety of rice, which causes leaf injury 
to the host plant [160]. In another study, Uddin [161] investigated the character and 
number of pathogenic as well as non-pathogenic aeromycoflora in some of the jute 
fields close to Barrackpore, West Bengal, India. They revealed that Penicillium and 
Aspergillus were probably the most dominant saprophytes adopted by Curvularia 
and Cladosporium in the initial season, whereas in 1991, Aspergillus and Curvularia 
were essentially the most dominant, followed by Cephlalosporium, Penicillium 
and Cladosporium, together with Pullularia within the mid-season. However, 
Macrophomina phaseolina, a pathogenic fungus, appeared irregularly in the initial 
season but grew to become extra predominant in later phases within the second sea-
son. In addition, different pathogens Helminthosporium occurred twice and thrice in 
the sooner part of the two-crop season, whereas Alternaria, Nigrospora and Fusarium 
occurred very often.

An aerobiological survey revealed seasonal variation in Trichoderma harzianum 
within the outside surroundings of an agricultural farm and its vicinity within the 
northern fringe of Kolkata city, India, by an Andersen air sampler. It was noticed 
that the colony rely was elevated throughout February in around 28 days, and the 
relative humidity was discovered to be a major (P < 0.05) factor predicting the 
incidence of T. harzianum in the air [27]. A scientific quantification of the indoor 
fungal flora of the Shyambazar Metro-Railway Station, Kolkata, was carried out 
for an interval of 4 months by utilising gravitational settling methodology via Petri 
dishes with potato dextrose agar (PDA) culture media. In this study, it was revealed 
that Aspergillus niger was probably the most prevalent fungal genera followed by 
Aspergillus flavus and Penicillium sp. [162]. The fungal spore concentration within 
the air of Madhyamgram, a sub-urban space close to Kolkata, was carried out for five 
consecutive years to find out the effect of various meteorological parameters on the 
frequency of airborne fungal spores and their well-being on native inhabitants with 
regard to respiratory allergy. Greater than 50 taxa were detected, out of which 15 were 
allergenic. In addition, the concentration of spore increased throughout early-winter 
and rainy season and diminished throughout late-winter and mid-summer. Moreover, 
a positive correlation was discovered between the respiratory allergy instances and 
the air-spora concentrations [24]. The fungal spectrum of Konnagar city was evalu-
ated using the Burkard personal sampler, which showed 39 types of fungal spores 
such as Cladosporium sp., Aspegilli/Penicilli, Nigrospora sp., Periconiasp., Chaetomium 
sp., Drechslera sp. and Alternaria sp. in a 1-year calendar [30]. One more study moni-
tored the connection of each day bronchial asthma hospital admission of school-age 
youngsters and each day concentration of outdoor Alternaria conidia, ozone, PM10 
and climate parameters within the ambiance of Kolkata, utilising nonparametric 
generalised additive model [25]. Ghosh et al. [32] evaluated the airborne fungal flora 
of the Nationwide Library, Kolkata, for an interval of 3 months (February-April, 
2010) via gravitational settling technique utilising Petri dishes with malt extract agar 
(MEA) media. Aspergillus niger, A. tenuissima, C. herbarum and Penicillium sp. were 
accounted highest in indoor surroundings, whereas outside atmosphere confirmed 
clear dominance of Alternaria alternata, Asperillus niger, A. tenussima, C. herbarum, 
C. cladosporioides, Curvularia lunata and Fusarium oxysporum. For the enumeration of 
bacteria and fungi, a qualitative and quantitative research of indoor air in a hospital 
at Kalyani, West Bengal, India, was carried out using the settle plate method. The aim 
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of this research was to evaluate microbial inhabitants of indoor air of various wards 
of the hospital and in several sampling time. The highest microbial inhabitants were 
recorded during evenings in comparison with the morning hours. Escherichia coli, 
Staphylococcus aureus, Pseudomonas aeruginosa and Klebsiella sp. were predominant 
among bacteria; however, Aspergillus sp., Fusariumsp, Penicillium sp. and Candida sp. 
were prevalent among fungi [39]. The aeromycoflora of the Institute of Agriculture 
library, Visva-Bharati, Santiniketan, India, was monitored with the help of Burkard 
personal 1-day volumetric sampler to suggest preventive measures towards the 
collections of library and the library personnel’s. Mainly, Drechslera sp., Aspergilli/
penicillin sp., Bispora sp., Basidiospore sp., Ascospore sp., Nigropora sp., Pericornia sp., 
Fusarium sp., Cladosporium sp. and Trichornis sp. were monitored during the investi-
gation. In addition, the concentration of fungal spores was maximum in September 
and minimum in November [163]. The quantitative and qualitative analyses of fungal 
spores in the atmosphere of a sub-urban area of West Bengal, India, near India-
Bangladesh border were carried by Chakraborty et al. [164], by using the Burkard 
personal volumetric sampler (for over all spore count) and the Andersen two-stage 
sampler (for viable spore). The fungal spore concentration has shown two peak 
seasons (February-March and September-October) with the maximum contribution 
of Aspergillus-Penicillin group. In addition, from the antigenic extract of 15 spore 
members, Aspergillus fumigatus showed the highest allergic sensitivity followed by A. 
niger. Kashinath et al. [165] carried out a survey on viable airborne fungal spore in two 
outdoor environments in Farakka, West Bengal, India, for a period of 2 years, using 
Andersen two-stage volumetric air sampler. They revealed that monthly total viable 
fungal spore load (CFU/m3) has shown significant negative correlation with monthly 
average temperature. However, it was depicted that antigenic extracts from dominant 
culturable fungi showed high allergic potentiality by skin prick tests (SPTs) among 
local allergic patients, suggesting health issues in sensitised people.

The bio-aerosol studies in eastern India mainly focused on fungal bio-aerosols and 
their allergenic impact on workers by the skin prick test; very few reported on pollen 
and the least number of studies were focused on viable bacterial aerosols. Most of 
the sampling of bio-aerosols was based on the sedimentation method, the Rotorod 
sampler and the Andersen two-stage sampler. Still, there is scanty information on 
the correlation of bio-aerosols with aerosols as well as meteorological parameters. In 
addition, unculturable bio-aerosols were also not explored.

5.3 Western India

The Western India includes states such as Maharashtra, Gujrat and Goa as well 
as the union territories of Dadra Nagar Haveli and Daman and Diu. In its north, it is 
bounded by the Thar Desert, in east Vindhya Range and the Arabian Sea in the west. 
Mumbai, a metropolitan city, is the largest city as well as the financial centre of India. 
The climate is mostly tropical wet and dry and semi-arid. However, during summer, 
most of the cities have temperature about 40–42°C and in winter near about 6–7°C.

A seasonal variation of fungal propagules in a fruit marketplace environment in 
Nagpur (India) was analysed by utilising the Rotorod sampler and the uncovered 
Petri plate technique to enumerate the quantitative and qualitative estimations 
of fungus. Aspergillus was probably the most often and predominantly detected 
genus, whereas Cladosporium, Penicillium and Alternaria spores were ample that are 
generally known as allergenic and pathogenic fungi. The elevated focus of airborne 
spores was throughout December-January, whereas the utmost focus of Aspergillus 
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was during summer season months. The work-related exposure of Indian agricul-
tural workers to airborne microorganisms, dirt and endotoxin, in small agricultural 
facilities (farms, warehouses and mills) within side Aurangabad area, India, was 
also studied [166]. In two farms, throughout the threshing of maize and pearl millet, 
there was noticeable escalation in the concentration of airborne microbes by two to 
four orders of magnitude. However, whilst threshing of maize, probably, most of the 
microorganisms were thermophilic actinomycetes and mesophilic actinomycetes of 
the genus Streptomyces, whereas in the course of threshing of pearl millet, probably, 
the most predominant were corynebacteria and gram-negative microorganism. 
Airborne fungal spore and pollen of Ismail Ysuf college campus at Jogeswari, 
Mumbai, India, were analysed by Kakde [167]. Both the qualitative (Petri plates 
exposed with media) and quantitative (Rotorod air sampler) estimations of the 
culturable fungal spore were also analysed. Aspergillus-Penicillium types were 
predominant, while the spores of Deuteromycotina followed by Ascomycotina and 
Basidiomycotina were the highest during July-September and November-December. 
In addition, the predominant pollen were Poaceae, Amaranthaceae, Tridax, Cassia 
and Ricinus. Airborne bacterial species were detected in six wastewater treatment 
plants in Mumbai, and the impact of endotoxin on the health of the local population 
was also analysed. Several clinically important bacterial species were detected in the 
samples, and it was reported that the workers at the treatment plant are exposed to 
opportunistic and infectious bacteria [29]. Post-harvest diseases through airborne 
fungi were investigated in a vegetable market of Nagpur city. Some widespread 
vegetables were screened for the isolation of fungi as marketplace pathogen to 
test post-harvest diseases. Virtually, 59 fungal spore types and 78 species from 33 
genera belonging to completely different groups were reported. Essentially, the most 
dominant types of fungi were of Aspergillus followed by Cladosporium, Penicillium, 
Alternaria, Fusarium, Curvularia, Trichoderma and Rhizopus. However, vital 
mycotoxin-producing fungi similar to A. flavus, A. fumigatus and Fusarium monili-
forme were also removed from the vegetables collected from the market [33]. Karne 
[34] analysed the pathogenic and allergenic fungal bio-aerosols over Jowar, Wheat 
and groundnut fields with the help of continuous volumetric Tilak air sampler for 
three consecutive Rabi seasons. Most of the bio-aerosols reported were allergenic 
as well as pathogenic. Airborne fungi were identified in the 80-year-old college 
library in Mumbai using viable volumetric sampler. Aspergillus spp., Penicillium spp., 
Alternaria spp., Cladosporium sp., Curvularia sp., Trichodermaspp and Chaetomium 
were the predominant species [168]. Aeromycological study was carried in the 
closed indoor environment of various laboratories of Mahatma Jyotiba Phule 
Campus, RTM Nagpur University, by using the culture plate exposure method. 
Altogether, 3368 fungal colonies in 19 genera and 28 species were reported. Among 
them, Ascomycota contributed to more than half of the colonies, whereas Oomycota 
had least count. However, Zygomycota and Deuteromycota contributed to moderate 
count, while no Basidiomycota was reported. The prevalence of fungal culture on 
cellulosic material in the laboratory depends on the changing indoor environment 
[22]. Air mycoflora study was done in order to estimate the presence of bio-allergens 
in different locations of STRM University Campus, Nanded, India. The concentra-
tions of fungal spores were observed to be dominant during winter compared to 
rainy and summer seasons. The most common fungi identified were Albugo, Mucor, 
Rhizopus and Aspergillus [169]. In Mumbai, the diversity of airborne bacterial species 
was studied using six-stage microbial impactor and bio-sampler to elucidate the 
role of endotoxin in particulate matter that elicits pro-inflammatory response ex 
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vivo [28]. Gram-positive and sporogenic bacteria corresponding to Bacillus species 
dominated the concentration of airborne culturable bacterial. This study suggested 
the predominance of pathogenic/opportunistic bacteria from human or animal and 
sporulation present within the ambient air environment. The fungal bio-aerosol 
concentration across the Deonar landfill website, which is one of the major landfills 
in Mumbai, was monitored by the impaction method. The maximum concentration 
of fungal bio-aerosols was reported in monsoon season, while the minimum concen-
tration in winter season. Moreover, environmental factors, such as relative humidity 
and wind speed, showed positive correlation with culturable aeromycoflora. In 
addition, the prevalent species reported were Aspergillus, Penicillium, Alternaria, 
Curvularia, Trichoderma and Rhizopus [38]. A comparative research of airborne 
microbial burden within the vicinity of two landfill sites in Mumbai was carried out 
by Patil and Kakde [37] as municipal landfills are rich in organic matter and, hence, 
are favourable sites for the growth of microorganisms. The heterotrophic bacterial 
concentration was maximum in monsoon and minimum during summer season. In 
addition, Staphylococci and Actinomycetes concentrations were higher in monsoon 
and minimum during winter season. Moreover, they reported no bacterial-free 
month during their investigation.

5.3.1 Rajasthan

The impact of meteorological factors on the spread of airborne bacteria and fungi 
at Sardar market, Jodhpur, was studied by Naruka and Gaur [170]. Gram-negative 
bacilli were predominant among bacteria, whereas Aspergillus sp. was dominant 
among fungi. In addition, both bacteria and fungi showed significant seasonal 
variations.

In the western part of India, the studies on bio-aerosols were also focused on viable 
fungal and bacterial bio-aerosols based on the sedimentation method, the Rotorod 
air sampler and the six-stage microbial sampler. The research group of Gangamma 
[29] performed many studies on the characteristics of airborne bacterial diversity 
and pro-inflammatory response of particulate matter. However, the unculturable 
part of the bio-aerosols was neglected; hence, there is also still a large gap in scientific 
understanding on bio-aerosols.

5.4 Southern India

5.4.1 Visakhapatnam

Visakhapatnam is the 15th largest city in India and the principal commercial 
hub and tourist place of Andhra Pradesh [171]. Most of the research studies on 
air microbiome were on indoor and outdoor environments of different places of 
Visakhapatnam. Reddy et al. [172] carried out an analysis of air microbiome of a food 
warehouse using gravity Petri plate method. The maximum dominant fungal aero-
sols reported in the five different places of the warehouses were Penicillium, Mucor, 
Rhizopus, Cladosporium, Aspergillus, Alternaria, Trichoderma, Fusarium, Pseudomonas, 
Proteus vulgari and Enterobacter aerogenes. They reported that the strains of Aspergillus 
produce aflatoxin of about 1927.3 μg/kg. However, Mohan et al. [173] analysed the 
indoor microbiological air quality of 30 government schools using Koch’s sedimenta-
tion method. They interpreted that the sources of bacterial aerosols were mostly from 
classroom, toilets and canteen, whereas fungal concentration was high in libraries 
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and classrooms. In addition, Bacillus species, Staphylococcus species, Micrococcus species, 
Pseudomonas species, E. coli and Serratia species were predominant, whereas among 
fungal species Aspergillus, Mucor, Rhizopus, Alternaria, Penicillium and Cladosporium 
were frequent. The indoor and outdoor bacterial concentration of AU High School 
of Chinna Waltair area of Visakhapatnam was evaluated using the Andersen six-
stage cascade sampler [174]. The concentration of bacteria in eosin methylene blue 
(EMB) plates was the lowest, while that in nutrient agar media in both the indoor 
and outdoor environments was the highest. However, relatively high frequencies of 
bacteria were reported in summer season than in rainy and winter seasons. Kumari 
et al. [174] also investigated the indoor and outdoor environments of two private 
and two government schools in Chinna Waltair area by using the Andersen six-stage 
viable impactor. They reported higher bacterial levels in the outdoor environments 
of all the schools as compared to indoor environments. In addition, bacterial species, 
such as Bacillus, Micrococcus and Staphylococcus, were the dominant bacterial genera 
reported. Bomala et al. [171] evaluated both the indoor and outdoor environments 
of public places, such as RTC complex, government school and college buildings, 
by the principle of the Andersen air sampler (five stages) for microbiological con-
tamination in air. They reported that the most significant source of fungal aerosols 
is outdoor environment as well as the soil, water, plant, etc. Moreover, areas affected 
by frequently large human traffic were significantly more microbially contaminated 
compared to the school principal’s room and the university laboratories, which were 
least contaminated as a result of the specific characteristics of the rooms. Recently, 
Lalitha [175] carried out an analysis of bacterial and fungal load in indoor environ-
ment of 25 areas in Visakhapatnam city by the settle plate technique. They interpreted 
that the areas that are rich in vegetation, such as Arilova and Simhachalam, have 
less number of bacterial and fungal loads and placed in green zone. However, places 
such as King George Hospital (KGH), Jagadamba, Daba Gardens and Old town have 
maximum counts and were in red zone. In addition, gram-positive and spore-forming 
bacteria ruled over gram-negative bacteria. Moreover, the reported fungal colonies 
were Cryptococcus sp. (13%), Cladosporium sp. (11%), Penicillium sp. (10%), Alternaria 
sp. (9%) and Rhodotorula sp.

5.4.2 Hyderabad

Hyderabad is the capital of Telangana. In 2013, there was an article in The Times 
of India, making it official that the ambient air of Hyderabad was not suitable for 
breathe (Andhra Pradesh Pollution Control Board report). Aparna et al. [176] car-
ried out an analysis of fungal and pollen bio-aerosols in the ambient air at various 
major junctions of greater Hyderabad area by using the Rotorod sampler. Most of 
the sampling was done in the outer habitats. They reported high concentration of 
Alternaria, Cladosporium and Helminthosporium. However, Mahatma Gandhi bus sta-
tion, Charminar, Uppal and Dilsukhnagar contributed high concentration of fungal 
species, while the lowest value was detected in Kukatpally.

5.4.3 Kerala

Kerala is a south-western state situated at the Malabar Coast of India, which 
experiences monsoon (June-November; 21–30°C), winter (December-February; 
18–33°C) and summer (March-May; 23–37°C) seasons. Jothish and Nayar [177] 
analysed the airborne fungal spores focus in indoor and outside environments of a 
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sawmill in Palakkad district utilising the Burkard private slide sampler. They revealed 
higher spore concentration in the indoor environment than the outdoor environment. 
The dominated airspora were Aspergillus/Penicillium, Cladosporium, Nigrospora and 
Ganoderma, whereas Aspergillus/Penicillium was predominant in the indoor environ-
ment and Cladosporium in the outdoor environment.

The viable bio-aerosols were well studied in the southern part of India; most of 
the sampling was based on the sedimentation method, the Andersen six-stage cascade 
sampler, the Rotorod sampler and the Burkard personal slide sampler. The research 
group of Gunthe also performed extensive studies on fungal and bacterial bio-
aerosols, their identification based on 16S rDNA sequencing as well as the seasonal 
variability of allergenic fungal aerosols and the ice-nucleating bacterial species over 
southern tropical India.

6. Bio-aerosol sampling and characterisation

All kinds of bio-aerosol sampling methods, such as filtration, impaction, 
 impingement, cyclone, gravity sampling and electrostatic precipitation, have been 
developed for the measurement of bio-aerosols. Different types of filter membrane, 
such as glass filter, quartz filter and polytetrafluoroethylene filter of different pore 
sizes, have been widely used for the collection of bio-aerosol samples. In addition, 
different types of cascade impactors have been implemented successfully for the 
measurement of size-segregated bio-aerosols [2]. The culture-based methods, such as 
diverse forms of Polymerase chain response (PCR), actual time PCR (RT-PCR), quan-
titative PCR (qPCR), denaturing gradient gel electrophoresis-PCR (DGGE-PCR), 
restriction fragment length polymorphism (RFLP) and 16S rDNA/rRNA sequencing, 
for the identification of each culturable and non-culturable bacterial and fungal 
bio-aerosols have put the bio-aerosol analysis a promising path to study the variety of 
atmospheric microflora. Moreover, ultraviolet aerodynamic particle sizer (UV-APS) 
[178] and ultraviolet induced fluorescent (UV-LIF) [179] were used for the real-time 
detection of atmospheric bio-aerosols. Recently, Nasrabadi et al. [180] characterised 
airborne live and dead bacteria by using LIVE/DEAD BacLight viability kit together 
with UV-APS.

7. Bio-aerosol characterisation in international perspectives

Considering the international perspectives, the researchers worldwide carried out 
rigorous work on bio-aerosols by using efficient and advanced techniques. However, 
in India, the published literature suggested that most of the work on bio-aerosols is 
based on culture-dependent methods [2, 20, 28, 75, 76, 91, 181, 182] to isolate and 
quantify only viable bacteria and fungus of atmospheric importance, which are a 
fraction of the total microbial diversity of atmosphere. Moreover, most of the iden-
tification of culturable bacterial and fungal aerosols is based on morphology, shape, 
size, specific selected media, staining (gram staining, endospore staining and lacto-
phenol cotton blue staining), biochemical analysis and previously published literature 
[2, 31]. In addition, few researchers followed DNA extraction, PCR, RFLP and 16S 
rDNA/rRNA sequencing for the identification of the culturable bacterial and fungal 
aerosols [2, 20, 76]. However, Gangamma [28] tried to quantify endotoxin concentration 
(EU/m3) in ambient air of specific site, that is municipal wastewater treatment plant 
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in greater Mumbai. Recently, Valsan et al. [181, 182] have used UV-APS and UV-LIS to 
characterise biological aerosols in real time in the southern region of India.

8. Future direction

In India, there is still a substantial lack of information in the field of bio-aerosols; 
hence, the following areas could be deeply studied to mitigate the present situation as 
well as the climate change.

• the diversity of both culturable and non-culturable bacterial and fungal aerosols 
and also endotoxin in different environment

• suitable sampling method to avoid biased data analysis

• pathways for their transmission and their sustainability in atmosphere.

9. Conclusion

In the early nineteenth century, the investigation on bio-aerosols was initiated to 
grasp the prevalence and dispersion of microorganisms and spores in air, which sug-
gested that these were released from the biosphere to atmosphere. Since then, research 
on bio-aerosols and their impact on environment have been going on to improve the 
air quality and, hence, reduce the health risk. Worldwide, various research groups 
have deeply explored the bio-aerosols, their occurrence, transformation, role in 
climate change, interaction and impact on living organisms, agriculture and ecosys-
tem from molecular to global scales until now. Recently, in East Asia, a significant 
number of research papers (on bio-aerosol) have been published. Furthermore, other 
researchers are also involved in intense work on bio-aerosols to understand the science 
and their influence with the meteorological parameters to mitigate the present climatic 
situation. Recent space is the time to merge the prevailing and novel methods of multi-
disciplinary fields, that is atmospheric chemistry, aerobiology and molecular biology 
to acknowledge the long-sought mechanisms of bio-aerosol transport and decay. 
Along with these, bio-aerosols can even be discovered useful as forensic fingerprints.
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Chapter 6

Impacts of the Indoor Air Quality 
on the Health of the Employee  
and Protection against These 
Impacts
Ferdi Tanir and Burak Mete

Abstract

Workplace indoor factors are among the factor which affect the health of workers 
most in all sectors. Another important one of these factors is the air quality of the 
workplace. There are three main groups of workplace indoor pollutants: biological 
ones, chemical ones and particles (non-biological). They were grouped as asbestos, 
biological pollutants, carbon monoxide (CO), carbon dioxide (CO2), formaldehyde/
pressed wooden products, lead (Pb), nitrogen dioxide, (NO2), Radon (Rn), indoor 
particle substances, environmental tobacco smoke, volatile organic compounds 
(VOCs), humidity, odor and wood smoke. The workplace indoor air pollutants 
are among the primary indoor air pollutants with serious effects on health and the 
potential to deteriorate the workers’ health. Healthy indoor air quality is defined as 
the indoor air which does not contain hazardous substances and does not create sense 
of discomfort in at least 80% of the workers in the workplace. Poor indoor may result 
in a variety of health problems, from headache, dizziness and nausea, to asthma, 
cardiovascular diseases, cancer and death.

Keywords: air quality, worker, health effect, prevention, VOCs

1. Introduction

Oxygen is a basic need for the survival of human beings who can stand its  
deficiency only for a certain period of time which is shorter when compared with 
their other needs. Human beings receive oxygen from air through respiration. It is a 
right for them to have clean air around them. Pollution of air have adverse effects on 
the health of living things. The relation between health and air quality has been a fact 
acknowledged since Hippocrates. Indoor environments may pollute the air with the 
outdoor pollutants and indoor pollutants. Indoor air quality is of particular impor-
tance for people who spend 90% of their time in public or private indoors such as 
houses, schools, fitness centers, shopping malls, supermarkets, workplaces and trans-
portation vehicles. The health risks accompanying exposure to indoor air pollution 
can be worse for many people when compared with those of the outdoor air pollution. 
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Unhealthy indoor air may be harmful particularly for risk groups, such as children, 
the elderly or the patients suffering chronic disorders. Workplace indoor air quality is 
equally important for those spending at least 1/3 of their lifetime in workplace [1, 2].

Workplace indoor factors are among the factor which affect the health of workers 
most in all sectors. Another important one of these factors is the air quality of the 
workplace. One of the focal points of occupational health is environmental effect on 
the workers working in the indoors of workplaces, when compared to those working 
in industrial workplaces, such as construction, mining and agricultural workplaces 
which are very dangerous or dangerous. Furthermore, workers working indoors are 
less prepared or experienced against environment risks in comparison to the ones 
working in industrial workplaces. Overview of relevant legislation shows control 
mechanisms used in such workplaces are not sufficient [3]. Workplace indoor air 
quality is an optimal indoor requirement which ensures health, comfort and wellbe-
ing of workers and includes minimum air pollutants. Indoor air quality varies accord-
ing to air temperature, relative humidity, air speed and chemicals at workplace [4]. 
In today’s workplaces, materials, equipment, various cleaning products and chemical 
and particle emissions determine the indoor air quality. Indoor air quality affect 
workers’ health, incidence of occupational accidents, nonattendance and productiv-
ity. For this reason, ensuring that the workplace indoor air quality conforms to the 
norms is of particular importance. Indoor air quality affects workers’ health, emer-
gence of occupational accidents, in attendance and productivity [5]. This article aims 
at shedding light on the adverse effects of workplace indoor air quality on the health 
of workers and also the measures which need to be taken for preventing such effects. 
For this reason, this part covers information on factors deteriorating indoor air pol-
lution, health problems which might develop in workers as a result of the indoor air 
quality, workplace indoor air quality assessment criteria stemming from international 
and national source data, the measures to be taken to protect workers from indoor air 
pollution, indoor air quality and Covid-19.

2. Factors affecting workplace indoor air quality

Indoor air pollutants originating from environment/outdoor environment: 
These are biological factors, industrial pollutants, fire products, ammonia, ozone, 
traffic pollutants such as nitrogen dioxide and particles, radon, methane and 
humidity.

Indoor air pollutants originating from workplace: They were grouped as 
asbestos, biological pollutants, carbon monoxide (CO), carbon dioxide (CO2), 
formaldehyde/pressed wooden products, lead (Pb), nitrogen dioxide, (NO2), Radon 
(Rn), indoor particle substances, environmental tobacco smoke, volatile organic 
compounds (VOCs), humidity, odor and wood smoke [6–8]. Workers working in 
the workplace indoor environment may be exposed to various air pollutants (both 
in gas form and particle form), including organic, inorganic and biological ones. 
The workplace indoor air pollutants are among the primary indoor air pollutants 
with serious effects on health and the potential to deteriorate the workers’ health. 
Indoor air quality is affected by the tobacco and nicotine products, chemicals used 
for cleaning purposes, heating, construction materials and humidity. The pollutants 
in the indoor air can be present in the form of gas or particle and they may cause 
various diseases in the respiration system. The most important indoor air pollutant 
is the smoke of cigarette. The smoke produced by smokers includes many hazardous 
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substances, just like the smoldering cigarette. Most of them are carcinogenic. The 
people who are exposed to this smoke may develop serious diseases, although they 
do not consume these products. All workers are affected by the smoke of cigarette 
consumed in the environment. Limiting the act of smoking to particular rooms would 
not protect other workers. The particles of tobacco products hang in the air for five 
hours. Hookah, warmed up tobacco products and electronic cigarette consumption 
have the same effects on environment and people [6–8]. The construction materials, 
equipment and chemicals present in the workplace deteriorates the indoor air quality. 
There are sources of pollutants which deteriorates the indoor air quality and health 
of workers can be protected only if their effects are eliminated. There are three main 
groups of workplace indoor pollutants: biological ones, chemical ones and particles 
(non-biological):

Biological factors: They may stem from excessive bacteria, virus, fungus, dust 
mite, animal hair, pollen concentrations, insufficient maintenance and cleaning, 
water split, insufficient humidity control, condensation or leakages at the building 
envelope or water leakage caused by flood.

Chemical Factors: Chemical pollutants (gas and vapor), emissions stemming 
from the products used in the building (like floor or walls covering, office equipment, 
furniture, insecticide, cleaning products), accidental spillage of chemicals and prod-
ucts used for construction purposes, adhesives, paints and combustion products such 
as carbon monoxide, formaldehyde and nitrogen dioxide are included in this group.

Particle-associated factors (non-biological): Particles are substances which are 
light enough to hang in the air, in solid or liquid form, and they are non-biological. 
The building may extract dust, dirt or other substances. Particles may be produced 
by activities such as construction, wooden punching, drywall, printing, duplication, 
copying and operation equipment [9].

3. Health problems associated with workplace indoor air pollution

Healthy indoor air quality (IAQ ) is defined as the indoor air which does not 
contain hazardous substances and does not create sense of discomfort in at least 80% 
of the workers in the workplace [8–10]. Poor indoor may result in a variety of health 
problems, from headache, dizziness and nausea, to asthma, cardiovascular diseases, 
cancer and death. The typical effect of some common indoor air pollutants on the 
health and wellbeing of the residents can be seen in Table 1. Poor air quality may also 
have adverse impact on workplace performance, learning at the education/training 
institutions and improvement of health services, in addition to being hazardous in 
terms of health and comfort. The impact of indoor air pollutants on the health of the 
people depends on the concentration of the concerned pollutant, exposure duration, 
age and gender of the people exposed to it. As for the industrial workplaces, most 
of the primary risks are evaluated in terms of use of personal protection equipment 
(PPE), exposure risk and local air conditioning [7–10].

EU-OFFICER research Project showed the association between the indoor chemi-
cals in the office and sick building syndrome-SBS symptoms. The most expressed 
complaints are ocular irritation (dry eyes, watering eyes or itching, burning or 
irritation), headache, lethargy, extraordinary tiredness. The researchers also reported 
that xylene, ethylbenzene, α-pinene, d-limonene, styrene, formaldehyde, acrolein, 
propionaldehyde, hexane and ozone might increase in the incidence of the symptoms. 
They concluded by underlining the need for further research in order to better depict 
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the complicated relationship between IAQ and health interaction symptoms [11]. 
A research conducted on the effects of indoor air quality on the health of workers 
in Middle East showed that the first most affected part of workers’ bodies is their 
respiratory system; the second most affected one is their cardiovascular system, and 
the third most affected one is their visual system [12].

4. Indoor air pollution for health professionals

People living in developed European and American countries are reported to be 
more exposed to airborne substances deriving from indoors where they spend most 
of their time (>90%) causing environmentally associated symptoms that should be 
evaluated by health professionals. However, this percentage is expected to be higher for 
infants and the elderly, chronically ill people and in urban settings [13]. Many pol-
lutants present with higher concentrations indoor than outdoor, especially in case of 
longer and non-intermittent exposure like in the home, workplace and school. It should 
be taken into account that some of the signs and symptoms presented in the text may 
occur only in the case of significant exposures. However, lower or shorter exposures 
with milder or indeterminate symptoms, or atypical presentation (noted in the text) 
in younger aged children render the diagnosis more difficult. The cooperation of the 

Pollutant Impact on health

Carbon monoxide (CO) Carbon monoxide can cause headaches, dizziness, nausea and at very high 
levels, death. Elderly people, pregnant women, young children and people with 
heart disease and lung disease are more sensitive to the adverse effects of carbon 
monoxide.

Formaldehyde Formaldehyde can cause eye, nose and throat irritation and is considered a 
potential human carcinogen.

Nitrogen dioxide (NO2) Exposure to nitrogen dioxide can cause inflammation of the airways, respiratory 
illnesses and possibly increases the risk of lung infections. Young children and 
people with asthma are the most sensitive to NO2. It plays a major role in the 
development of chronic obstructive pulmonary disease in adults which will affect 
more people than heart disease by 2020 (Environmentalist 2012). Long-term 
exposure may also affect lung function and can enhance responses to allergens in 
sensitized individuals.

Odor Odorous discharges are subjective and cause nausea and irritation for some 
people.

Ozone (O3) Ozone exposure can cause asthma, irritation and damage to the eyes, nose and 
airways. Prolonged exposure to high levels may result in damage to the lungs and 
airway linings.

Particulate matter Inhalable particles have been linked with a number of respiratory illnesses, 
including asthma and chronic bronchitis. Long-term exposure to fine particles 
can cause premature death from heart disease and lung disease including cancer. 
Short-term exposure to higher levels of fine particle concentrations have also been 
linked with cardio-vascular problems and increased death rates. Exposure to fine 
particles has also been linked to prevalent anxiety and hypertensive disorders.

Volatile organic 
Compounds (VOCs)

Key symptoms associated with exposure to VOCs include eye irritation, nose and 
throat discomfort, headache and allergic skin reaction.

Table 1. 
Typical health impacts of some common pollutants found indoors.
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individual and the health care professional is essential for the correct diagnosis noting 
clues suggestive of indoor air pollution, like time patterns or location of occurrence by 
the help of a log or diary of symptoms. In the absence of this cooperation, the following 
questions in addition to the medical history may be useful.

• Start, duration and periodicity (diurnal, daily, weekly, seasonally) of symptom 
or complaints.

• Their relation with location under consideration (cessation when away or reoc-
currence when returning)

• The work type, work place, any change including moving or decoration.

• Exposure to environmental tobacco smoke at work, school, home, etc.

• Place of residence including internal change or moving

• Exposure to a new hobby etc., a new pet.

• Similar problem in anybody in close contact at home or work (Table 2).

4.1 Health problems related to environmental tobacco smoke (ETS)

It is the most observed indoor air contaminants. It easily disperses and it is hard 
not be inhaled by workers in the workplace.

Key Signs/Symptoms in Adults; conjunctival irritation, headache, persistent 
cough, wheezing, rhinitis/pharyngitis, nasal congestion, exacerbation of chronic 
respiratory conditions.

Key Signs/Symptoms in Infants and Children; asthma onset, snoring, bronchi-
tis, repeated pneumonia, persistent middle-ear effusion, frequent upper respiratory 
infections and/or episodes of otitis media, increased severity of, or difficulty in 
controlling, asthma.

ETS is also defined as Group A human carcinogen by the U.S. Environmental 
Protection Agency (EPA) and related to three thousand pulmonary cancers per year 
among people who do not smoke in the U.S [14–16]. Among very young children, the inci-
dence of pneumonia, bronchitis, and bronchiolitis is reported to increase two-fold and the 
effects to be proportional with the frequency of smoking and smokers at the home [17].

The odor of ETS can be eliminated by ventilation, but not meaning that health 
risks are also removed as it is not possible to totally remove tobacco smoke [18]. The 
most effective remedy is strict smoking prohibition in the work-place or adapting 
special smoking rooms with separate ventilation to the outside [19].

4.2 Other combustible products causing health problems

Carbon monoxide is an odorless and colorless asphyxiant due to carboxyhemo-
globin (COHb) resulting from CO binding to Hb, impeding oxygen transport.

Nitrogen dioxide (NO) and sulfur dioxide (SO2) particularly irritate ocular, nasal, 
pharyngeal and respiratory tract mucosa. Acute bronchoconstriction by sulfur dioxide 
can be observed in asthma cases or as a hypersensitivity reaction. Continued exposure 
to elevated levels of nitrogen dioxide may result in acute or chronic bronchitis [20].
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Key Signs/Symptoms; nausea/emesis, dizziness, headache, fatigue, ocular and upper 
respiratory tract irritation, tachycardia, chronic cough, confusion wheezing, hypercar-
boxyhemoglobinemia, increased frequency of angina in cardiovascular patients.

Diagnostic Leads

• Types of heating, cooking or similar equipment and used combustion material 
(especially charcoal).

• Similar findings/symptoms among households in heating season.

Signs and 
symptoms

Environmental 
tobacco smoke

Other 
combustion 
products

Biological 
pollutants

Volatile 
organics

Heavy 
metals

Sick 
building 
syndrome

Respiratory

Rhinitis, nasal 
congestion

Yes Yes Yes Yes No Yes

Epistaxis No No No Yes1 No No

Pharyngitis, cough Yes Yes Yes Yes No Yes

Wheezing, 
worsening asthma

Yes Yes No Yes No Yes

Dyspnea Yes2 No Yes No No Yes

Severe lung disease No No No No No Yes3

Other

Conjunctival 
irritation

Yes Yes Yes Yes No Yes

Headache or 
dizziness

Yes Yes Yes Yes Yes Yes

Lethargy, fatigue, 
malaise

No Yes4 Yes5 Yes Yes Yes

Nausea, vomiting, 
anorexia

No Yes4 Yes Yes Yes No

Cognitive 
impairment, 
personality change

No Yes4 No Yes Yes Yes

Rashes No No Yes Yes Yes No

Fever, chills No No Yes6 No Yes No

Tachycardia No Yes4 No No Yes No

Retinal hemorrhage No Yes4 No No No No

Myalgia No No No Yes5 No Yes

Hearing loss No No No Yes No No
1Associated especially with formaldehyde.
2In asthma.
3Hypersensitivity pneumonitis, Legionnaires’ Disease.
4Particularly associated with high CO levels.
5Hypersensitivity pneumonitis, humidifier fever.
6With marked hypersensitivity reactions and Legionnaires’ Disease.

Table 2. 
Diagnostic quick reference.
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• Odor felt during heating or any damage in the equipment, if they undergo 
periodic professional inspection.

Remedial Action.
All equipment should be periodically checked by specialized services, especially 

before each cold season. The ventilation of equipment (including kitchens) is 
required to be connected to the outdoor environment.

Health Problems Caused By Volatile Organic Compounds (VOCs).
Even at room temperature certain solids or liquids may emit VOCs like formal-

dehyde, benzene, perchloroethylene for different length of time. They have been 
observed indoors than outdoors up to 10 times in six locations of the United States as 
reported by the EPA, even where there were petrochemical plants in use [21].

Key Signs/Symptoms; conjunctival irritation, headache, dyspnea, allergic skin 
reaction, nausea, emesis, fatigue, epistaxis (formaldehyde), nose, throat discomfort, 
dizziness, declines in serum cholinesterase levels.

Diagnostic Leads

• Presence and quantity of pressed wood products at the resident.

• Exposure to VOCs at work, home, school.

• Exposure to pesticides, paints, or solvents.

Formaldehyde.
Formaldehyde is a possible human carcinogen (EPA). It may irritate ocular (burning 

or tingling sensations) or respiratory mucosa (dyspnea or wheezing). Formaldehyde 
vapor may result in hypersensitivity reactions including asthmatics [22].

Pesticides.
They are used in daily life as pesticides and harmful when inhaled or exposed to 

their vapors or contaminated dusts. Cephalgia, dizziness, muscular weakness, and 
nausea are the main symptoms. Some of them are considered possible human car-
cinogens [23].

Remedial Action.
A forced ventilation is required when such products are used. Avoid storage of 

opened containers of unused paints etc. at home or workplace and similar materials 
within home or office.

Health Problems Caused By Heavy Metals: Airborne Lead And Mercury Vapor.
Key Signs/Symptoms.
Lead Poisoning.
In Adults; headache, hearing loss, fatigue, weakness, personality changes, gastro-

intestinal discomfort/constipation/anorexia/nausea, tremor, coordination loss.
In Young Children; abdominal pain, irritability, seizures/loss of consciousness, 

ataxia, hyperactivity, reduced attention span, (chronic) learning deficits.
Key Signs/Symptoms of Mercury Poisoning; headache, tachycardia, muscle 

cramps or tremors, acrodynia, intermittent fever, neurological dysfunction, personal-
ity change.

Diagnostic Leads

• Housing or working in old or restored buildings or nearby busy highway or 
industrial area.
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• Working with lead material (automobile radiators, solder etc.)

• Lead poisoning among people in close contact.

• Exposure to mercury in latex paints or in religious or cultural activities

Remedial Action.
The possible lead dust should be cleaned by wet-mopping. Professional interven-

tion should be sought when handling paints containing lead and adequate protective 
gear and good-ventilation provided in work areas.

Health Problems Caused By SICK BUILDING SYNDROME.
Key Signs/Symptoms; headache, dizziness, nausea, sensitivity to odors, lethargy 

or fatigue, mucosal irritation.
Diagnostic Leads

• Temporal ceasing or aggravation of problems in relation to exposure frequency 
to suspected building, or seasonality

• Similar complaints in co-workers or peers.

Remedial Action.
The building, HVAC systems or possible conditions should be investigated and 

examined appropriately.

4.3 Health problems caused by two long-term risks: asbestos and radon

Asbestos and radon are among the most publicized indoor air pollutants. Both are 
known as carcinogens. Their carcinogenic effects are not immediate after prolonged 
exposure.

Asbestos.
Materials containing asbestos can lose its integrity with time releasing microscopic 

fibers into the environment. If they remain present in the lungs for many decades as in 
the case of heavy occupational exposure, they may lead to asbestos-caused pulmonary 
fibrosis, pulmonary, pleural or peritoneal (including gastrointestinal) carcinoma, or 
mesothelioma [24].

Radon.

• Radon is a naturally occurring radioactive gas resulting from the decay of 
radium, itself a decay product of uranium, follows smoking for causing pulmo-
nary malignancies due to the emitted alpha-particles during the decay. It has no 
odor, color, and taste. Tobacco smoke has a synergistic effect to radon exposure 
putting smokers and ex-smokers in increased risk.

4.4  Health problems caused by animal dander, molds, dust mites, other 
biologicals

Every home, school, and workplace are subject to biological air pollutants. Some 
reside outdoor or in human (viruses and bacteria), some in animals or insects (aller-
gens), and some indoor and in water reservoirs (fungi and bacteria), such as humidifi-
ers. High relative humidity is the most important factor contributing to the growth and 
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dissemination of biological agents like house-dust mite populations or fungal growth 
on damp surfaces. They may cause infections by invading human tissues; hypersensi-
tivity by activating the immune system; and toxicosis by direct effects of toxins [25].

Key Signs/Symptoms; rhinitis, dyspnea, cough, chest tightness, recurrent fever, 
recognized infectious disease, malaise, conjunctival inflammation, exacerbation of 
asthma.

Diagnostic Leads.
Infectious disease:

• Mounting evidence regarding the workplace, home, etc. as a source place (although 
very difficult) like presence of a reservoir or disseminator of biologicals

• Evidence of mold growth (visible growth or odors)?

Hypersensitivity disease:

• Relative humidity consistently above 50%.

• Presence of humidifiers or other water-spray systems, proper maintenance.

• History of flooding or leaks or other sources of surface wetting.

• Pets, cockroaches or rodents in the place.

Toxicosis and/or irritation:

• Appropriate ventilation with fresh air.

• Relative humidity consistently above 50% or below 30%.

• Presence of humidifiers or other water-spray systems.

• Evidence of mold growth (visible growth or odors)?

• Presence of bacterial odors (fishy or locker-room smells)?

Remedial Action

• Adequate outdoor air ventilation.

• Cleaning of water reservoirs and chlorination of potable water systems

• Repairing of leaks and seepage.

• Keeping relative humidity below 50%

• Controlling exposure to pets.

• Regular vacuuming of carpets and furniture.
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• Covering of mattresses. Washing in hot water (>54.4°C to kill dust mites in soft 
materials)

Distinguishing whether indoor air pollution originates from the home or workplace.
Some information may help to determine the presence of an indoor air quality 

problem at workplace:

• Symptoms observed to occur at workplace and to disappear when leaving the 
workplace, their temporal or locality pattern (day, season or location at work)

• Similar complaint in co-workers.

• Any diagnosis related to IAQ by a physician [26].

5. Criteria for workplace indoor air quality

There are some international guiding principles set for indoor air quality. The 
recommended guidelines define indoor air quality issues with legal standards. These 
guidelines are prepared and updated by professionals. There is limited information 
in the World, particularly on concentration guidelines and standards proposed for 
indoor air pollutants. Only in the United Kingdom and USA, there are concentration 
guidelines and standards proposed for indoor air pollutants.

• World Health Organization: WHO issued various guidelines aiming at protecting 
the public health from risks arising from some indoor pollutants such as benzene, 
carbon monoxide, formaldehyde, nitrogen dioxide, polycyclic aromatic hydro-
carbon (PAH), benzo [α] pyrene, radon, trichloroethylene, tetrachloroethylene. 
Reference values offer basic information allowing assessor to decide whether 
lifelong exposure to these pollutants or exposure to them for a certain approximate 
period of time impose a significant risk for the health and wellbeing of people [7].

• Committee on the Medical Effects of Air Pollutants (COMEAP) issued “Report on 
the Impact of Air Pollution on Health for public institutions and agencies. It deter-
mined allowed amounts of indoor air pollutants (COMEAP-2004); formaldehyde, 
benzene, PAHs (as the equivalent of benzo[α]piren), NO2 ve CO for indoors. Air 
Quality Strategy for England, Wales and Northern Ireland (DETR, 2000; Defra, 
2007) sets out policies for the management of indoor air quality. These include air 
quality targets for ten basic air pollutants for protecting the health of people and the 
environment, without bearing unacceptable “economic and social costs. These are 
Particles (PM10 and PM2.5), NO2, O3, Sulfur dioxide (SO2), PAHs, benzene, 1,3 buta-
diene, carbon monoxide (CO) and lead. Health and Safety Executive (HSE) supports 
the regulatory framework for the workplace health and safety in England, Wales and 
Scotland, in line with the Occupational Health and Safety Law (HSE, 1974).

• Regulation on Control of Substances Hazardous on Health 2002 (HSE, 2002) set 
out Official Workplace Exposure Limits (WELs) for 500 substances which are 
listed in the EH40 document (HSE, 2011 and the following revisions), as an action 
against specific pollutants. These limits include maximum concentrations for short 
term (15 minutes) and long term (8 hours) exposure in any period of 24 hours. 
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Although it is mostly related about indoor emissions, exposure limits determine 
the indoor values which should not be exceeded, no matter what the source is. HSE 
does not set limits for continuous (24 hours) exposure. For this reason, WELs are 
not considered as safe concentrations for periods longer than those specified [7].

• A research conducted in Europe in 2005 collected formaldehyde, CO, NO2, 
benzene and naphthalene under “Group 1: High Risk Chemicals”, as they can form 
in high concentration and impose a significant risk for the health of residents of 
the building (INDEKS, 2005). “Group 2” included acetaldehyde, toluene, xylene, 
styrene as the chemicals of second highest risk. These compounds may occur in 
high concentrations in indoors, but they require less urgent action under risk man-
agement practice [7]. Leading institutions regulating the national official rules 
are American Conference of Governmental Industrial Hygienists (ACGIH) and 
American Society of Heating and Air-Conditioning Engineers (ASHRAE) [8–10].

The focus point of EPA air quality is to protect the human health against outdoor 
air. The objective of this Standard is to control emissions of six pollutants during the 
release of large amounts of vehicle exhaust gas and industrial waste. These standards 
can be used for the indoor air quality researches as outdoor air quality offer potential 
contribution to the indoor exposure (Table 3) [8–10].

OSHA claims that it has jurisdiction in all workplace environments. These 
standards are concerned about indoor air quality at office buildings, industrial 
and construction workplaces. However, OSHA standards have limitations in terms 
of knowledge of pollutants and limited exposure limits, as OSHA’s standards are 
based on old limits issued by ACGIH in 1968. Original OSA exposure limits were 
developed out of ACGIH recommendations dated 1968. Up to now, only limits 
for some chemical pollutants (for example, asbestos and benzene) have been 
updated. For this reason, general tendency of industrial hygienists to prefer ACGIH 
Instructions to OSHA limits. Although backed up by federal laws, OSHA limits are 
rarely exceeded in office environments where one or more pollutant substances are 
correctly defined. The complicated nature of the indoor air quality is not supported 
by the OSHA limits [8–10].

Indoor air pollutants Permissible concentrations

Carbon monoxide (CO) < 9 ppm

Carbon dioxide (CO2) < 800 ppm

Mold Indoor and outdoor values should be the same

Formaldehyde (CH2O) < 20 μg/m3*

Total volatile organic compounds (VOC) < 200 μg/m3*

4-Phenyl Cyclohexane (4-PC) < 3 μg/m3

Total particles (PM) < 20 μg/m3

Regular pollutants < National indoor standard

Other pollutants < 5% of the limit value

*Above outdoor air concentrations.

Table 3. 
EPA maximum indoor air standards.
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ACGIH is a professional institution which revises and recommends user manuals 
used for evaluation of Professional workplace exposure by industrial hygienists every 
year. There are approximately 400 chemicals that are listed with exposure limits of 
15 minutes and 8 hours. These directives were prepared to treat the workplace expo-
sure. Professional exposure is generally limited with a period of 8 hour exposure for 
healthy individuals aged between 18 and 65. For this reason, ACGIH exposure rules 
do not apply for house exposure for which exposure parameters are different [7–10].

ASHRAE issued a revised mechanical ventilation standard namely “Ventilation 
for Acceptable Indoor Air Quality Standard” in 1981. ASHRAE developed consensus 
principles for the indoor air quality in public buildings. The Standard aims at “stat-
ing minimum ventilation rates and indoor air quality”. Health effects and acceptable 
exposure limits are based on specific authorized people and their recommendations. 
For this reason, ASRAE Standard “Ventilation for Acceptable Indoor Air Quality” has 
become the guideline which is most widely used for the evaluation of indoor air qual-
ity in commercial facilities and enterprises. ASHRAE previously issued Standard 62 
which is a ventilation standard. This Standard was revised a few times in the following 
years. The amount of fresh air was specified for smokers and non-smokers separately 
in 1981. This value was 2,5 L/s foreseen for non-smokers and 10 L/s for smokers, 
which is four times higher than the one for nonsmokers. Cigarette monopolies 
prevented the recognition of this Standard by American National Standards Institute 
(ANSI) and its integration to the building regulations, by conducting intensive propa-
gandas. Application of this Standard will increase the ventilation cost by four times in 
the buildings where smokers work. In 1989, the acceptable fresh air was accepted to be 
the amount for which 80% of the people did not express dissatisfaction. The dissatis-
faction rate was increased to 20% of the people in the place.

ASHRAE’s Standard numbered 1989–2062 introduced the limit of 1000 ppm 
carbon dioxide for office workers. OHSA in USA defined a limit of 5000 ppm, on the 
condition that it does not exceed 40 hours a week. ASHRAE’s Standard 62 recognized 
that carbon dioxide is not a pollutant by itself, but it is one of the indicators of air pol-
luted by people. This CO2 amount was 280 ppm before the industrial revolution and 
it has been continuously increasing due to the combustion of fossil fuel. As a result, 
global warming caused by greenhouse effect has become a very important public 
problem. The rate of carbon dioxide in today’s air is around 390 ppm and it increases 
by 2 ppm every year [8–12]. Workplace Exposure Limits (WELs) apply to healthy 
people who are at working age and directly exposed to pollutants at their workplaces. 
Generally lower exposure limits are imposed for people who are not healthy or of 
working age or those who are older than the working age. These lower limits apply 
even if a person is exposed to a pollutant for a period which is significantly longer 
than 8 hours or even if the work activities do not directly include pollutant [7–10]. 
Attention should be paid to the selection of air quality standards applicable to a 
particular workplace during the selection of the most appropriate air quality standard 
and guideline. In schools and hospitals which are open to public Access, imposition of 
the targets set by the World Health Organization’s guidelines and the targets intro-
duced by the United Kingdom Air Quality Strategy are more appropriate. As for the 
industrial environments, Health and Safety Executive (HSE) and Workplace Exposure 
Limits (WELs) are most appropriate (HSE, 2011) [8, 27]. HSE WELS defines official 
exposure limits for physically healthy people who are exposed for a nominal period of 
eight hours a day, five day a week in industrial workplaces. For this reason, the elderly, 
the young and the disabled who are sensitive to some pollutants should be excluded, 
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when the limits are determined. The people who work in the office environment 
including the ones who are physically less in form and talented, represent a wider 
proportion of society, when compared to the workers in the industrial environments. 
Furthermore, workers may not be aware of the fact that they are exposed to a pollut-
ant, if they are not in contact with it as a direct part of the work they perform, and 
thus they may not take any measure to protect themselves. Her Majesty’s Inspectorate 
of Pollution (MHIP) recommended that a part of the guidelines given in HSE WELs 
for the exposure of the general society (1993). In the light of this, it is more appropri-
ate to apply lower outdoor air quality guidelines set by the World Health Organization 
and United Kingdom Air Quality Strategy (Defra 2007) for exposure of the general 
population also for the indoor environments. The limits determined by HMIP (1993) 
may be used for the pollutants which do not fall under this scope [8–12, 28].

6. Protection from indoor air pollution at workplaces

An employer should use a systematic approach is needed when treating the air 
quality at the workplace. The systematic approach to indoor air quality (IAQ ) com-
prise commitment of the management, training, participation of employees, hazard 
definition, control and program inspection. A management coordinator needs to be 
assigned for IAQ and a management plan needs to be developed.

7. IAQ control methods

There are three main control methods used to decrease the concentration of the 
indoor air pollutants:

1. Source Management

It includes eliminating the pollutant or replacement of pollutant with a less hazard-
ous one. It is the most effective control method in practice. For example, an employ-
er may install temporary barriers in order to prevent pollutants during construction 
activity or impose negative pressure on the field in Ref. to the adjacent fields.

2. Engineering Controls

A. Local exhaust: Use of local exhaust, such as shading and fume hood are effec-
tive in eliminating pollutants which are very concentrated.

B. General ventilation: When designed, operated, maintained properly, general 
ventilation is a measure which control air pollutants of normal amount. A well 
designed and operating HVAC system ensures comfort, by controlling tem-
perature and relative humidity levels, distributes the amount of air sufficient 
to meet the needs of ventilation for the building habitants and alleviate and 
eliminates odors and other pollutants.

C. Air cleaning: Firstly, it requires elimination of particles in the air when they 
pass through HVAC equipment. Generally, HVAC system filtering is used to 
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keep the dirt away from adjustable surfaces during the process of ensuring 
heat transfer effectiveness.

3. Management Controls

A. Working Chart: Managers may significantly decrease the amount of exposure 
to pollutants in their respective buildings, by using charts. For example, they 
can take the following actions:

1. Eliminate or decrease the duration in which one worker is exposed to a  
pollutant (in other words, programming the maintenance or cleaning 
work in the absence of inhabitants)

2. Decrease the amount of chemical substances used by workers or used 
near to workers (limit the amount of chemicals used by workers for 
maintenance or cleaning activities during the activity).

3. Control the place where the chemicals are used (conduct maintenance 
on moving equipment in a maintenance workshop or place equipment- 
printers, copy machines to a separate room).

B. Training: It is important to give IAQ training to workers. Workers need to 
informed about the sources and effects of pollutants under their control and 
smooth operation of ventilation system. Employers can make warnings and/or 
take measures to decrease personal exposure.

Cleaning: Cleaning practices should contain preventing entry of dirt to the 
environment (using walking doormats), cleaning it when it enters the workplace, 
discharging the litter, storing the food properly and using minimum amount of  
cleaning products [7–9, 29].

8. Indoor air and coronavirus (COVID-19)

COVID-19 spreads through particles and droplets in the air. Individuals infected 
by COVID may release particles and droplets of inspiration liquids containing SARS 
CoV-2 virus to the air (by breathing, talking, singing, exercising, coughing and 
sneezing). Droplets- particles may continue to disseminate and accumulate indoors of 
workplaces. Infection may happen in case of inhaling the COVID-19 virus from air in 
a distance shorter than six feet. The particles from an infected person may move along 
all room or closed area. The particles may hang in the air for hours even after the 
person leaves the room. A worker may be exposed to it, if respiration liquids directly 
jump to the mucosa membrane and if it is sprayed on him or her. The following cases 
may increase the infection risk:

a. Spending time indoors where the amount of outdoor air and ventilation is poor

b. Performing activities which increases emission of respiration liquids, such as 
talking loudly, singing, exercising

c. Long term exposure (longer than a few minutes)
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d. Spending time in crowded areas (especially without proper mask  
protection).

Measures to decrease the infection potential of COVID-19:

1. Layout, design of a building, occupancy state, heating, ventilation and acclima-
tization (HVAC) system may affect the spread potential of virus through air. 
Although improvements made on ventilation and air cleaning do not alone elimi-
nate of risk of spread for the SARS-CoV-2 virus, EPA recommends that physical 
distance should be maintained and ventilation should be improved by using 
outdoor air and air filtering, as the important components of a strategy which 
includes hygiene and clothing.

2. Cloth masks, face guards or masks should be used. Attention should be paid to sur-
face cleaning, hand washing, disinfection, personal and environment hygiene [8, 30].

9. Conclusion

• WHO/ILO Joint Estimates of the Work-related Burden of Disease and Injury 
(2000–2016: Global Monitoring Report) revealed that approximately 450.000 
workers’ deaths were associated with air pollution (particle substances, gas, 
smoke, etc.). This association was reported to be the second most important 
factor which comes after the factor of working for long hours among the risk fac-
tors causing death of workers. Workplace indoor air pollution can significantly 
increase the health risks of workers, including asthma, allergenic reactions, lung 
cancer and death as a result of occupational accident [1, 29].

• 1989 EPA Report showed that improved indoor air quality may result in higher 
productivity and less working day loss. EPA stated that the poor indoor air qual-
ity may bring a cost of tens of million dollars to the respective country, employer 
and the enterprise every year, due to the loss of productivity and medical care 
cost [8].

• Further research is needed to detect new indoor pollutants which are increas-
ing in number and control their effects. Lifelong awareness, elimination of 
potential indoor hazards, increased awareness of health service providers and 
professionals are reported to be important to encourage long term lung health 
and wellbeing [1].

• Indoor air quality can be defined as an optimal indoor requirement specifying 
the possible minimum amount of air pollutants to ensure the health, comfort and 
wellbeing of majority of the workers in any closed workplace, at any given time. 
Temperature at the workplace depends on relative humidity and flow of air in 
industry. In addition, indoor air at industrial facilities is associated with the tech-
nological processes conducted and contents of the chemicals used. Workplace 
risk assessment is a means which helps creation of a safer environment and it 
is a process allowing determination of potential adverse effects imposed on the 
health of workers. The obligation to determine risk assessments which are both 
correct and simple led to the development of approaches to asses and control 
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risks, including COSHH (Control of Substances Hazardous to Health) and 
“Chemical Control Kit” designed to assess chemical risks. Enterprises developed 
Process Route Healthiness Index (PRHI) to analyze new processes which are not 
yet in implementation [3].

• It was seen that some people had health symptoms although concentrations of 
indoor air pollutants are below the indoor air quality guidelines. For this reason, 
further research is needed to better understand and explain the complicated 
relationships between IAQ and health symptoms [11].

• A multidisciplinary team comprising experts of occupational medicine, IAQ, 
building physics and toxicology is recommended for evaluation and management 
of IAQ problems [5].

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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