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Preface

We often fail to acknowledge that knowledge is multiplicative, and technologies 
are synergistic. Humankind is far more innovative than we give it credit. Over 
the past hundred years, generation after generation has witnessed the appearance 
of innovative technologies. At first, we were shocked, and then we barely notice 
the global changes in our environment. Advances in the field of environmental 
health taught us much about human health hazards. In that respect, environmental 
health and the natural environment requires us to redefine our approach, at the 
same time readiness to engage in a multiplicity of approaches.

The present book examines the issues of potential risk (e.g., environmental 
contaminants, climate, and seasonal changes benefits of decomposition process 
on the soil also discussing collective defense, universal vulnerability, and global 
responsibility that can build a safer future for the humanity). We intended 
to present thoughts, processes, and techniques to convey environmental risks and 
susceptibility, make public the comprehensive interactions between nature and 
human pursuits.

The first two chapters evaluate global challenges of climate change in the Eastern 
region of Indonesia and Nigeria. Particularly its health risks, discomfort for 
urban and rural communities, emphasizing governmental responsibility to raise 
awareness, following necessary steps, especially for the most vulnerable social 
groups. The third and the forth chapters deal with environmental contaminants 
that play a crucial role in the transmission of pathogens. The chapters examine 
the structure of sanitation (i.e., methods, stages of disinfection, environmental 
factors) that influence the effectiveness of disinfection, addressing nonmonotonic 
dose-response relationships (hormesis). Also, the authors attempted to quantify 
the relationship between exposure of heavy metals on the organism via the 
atmosphere, hydrosphere, and pedosphere.

The fifth chapter looks into specific environmental substances such as asbestos 
fibers and silica particles that yield various health issues. This chapter summarizes 
the effect of those substances on the human immune system and outlines future 
direction in the research and practice. The sixth chapter emphasizes a holistic 
approach to the most common health issues of our civilization.

They were focusing on collective defense, universal vulnerability, and global 
solidarity, where the international public health action can build a safer future for 
humanity. The seventh chapter looks into seasonal changes of soil microbial biomass, 
and soil organic carbon in the karst ecosystem. The author of this chapter presents 
the most important factors of soil quality and health factors managing soil carbon 
in forest soils and provides us with how seasonal changes affect soil organic carbon 
and microbial biomass carbon. The eighth chapter describes sugar industry wastes 
as an organic plant material that returns to the soil and, through the decomposition 
process, provides nutrients and habitat to organisms living in the soil and, at the 
same time, binds soil particles and improves the water holding capacity of the soil. 
The last chapter looks into the impact of automobile and automobile transportation 
and its detrimental effect on the environment and public health in Nigeria.
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Despite all the negative impacts on the environment, we have to be aware that a 
fresh wave of technological innovation is amplifying our understanding of complex 
environmental challenges and thus giving us new means to solve them. New 
technologies should help us (countries, companies, and citizens) to see problems, 
identify opportunities, and measure progress; proving that technology can help 
us save the planet. But more than anything, we must learn to value our nature. 
On this road we have to change how we grow, buy and choose what to eat. The 
fundamental question is whether new technologies have the potential to shift the 
current model to a more advanced system that could leave producers, consumers, 
and the planet better off. Ultimately, the positive changes in our lifestyle will benefit 
not only the individual, but also the community, society in which we live, our near 
and distant environment, and therefore the planet as a whole.

Dr. Ivan Uher
Pavol Jozef Šafárik University,

Košice, Slovakia
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Chapter 1

Effects of Climate Change on City 
Life: Case Study in the City of 
Ambon, Indonesia East Region
Gun Mardiatmoko and Jan Wilem Hatulesila

Abstract

It is no stranger that the diminishing amount of forest land to become non-
forested in the world has changed the microclimate in almost all urban and rural 
areas. Thus it globally has triggered climate change. The influence of forests or 
vegetated areas on climate, especially the microclimate and mesoclimate, is impor-
tant. The disrupted microclimate will cause anomalies in elements of the microcli-
mate such as rainfall, air temperature, relative humidity, solar radiation, wind, etc. 
Microclimate changes will affect the presence of forests in the region because plants 
have a large dependence on climate and weather conditions. The impact of climate 
change that is beginning to be seen and felt today has caused discomfort for urban 
and rural communities. The aim of this present paper is to investigate the comfort 
level of the population and the availability of green open space (GOS) in Ambon 
City, Maluku Province, Indonesia. The city of Ambon turned out to provide less 
comfort for residents who live there. Extreme rainfall has triggered the occurrence 
of flooding and has been detrimental to city residents, especially during the rainy 
season. On the contrary, very hot weather in the dry season has made city residents 
uncomfortable. This situation was triggered by the expansion of settlement con-
struction in protected forest areas as a result of humanitarian riots that occurred in 
years 1999–2002, limited GOS, and the effects of climate change.

Keywords: extreme rainfall, flooding, microclimate, green open spaces, NDVI, GIS

1. Introduction

It is no stranger that forest areas and other vegetation areas are balancing 
components of various cycles in nature, including for circulation of climate and 
local-scale weather. Utomo argues that climate is a generalization of various weather 
conditions in a large area in a long time. Climates always change according to space 
and time. Based on certain timescale, climate change will form a particular pattern 
or cycle, daily, seasonal, annual, and several yearly cycles [1]. In addition to changes 
in patterned cycles, human activity causes climate patterns to change sustainably, 
both on a global and local scale. Forests regulate the temperature of the earth and 
weather patterns which are carried out by storing large amounts of carbon and 
water. This function as regulator also has a huge influence on the local climate. The 
role of forests as a regulator of the microclimate in the surrounding environment is 
very important [2]. Of course the different conditions of the forest in an area have 
different capabilities in regulating the microclimate in the forest environment, for 

XIV
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example, air temperature, air humidity, reception of sunlight, and deficit of water 
vapor pressure. In general, the microclimate that arises is caused by the existence 
of various differences from the weather and climate conditions which are quite 
large, especially the physical properties of the atmosphere. Air temperature near 
the surface of the ground is strongly influenced by the amount of solar radiation 
absorbed by the surface of the soil itself. Some of the radiation received by the soil 
surface during the day is used to heat and propagate to deeper parts, and some of it 
is irradiated in the form of heat waves that heat the air and evaporate water. Short 
energy solar radiation that propagates into the soil is converted into heat energy in 
the soil which will affect the temperature of the soil.

The influence of forests on climate is very important with increasing forest area 
and forest stand density. At first the forest compiler vegetation was only affected 
by microclimate, but later it was gradually influenced by the macroclimate and 
mesoclimate. Climate elements that affect the growth of vegetation include rainfall, 
temperature, wind, sunlight, humidity, and evapotranspiration. In other words 
there is a close relationship between climate patterns and the distribution of forest 
stands. Therefore some climate classifications are based on the world of vegetation. 
Vegetation has been seen as something sensitive and complex to climate influences, 
such as solar radiation, heating of soil and air, soil and air humidity, and so on. 
Seeing the close relationship between forests and climate, the increasing number of 
forest areas that have been converted into non-forest areas resulting in degradation 
and deforestation in almost all parts of the world has triggered climate change. The 
impact of this climate change has caused human misery both in urban and rural 
areas. This paper intends to describe a city whose population is uncomfortable 
due to the many natural disasters that occur because of the illegal settlements of 
protected forest areas in the center of Ambon Island. Besides that, it is also due to 
the limited GOS in the city. This happened because of conflicts in the nuances of the 
tribe, religion, and race (TRR) that occurred in years 1999–2002.

2. Methodology

This research uses survey and descriptive methods. The study was conducted in 
Ambon City, Maluku Province, Indonesia. Ambon City or Ambonese is a big city 
and also the capital of Maluku Province with a land area of 359.45 km2 and a sea 
area of 17.55 km2 with a coastline length of 98 Km. At present, “Ambon Manise” 
has become a more advanced city and is regarded as an international city in Eastern 
Indonesia. The administrative area of Ambon City is 377 km2 or 2/5 of the area of 
Ambon Island. Geographically, Ambon City is located 3o 34‘ 8.40 “–3o 47’ 42.00” 
south latitude and 128o 1′ 33.60 “–128o 18’ 3.60” east longitude. Geographically, this 
city on Ambon Island is surrounded by the sea. This causes Ambon City to have 
two seasons, namely, tropical climate and seasonal climate. The location of Ambon 
City is bordered by the Banda Sea on the south, the Central Maluku Regency on 
the east (Lease Islands), the land of Hila-Leihitu and Kaitetu-Leihitu on the west, 
and Salahutu District, Central Maluku, on the north. At present, Ambon City is 
divided into five sub-districts, Nusaniwe, Sirimau, Teluk Ambon, Teluk Baguala, 
and Leitimur Selatan, which are divided into 50 villages. The area of the study 
covers three administrative villages, namely, Honipopu Village, Ahusen Village, and 
Uritetu Village, with an area of 1,115,900 m2 or 111.6 ha. This location is the entire 
GOS area of the Ambon City.

To find out rainfall patterns and climate information in Ambon City, it was con-
ducted by collecting various climate data, i.e., humidity, precipitation, wind, tem-
perature, etc., and the history of natural disasters in Ambon City. Based on everyday 
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experience, if we are in a vegetated area, it will feel cooler and more comfortable. 
This is especially felt during the daytime during the dry season. This is closely related 
to air humidity and air temperature conditions around us. In this regard, to analyze 
the distribution of humidity, air temperature, and its relation to a fairly extensive 
urban vegetation distribution, spatial analysis on the geographical information 
system (GIS) can be used. Besides that, the normalized difference vegetation index 
(NDVI) approach is also used to monitor vegetated areas. NDVI quantifies vegeta-
tion by measuring the difference between near-infrared (NIR) (which vegetation 
strongly reflects) and red light (which vegetation absorbs) [3]. Remote sensing and 
GIS technology have advanced rapidly in recent decades and now play an important 
role in environmental fields, i.e., climate science, biodiversity conservation, forestry, 
urban–rural planning, land and water management, etc. Thus spatial data is becom-
ing increasingly accessible and used by various governments and research institu-
tions, private businesses, consulting companies, and others.

The distribution of vegetation in Ambon City is obtained by the NDVI value 
approach. The vegetation index value is calculated as the measured reflection 
ratio of the red (R) and near-infrared (NIR) bands on the electromagnetic wave 
spectrum. Both of these bands were chosen as vegetation index parameters because 
the measurement results were most affected by the absorption of leaf chlorophyll 
or green vegetation. In general the NDVI formula is written with the following 
equation:

  NDVI   =    (NIR − R)  /  (NIR + R)   (1)

where NIR is near-infrared and R is infrared. NDVI is classified into four classes 
of greenness level as presented in Table 1.

Through the NDVI distribution map, a ground check was then carried out. 
Locations selected, for example, are determined considering places that have high, 
medium, and low NDVI values and are not vegetated. In this case, nine sample 
points are set to take observational data in the field which include the distribution 
of vegetation (grass and trees), air temperature, air humidity, solar radiation, and 
noise that are evenly distributed in urban areas. The location mapping activity was 
carried out directly on the green lane along the road and the city park area in the 
corner of Ambon City spatial planning, and the distribution of the stand inven-
tory lane was adjusted to the potential of plant species to facilitate recording and 
measurement. Vegetation mapping in open green areas in the spatial layout is done 
by GIS using ArcGIS 10.1 software. The collection of vegetation (grass and trees) 
plot points is carried out using global positioning system (GPS). Landsat ETM-8 
imagery is processed using ENVI 4.7 and MAPINFO 10.5 software for merging 
image data bands. To find out the value of DI in this study, use the formula of DI [5] 
as follows:

  DI   =   Ta–0.55  (1–0.01 RH)   (Ta–14.5)   (2)

where DI is the value of discomfort index, Ta is the air temperature, and RH is 
the relative humidity (%). DI is classified into six discomfort classes as presented in 
Table 2.

Based on the discomfort value in Table 2, three discomfort distribution maps 
are made, each of which includes six discomfort classes for Ambon city at 09:00–
12:00 pm and 16:00 pm. Ground check is carried out in nine sampling locations 
by observing the discomfort distribution map created. The interview activities 
were carried out to 150 respondents or 150 head of families aged between 30 and 
60 years at the sampling location. The aim is to see representation in capturing 
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the east (Lease Islands), the land of Hila-Leihitu and Kaitetu-Leihitu on the west, 
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Uritetu Village, with an area of 1,115,900 m2 or 111.6 ha. This location is the entire 
GOS area of the Ambon City.

To find out rainfall patterns and climate information in Ambon City, it was con-
ducted by collecting various climate data, i.e., humidity, precipitation, wind, tem-
perature, etc., and the history of natural disasters in Ambon City. Based on everyday 
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experience, if we are in a vegetated area, it will feel cooler and more comfortable. 
This is especially felt during the daytime during the dry season. This is closely related 
to air humidity and air temperature conditions around us. In this regard, to analyze 
the distribution of humidity, air temperature, and its relation to a fairly extensive 
urban vegetation distribution, spatial analysis on the geographical information 
system (GIS) can be used. Besides that, the normalized difference vegetation index 
(NDVI) approach is also used to monitor vegetated areas. NDVI quantifies vegeta-
tion by measuring the difference between near-infrared (NIR) (which vegetation 
strongly reflects) and red light (which vegetation absorbs) [3]. Remote sensing and 
GIS technology have advanced rapidly in recent decades and now play an important 
role in environmental fields, i.e., climate science, biodiversity conservation, forestry, 
urban–rural planning, land and water management, etc. Thus spatial data is becom-
ing increasingly accessible and used by various governments and research institu-
tions, private businesses, consulting companies, and others.

The distribution of vegetation in Ambon City is obtained by the NDVI value 
approach. The vegetation index value is calculated as the measured reflection 
ratio of the red (R) and near-infrared (NIR) bands on the electromagnetic wave 
spectrum. Both of these bands were chosen as vegetation index parameters because 
the measurement results were most affected by the absorption of leaf chlorophyll 
or green vegetation. In general the NDVI formula is written with the following 
equation:

  NDVI   =    (NIR − R)  /  (NIR + R)   (1)

where NIR is near-infrared and R is infrared. NDVI is classified into four classes 
of greenness level as presented in Table 1.

Through the NDVI distribution map, a ground check was then carried out. 
Locations selected, for example, are determined considering places that have high, 
medium, and low NDVI values and are not vegetated. In this case, nine sample 
points are set to take observational data in the field which include the distribution 
of vegetation (grass and trees), air temperature, air humidity, solar radiation, and 
noise that are evenly distributed in urban areas. The location mapping activity was 
carried out directly on the green lane along the road and the city park area in the 
corner of Ambon City spatial planning, and the distribution of the stand inven-
tory lane was adjusted to the potential of plant species to facilitate recording and 
measurement. Vegetation mapping in open green areas in the spatial layout is done 
by GIS using ArcGIS 10.1 software. The collection of vegetation (grass and trees) 
plot points is carried out using global positioning system (GPS). Landsat ETM-8 
imagery is processed using ENVI 4.7 and MAPINFO 10.5 software for merging 
image data bands. To find out the value of DI in this study, use the formula of DI [5] 
as follows:

  DI   =   Ta–0.55  (1–0.01 RH)   (Ta–14.5)   (2)

where DI is the value of discomfort index, Ta is the air temperature, and RH is 
the relative humidity (%). DI is classified into six discomfort classes as presented in 
Table 2.

Based on the discomfort value in Table 2, three discomfort distribution maps 
are made, each of which includes six discomfort classes for Ambon city at 09:00–
12:00 pm and 16:00 pm. Ground check is carried out in nine sampling locations 
by observing the discomfort distribution map created. The interview activities 
were carried out to 150 respondents or 150 head of families aged between 30 and 
60 years at the sampling location. The aim is to see representation in capturing 
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information and data on population comfort levels related to the existence of GOS 
in Ambon City. The next step is to overlay the NDVI distribution map with the three 
discomfort distribution maps. Thus three new maps were obtained, i.e., the NDVI 
distribution index map and discomfort in Ambon City at 09:00–12:00 pm and 
16:00 pm.

3. Results and discussion

3.1 Rainfall and extreme distribution of rainfall and flooding in Ambon City

The climate in Ambon City is classified as a tropical climate with significant 
rainfall with precipitation even during the driest month. The climate here is classi-
fied as Af based on the Köppen-Geiger system. The average rainfall is 3392 mm, and 
the average temperature in Ambon City reaches 26.5°C. The lowest average precipi-
tation in November is 103 mm, while the highest is 622 mm in June (Figure 1).

In connection with the highest precipitation, the months June, July, and August 
are the months of caution for the city government and residents of Ambon City 
because it is the time of natural disasters (floods and landslides). The average air 
temperature is 27.5°C in January which is the hottest month and 25.0°C in July which 
is the coldest month of the year (Figure 2).

Between the driest and wettest months, the difference in precipitation is 
519 mm. The variation in annual temperature is around 2.5°C. The Ambon City 
climate is presented in Table 3.

During the last 7 years, there have been at least four floods, i.e., in year 2012, 
2013, 2016, and 2017. Floods occurred in August 2012 in inundated five sub-
districts: Nusaniwe, Sirimau, Ambon Bay, Baguala, and Leitimur [7]. In the village 

No. Discomfort 
index

Discomfort condition Remarks

1. DI < 21 Comfort 100% comfortable

2. 22 ≤ DI ≤ 24 Less than 50% of the population feel discomfortable 50% uncomfortable

3. 25 ≤ DI ≤ 27 More than 50% of the population feel 
discomfortable

60% uncomfortable

4. 27 ≤ DI ≤ 29 Most of the population feel discomfortable 70% uncomfortable

5. 30 ≤ DI ≤ 32 High-level discomfort 80% uncomfortable

6. DI ≥ 32 Need health services 100% uncomfortable

Table 2. 
Classification of discomfort index value [4].

No. Vegetation index class Greeness level

1 0.40–1 High

2 0.25–< 0.40 Medium

3 0.03–< 0.25 Low

4 −1–< 0.03 Non-vegetated

Source: Marwoto and Ginting [4].

Table 1. 
Vegetation index class (NDVI).
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of Galala, floods soaked dozens of homes with 50 cm of water. In addition, the 
3-m-high river water barrier and sea waves beside the Galala Bridge were damaged 
and collapsed [8]. Floods in year 2013 also occurred due to heavy rain for 2 days, 
July 29–30, 2013 [9]. These massive floods and landslides have caused 14 fatalities 
and forced thousands of residents to leave their homes and left huge infrastructure 
and environmental damage. The natural floods and landslides occurred again 
on July 16–17 and July 29–August 1, 2016. This disaster has caused damage to 
infrastructure and public facilities so that it covers the street body and shoulders 
at 10 points [10]. Moreover, floods also occur in the following year, 2017. A little 
description of the rainfall situation that triggers the occurrence of flooding is as 
follows: the rainfall in the Maluku Province exceeds the normal limit in the period 
of June 1–14, 2017. The amount of rainfall then continues to increase because it is 
the peak month of rain. Based on the Council of Meteorology, Climatology, and 
Geophysics measurements recorded 842 mm while normal rainfall in June ranges 

Figure 1. 
Ambon City climate. Source: Climate-Data [6].

Figure 2. 
Air temperature of Ambon City. Source: Climate-Data [6].
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of Galala, floods soaked dozens of homes with 50 cm of water. In addition, the 
3-m-high river water barrier and sea waves beside the Galala Bridge were damaged 
and collapsed [8]. Floods in year 2013 also occurred due to heavy rain for 2 days, 
July 29–30, 2013 [9]. These massive floods and landslides have caused 14 fatalities 
and forced thousands of residents to leave their homes and left huge infrastructure 
and environmental damage. The natural floods and landslides occurred again 
on July 16–17 and July 29–August 1, 2016. This disaster has caused damage to 
infrastructure and public facilities so that it covers the street body and shoulders 
at 10 points [10]. Moreover, floods also occur in the following year, 2017. A little 
description of the rainfall situation that triggers the occurrence of flooding is as 
follows: the rainfall in the Maluku Province exceeds the normal limit in the period 
of June 1–14, 2017. The amount of rainfall then continues to increase because it is 
the peak month of rain. Based on the Council of Meteorology, Climatology, and 
Geophysics measurements recorded 842 mm while normal rainfall in June ranges 

Figure 1. 
Ambon City climate. Source: Climate-Data [6].

Figure 2. 
Air temperature of Ambon City. Source: Climate-Data [6].
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from 690 mm. This increase actually happened in the previous month (May 2017) 
where it was recorded at the Pattimura Ambon Meteorological Station, which was 
753.3 mm, significantly exceeding normal rainfall of 400–500 mm. In addition the 
wind speed reaches 10–40 km/hour where the wind blows from east to southeast. 
This high rainfall is generally due to closed circulation around the Makassar Strait, 
attracting most of the saturated mass from the southern Pacific region through a 
large portion, Maluku region. As a result, there is a change in air mass in the central 
and northern Maluku regions. Meanwhile, the air humidity of the upper layers of 
the Maluku region shows a relatively wet condition (80–100%), which indicates the 
addition of water vapor supply. This is what drives the occurrence of high rainfall 
which will result in floods and landslides [11]. As a result of the overflowing of a 
number of rivers in the city of Ambon, dozens of houses and some roads in the city 
were submerged.

The amount of damage caused by floods is triggered by extreme rainfall, and 
there are also violations of the stipulated city spatial plan. As is known, Ambon 
City had been hit by social unrest motivated by the TRR between years 1999 and 
2002. Residents of Ambon City felt the bad effects of riots that occurred more than 
a decade ago. One prominent factor is the construction of settlements that violate 
many spatial rules that have been set by the Ambon City government such as land 
clearing for settlements, agriculture and other activities in protected forests, etc. 
After the year of TRR conflict, many new settlements were built very heavily on 
cliffs, riverbanks, and valleys that were very risky for natural disasters. The most 
severe is the expansion of settlements in protected forest areas of Gunung Sirimau. 
This condition is exacerbated by the behavior of people who carelessly dispose 
of and accumulate garbage in places and areas that are not supposed to. This has 
an impact on natural disasters that are increasingly common in Ambon City and 
Islands. Ambon Island as a whole has a high disaster risk index.

In connection with the more frequent occurrence of floods, the Maluku Regional 
Development Planning Agency (BAPPEDA) has made the map of flood risk of 
Ambon City. The map was made from data on capacity and vulnerability of Ambon 
City to disaster and also disaster map of Ambon City (Figure 3). In this figure, it 
can be seen that almost half of Ambon City has a medium and high level of flood 
risk (yellow and red area).

Nara has analyzed rainfall trends toward extreme data on watersheds on Ambon 
Island for 32 years (1984–2015). In this study, the Mann-Kendall method and 
extreme value theory (EVT) were used to discuss extreme events that occurred 
and were modeled with the generalized extreme value (GEV) distribution, and the 
result was a trend of changes in rainfall in Ambon city. The annual maximum daily 
rainfall occurs in year 1984 which is 430.70 mm, and the minimum is 0 mm in year 
1999, 2001, and 2003. Average rainfall varies between years 1984 and 2015, which 
is 25.63 to 131.408 mm, while the average value is 181.07 mm [13]. The distribution 
of average monthly rainfall in the study area tends to increase rainfall for 32 years 
but is not too significant because the rainfall data series is put together. Statistically, 
a significant trend was found for 8 months with an upward trend (positive) 
and 4 months experiencing a downward trend (negative). In other words, in a 
year there is an upward trend (positive) for 8 months, and the trend decreases 
for 4 months significantly (α = 0.05), and there is an increase in rainfall for the 
period of 1984–2015. Based on the results of the tests conducted, it has provided 
an analysis that rainfall data follows the form of GEV distribution with an average 
(μ) = 38,629, standard deviation (σ) = 36.64, and shape (ξ) = 0.436. This proves 
that rainfall in the watershed in Ambon Island has extreme distribution and has a 
maximum value distribution function for observing a period that is appropriate for 
the return period [13].
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from 690 mm. This increase actually happened in the previous month (May 2017) 
where it was recorded at the Pattimura Ambon Meteorological Station, which was 
753.3 mm, significantly exceeding normal rainfall of 400–500 mm. In addition the 
wind speed reaches 10–40 km/hour where the wind blows from east to southeast. 
This high rainfall is generally due to closed circulation around the Makassar Strait, 
attracting most of the saturated mass from the southern Pacific region through a 
large portion, Maluku region. As a result, there is a change in air mass in the central 
and northern Maluku regions. Meanwhile, the air humidity of the upper layers of 
the Maluku region shows a relatively wet condition (80–100%), which indicates the 
addition of water vapor supply. This is what drives the occurrence of high rainfall 
which will result in floods and landslides [11]. As a result of the overflowing of a 
number of rivers in the city of Ambon, dozens of houses and some roads in the city 
were submerged.

The amount of damage caused by floods is triggered by extreme rainfall, and 
there are also violations of the stipulated city spatial plan. As is known, Ambon 
City had been hit by social unrest motivated by the TRR between years 1999 and 
2002. Residents of Ambon City felt the bad effects of riots that occurred more than 
a decade ago. One prominent factor is the construction of settlements that violate 
many spatial rules that have been set by the Ambon City government such as land 
clearing for settlements, agriculture and other activities in protected forests, etc. 
After the year of TRR conflict, many new settlements were built very heavily on 
cliffs, riverbanks, and valleys that were very risky for natural disasters. The most 
severe is the expansion of settlements in protected forest areas of Gunung Sirimau. 
This condition is exacerbated by the behavior of people who carelessly dispose 
of and accumulate garbage in places and areas that are not supposed to. This has 
an impact on natural disasters that are increasingly common in Ambon City and 
Islands. Ambon Island as a whole has a high disaster risk index.

In connection with the more frequent occurrence of floods, the Maluku Regional 
Development Planning Agency (BAPPEDA) has made the map of flood risk of 
Ambon City. The map was made from data on capacity and vulnerability of Ambon 
City to disaster and also disaster map of Ambon City (Figure 3). In this figure, it 
can be seen that almost half of Ambon City has a medium and high level of flood 
risk (yellow and red area).

Nara has analyzed rainfall trends toward extreme data on watersheds on Ambon 
Island for 32 years (1984–2015). In this study, the Mann-Kendall method and 
extreme value theory (EVT) were used to discuss extreme events that occurred 
and were modeled with the generalized extreme value (GEV) distribution, and the 
result was a trend of changes in rainfall in Ambon city. The annual maximum daily 
rainfall occurs in year 1984 which is 430.70 mm, and the minimum is 0 mm in year 
1999, 2001, and 2003. Average rainfall varies between years 1984 and 2015, which 
is 25.63 to 131.408 mm, while the average value is 181.07 mm [13]. The distribution 
of average monthly rainfall in the study area tends to increase rainfall for 32 years 
but is not too significant because the rainfall data series is put together. Statistically, 
a significant trend was found for 8 months with an upward trend (positive) 
and 4 months experiencing a downward trend (negative). In other words, in a 
year there is an upward trend (positive) for 8 months, and the trend decreases 
for 4 months significantly (α = 0.05), and there is an increase in rainfall for the 
period of 1984–2015. Based on the results of the tests conducted, it has provided 
an analysis that rainfall data follows the form of GEV distribution with an average 
(μ) = 38,629, standard deviation (σ) = 36.64, and shape (ξ) = 0.436. This proves 
that rainfall in the watershed in Ambon Island has extreme distribution and has a 
maximum value distribution function for observing a period that is appropriate for 
the return period [13].
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3.2 Comfortability of city residents in Ambon City

The ideal climate for humans is clean air with temperatures of approximately 
27–28°C and air humidity between 40 and 75% [14]. However, this condition often 
changes in a certain period of time which is quite drastic. This is caused by a signifi-
cant change in land use, due to changes in the designation function, for example, 
from forested land to non-forest. Not only humans, in fact flora and fauna also 
often feel unfavorable effects due to changes in microclimate conditions, especially 
air temperature and air humidity [14]. If based on Laurie’s opinion in 1986, the 
population of Ambon City is far from ideal climate conditions. Based on our direct 
measurement, results in 2017 are as follows: air temperature at 09:00, 12:00 pm, 
and 16:00 pm, respectively, is 26.73–29.97°C, 30.60–35.00°C, and 27.70–33.43°C; 
air humidity, respectively, is 85.67–97.00%, 35.00–64.33%, and 57.67%; and solar 
radiation, respectively, is 95–617 lux, 150–1299 lux, and 126–1252 lux. This situa-
tion will worsen if the wind speed on a certain day is very low. It is not surprising 
that the use of fans and air conditioners in government and private offices, shop-
ping centers, and settlements has increased from year to year. Actually, this can be 
slightly overcome by the existence of urban green space (UGS)-GOS which is filled 
with a variety of vegetation. Unfortunately the existence of UGS-GOS is still very 
limited. UGS, green open space, city parks, vegetation areas, and others are useful 
in maintaining the natural balance of the city structure. Green spaces should not 
be considered as inefficient land or reserve land for urban development or simply a 
beauty program because they play a major role in balance, continuity, sustainability, 
comfort, health, and improvement of the quality of the city environment [15].

In general the development of urban areas will increase over time. The avail-
ability of facilities and infrastructure in urban areas to meet the living needs of the 
population (boards, food, clothing, vehicles, entertainment, etc.) has encouraged 
the increasing number of villagers to move toward urban areas or urbanization. 

Figure 3. 
The map of flood risk of Ambon City. Source: BAPPEDA Maluku [12].
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Of course cities that have exceeded their carrying capacity will have many negative 
impacts on the environment. Not infrequently if in a large city, there are certain 
areas that are not maintained, slum, dirty, and become a source of criminalization. 
Having created a peaceful atmosphere from the existence of a patterned conflict of 
TRR in years 1999–2002 has triggered massive urbanization which will negatively 
impact the comfort of living in Ambon City. Therefore, it is not surprising that the 
negative effects associated with urbanization are increasing concerns that attract 
the attention of people around the world. Urbanization has a negative impact on the 
environment mainly due to modification of the chemical and physical properties 
of the atmosphere, pollution production, and ground cover. All the accumulated 
negative impacts are known as urban heat island (UHI). The UHI is understood to 
be a rise in the temperature of man-made regions, producing a clear “warm island” 
among the “cool seas” represented by lower temperatures than the nearby natural 
landscape. Hot islands on the spatial scale can actually be formed in urban and 
rural areas. Hot islands in cities are preferred because their surfaces tend to release 
large amounts of heat. Nevertheless, the negative impact of UHI not only affects 
the population in the urban environment but also humans and their ecosystems 
that are far from the city. UHI is indirectly related to climate change because of its 
contribution to the greenhouse effect. This situation will ultimately lead to global 
warming, the impact of which is beginning to be felt today by almost the majority 
of the population living in developed and developing countries [16]. The interac-
tion between climate change and heat island effect occurs in two ways, namely, (1) 
the warming climate will increase higher temperatures in hot island areas, and (2) 
cooling strategies to reduce hot islands can help communities adapt to the effects 
of climate change. In addition, it can also reduce greenhouse gas emissions that 
cause climate change. Climate change generally causes higher temperatures and 
longer heat waves, more often and more severely. Therefore in urban areas that have 
suffered due to heat, the island will bear the brunt of this tougher heat event [17]. 
Furthermore, the climate change that occurs will contribute to the increase in the 
cost of “hot islands” for urban areas [18].

To find out how much the population feels comfortable living in Ambon city, an 
index is used which indicates the existence of a comfortable or uncomfortable situ-
ation by taking into account the humidity and air temperature. This index is known 
as the temperature humidity index (THI). Based on the editors of the Encyclopaedia 
Britannica, THI is a combination of water humidity and water that is a measure 
of the degree of discomfort experienced by individuals in warm weather; it was 
originally called the discomfort index. The THI formula is as follows:

  THI = Tdb −  [0.55 −  (0.55 × RH / 100) ]  ×  (Tdb − 58)   (3)

where Tdb (°F) is the temperature of water measured by a thermometer freely 
exposed to the air but shielded from radiation and moisture. It is a temperature 
thermometer, and it is the true thermodynamic temperature, and RH (%) is the 
relative humidity [19]. Besides that, there is also another THI, namely, discomfort 
index (DI). DI is intended to determine the inconvenience of the microclimate 
conditions in a place quantitatively. Basic calculation of DI also uses air humidity 
and air temperature data [5].

3.3 NDVI distribution and discomfort index in Ambon City

NDVI value is a value from the processing of vegetation indices from infrared 
satellite channels and red canals that show the level of leaf chlorophyll concentra-
tion which correlates with vegetation density based on spectral values in each pixel. 
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measurement, results in 2017 are as follows: air temperature at 09:00, 12:00 pm, 
and 16:00 pm, respectively, is 26.73–29.97°C, 30.60–35.00°C, and 27.70–33.43°C; 
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ability of facilities and infrastructure in urban areas to meet the living needs of the 
population (boards, food, clothing, vehicles, entertainment, etc.) has encouraged 
the increasing number of villagers to move toward urban areas or urbanization. 

Figure 3. 
The map of flood risk of Ambon City. Source: BAPPEDA Maluku [12].
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NDVI always ranges from −1 to +1, but there isn’t a distinct boundary for each 
type of land cover. If we have negative values, it’s highly likely that it’s water. On 
the other hand, if we have a NDVI value close to +1, there’s a high possibility that 
it’s dense green leaves. In case NDVI is close to zero, there are no green leaves, and 
it could even be an urbanized area [20]. In other words, the distribution of NDVI 
shows the distribution of the amount of vegetation on a land. High NDVI values 
generally indicate a land cover with a lot of vegetation that will provide an atmo-
sphere of coolness in the local environment. The vegetation index in this study is 
used to determine the percentage of green cover that can be assumed as a GOS from 
the LANDSAT-8 image so that it is expected to reflect the actual conditions in the 
study area. Based on the results of the analysis conducted, it shows that the higher 
the NDVI value, the higher the percentage value of green cover. This confirms that 
there is a close relationship between the value of the vegetation index and the per-
centage of green cover in the study area. The distribution of NDVI values in Ambon 
City is presented in Figure 4.

In general, high NDVI values in Ambon City are located in the northern part 
and a little in the south as shown in the area which is dark yellow to brown. Other 
regions have low NDVI values which indicate that there is very little vegetation in 
the area. The NDVI distribution consists of four levels of greenness, high, medium, 
low, and non-vegetated as presented in Figure 4, and then is overlapped with 
three discomfort distribution maps so that the three new maps are obtained, i.e., 
the NDVI map distribution and discomfort in Ambon City at 09:00–12:00 pm and 
16:00 pm. The NDVI index distribution map illustrates clearly that the distribution 
of NDVI values is dominated by low NDVI followed by only a small number of 
medium NDVI in the northern and southern parts of the city. The non-vegetated 
area is also very small in the northwest, while high NDVI is not present.

The comfort level of an area is an indicator used in UGS planning in an urban 
area. Change in climate elements, namely, the increasing air temperature, is the 
most direct factor that can be felt and affect the level of human comfort [21]. 
Quantitatively, the comfort level of an area can be approached with various 

Figure 4. 
The distribution of NDVI values in Ambon City.
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approaches. One of them is DI as implemented in this research. In addition to air 
temperature, comfort is influenced by other climate parameters and subjects who 
feel comfortable. A climate parameter that also affects human comfort is wind. The 
results of temperature measurements and the humidity of the green open space area 
of the city of Ambon in nine sampling locations showed different values based on 
the analysis of inconvenience index (DI) for the morning interval (at 09:00 pm); 
during the day (12:00 pm) and evening (16:00 pm) as presented in Table 4.

From Table 4, there are three new maps that describe the distribution of DI, 
which are discomfort map in Ambon City at 09:00–12:00 pm and 16:00 pm. Based 
on the results of interviews with 150 respondents in 9 sampling locations, 141 
people fit the inconvenience as stated on the map, and 9 people stated that they did 
not match the distribution map of DI. Thus, this confirms that the making of the 
distribution map of DI is in accordance with the reality in the field regarding the 
discomfort felt during occupying in Ambon City. These three maps are then one-
by-one overlaid with the map of the distribution of NDVI index so that the NDVI 
distribution index map and discomfort in Ambon City at 09:00–12:00 pm and 
16:00 pm are obtained. The map is presented in Figures 5–7.

The majority condition of DI 70% is in the low NDVI and is followed by DI 60% 
in the southern part of the city (Figure 5). This situation shows that in the morning 
alone, more than 50% of the city population does not feel comfortable. In other 
words it may lead to physical symptoms and also influence mental health. The exis-
tence of medium NDVI is also due to too little area, so it cannot provide significant 
comfort for city residents.

DI conditions that rose sharply to DI 80% were in low NDVI, and those that 
remained were DI 70% only in the north especially near medium NDVI (Figure 6). 
This condition shows that during the day, medium NDVI plays a small role in 
maintaining a level of DI 70%. Although in the southern part of the city, two NDVI 
medium areas were found, they were found unable to maintain DI 60% in the area 
as shown at 09:00 pm in the morning. This condition illustrates that urban residents 
are increasingly uncomfortable as indicated by the increase DI 80%.

The condition in the evening at 16:00 pm remains the same as the condition at 
09:00 pm in the morning (Figure 7). However, DI 80% still remains, especially in 
the western part of the city. The area of DI 60% which was originally in the south 

Code of demonstration plot Value of discomfort index at

09:00 pm 12:00 pm 16:00 pm Remarks

A1 27.9 28.5 28.6

A2 28.1 29.6 29.3

A3 28.4 30.0 28.4

B1 28.1 29.1 27.8

B2 27.3 28.5 27.2

B3 25.4 29.5 28.6

C1 26.7 28.8 29.2

C2 28.3 29.9 27.5

C3 28.4 30.2 28.7

Average 27.6 29.3 28.4

Table 4. 
Distribution of discomfort index value in Ambon City.
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approaches. One of them is DI as implemented in this research. In addition to air 
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results of temperature measurements and the humidity of the green open space area 
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16:00 pm are obtained. The map is presented in Figures 5–7.
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alone, more than 50% of the city population does not feel comfortable. In other 
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are increasingly uncomfortable as indicated by the increase DI 80%.

The condition in the evening at 16:00 pm remains the same as the condition at 
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at 09:00 pm turned out at 16:00 pm it remained at DI 80%. This shows that there 
is no change in discomfort at all. Through the three NDVI distribution index maps 
and discomfort in Ambon City (at 09:00–12:00 pm and 16:00 pm), we can find out 
which areas have high and low vegetation. Thus we can plan which areas need to be 
planted with vegetation, both grasses and trees, including how wide the building 
needs to be planted. Thus, in general, Ambon City residents feel uncomfortable. 

Figure 6. 
The NDVI index distribution and discomfort in Ambon City at 12:00 pm.

Figure 5. 
The NDVI index distribution and discomfort in Ambon City at 09:00 pm.
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Real effort is needed to carry out adaptations and mitigations in both the urban 
center and the environment. Based on the experience of daily living in European 
countries and Indonesia, the inconvenience is certainly felt more by developed 
countries than developing countries. Of course because of the people who have 
enjoyed abundant prosperity so that there is a small disturbance, there will be more 
complaints than people from developing countries.

Spatial analysis in GIS applications has supported in urban spatial planning. 
Good planning in the procurement of GOS in Ambon City can provide better com-
fort in the future. The more limited land for GOS due to development in urban areas 
has urged the application of the concept of green infrastructure, especially in every 
implementation of development. It is realized that the government of Ambon City 
has not had much in the development of green infrastructure such as green roofs, 
green facades, green walls, etc. This is certainly very different from urban planning 
in developed countries such as Switzerland, the United States, France, Canada, etc. 
that have intensively carried out the construction of green roofs, green facades, 
and green walls. Furthermore, green roofs are constructed for multiple reasons, for 
example, for architectural features or to achieve particular environmental benefits 
(improved diversity species, storm water capture and retention, insulation of a 
building against heat gain or loss, etc.). In addition to the green roof, the green 
facade and green wall are also known. A green facade is created by growing climb-
ing plants up and across the facade of a building, either plants grown in garden beds 
at its base or by container planting installed at different levels across the building. 
A green wall is made up of plants grown in supported vertical systems that are 
generally attached to internal or external walls, although in some cases it can be 
freestanding. Green walls differ from green facades in that they incorporate mul-
tiple containerized plantings to vegetation cover rather than being reliant on fewer 
numbers of plants that climb and spread to provide cover. They are also known 
as vertical gardens or living walls or bio-walls [22]. Hopefully, the government of 
Ambon City in the future will be able to provide wider GOS and begin to apply the 
concept of green infrastructure in every implementation of development.

Figure 7. 
The NDVI index distribution and discomfort in Ambon City at 16:00 pm.
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4. Conclusion

Ambon City has really been affected by climate change. Extreme rainfall that 
occurs in the rainy season has triggered big flooding and has been detrimental to 
city residents. The impact of the flood caused a huge loss of city residents. This is 
due to the expansion of settlements in the protected forest area of Gunung Sirimau, 
the construction of houses on steep slopes, as well as the impact of littering, etc. 
Conversely, very hot weather in the dry season makes the city residents uncomfort-
able. In Ambon City it was considered less comfortable as felt by residents because 
of the limitations of GOS. In this case, a solution needs to be sought, among oth-
ers, by providing a wider area of GOS and starting to apply the concept of green 
infrastructure in each development implementation in Ambon City. In addition, the 
adequacy of GOS in Ambon City can be known by spatial analysis in GIS. With the 
support of NDVI distribution maps, DI maps for observations at 09:00–12:00 pm 
and 16:00 pm, and overlays of thematic maps, areas that are high in DI and areas 
that are still lacking in vegetation can be seen including how big the area is. This 
research is important because it can be used as preliminary study to see the develop-
ment of GOS associated with DI in Ambon City. Similar research on a regular basis 
or time series will be able to know the development of GOS and DI in the future.
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4. Conclusion

Ambon City has really been affected by climate change. Extreme rainfall that 
occurs in the rainy season has triggered big flooding and has been detrimental to 
city residents. The impact of the flood caused a huge loss of city residents. This is 
due to the expansion of settlements in the protected forest area of Gunung Sirimau, 
the construction of houses on steep slopes, as well as the impact of littering, etc. 
Conversely, very hot weather in the dry season makes the city residents uncomfort-
able. In Ambon City it was considered less comfortable as felt by residents because 
of the limitations of GOS. In this case, a solution needs to be sought, among oth-
ers, by providing a wider area of GOS and starting to apply the concept of green 
infrastructure in each development implementation in Ambon City. In addition, the 
adequacy of GOS in Ambon City can be known by spatial analysis in GIS. With the 
support of NDVI distribution maps, DI maps for observations at 09:00–12:00 pm 
and 16:00 pm, and overlays of thematic maps, areas that are high in DI and areas 
that are still lacking in vegetation can be seen including how big the area is. This 
research is important because it can be used as preliminary study to see the develop-
ment of GOS associated with DI in Ambon City. Similar research on a regular basis 
or time series will be able to know the development of GOS and DI in the future.
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Abstract

Climate change has become a major challenge globally. Human activities have 
several direct and indirect impacts on health. In Nigeria, the impacts of climate 
change are more devastating due to their vulnerability and low coping capability. 
Studies on the impacts of climate change on health risks in Nigeria are scare. With 
this rationale, this study investigates the effects of climate change on health risks in 
Nigeria. Evidence abounds that climate change impacts in Nigeria arise from climate 
change-related causes such as increase in temperature, rainfall, sea level rise, 
extreme weather events and, especially, increased health risks. Health risks such 
as cerebra-spinal meningitis, cardiovascular respiratory disorder of elderly, skin 
cancer, malaria, high blood pressure and morbidity were identified as the direct 
consequences of climate change. The study concluded that government should raise 
awareness on adverse effects of climate change which is common among vulnerable 
groups, like women, children and rural dwellers in Nigeria.

Keywords: climate change, environment, health risks, Nigeria, vulnerability

1. Introduction

Over the years, human beings have relied on the environment for existence and 
sustenance in a way that man’s survival is determined by his interaction with the 
environment brought about by the activities of man. One of the global events that 
arise from man-environment transaction is climate change. Climate change has 
become the subject of debates and discourse among scholars and experts, making it 
one of the most topical issues in the world agenda today. According to Odey (2012), 
scientific evidence has revealed that climate change is an all-encompassing threat 
and is considered the most serious ecological threat to the survival and sustainable 
development of humanity.

2. What is climate change?

Climate change can refer to a change in climate, attributed directly or indirectly 
to human activities such as burning, farming, mining and others that have the 
propensity to alter the atmospheric composition of the earth and to lead to global 
warming [1]. Climate change has been coined as an increase in average global 
temperature, which is caused by natural events and human activities. However, the 
Intergovernmental Panel on Climate Change [2], Fourth Assessment Report (AR4), 
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gave the most accepted definition of climate change, stipulating that ‘climate change 
is a change in the state of the climate that can be identified by using statistical 
tests by changes in the mean and variability of its properties, and that persists for 
an extended period typically decades on longer’. According to Odjugo [3], climate 
change is different from the generally known terms like climatic fluctuations or cli-
matic variability. Climatic fluctuation or variability refers to variations in the mean 
state and other statistics such as standard deviations of the climate on all spatial and 
temporal scales beyond that of individual weather events. However, climate change, 
like variability, may be due to natural internal processes within the climate system 
(internal variability) or variations in natural or anthropogenic external forces 
(external variability).

3. Causes of climate change

The major causes of climate change are either natural or anthropogenic factors. 
According to Rasak [4], the natural factors are the astronomical and the extrater-
restrial factors. These astronomical factors are the changes in the eccentricity of the 
earth’s orbit, changes in the obliquity of the plane of ecliptic and changes in orbital 
precession while the extraterrestrial factors include solar radiation quantity. The 
anthropogenic factors in climate change are directly linked to man-environment 
transactions whose consequences result in the emission of large amount of green-
house gases into the atmosphere that depletes the ozone layer or activities that 
reduce the amount of carbons absorbed from the atmosphere.

Researchers have provided evidence that for the past decades, anthropogenic 
factors such as urbanization, deforestation, population growth, industrialization 
and the release of greenhouse gases are major factors responsible for the deple-
tion of the ozone layer [5, 6]. However, several studies have identified Africa as 
the most vulnerable to the impacts of climate change [7]. This reason is not far-
fetched due to the fact that developing countries in Africa have experienced and 
are vulnerable to the impact of climate change because of access to limited climate 
information, institutions, financial resources and limited adaptation capacity [8]. 
Nigeria as one of the most populous nations with 173 million people in Africa is not 
exempted [9]. Nigeria has been adversely affected by climate change due to its vul-
nerability and low coping capacity [10]. Also, the peculiarity of the country as one 
of the leading exporters of crude oil faces the danger of balancing global energy 
demands and engulfs on the need to address climate change and environmental 
considerations [11].

One major event revolving around climate change in Nigeria is the drying up of 
Lake Chad. The southern part of Lake Chad is the part of the section of the lake that 
lies inside Nigerian territory. Some years back, Lake Chad covered an estimated area 
of over 40,000 km, while presently it now covers 1300 km2 [10]. The implication 
of this occurrence is that the land is laid to wastages by rising temperature which 
leads to the southwards expansion of the Sahara desert. Hence, farmlands and sur-
rounding villages have become barren due to the overpowering nature of advancing 
desertification, whose ripple effects have led to the massive migration of people in 
search of more fertile land.

Adepoju [9] posited that the impacts of climate change in Nigeria include rising 
temperature, more intense and frequent weather events and sea level rise. Due to 
Nigeria’s population, the consequences are increased water and food shortages, 
higher exposure to heat stress and ultraviolent radiation [9]. In support of this 
assertion, Borokinni [12] provided evidence that climate change events affect all 
aspects of human life, especially the social and environmental determinants of 
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health, clean air, safe drinking water and food security. Thus, climate change has 
a lot of implications on human health. Climate and weather conditions have been 
identified as precursors to factors that affect human health [10]. The effect of 
climate change on human health has been demonstrated in literature. For instance, 
Nwoke et al. [13] have linked climate change to higher temperatures, which enhance 
production of various secondary pollutants and, thereafter, increase in the fre-
quency of allergic and cardio-respiratory disorders and deaths caused by these air 
pollutants. Furthermore, cases of mental health and population mobility are a result 
of environmental disasters such as flooding, rising sea levels and shortages of water. 
Horton and McMichael [14] have identified emotional stresses and mental health 
problems in response to perception and fear of climate change to constitute health 
challenge to affected communities. In lieu of this development, the goal of this 
chapter is to explore the effects of climate change on health risks in Nigeria.

4. Climate change and health risks in Nigeria

Evidence has established that people’s health can be affected by climate change 
[15]. Therefore, vulnerable populations such as young children, pregnant women, 
older adults, individuals with chronic sickness and disabilities and individuals with 
fewer resources have been identified to be at increased risk [15]. Furthermore, 
Hathaway and Maibach [15] have found that among vulnerable people in Asia and 
Africa, awareness of increasing health harms due to specific changing climatic con-
ditions is high. The consequences of climate change on human health, especially, 
in Nigeria could be direct and indirect. Omoruyi and Onafalujo [16] explained that 
one of the direct consequences of climate change in Nigeria includes cerebra-spinal 
meningitis, cardiovascular respiratory disorder of the elderly people, skin cancer, 
high blood pressure, malaria, cholera and child and maternal health issues.

5. Cerebra-spinal meningitis and climate change

Cerebra-spinal meningitis is one of the infectious diseases likely to be caused 
by climate change. Incidences of meningitis, for instance, have been on the rise in 
Nigeria due to excessive heat. According to Akingbade [17], cases of meningitis 
have been reported to have increased in Nigeria as a result of excessive heat. The 
World Health Organization has revealed that 35% of reported meningitis outbreaks 
in Africa between 1996 and 2010 are from Nigeria, with statistics showing 95% of 
this disease happening in the northern region of Nigeria [18]. Meningitis is a disease 
caused by an infection due to bacteria, viruses and protozoa, of the meanings which 
is the thin lining that surrounds the brain and the spinal cord. Cursory investiga-
tions found that over 200 people were killed by meningitis in Nigeria and neigh-
bouring Niger Republic within a week. Statistics revealed that there were 25,000 
suspected cases and 1500 deaths in the first quarter of 2009 [17].

Abdussalam et al. [18] in an empirical investigation examined the impact of 
future climate change on meningitis risk in northwest Nigeria by forcing an empiri-
cal model of meningitis with monthly simulations of 7 meteorological variables 
from an ensemble of 13 statistically downscaled global climate model projections 
from phase 5 of the Coupled Model Intercomparison Experiment (CMIP5) for 
representative concentration pathway (RCP) 2.6, 6.0 and 8.5 scenarios, with the 
numbers representing the globally averaged top-of-the-atmosphere radiative 
imbalance (in Wm22) in 2100. The results suggest future temperature increases 
due to climate change have the potential to significantly increase meningitis cases 
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in both the early (2020–2035) and late (2060–2075) twenty-first century, and for 
the seasonal onset of meningitis to begin about a month earlier on average by late 
century, in October rather than November. However, Abdussalam et al. [18] suggest 
that this outcome represents the climatological potential for increased cases due to 
climate change, as it is assumed that current prevention and treatment strategies 
will remain similar in the future.

Brenda et al. [19] in an empirical analysis reported that between December 2016 
and May 2017, a total of 14,280 suspected meningitis cases were reported across 23 
of the 36 states in Nigeria. There were 1145 deaths (8% case fatality rate) among 
suspected cases. The northern states Zamfara and Sokoto were at the epicentre of 
the meningitis epidemic in Nigeria.

6. Vector-borne diseases, infection and climate change

Climatic conditions have been shown to affect water-borne diseases in Nigeria 
[12]. The changes in climatic conditions are germane to lengthen the transmis-
sion seasons of important vector-borne diseases and alter their geographic range. 
Malaria has been identified to be caused by climate conditions caused by a unicellu-
lar organism known as Plasmodium and transmitted by the bite of infected female 
Anopheles mosquitoes. Evidence shows that malaria accounted for over 45% of 
all outpatients and about 50% of the Nigerians suffer from at least one episode of 
malaria each year [20].

Scholars have argued that global warming, a consequence of climate 
change, could be linked—directly or indirectly—to the persistence as well as the 
 re-emergence of malaria epidemics [20, 21]. The association between climate 
change and malaria spread is complex and remains a subject of controversy and 
debates [21]. Therefore, Adewuyi and Adefemi [21] posited that the spread and 
severity of malaria in several places and the increased incidences of the disease 
in some regions could indeed be associated with the effects and consequences of 
climate change. With this assertion, Adewuyi and Adefemi [21] suggest that the 
biology of the Plasmodium spp, the ecology of mosquitoes and even the suscep-
tibility of humans to malaria could all be affected directly/indirectly by extreme 
climatic events.

The World Health Organization [11] projected that by 2070, under both high 
and low emissions, over 400 million people are predicted to be at risk of malaria. 
Also population growth can cause increases in the population at risk in localities 
where malaria presence is static in the nearest future. The world’s most virulent 
infections are also highly sensitive to climate temperature, precipitation and humid-
ity have an influence on the life-cycles of the vectors and the infectious agents [11]. 
The World Health Organization [22] estimates that 212 million people were infected 
with human malaria parasites globally with Africa accounting for about 90% of 
these cases in 2015. However, 18 countries together accounted for 90% of the total 
cases in sub-Saharan Africa with 37 million reported cases representing 29% of 
these cases from Nigeria alone. Research finding estimates that malaria kills over 
400,000 people every year, mainly African children under 5 years of age [12]. In 
a study aimed to describe malaria transmission trends and analyse the impact of 
climatic factors on malaria transmission in the highlands of Plateau State, Central 
Nigeria, carried out by Nanvyat et al. [23], it was found that climatic factors are 
among the major determinants of malaria transmission in the highlands of Plateau 
state except in Jos-North LGA where the low model deviance explained (35.4%) 
could mean that there are important factors driving malaria transmission in the area 
other than climatic factors.
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Similarly, Ayeni [20] has attributed the increase in population, rainfall fluctua-
tion and urban heat cum high thermal discomfort and the problem of unhygienic 
environment to have contributed to the increase in malaria morbidity in Akure, 
Southwestern, Nigeria. Ayeni’s [20] study based on an evaluation of the exist-
ing framework on malaria incidence using meteorology data between 1986 and 
2008 and hospital records between 2000 and 2008 as well as relevant field studies 
indicate that malaria cases increased from 24,092 (of which males and females 
accounted for 12,477 and 11,615, respectively) in year 2000 to 62,121 (of which 
males and females accounted for 30,413 and 31,708, respectively) in year 2008.

In Nigeria, evidence suggests an estimated 137,600 diarrhoeal deaths in children 
under 15 years of age in the baseline period of 2008 [11]. Furthermore, it was 
reported that under a high emissions event, diarrhoeal deaths which are linked to 
climate change in children under 15 years of age are projected to be 9.8% of the over 
76,000 diarrhoeal deaths predicted in 2030 [11].

7. Cardiovascular diseases and climate change

The World Health Organization [11] has identified air pollution as the single 
largest environmental health risk [24]. Thus, non-communicable diseases constitute 
the largest and fastest growing global health burden, with treatment costs placing a 
massive strain on the government and individual resources. Campbell-Lendrum and 
Pruss-Ustun [24] reiterated that the major causes of air pollution, and thus of a large 
proportion of the non-communicable disease burden, are the energy sources that 
currently drive our transport, electricity generation, industry and food production 
systems. Poor diet (high consumption of sugar, salt, saturated fat, etc.) and unhealthy 
lifestyle (smoking, alcohol consumption and physical inactivity) have been implicated 
as major risk factors of cardiovascular disease and other non-communicable diseases.

8. Skin cancer and climate change

Evidence has proven that climate change has environmental and economic con-
sequences on human health [25]. The effects on human diseases such as skin cancer 
have been relatively underemphasized. There is a direct link between ultraviolet 
(UV) exposure from the sun and the development of malignant skin disease [25].

According to Bharath and Turner [25], ultraviolet radiation (UVR) occupies 
the space between visible light and X-rays on the electromagnetic spectrum. The 
colour violet corresponds to the shortest wavelength in visible light and UV actually 
means ‘beyond violet’ (from the Latin word ultra, meaning ‘beyond’). UV light 
can be further subdivided in terms of wavelength: ‘long wave’ UV with a range of 
320–400 nm is known as UV-A; ‘medium wave’ UV with a range of 290–320 nm 
is known as UV-B and ‘short wave’ UV with a range of 100–290 nm is known as 
UV-C.1. Therefore, UV-C is known to carry the most energy and is the most damag-
ing to biological systems while UVB causes some DNA damage in the skin.

However, three most common skin cancers have been identified. These are: 
basal cell carcinoma (BCC), squamous cell carcinoma (SCC) and malignant 
melanoma (MM). Bharath and Turner [25] identified that exposure to ultraviolet 
radiation is recognized as a risk factor in all three types of cancer. Oripelaye et al. 
[26] emphasized the alarming rate of solar intensity and HIV epidemic which have 
progressively eroded the protective effects of melanin especially among black-
skinned populations. For instance, Oripelaye et al. [26] in a retrospective study, with 
research settings at the Obafemi Awolowo University Teaching Hospital, Ile-Ife, 
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South-western, Nigeria, included as inclusion criteria the patients who were diag-
nosed with primary skin cancers between January 2008 and December 2017. Their 
study findings indicate the frequency of primary skin cancers was 1.0%. Females 
(58.3%) outnumbered the males (41.7%), the ratio being 1.4:1. Furthermore, the 
spectrum of primary skin cancers documented by this study comprised of squamous 
cell carcinoma (33.3%), malignant melanoma (25%), Kaposi sarcoma (15.3%), basal 
cell carcinoma (9.7%) and cutaneous lymphoma (6.9%). The researchers opined 
that melanin remains a major protective factor for skin cancers among negroids. 
Hence, albinism and high burden of HIV were identified risk groups for skin cancers 
[26]. The eradication of HIV and enhanced sun protection were suggested in order 
to reduce the prevalence of skin cancers among the black race.

9. Elderly health and climate change

One profound effect of climate change is among the aged persons in Nigeria. 
According to Aina and Adewoyin [27], the vulnerable age are particularly more at 
risk of climate-related diseases because of the effect of their age on their physiologi-
cal and immunological compositions. Research has provided credence that the aged 
are more at risk of climate-related diseases because they have a lower physiological 
reserve, possess a slower rate of metabolism and a weakened immune system and 
have a higher morbidity rate [28].

To determine the effects of climate change on the trend and prevalence of 
climate-related diseases among the aged in an urban setting using Ikeja, Lagos, 
Nigeria, as a case study, two sets of secondary data—hospital records of 600 adults 
aged 50 and above with clinically diagnosed cases of-climate related diseases and 
data on climatic parameters of temperature and rainfall—were employed. The data 
sets were collected for the period 2001–2015. Aina et al. [27] in the study found that 
temperature declined over the period of study while rainfall increased. The study 
also showed that incidence of high blood pressure was more prevalent (43%) than 
any other climate-related diseases among the sampled population. This was fol-
lowed by fever and respiratory diseases. Incidences of cholera and diarrhoea as well 
as blindness and skin diseases were relatively few. Furthermore, the study revealed 
that the cases of high blood pressure, fever and respiratory diseases were positively 
correlated with year as they showed a progressive annual increase in relation to the 
fluctuations in rainfall and temperature, particularly increased rainfall. Finally, the 
fluctuations in rainfall and temperature accounted for 11.5% of the variations in 
climate-related diseases among the aged in the period studied [27].

10. Mitigation measures

The mitigation and adaptive measures against the effects of climate change 
are very critical for Nigeria to reduce the health risks brought about by this global 
threat. The health sector from primary, secondary and tertiary health institutions 
should identify the major regional health hazards caused by climate change and 
ensure that the development of risk-lessening adaptations are employed. According 
to Borokinni [12], adaptation capacities and strategies differ among populations. 
Borokinni [12] elaborated that this will be particularly necessary where the rates of 
pre-existing disease such as childhood diarrhoea and malnutrition are already high 
and which would become higher due to the multiplier effects of climate change. 
Hence, effective adaptive strategies should involve collaboration among diverse 
government sectors, research institutes, various disciplines and communities.
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There is the need to protect the environment; hence, there should be awareness 
of the potential health risks associated with climate change. Relevant agencies 
should create awareness among citizens including disaster and emerging workers 
about climate change impacts and how they affect vulnerable populations. This 
could be achieved by providing basic training, workshops and sensitization pro-
grammes to raise awareness and promote climate change adaptation. In addition, 
the longer-term global health benefits should strengthen support for such actions. 
The health benefits will result from mitigating actions that address modes of trans-
portation, housing-design, energy generation and agricultural systems. Borokinni 
[12] emphasized that in many poor populations such as Nigeria, improvements in 
environment-related technologies will aid to replace indoor-polluting cooking fuels 
with low-carbon fuels and improvements in family planning literacy, which will 
lead to fewer, better spaced pregnancies. This will reduce pressures on the climate 
system. The effectiveness of these actions will directly reduce well-known risk 
factors for diseases and premature death emanating from air pollution, sedentary 
lifestyles and dietary excesses. Sedentary lifestyle has been linked to limited physi-
cal activity, prolonged sitting at workplace, vehicles, communities, schools and 
public places [29]. Sedentary behaviours are defined as those behaviours associated 
with lesser energy expenditure [29]. According to Mfrekemfon and Okey-Orji 
[29], attention has shifted from a physically demanding life to that of lesser physi-
cal activities, which has enabled individuals to be vulnerable to the high risk of 
having serious health ailments such as obesity, hypertension, cardiac abnormality 
and cancers. However, these ailments could be avoided if people shun unhealthy 
lifestyles. Therefore, there is the need for individuals to make conscious efforts and 
initiatives to engage in more physical activities, and modifying their dietary habits 
and avoiding unhealthy behaviour.

Innovative urban design has also been identified to have some positive advan-
tages with regard to energy use, greenhouse gas emissions, effects of urban heat, 
patterns of physical activity and community cohesion. However, four strategies 
were identified to have the largest aggregate potential for health and SLCP mitiga-
tion benefits as well as reducing CO2.

These strategies are: policies and investments that prioritize dedicated rapid 
transit and walking and cycling networks in compact cities can promote health in 
multiple ways, including reduced air pollution exposures, reduced injury risks and 
greater opportunities for safe active travel; second, promoting healthier diets rich in 
plant-based foods and low in red and processed meats among affluent populations 
at risk of a range of diet-related non-communicable diseases will have a positive 
effect on health; third, encouraging the use of clean and efficient cook stoves and 
fuels, and cleaner energy sources, in low-income households that currently rely 
on solid fuels for heating and cooking; fourth, reducing vehicle emissions of both 
particulate matter as well as ozone precursors (e.g., NO2) by implementing stricter 
vehicle and fuel emissions and efficiency standards.

Furthermore, to mitigate the threats of climate change in Nigeria, reducing 
polluting vehicles and public transportation reduce greenhouse gases, and walking 
and cycling will facilitate physical activity that improves well-being among the 
vulnerable population. Agencies and establishments under the Ministry of Health 
in Nigeria should be engaged in leadership and coordination of health-related mat-
ters, especially the ones that are environmental burden diseases. Hence, they should 
play a dominant role in raising awareness of the health impacts of air pollution and 
in advocacy activities.

Nigeria is recognized as a fossil fuel-dependent economy with a large climate-
sensitive agricultural sector; therefore, the development of a climate change policy 
and response strategy is critical. Government should invest more in low-carbon 
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fuels and renewable energy in Nigeria. However, there should be joint efforts 
between the government and the citizenry in every community to combat climate 
change in Nigeria. In addition, relevant agencies should conduct periodic assess-
ments of the vulnerability of populations and population groups to climate change 
and identify appropriate adaptation strategies. Indicators for climate and environ-
mental health in national surveillance systems should be promoted, providing evi-
dence to support decision-making and behaviour to reduce climate-related health 
risks in Nigeria. Human actions that influence climate change include pressures 
due to population growth and region-specific types and patterns of consumption. 
Therefore, it becomes imperative for households and individuals to learn how to 
adapt to the threats of climate change, and be ready to share information with other 
stakeholders about their daily experiences with climate change impacts and adapta-
tion. In addition, individuals must be prepared to imbibe attitudinal change in order 
to build capacity for adaptation towards climate change.

Environmental psychologists can assist in conceptualizing and understanding 
better the psycho-social aspects of these driving forces behind climate change. 
This could be achieved by providing behavioural analyses of consumption by 
targeting on those behaviours that contribute the most to climate change. Hence, 
individual predictors of consumption that include ability (e.g., income, skills) 
and motivation (e.g., connection to nature, perceptions of needs versus a luxuries, 
core psychological needs) to engage in consumption are some of the psychological 
variables. Climate change can have psychosocial impacts on individuals, groups and 
communities due to relative risk appraisals, mental models and media representa-
tion. However, there are some psychological barriers why people do not respond 
adequately to the risks of climate change. Among these are ignorance, uncertainty, 
mistrust, denial, judgmental discounting, habits and perceived behavioural control.

11. Conclusion

The health risks associated with climate change in Nigeria cannot be overempha-
sized. All populations are affected by climate change, particularly the vulnerable 
like the children and the elderly people. The impacts of climate change are also 
expected to increase over the years, which mean that some existing health chal-
lenges will increase. Therefore, it is very important for everyone to have a better 
knowledge and perception about climate change as it affects human health. This 
is expected to inform people’s decision-making about how to reduce the impact of 
the amount of climate change in the nearest future. In line with this development, 
environmental education and awareness should be promoted by stakeholders and 
government to bring about the best adaptation and mitigation mechanisms among 
vulnerable communities. Also, there should be workshops, seminars and forums on 
climate change adaptation and mitigation organized regularly in schools, universi-
ties, communities, religious houses, motor parks and public places. Research needs 
on climate change should be identified by the government and researchers. There 
is also the need for children in Nigeria to be taught the foundation of a climate-
smart lifestyle, environmentally friendly behaviour and protection. Furthermore, 
students from primary to tertiary institutions are empowered with relevant infor-
mation on how to choose professions that will assist the society to solve emerging 
environmental problems as a consequence of climate change in Nigeria. Adequate 
funding of groundbreaking researches from various multidisciplinary disciplines 
relating to climate change should be given priority in Nigeria. Lastly, all stakehold-
ers should improve regional, national and local capacity to respond to public health 
needs during climate-related emergencies.
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fuels and renewable energy in Nigeria. However, there should be joint efforts 
between the government and the citizenry in every community to combat climate 
change in Nigeria. In addition, relevant agencies should conduct periodic assess-
ments of the vulnerability of populations and population groups to climate change 
and identify appropriate adaptation strategies. Indicators for climate and environ-
mental health in national surveillance systems should be promoted, providing evi-
dence to support decision-making and behaviour to reduce climate-related health 
risks in Nigeria. Human actions that influence climate change include pressures 
due to population growth and region-specific types and patterns of consumption. 
Therefore, it becomes imperative for households and individuals to learn how to 
adapt to the threats of climate change, and be ready to share information with other 
stakeholders about their daily experiences with climate change impacts and adapta-
tion. In addition, individuals must be prepared to imbibe attitudinal change in order 
to build capacity for adaptation towards climate change.

Environmental psychologists can assist in conceptualizing and understanding 
better the psycho-social aspects of these driving forces behind climate change. 
This could be achieved by providing behavioural analyses of consumption by 
targeting on those behaviours that contribute the most to climate change. Hence, 
individual predictors of consumption that include ability (e.g., income, skills) 
and motivation (e.g., connection to nature, perceptions of needs versus a luxuries, 
core psychological needs) to engage in consumption are some of the psychological 
variables. Climate change can have psychosocial impacts on individuals, groups and 
communities due to relative risk appraisals, mental models and media representa-
tion. However, there are some psychological barriers why people do not respond 
adequately to the risks of climate change. Among these are ignorance, uncertainty, 
mistrust, denial, judgmental discounting, habits and perceived behavioural control.

11. Conclusion

The health risks associated with climate change in Nigeria cannot be overempha-
sized. All populations are affected by climate change, particularly the vulnerable 
like the children and the elderly people. The impacts of climate change are also 
expected to increase over the years, which mean that some existing health chal-
lenges will increase. Therefore, it is very important for everyone to have a better 
knowledge and perception about climate change as it affects human health. This 
is expected to inform people’s decision-making about how to reduce the impact of 
the amount of climate change in the nearest future. In line with this development, 
environmental education and awareness should be promoted by stakeholders and 
government to bring about the best adaptation and mitigation mechanisms among 
vulnerable communities. Also, there should be workshops, seminars and forums on 
climate change adaptation and mitigation organized regularly in schools, universi-
ties, communities, religious houses, motor parks and public places. Research needs 
on climate change should be identified by the government and researchers. There 
is also the need for children in Nigeria to be taught the foundation of a climate-
smart lifestyle, environmentally friendly behaviour and protection. Furthermore, 
students from primary to tertiary institutions are empowered with relevant infor-
mation on how to choose professions that will assist the society to solve emerging 
environmental problems as a consequence of climate change in Nigeria. Adequate 
funding of groundbreaking researches from various multidisciplinary disciplines 
relating to climate change should be given priority in Nigeria. Lastly, all stakehold-
ers should improve regional, national and local capacity to respond to public health 
needs during climate-related emergencies.
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Abstract

Global environmental contamination is one of the most significant environmen-
tal problems in contemporary society. Pollutants are entering the environment from 
different sources, and on the basis of their physico-chemical properties, they are 
transported and participate in biochemical cycles in the varied components of the 
environment, namely in the air, aquatic environment, soil and in rocks or segments. 
They enter the food chain through which they enter the human body, where they 
are transformed into either harmless metabolites (detoxification) that are easily 
excluded or else harmful, reactive products are formed. Heavy metals are one of 
the most dangerous groups of biologically important pollutants. The burden of the 
environment puts more significant burden on populations and ecosystems. They 
form integrant part of the earth’s surface and therefore are present throughout the 
land. We can utter that contamination of the environment and its consequences for 
living organisms have long been in forefront of the interest in scientific as well as lay 
community.

Keywords: environment, heavy metals – Cd, Hg, risks of environmental pollution, 
food chain, health

1. Introduction

Modern civilization process brings on the one hand, better living standards, 
on the other hand, it has negative side effects in the form of impaired ecological, 
biological and natural conditions of life. Global environmental contamination is 
one of the most significant environmental problems at present. It is associated 
with an unprecedented boom in the utilization of chemicals in industrial and 
agricultural production. As a result, there is a relatively high concentration of toxic 
substances in the environment. These substances are not natural and are “strange” 
and „unfriendly “to the environment. Contaminants can be organic or anorganic 
compounds that are not naturally found in the environment; e.g., xenobiotics which 
can be found in unnaturally high concentrations (e.g. heavy metals) in individual 
environmental segments. The attention of professionals and lay public is mainly 
focused on hazardous substances, i.e. those that are difficult to decompose in 
natural surroundings, with high persistence and often exhibiting toxic effects on 
the environment [1–3].

Effects of environmental stress - sensitivity of a given organism to a certain 
stressor depends on its state of development and the conditions of its metabolism. 
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When humans are concerned, especially the fetus, the newborn and the mother 
during pregnancy should be protected. Sick, weakened or weak individuals react 
very sensitively to environmental pollution. Smog disasters threaten humans and 
animals, and soil changes adversely affect vegetation. Very often not one, but sev-
eral factors stress and pollute the environment. The simultaneous action of mul-
tiple factors may be substantially different than in the case of an individual effect; 
antagonistic, summative, synergistic, potentiating effects are recognized in these 
cases. It is true that the responses of biological system to environmental pollution 
can be: individual-level responses - (metabolic disorders stimulation or inhibi-
tion depending on stress level), production of chemical stress agents, changes 
in hormone levels (vertebrate adaptation syndrome), reproductive disorders, 
impaired orientation and even death in cases of extreme stress, population-level 
responses - extinction of sensitive individuals, change in size and age structure of 
the population, strong selection of genetically resistant individuals, general decline 
in genetic diversity within the population, extinction of populations, biocenosis 
and ecosystem level responses - change in competition and predator - prey-victim 
ratio, change in the field of parasitism and disease, change of species spectrum 
and elimination of sensitive species and spreading of resistant species, decline 
in biomass and diversity of species, change of closed metabolism system into an 
open one (partial or complete loss of minerals from natural deposits), change 
from equilibrium to imbalance, from ecosystem stability to instability, collapse of 
biocoenosis (in extreme cases). Toxic substances are particularly environmentally 
harmful to animal and human health, and thus, health risk assessment methods 
are particularly important in this respect.

Climate change, water, soil and health. Climatic conditions in Europe but also 
on other continents are changing. As a result of these changes, extreme weather-
related events (floods, heat waves, droughts, forest fires, changes in vegetation, 
changes in the sea and ocean levels) are becoming more and more frequent. The 
change of the global climate, its impacts, and the need for solutions represent 
one of the most important and widely discussed environmental issues in human 
history so far. This change can be triggered by a number of internal and external 
factors, including human activity. Key effects caused by anthropogenic activity are 
the changes in greenhouse gas concentrations, ozonosphere disruption, local air 
pollution, land use and countryside exploitation. Given the complexity of the whole 
system, at present, it is extremely difficult to quantify precisely the human share 
on the total climate change. Subsequent assessment of the health consequences of 
the climate change is still relatively problematic, as most human health disorders 
are caused by several factors and take place against the backdrop of economic, 
social, demographic and overall environmental changes. The area of climate change, 
water and soil - international commitments - The UN Framework Convention on 
Climate Change, adopted in 1992 in New York, has become the basis for tackling 
climate change at international level. Its ultimate goal is to stabilize the impacts 
of the concentration of greenhouse gases in the atmosphere at a level that would 
prevent the dangerous consequences of human interaction and the Earth’s climatic 
system. In 1997, the Kyoto Protocol to the Convention was adopted to tighten up the 
commitments of individual countries (officially adopted in 2005). This is the first 
binding UN legislation in the area of environment. Already in 1979, at the UNECE 
Convention in Geneva, the so-called “Convention on Long Range Transboundary 
Air Pollution „ was signed. The basic aim is to protect the environment from air 
pollution respectively its gradual reduction. The Convention was supplemented 
by additional protocols related to the long-term funding of the Cooperative 
Programme for Monitoring and Evaluation of the Long-range Transmission 
(Geneva, 1984, Oslo, 1994), reduction of sulfur emissions or their transboundary 
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flows (Helsinki, 1985), reduction of nitrogen oxide emissions or their flows crossing 
the borders (Sofia, 1988), limiting the emissions of volatile organic compounds -  
VOCs (1991), reducing emissions of persistent organic pollutants, reducing 
 acidification, eutrophication and ground-level ozone. In the context of water 
protection at international level, already in 1972, the European Council proclaimed 
the European Water Charter, which highlights the vital importance of water and 
the inevitable need to protect and use water resources. “the Directive no. 2000/60/
EC of the European Parliament and Council”, establishing the framework for the 
Community action in the field of water policy (WFD), which entered into force in 
2000, provides the legislative framework for the introduction of a single policy in 
the countries of the European Union. Nowadays, the issue of water cleanliness and 
protection seems to be a priority, not only from a general and economic point of 
view, but above all from the fact that the quantity and quality of water is an essen-
tial factor in protecting and creating the environment [3–7].

2. Atmosphere

The word atmosphere comes from Greek (atmos -vapor, sfaira - sphere) and 
represents the gaseous layer around the Earth. It protects us from harmful cosmic 
radiation, harmful sunlight, solar winds and is the place where weather is created. 
There could be no life without the atmosphere. Gases forming the atmosphere are 
retained around the Earth by gravitational force. The composition and properties of 
air: Air is an essential component of the biosphere, without which the existence of 
various forms of life on Earth would not have been possible. The gases that create the 
atmosphere are kept around the Earth by gravitational force. The basic elements of 
the atmosphere are nitrogen (78.1%), oxygen (20.9%), argon (0.9%) and carbon 
dioxide (0.033%). The secondary components are noble gases (He, Kr, Ne, Xe), hydro-
gen, ozone, nitrogen oxides, ammonia, methane, iodine. The atmosphere provides 
protection from harmful cosmic radiation, harmful sunlight and solar wind. It has 
no significant upper boundaries, as it merges with space and rotates with the Earth. 
It is an essential condition for life as it transforms the radiant energy of the Sun, 
regulates the distribution of humidity and heat, and affects the spatial arrangement 
of the entire landscape. Based on the temperature-to-height dependence, the Earth’s 
air cover is divided into individual layers: the troposphere, the stratosphere, the 
mesosphere, the thermosphere, and the exosphere. The troposphere (from the Greek 
tropos - change) is the lowermost and the densest part of the atmosphere and makes 
up to 80% of its weight. It reaches 16–18 km above the equator, 8–10 km above the 
poles and 11 km in the temperate zone. With height, its temperature drops by an 
average of 0.65°C to 100 m. The temperature of this atmosphere layer is about 17 to 
−52°C. The composition of troposphere is quite constant. It contains about 78% 
nitrogen, 20% oxygen, small amounts of other gases and also contains virtually all 
water vapor. The troposphere is the most important layer of the atmosphere for life, 
with clouds being formed there and the occurrence of the majority of weather-
related phenomena. The Stratosphere (from the Latin stratum - blanket) is the second 
major layer of the Earth’s atmosphere after the troposphere. It reaches a height of 
45–50 km above the Earth. About 20–30 km above the Earth’s surface, the strato-
sphere contains ozone, which is called stratospheric ozone. It acts as a filter, trapping 
harmful ultraviolet radiation, and transmitting life-giving light and heat to the 
Earth. It completely absorbs UV-C radiation, which has lethal effects on the living 
organism and partially absorbs the short-wave UV-B radiation (wavelength of 
280–315 nm), which is capable of causing many adverse effects. Although ozone in 
the stratosphere is naturally created and destroyed in a constant, balanced rate, 
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can be: individual-level responses - (metabolic disorders stimulation or inhibi-
tion depending on stress level), production of chemical stress agents, changes 
in hormone levels (vertebrate adaptation syndrome), reproductive disorders, 
impaired orientation and even death in cases of extreme stress, population-level 
responses - extinction of sensitive individuals, change in size and age structure of 
the population, strong selection of genetically resistant individuals, general decline 
in genetic diversity within the population, extinction of populations, biocenosis 
and ecosystem level responses - change in competition and predator - prey-victim 
ratio, change in the field of parasitism and disease, change of species spectrum 
and elimination of sensitive species and spreading of resistant species, decline 
in biomass and diversity of species, change of closed metabolism system into an 
open one (partial or complete loss of minerals from natural deposits), change 
from equilibrium to imbalance, from ecosystem stability to instability, collapse of 
biocoenosis (in extreme cases). Toxic substances are particularly environmentally 
harmful to animal and human health, and thus, health risk assessment methods 
are particularly important in this respect.

Climate change, water, soil and health. Climatic conditions in Europe but also 
on other continents are changing. As a result of these changes, extreme weather-
related events (floods, heat waves, droughts, forest fires, changes in vegetation, 
changes in the sea and ocean levels) are becoming more and more frequent. The 
change of the global climate, its impacts, and the need for solutions represent 
one of the most important and widely discussed environmental issues in human 
history so far. This change can be triggered by a number of internal and external 
factors, including human activity. Key effects caused by anthropogenic activity are 
the changes in greenhouse gas concentrations, ozonosphere disruption, local air 
pollution, land use and countryside exploitation. Given the complexity of the whole 
system, at present, it is extremely difficult to quantify precisely the human share 
on the total climate change. Subsequent assessment of the health consequences of 
the climate change is still relatively problematic, as most human health disorders 
are caused by several factors and take place against the backdrop of economic, 
social, demographic and overall environmental changes. The area of climate change, 
water and soil - international commitments - The UN Framework Convention on 
Climate Change, adopted in 1992 in New York, has become the basis for tackling 
climate change at international level. Its ultimate goal is to stabilize the impacts 
of the concentration of greenhouse gases in the atmosphere at a level that would 
prevent the dangerous consequences of human interaction and the Earth’s climatic 
system. In 1997, the Kyoto Protocol to the Convention was adopted to tighten up the 
commitments of individual countries (officially adopted in 2005). This is the first 
binding UN legislation in the area of environment. Already in 1979, at the UNECE 
Convention in Geneva, the so-called “Convention on Long Range Transboundary 
Air Pollution „ was signed. The basic aim is to protect the environment from air 
pollution respectively its gradual reduction. The Convention was supplemented 
by additional protocols related to the long-term funding of the Cooperative 
Programme for Monitoring and Evaluation of the Long-range Transmission 
(Geneva, 1984, Oslo, 1994), reduction of sulfur emissions or their transboundary 
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flows (Helsinki, 1985), reduction of nitrogen oxide emissions or their flows crossing 
the borders (Sofia, 1988), limiting the emissions of volatile organic compounds -  
VOCs (1991), reducing emissions of persistent organic pollutants, reducing 
 acidification, eutrophication and ground-level ozone. In the context of water 
protection at international level, already in 1972, the European Council proclaimed 
the European Water Charter, which highlights the vital importance of water and 
the inevitable need to protect and use water resources. “the Directive no. 2000/60/
EC of the European Parliament and Council”, establishing the framework for the 
Community action in the field of water policy (WFD), which entered into force in 
2000, provides the legislative framework for the introduction of a single policy in 
the countries of the European Union. Nowadays, the issue of water cleanliness and 
protection seems to be a priority, not only from a general and economic point of 
view, but above all from the fact that the quantity and quality of water is an essen-
tial factor in protecting and creating the environment [3–7].

2. Atmosphere

The word atmosphere comes from Greek (atmos -vapor, sfaira - sphere) and 
represents the gaseous layer around the Earth. It protects us from harmful cosmic 
radiation, harmful sunlight, solar winds and is the place where weather is created. 
There could be no life without the atmosphere. Gases forming the atmosphere are 
retained around the Earth by gravitational force. The composition and properties of 
air: Air is an essential component of the biosphere, without which the existence of 
various forms of life on Earth would not have been possible. The gases that create the 
atmosphere are kept around the Earth by gravitational force. The basic elements of 
the atmosphere are nitrogen (78.1%), oxygen (20.9%), argon (0.9%) and carbon 
dioxide (0.033%). The secondary components are noble gases (He, Kr, Ne, Xe), hydro-
gen, ozone, nitrogen oxides, ammonia, methane, iodine. The atmosphere provides 
protection from harmful cosmic radiation, harmful sunlight and solar wind. It has 
no significant upper boundaries, as it merges with space and rotates with the Earth. 
It is an essential condition for life as it transforms the radiant energy of the Sun, 
regulates the distribution of humidity and heat, and affects the spatial arrangement 
of the entire landscape. Based on the temperature-to-height dependence, the Earth’s 
air cover is divided into individual layers: the troposphere, the stratosphere, the 
mesosphere, the thermosphere, and the exosphere. The troposphere (from the Greek 
tropos - change) is the lowermost and the densest part of the atmosphere and makes 
up to 80% of its weight. It reaches 16–18 km above the equator, 8–10 km above the 
poles and 11 km in the temperate zone. With height, its temperature drops by an 
average of 0.65°C to 100 m. The temperature of this atmosphere layer is about 17 to 
−52°C. The composition of troposphere is quite constant. It contains about 78% 
nitrogen, 20% oxygen, small amounts of other gases and also contains virtually all 
water vapor. The troposphere is the most important layer of the atmosphere for life, 
with clouds being formed there and the occurrence of the majority of weather-
related phenomena. The Stratosphere (from the Latin stratum - blanket) is the second 
major layer of the Earth’s atmosphere after the troposphere. It reaches a height of 
45–50 km above the Earth. About 20–30 km above the Earth’s surface, the strato-
sphere contains ozone, which is called stratospheric ozone. It acts as a filter, trapping 
harmful ultraviolet radiation, and transmitting life-giving light and heat to the 
Earth. It completely absorbs UV-C radiation, which has lethal effects on the living 
organism and partially absorbs the short-wave UV-B radiation (wavelength of 
280–315 nm), which is capable of causing many adverse effects. Although ozone in 
the stratosphere is naturally created and destroyed in a constant, balanced rate, 



Environmental Factors Affecting Human Health

32

people are gradually breaking this balance by using ozone-consuming substances. 
Increased penetration of UV-B radiation through the ozone layer increases the risk of 
skin cancer, cataracts and also contributes to immune system disruption. In addition, 
it damages crops such as soybeans, beans, disrupting the food chain in the oceans as 
well. Ozone also occurs in the lower part of the atmosphere as tropospheric ozone. 
Ozone in the ground level atmosphere has a harmful effect on living organisms. 
Unlike stratospheric ozone, tropospheric ozone does not protect organisms but, on 
the contrary, damages the respiratory organs of plants and animals. In recent 
decades, “good” stratospheric ozone has been decreasing and “bad” tropospheric 
ozone has been increasing. Air conditioners, fire extinguishers and chemicals such as 
Freon used in refrigerators and freezers can get to the stratosphere where they 
decompose and the released bromine and chlorine molecules thus destroying “good” 
ozone. One molecule of chlorine or bromine can destroy up to 100,000 ozone 
molecules, so ozone in the stratosphere disappears faster than it can naturally be 
supplied. Volcano explosions contribute only with a tiny amount, about 3% of the 
total, of chlorine to the stratosphere, while people contribute with 82%. The meso-
sphere extends to a height of about 80 km. This atmosphere layer is characterized by 
a temperature drop down to −90°C, which represents the lowest temperature area in 
the whole atmosphere. The reason for the temperature drop is extremely thin air and 
the near absence of ozone. It should also be noted that in the mesosphere the tem-
perature varies depending on the season of the year. The boundary within the 
mesosphere is known as mesopause. Most of the meteorites falling onto Earth mostly 
burn in the mesosphere. The ionosphere represents the ionized part of the atmo-
sphere that affects the propagation of electromagnetic signals. Located between 80 
and 600 km in the mesosphere and thermosphere, it consists of neutral gas, ions and 
electrons. The thermosphere extends to the height of 690 km. The temperature rises 
with increasing height. It reaches up to 1500°C at a height of around 300 km and is 
no longer changing at higher altitudes. The thermosphere has the lowest density, it 
contains only 0.001% of the mass of the whole atmosphere. The exosphere is some-
times not even distinguished as a separate layer but is assigned to the thermosphere. 
It represents the highest layer of the atmosphere, more than 800 km above the 
Earth’s surface. In the exosphere, conditions for the release of atmospheric particles 
into the interplanetary space arise [8–10]. Air Contamination, Causes, Consequences: 
The air that mankind has not been paying attention to (and did not have to pay) in 
the past, is nowadays becoming an acute and widely discussed issue. Since air is not 
inexhaustible. Its pollution is more perceptible from year to year. There are always 
new ways and means of its pollution, which also affect their originators, people, 
animals and nature. A pollutant is any substance introduced by human activity 
directly or indirectly into the air that has or may have harmful effects on human 
health or the environment, except for a substance the introduction of which into the 
environment is governed by a specific regulation. Emission is any direct or indirect 
release of a pollutant into the air. A stationary source of air pollution is a technological 
complex, warehouse or landfill of fuels, raw materials and products, waste dump, 
quarry or other area with the possibility of steaming, burning or polluting or other 
construction, object, equipment and activity that pollutes or can pollute the air; it is 
defined as the sum of all facilities and activities within a functional unit and a spatial 
unit. A mobile source of air pollution is a mobile device with an internal combustion 
engine or other propulsion engine that pollutes the air. The air is polluted by the 
discharge of various substances into the atmosphere and the processes taking place 
directly in the air. The atmosphere is under increasing pressure from greenhouse 
gases, which represent climate change and under pressure from ozone depleting 
chemicals. Pollutants, including substances that cause acid rain, are often trans-
ferred over long distances, thus damaging soil and water. Air pollution is the 
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introduction of pollutants into the atmosphere which, either directly, after a chemi-
cal change or by interaction with another substance, adversely affects the environ-
ment. We know various sources of air pollution, namely anthropogenic and natural, 
which include: combustion of fossil fuels in electricity generation, transport, 
industry and households, industrial processes and the use of solvents, for example in 
the chemical and mineral processing industries, agriculture, waste treatment, 
volcanic eruptions, windblown dust, sea salt spray, and emissions of volatile organic 
compounds from plants are examples of natural emission sources. Within broader 
understanding of air pollution, we also include harmful electromagnetic radiation, 
noise, heat, etc., among pollutants. The following inorganic substances pollute the 
air: sulfur oxidation products (sulfur dioxide, sulfur trioxide, sulfuric acid, sulfates), 
which are introduced into the air by the combustion and processing of coal and oil. 
Nitrogen oxidation products (nitrogen oxide, nitrous acid, nitrates) that enter the 
atmosphere as products of biological processes (bacterial activity), from combustion 
processes in industry and transport. Carbon monoxide is produced in combustion 
processes where there is insufficient oxygen supply to the burning fuel (exhaust 
gases of motor vehicles and air planes, heating). Anthropogenic emissions - beryllium 
(Be), cobalt (Co), antimony (Sb), selenium (Se) - arise mainly from coal combus-
tion, nickel (Ni) and vanadium (V) are predominant in the combustion of diesel, 
arsenic (As), cadmium (Cd), copper (Cu) and zinc (Zn) are emitted mainly when 
melting non-metallic ores. Chromium (Cr) and zinc (Zn) are released from the iron 
and steel works. Inhalable and respirable particles, which can penetrate up to the 
alveoli [11], are considered to be dangerous to health. Other important substances -  
volatile organic compounds (VOC), polycyclic aromatic hydrocarbons (PAHs), 
polychlorinated biphenyls (PCBs), dioxins are measured selectively in targeted 
studies. In case of any harm to human health, animals and beasts by the action of 
pollutants, the emphasis is mainly on the effects of generally toxic, allergenic, 
carcinogenic, mutagenic, teratogenic substances. Immissions are substances that 
affect the soil, water, plants, animals and humanity. The composition of the air and 
its properties are variable, so its effect on the organism changes. In terms of place of 
origin, air pollution is divided into primary and secondary. Primary air pollution is the 
release of pollutants from the source of pollution. Secondary air pollution refers to 
chemical changes in some substances occurring in the process of spreading airborne 
exhalates. The level of air pollution is expressed by the instantaneous or average 
concentration of pollutants at a particular location and depends both on the emis-
sions of pollutants and on the processes to which these emissions are subject in the 
air. This level is characterized by detected pollutant emissions. Polluted air damages 
the environment or its components, endangers or damages the human and animal 
organisms and impairs the environment by deteriorating odor, reducing visibility, 
etc. [2, 3, 10–13].

The Causes of Air Pollution: Increasing population and living standards, includ-
ing energy requirements, are the main cause of the increase in air pollution. The 
global economy, which meets the demands of an advanced society, is characterized 
by increasing oxygen consumption and the release of gaseous, liquid and solid 
emissions. Depending on the volume of the polluted air, pollution can be divided 
into local (covering areas with units of tens of km2 – i.e., air pollution of cities and 
industrial areas, changes caused by changes in local emission and meteorological 
conditions), regional (bottom troposphere pollution of entire territorial unit, in 
assessing regional air pollution, it is necessary to analyze the long-term impact and 
its consequences on soil, water and sensitive ecosystems) and global (pollution of 
the free atmosphere, changes in the composition of the atmosphere as a whole; the 
most serious pollutants being carbon dioxide and small particles of solid and liquid 
substances) [3, 9]. Carbon dioxide (CO2) - the natural source of carbon dioxide 
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people are gradually breaking this balance by using ozone-consuming substances. 
Increased penetration of UV-B radiation through the ozone layer increases the risk of 
skin cancer, cataracts and also contributes to immune system disruption. In addition, 
it damages crops such as soybeans, beans, disrupting the food chain in the oceans as 
well. Ozone also occurs in the lower part of the atmosphere as tropospheric ozone. 
Ozone in the ground level atmosphere has a harmful effect on living organisms. 
Unlike stratospheric ozone, tropospheric ozone does not protect organisms but, on 
the contrary, damages the respiratory organs of plants and animals. In recent 
decades, “good” stratospheric ozone has been decreasing and “bad” tropospheric 
ozone has been increasing. Air conditioners, fire extinguishers and chemicals such as 
Freon used in refrigerators and freezers can get to the stratosphere where they 
decompose and the released bromine and chlorine molecules thus destroying “good” 
ozone. One molecule of chlorine or bromine can destroy up to 100,000 ozone 
molecules, so ozone in the stratosphere disappears faster than it can naturally be 
supplied. Volcano explosions contribute only with a tiny amount, about 3% of the 
total, of chlorine to the stratosphere, while people contribute with 82%. The meso-
sphere extends to a height of about 80 km. This atmosphere layer is characterized by 
a temperature drop down to −90°C, which represents the lowest temperature area in 
the whole atmosphere. The reason for the temperature drop is extremely thin air and 
the near absence of ozone. It should also be noted that in the mesosphere the tem-
perature varies depending on the season of the year. The boundary within the 
mesosphere is known as mesopause. Most of the meteorites falling onto Earth mostly 
burn in the mesosphere. The ionosphere represents the ionized part of the atmo-
sphere that affects the propagation of electromagnetic signals. Located between 80 
and 600 km in the mesosphere and thermosphere, it consists of neutral gas, ions and 
electrons. The thermosphere extends to the height of 690 km. The temperature rises 
with increasing height. It reaches up to 1500°C at a height of around 300 km and is 
no longer changing at higher altitudes. The thermosphere has the lowest density, it 
contains only 0.001% of the mass of the whole atmosphere. The exosphere is some-
times not even distinguished as a separate layer but is assigned to the thermosphere. 
It represents the highest layer of the atmosphere, more than 800 km above the 
Earth’s surface. In the exosphere, conditions for the release of atmospheric particles 
into the interplanetary space arise [8–10]. Air Contamination, Causes, Consequences: 
The air that mankind has not been paying attention to (and did not have to pay) in 
the past, is nowadays becoming an acute and widely discussed issue. Since air is not 
inexhaustible. Its pollution is more perceptible from year to year. There are always 
new ways and means of its pollution, which also affect their originators, people, 
animals and nature. A pollutant is any substance introduced by human activity 
directly or indirectly into the air that has or may have harmful effects on human 
health or the environment, except for a substance the introduction of which into the 
environment is governed by a specific regulation. Emission is any direct or indirect 
release of a pollutant into the air. A stationary source of air pollution is a technological 
complex, warehouse or landfill of fuels, raw materials and products, waste dump, 
quarry or other area with the possibility of steaming, burning or polluting or other 
construction, object, equipment and activity that pollutes or can pollute the air; it is 
defined as the sum of all facilities and activities within a functional unit and a spatial 
unit. A mobile source of air pollution is a mobile device with an internal combustion 
engine or other propulsion engine that pollutes the air. The air is polluted by the 
discharge of various substances into the atmosphere and the processes taking place 
directly in the air. The atmosphere is under increasing pressure from greenhouse 
gases, which represent climate change and under pressure from ozone depleting 
chemicals. Pollutants, including substances that cause acid rain, are often trans-
ferred over long distances, thus damaging soil and water. Air pollution is the 
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introduction of pollutants into the atmosphere which, either directly, after a chemi-
cal change or by interaction with another substance, adversely affects the environ-
ment. We know various sources of air pollution, namely anthropogenic and natural, 
which include: combustion of fossil fuels in electricity generation, transport, 
industry and households, industrial processes and the use of solvents, for example in 
the chemical and mineral processing industries, agriculture, waste treatment, 
volcanic eruptions, windblown dust, sea salt spray, and emissions of volatile organic 
compounds from plants are examples of natural emission sources. Within broader 
understanding of air pollution, we also include harmful electromagnetic radiation, 
noise, heat, etc., among pollutants. The following inorganic substances pollute the 
air: sulfur oxidation products (sulfur dioxide, sulfur trioxide, sulfuric acid, sulfates), 
which are introduced into the air by the combustion and processing of coal and oil. 
Nitrogen oxidation products (nitrogen oxide, nitrous acid, nitrates) that enter the 
atmosphere as products of biological processes (bacterial activity), from combustion 
processes in industry and transport. Carbon monoxide is produced in combustion 
processes where there is insufficient oxygen supply to the burning fuel (exhaust 
gases of motor vehicles and air planes, heating). Anthropogenic emissions - beryllium 
(Be), cobalt (Co), antimony (Sb), selenium (Se) - arise mainly from coal combus-
tion, nickel (Ni) and vanadium (V) are predominant in the combustion of diesel, 
arsenic (As), cadmium (Cd), copper (Cu) and zinc (Zn) are emitted mainly when 
melting non-metallic ores. Chromium (Cr) and zinc (Zn) are released from the iron 
and steel works. Inhalable and respirable particles, which can penetrate up to the 
alveoli [11], are considered to be dangerous to health. Other important substances -  
volatile organic compounds (VOC), polycyclic aromatic hydrocarbons (PAHs), 
polychlorinated biphenyls (PCBs), dioxins are measured selectively in targeted 
studies. In case of any harm to human health, animals and beasts by the action of 
pollutants, the emphasis is mainly on the effects of generally toxic, allergenic, 
carcinogenic, mutagenic, teratogenic substances. Immissions are substances that 
affect the soil, water, plants, animals and humanity. The composition of the air and 
its properties are variable, so its effect on the organism changes. In terms of place of 
origin, air pollution is divided into primary and secondary. Primary air pollution is the 
release of pollutants from the source of pollution. Secondary air pollution refers to 
chemical changes in some substances occurring in the process of spreading airborne 
exhalates. The level of air pollution is expressed by the instantaneous or average 
concentration of pollutants at a particular location and depends both on the emis-
sions of pollutants and on the processes to which these emissions are subject in the 
air. This level is characterized by detected pollutant emissions. Polluted air damages 
the environment or its components, endangers or damages the human and animal 
organisms and impairs the environment by deteriorating odor, reducing visibility, 
etc. [2, 3, 10–13].

The Causes of Air Pollution: Increasing population and living standards, includ-
ing energy requirements, are the main cause of the increase in air pollution. The 
global economy, which meets the demands of an advanced society, is characterized 
by increasing oxygen consumption and the release of gaseous, liquid and solid 
emissions. Depending on the volume of the polluted air, pollution can be divided 
into local (covering areas with units of tens of km2 – i.e., air pollution of cities and 
industrial areas, changes caused by changes in local emission and meteorological 
conditions), regional (bottom troposphere pollution of entire territorial unit, in 
assessing regional air pollution, it is necessary to analyze the long-term impact and 
its consequences on soil, water and sensitive ecosystems) and global (pollution of 
the free atmosphere, changes in the composition of the atmosphere as a whole; the 
most serious pollutants being carbon dioxide and small particles of solid and liquid 
substances) [3, 9]. Carbon dioxide (CO2) - the natural source of carbon dioxide 
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emissions is the breathing of aerobic organisms, while the process leading to its 
natural decrease is the photosynthesis of green plants and the oceans represent the 
ways to absorption. The mean residence time in the atmosphere is estimated to be 
2–4 years. The total CO2 content is increasing - over the last 100 years the CO2 
concentration has increased by about 10%. The increase in CO2 in the atmosphere is 
responsible for the worsening of the greenhouse effect. Anthropogenic sources are 
mainly combustion processes. Other natural processes emitting carbon dioxide 
include fires and volcanic activity. Carbon dioxide is emitted wherever combustion 
processes of carbon fossil fuels (natural gas, petroleum products, coal, coke) occur. 
The source of emissions is also the combustion of fuels of biological origin (bio-
mass, wood, biodiesel and biogas). Carbon dioxide in the atmosphere absorbs the 
infrared radiation of the Earth’s surface and thus contributes to the greenhouse 
effect and consequently to global warming. In higher concentrations, in poorly 
ventilated areas, it may exhibit toxic effects. Short-term exposure may cause 
headache, dizziness, difficulty in breathing, confusion immediately or with a short 
delay. Higher exposure may cause cramps, coma, or death. Some more serious cases 
of poisoning can leave brain effects, cause personality changes, and impair vision. 
Carbon monoxide - has an uncontrolled radiation impact on the atmosphere in 
connection with increasing methane concentration and increasing of the ozone 
hole. CO belongs to the photochemically active gases contributing indirectly to the 
greenhouse effect of the atmosphere. It is known as a precursor of ozone because it 
affects the formation and breakdown of ozone in the troposphere. The atmospheric 
residence time estimates vary, with a range of 0.1–0.3 years, some 1 month to 
5 years; this also depend on the carbon monoxide removal rate. The major part of 
CO is formed in the atmosphere during methane oxidation, chlorophyll decomposi-
tion and terpene photooxidation. Volcanic activity, forest fires and bacterial activity 
in the oceans contribute to the total amount produced by natural resources. 
Anthropogenic activity is letting into the air from 350 to 600 million tons of CO per 
year. The most important emission sources include imperfect combustion, e.g. in 
automobiles, industry, incinerators and heating plants and incomplete combustion 
of carbon-containing organic substances. It is one of the most common poisons. 
When inhaled, it is absorbed into the lungs and re-bound to the blood dye, produc-
ing carboxyhemoglobin. CO has 200 some literature reports up to 240–300 times 
more affinity for blood pigment than oxygen [13, 14]. Hydrocarbons - the largest 
share is methane gas from natural resources. The second largest group is repre-
sented by terpenes from natural sources. From human activity, comes less than 5% 
of the total volume of hydrocarbons, of which 38.5% comes from combustion, 
11.3% from solvent evaporation, 8.8% from the evaporation of crude oil and 
transport losses, 7.1% from refinery waste. In terms of air pollution, the combustion 
of hydrocarbons is of the utmost importance. When hydrocarbons enter the 
atmosphere as products of combustion processes, they react with the components 
of the polluted atmosphere or undergo photooxidation or photolysis. The most 
serious ones are those that create photooxid smog. Significant hazard to ozone 
depletion is represented by freons and halons. Nitrous oxide belongs to stable 
atmospheric components. The only source of nitrous oxide are natural processes. 
When converted into nitrogen, nitrous oxide represents 97% of all nitrogen com-
pounds, remaining present in the atmosphere approximately for 4 years. Its larger 
part returns to the Earth’s surface, of which about 6% diffuses into the stratosphere, 
where it disappears in photodissociation. Of the total amount of N2O that under-
goes a reaction, 98% is changed to N2 in the atmosphere and 2% is converted to NO. 
Nitric oxide - most of it comes from natural sources. From anthropogenic activity, 
combustion processes (emissions from energy, municipal sources and transport) 
contribute significantly to NO emissions. The residence time in the atmosphere is 
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estimated to be about 4 days. NO arises from combustion processes at sufficiently 
high temperatures. Under equilibrium conditions in the presence of oxygen, most 
NOs oxidize to NO2, changing colorless nitric oxide to colored nitrogen dioxide. In 
the mesosphere and thermosphere, the photodissociation of nitric oxide is taking 
place, which presents the way of NO disappearance in the higher atmosphere. The 
photochemical conversion of NO to NO2 can be of considerable importance for the 
air pollution in urban agglomerations. Nitrogen dioxide -Most of the nitrogen 
dioxide is produced directly in the polluted atmosphere by NO oxidation. 
Significantly less is released into air from anthropogenic sources. The removal of 
NO2 from the atmosphere starts from its oxidation and hydration, resulting in nitric 
acid. Nitric acid in the polluted atmosphere can further react to form nitrates, 
which in the final phase are washed away by rain. In terms of air pollution, NO2 
photolysis, which can initiate photochemical smog, is of paramount importance. 
The formation and duration of photochemical smog depends on the chemical 
composition of the polluted atmosphere, the intensity and spectrum of the solar 
radiation. It is often created on warm sunny days at rush hours. Ammonia - the 
largest amounts of ammonia - are released into the atmosphere by the biodegrada-
tion of organic matter and by the reduction of nitrites or nitrates. Anthropogenic 
sources include the chemical industry, especially the production of fertilizers and 
urea and industrial waste. Ammonia gas reacts in an atmosphere with sulfuric acid, 
respectively nitric acid to form sulfates or nitrates. Self-cleaning processes occur-
ring in the atmosphere such as sedimentation and rainwater rinsing allow the 
resulting salts to be removed from the air. The residence time in the atmosphere is 
estimated to be about 7 days. Sulfur dioxide is one of the typical and most common 
emission components. The largest amounts are produced by burning fossil fuels. 
Natural resources contribute to a lesser extent to total SO2 emissions (emissions 
from volcanic activity). Sulfur trioxide is produced by burning fossil fuels. Small 
amounts get into the atmosphere due to the production of sulfuric acid, phosphate 
fertilizers or in galvanic plating. In the atmosphere, SO3 reacts immediately with 
H2O to form sulfuric acid. The sulfuric acid content increases with increased SO2 
concentration up to a certain critical value, from which the SO2 content decreases 
further on. Sulfane-the main global source of sulfane emissions are natural pro-
cesses such as volcanic activity and biological processes of substance degradation. 
Anthropogenic activity contributes to these sources only minimally, in the pro-
cesses of oil, coal, pulp and paper processing. In the atmosphere, sulfate is gradually 
changing due to the oxidative effects of air oxygen with the contribution of solar 
radiation and due to the hydrolytic reactions with atmospheric moisture to form 
sulfuric acid. If other pollutants get into the air together with sulfate, the number of 
possible reactions is increased by combinations with primary and secondary 
pollution. Consequences of air pollution: ozone layer depletion (referred to as the 
ozone hole) is present in areas mainly above the Arctic and Antarctica with reduced 
ozone concentration due to anthropogenic pollution. In the ozonosphere there is a 
constant cycle of ozone formation and disappearance. In the presence of sunlight, 
photochemical processes occur, resulting in higher ozone concentrations. The most 
important thing concerning life on Earth is that most of the ultraviolet radiation is 
trapped in these processes and the visible light is transmitted to the Earth’s surface. 
Ozone is a gas that is poisonous at higher concentrations. Therefore, in the tropo-
sphere where we live, it is undesirable, but in the stratosphere it is essential for life, 
as it absorbs dangerous UV radiation. Since 1970, we have been observing the 
depletion of the ozone layer around the entire globe. It is caused by civilization 
influences. At present, we know more than 200 chemical reactions of the ozone 
decomposition process. Depending on which parts of the atmosphere contain 
ozone, it can play a positive or negative role. Tropospheric ozone is ozone found in 



Environmental Factors Affecting Human Health

34

emissions is the breathing of aerobic organisms, while the process leading to its 
natural decrease is the photosynthesis of green plants and the oceans represent the 
ways to absorption. The mean residence time in the atmosphere is estimated to be 
2–4 years. The total CO2 content is increasing - over the last 100 years the CO2 
concentration has increased by about 10%. The increase in CO2 in the atmosphere is 
responsible for the worsening of the greenhouse effect. Anthropogenic sources are 
mainly combustion processes. Other natural processes emitting carbon dioxide 
include fires and volcanic activity. Carbon dioxide is emitted wherever combustion 
processes of carbon fossil fuels (natural gas, petroleum products, coal, coke) occur. 
The source of emissions is also the combustion of fuels of biological origin (bio-
mass, wood, biodiesel and biogas). Carbon dioxide in the atmosphere absorbs the 
infrared radiation of the Earth’s surface and thus contributes to the greenhouse 
effect and consequently to global warming. In higher concentrations, in poorly 
ventilated areas, it may exhibit toxic effects. Short-term exposure may cause 
headache, dizziness, difficulty in breathing, confusion immediately or with a short 
delay. Higher exposure may cause cramps, coma, or death. Some more serious cases 
of poisoning can leave brain effects, cause personality changes, and impair vision. 
Carbon monoxide - has an uncontrolled radiation impact on the atmosphere in 
connection with increasing methane concentration and increasing of the ozone 
hole. CO belongs to the photochemically active gases contributing indirectly to the 
greenhouse effect of the atmosphere. It is known as a precursor of ozone because it 
affects the formation and breakdown of ozone in the troposphere. The atmospheric 
residence time estimates vary, with a range of 0.1–0.3 years, some 1 month to 
5 years; this also depend on the carbon monoxide removal rate. The major part of 
CO is formed in the atmosphere during methane oxidation, chlorophyll decomposi-
tion and terpene photooxidation. Volcanic activity, forest fires and bacterial activity 
in the oceans contribute to the total amount produced by natural resources. 
Anthropogenic activity is letting into the air from 350 to 600 million tons of CO per 
year. The most important emission sources include imperfect combustion, e.g. in 
automobiles, industry, incinerators and heating plants and incomplete combustion 
of carbon-containing organic substances. It is one of the most common poisons. 
When inhaled, it is absorbed into the lungs and re-bound to the blood dye, produc-
ing carboxyhemoglobin. CO has 200 some literature reports up to 240–300 times 
more affinity for blood pigment than oxygen [13, 14]. Hydrocarbons - the largest 
share is methane gas from natural resources. The second largest group is repre-
sented by terpenes from natural sources. From human activity, comes less than 5% 
of the total volume of hydrocarbons, of which 38.5% comes from combustion, 
11.3% from solvent evaporation, 8.8% from the evaporation of crude oil and 
transport losses, 7.1% from refinery waste. In terms of air pollution, the combustion 
of hydrocarbons is of the utmost importance. When hydrocarbons enter the 
atmosphere as products of combustion processes, they react with the components 
of the polluted atmosphere or undergo photooxidation or photolysis. The most 
serious ones are those that create photooxid smog. Significant hazard to ozone 
depletion is represented by freons and halons. Nitrous oxide belongs to stable 
atmospheric components. The only source of nitrous oxide are natural processes. 
When converted into nitrogen, nitrous oxide represents 97% of all nitrogen com-
pounds, remaining present in the atmosphere approximately for 4 years. Its larger 
part returns to the Earth’s surface, of which about 6% diffuses into the stratosphere, 
where it disappears in photodissociation. Of the total amount of N2O that under-
goes a reaction, 98% is changed to N2 in the atmosphere and 2% is converted to NO. 
Nitric oxide - most of it comes from natural sources. From anthropogenic activity, 
combustion processes (emissions from energy, municipal sources and transport) 
contribute significantly to NO emissions. The residence time in the atmosphere is 
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estimated to be about 4 days. NO arises from combustion processes at sufficiently 
high temperatures. Under equilibrium conditions in the presence of oxygen, most 
NOs oxidize to NO2, changing colorless nitric oxide to colored nitrogen dioxide. In 
the mesosphere and thermosphere, the photodissociation of nitric oxide is taking 
place, which presents the way of NO disappearance in the higher atmosphere. The 
photochemical conversion of NO to NO2 can be of considerable importance for the 
air pollution in urban agglomerations. Nitrogen dioxide -Most of the nitrogen 
dioxide is produced directly in the polluted atmosphere by NO oxidation. 
Significantly less is released into air from anthropogenic sources. The removal of 
NO2 from the atmosphere starts from its oxidation and hydration, resulting in nitric 
acid. Nitric acid in the polluted atmosphere can further react to form nitrates, 
which in the final phase are washed away by rain. In terms of air pollution, NO2 
photolysis, which can initiate photochemical smog, is of paramount importance. 
The formation and duration of photochemical smog depends on the chemical 
composition of the polluted atmosphere, the intensity and spectrum of the solar 
radiation. It is often created on warm sunny days at rush hours. Ammonia - the 
largest amounts of ammonia - are released into the atmosphere by the biodegrada-
tion of organic matter and by the reduction of nitrites or nitrates. Anthropogenic 
sources include the chemical industry, especially the production of fertilizers and 
urea and industrial waste. Ammonia gas reacts in an atmosphere with sulfuric acid, 
respectively nitric acid to form sulfates or nitrates. Self-cleaning processes occur-
ring in the atmosphere such as sedimentation and rainwater rinsing allow the 
resulting salts to be removed from the air. The residence time in the atmosphere is 
estimated to be about 7 days. Sulfur dioxide is one of the typical and most common 
emission components. The largest amounts are produced by burning fossil fuels. 
Natural resources contribute to a lesser extent to total SO2 emissions (emissions 
from volcanic activity). Sulfur trioxide is produced by burning fossil fuels. Small 
amounts get into the atmosphere due to the production of sulfuric acid, phosphate 
fertilizers or in galvanic plating. In the atmosphere, SO3 reacts immediately with 
H2O to form sulfuric acid. The sulfuric acid content increases with increased SO2 
concentration up to a certain critical value, from which the SO2 content decreases 
further on. Sulfane-the main global source of sulfane emissions are natural pro-
cesses such as volcanic activity and biological processes of substance degradation. 
Anthropogenic activity contributes to these sources only minimally, in the pro-
cesses of oil, coal, pulp and paper processing. In the atmosphere, sulfate is gradually 
changing due to the oxidative effects of air oxygen with the contribution of solar 
radiation and due to the hydrolytic reactions with atmospheric moisture to form 
sulfuric acid. If other pollutants get into the air together with sulfate, the number of 
possible reactions is increased by combinations with primary and secondary 
pollution. Consequences of air pollution: ozone layer depletion (referred to as the 
ozone hole) is present in areas mainly above the Arctic and Antarctica with reduced 
ozone concentration due to anthropogenic pollution. In the ozonosphere there is a 
constant cycle of ozone formation and disappearance. In the presence of sunlight, 
photochemical processes occur, resulting in higher ozone concentrations. The most 
important thing concerning life on Earth is that most of the ultraviolet radiation is 
trapped in these processes and the visible light is transmitted to the Earth’s surface. 
Ozone is a gas that is poisonous at higher concentrations. Therefore, in the tropo-
sphere where we live, it is undesirable, but in the stratosphere it is essential for life, 
as it absorbs dangerous UV radiation. Since 1970, we have been observing the 
depletion of the ozone layer around the entire globe. It is caused by civilization 
influences. At present, we know more than 200 chemical reactions of the ozone 
decomposition process. Depending on which parts of the atmosphere contain 
ozone, it can play a positive or negative role. Tropospheric ozone is ozone found in 
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lower parts of the atmosphere, which is harmful to living organisms. Unlike 
stratospheric ozone, its concentration in the troposphere is increasing. Excessive 
ozone amount in the troposphere is as harmful as its lack in the stratosphere. 
Tropospheric ozone can be of stratospheric origin or is a result of complex photo-
chemical reactions of hydrocarbons, carbon monoxide and nitrogen oxides. 
Stratospheric ozone - ozone found in the stratosphere prevents the penetration of 
harmful short-wave UV-B radiation with a wavelength of 280–315 nm. As a conse-
quence of photochemical reactions in the stratosphere, besides the formation and 
decay of ozone, not only is there a significant attenuation of the incident solar 
ultraviolet radiation, but also the transmission (absorption) of energy, and thus an 
increase in temperature in the respective atmosphere layers. As a result of human 
activity, substances are released into the atmosphere, the amount of which exceeds 
the normal value of their occurrence in the atmosphere several times. This reduces 
the amount of ozone in the ozonosphere and disrupts the natural structure of the 
atmosphere, which permits much more UV-radiation at wavelengths that adversely 
affect living organisms. The stratospheric ozone layer is increasingly disrupted by 
the action of chlorofluorocarbons (CFCs or Freons). Freons have been developed in 
the 1930s, have a very wide use, are non-flammable, non-toxic, odorless, cheap and 
lighter than air. As a result of UV-radiation, the atoms of the halo elements (chlo-
rine, bromine) are released, converting ozone to oxygen molecules that do not 
absorb UV. The decrease of ozone in the stratosphere allows ultraviolet rays to get to 
the Earth. Negative effects on living organisms include skin cancer, eye diseases, 
weakening of the immune system and others [3, 10, 13–15]. Ultraviolet rays do not 
only damage living organisms, but also contribute to the deterioration of plastics, 
wood, paper and cotton. The amount of both tropospheric and stratospheric ozone 
depends on the balance between the processes in which ozone is produced and the 
processes in which ozone is disposed of in the atmosphere. In the last quarter of the 
20th century, it was found that stratospheric ozone was disappearing, while tropo-
spheric ozone was increasing. Even though stratospheric ozone is naturally pro-
duced and destroyed by a constant, balanced rate, people are gradually disrupting 
this balance by using ozone-consuming substances. Acid rain is the result of strong 
air pollution, where dirt absorbed by air humidity gets back to the ground through 
precipitation. Rainwater with a pH value of 5.0–5.6 is slightly acidic because carbon 
dioxide is found in the air and absorbed by the air humidity. Acid rain is considered 
to be rainwater with a pH of 2.0–5.0. The occurrence of acid rain is mainly due to coal 
and oil-fired power plants, metallurgical plants, the chemical industry and trans-
port. Sulfur and nitrogen oxides emitted by these sources combine with atmo-
spheric moisture to form sulfuric and nitric acids. These rains have a negative 
impact on flora and fauna. They kill fish in lakes in bulk. Acid rain threatens plants, 
forests (healthy coniferous trees lose their needles after 6–8 years, sick ones after 
2–3 years, only the newest needles remain on damaged coniferous trees, plant roots 
absorb toxins more easily in acidic environment) worms, insects and other animals 
that process plant remnants in healthy soil (thus enriching the soil with substances 
that are vital to plant life). However, if the soil is acidified by acid rain, the animals 
cannot live in it. Dead plant residues remain lying on the ground and no animal 
nutrients are formed. The food chain is disrupted. Some of the nutrients such as 
calcium, manganese, sodium, potassium is diluted from the soil due to the effects 
of acidic components of the rain; groundwater and surface water are (acidified 
water has a negative effect on aquatic animals and aquatic plants). Under these 
conditions, phytoplankton gradually disappears and due to its reduction, the light 
gets deeper into the water, so the water of the affected lakes is almost unnaturally 
clear and clean. Today, for example, only in Sweden out of 100,000 lakes, (about 
20,000 are dead, lifeless), acid rains are damaging buildings, artistic and cultural 
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landmarks. Not all sites respond to acid rain in the same way - it depends on the soil 
and water chemical composition. There are some sites with alkaline soil that can 
tolerate large doses of acid rain without significantly changing the overall pH of the 
environment. Acid aerosols also have a harmful effect on humans by entering the 
respiratory tract, irritating the mucosa and thus facilitating the entry of infections 
into the lungs. The greenhouse effect is the denotation of a phenomenon consisting of 
warming the lower layers of the atmosphere due to the fact that the atmosphere 
permits the passage of short-wave solar radiation to the Earth’s surface during the 
day and absorbs Earth’s long-wave radiation at night and thus becomes warmer. 
Larger wavelength heat radiation, which is emitted back from the planet’s surface, 
is absorbed by the Earth effectively, its immediate release into space being pre-
vented this way. The anthropogenic greenhouse effect is caused by the burning of 
fossil fuels, the excavation of forests, the global changes in the countryside, and 
contributes to global warming. Among the greenhouse gases currently having the 
greatest climate impact belongs carbon dioxide. It occurred naturally in the atmo-
sphere. From 1850 to the present, its concentration increased by 27%. It is released 
in the burning of fossil fuels and its amount is growing due to massive deforestation 
too. Part of it is absorbed by the oceans and much of it by forested areas. Another 
significant greenhouse gas is methane. In the atmosphere it occurs naturally, as does 
carbon dioxide. It is produced by anaerobic bacteria in the digestive tract of rumi-
nants and by the decomposition of organic matter. It is released from subsurface 
landfills and is also released into the atmosphere by escaping from gas pipelines. 
Nitrous oxide is a naturally occurring greenhouse gas. Its presence is increased by 
using nitrogen fertilizers and burning fossil fuels. Freons have anthropogenic origin. 
They are found in refrigerant gases and are part of the propellants. They disrupt the 
ozone layer. We are currently adding nearly 10 billion tons of carbon to the atmo-
sphere annually. The biosphere is not capable of returning such an amount back to 
underground reservoirs as fossils, nor is the world ocean able to drain such an 
amount of carbon because of physical and chemical limitations. This is the main 
reason that the concentration of CO2 but also of CH4 in the atmosphere grows in 
parallel with the consumption of fossil carbon by various anthropogenic activities. 
Nitrogen is an indifferent part of the air in respect to health. Oxygen is the most 
important component of air, resulting from its role in respiratory physiology. The 
human organism is highly resistant to fluctuations in the amount of oxygen. Ozone 
is of little use for low concentration under natural conditions. However, it is 
harmful and even dangerous at high concentrations. Carbon monoxide is an unnatu-
ral admixture in the air. Its hygienic importance lies above all in the danger of 
poisoning. It is particularly dangerous because humans cannot smell it. Sulfur 
dioxide is produced by the combustion of sulfur and acts irritatingly and even as a 
strong poison. Ammonia occurs only in trace amounts in the atmosphere. It is 
harmful at a concentration of 0.5%, which it practically does not reach. Odorous 
substances are produced in an enclosed atmosphere by anthropogenic and animal 
activity. Further impurities in the air are e.g. mercury, and gasoline vapor, hydrogen 
cyanide [3, 6, 10, 14].

3. Hydrosphere

Hydrosphere (from Greek hydro - water) is a denotation that encompasses all 
water, whether on the surface of the Earth or bellow it and in any form... Water is 
the most widespread, under the surface of the Earth. Water occurs in different 
states and creates a discontinuous water layer of the Earth (hydrosphere). These 
include the waters of the oceans, seas, surface waters, and, in a broader sense, soil 



Environmental Factors Affecting Human Health

36
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stratospheric ozone, its concentration in the troposphere is increasing. Excessive 
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dioxide is found in the air and absorbed by the air humidity. Acid rain is considered 
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cannot live in it. Dead plant residues remain lying on the ground and no animal 
nutrients are formed. The food chain is disrupted. Some of the nutrients such as 
calcium, manganese, sodium, potassium is diluted from the soil due to the effects 
of acidic components of the rain; groundwater and surface water are (acidified 
water has a negative effect on aquatic animals and aquatic plants). Under these 
conditions, phytoplankton gradually disappears and due to its reduction, the light 
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20,000 are dead, lifeless), acid rains are damaging buildings, artistic and cultural 

37

Heavy Metals and the Environment
DOI: http://dx.doi.org/10.5772/intechopen.86876

landmarks. Not all sites respond to acid rain in the same way - it depends on the soil 
and water chemical composition. There are some sites with alkaline soil that can 
tolerate large doses of acid rain without significantly changing the overall pH of the 
environment. Acid aerosols also have a harmful effect on humans by entering the 
respiratory tract, irritating the mucosa and thus facilitating the entry of infections 
into the lungs. The greenhouse effect is the denotation of a phenomenon consisting of 
warming the lower layers of the atmosphere due to the fact that the atmosphere 
permits the passage of short-wave solar radiation to the Earth’s surface during the 
day and absorbs Earth’s long-wave radiation at night and thus becomes warmer. 
Larger wavelength heat radiation, which is emitted back from the planet’s surface, 
is absorbed by the Earth effectively, its immediate release into space being pre-
vented this way. The anthropogenic greenhouse effect is caused by the burning of 
fossil fuels, the excavation of forests, the global changes in the countryside, and 
contributes to global warming. Among the greenhouse gases currently having the 
greatest climate impact belongs carbon dioxide. It occurred naturally in the atmo-
sphere. From 1850 to the present, its concentration increased by 27%. It is released 
in the burning of fossil fuels and its amount is growing due to massive deforestation 
too. Part of it is absorbed by the oceans and much of it by forested areas. Another 
significant greenhouse gas is methane. In the atmosphere it occurs naturally, as does 
carbon dioxide. It is produced by anaerobic bacteria in the digestive tract of rumi-
nants and by the decomposition of organic matter. It is released from subsurface 
landfills and is also released into the atmosphere by escaping from gas pipelines. 
Nitrous oxide is a naturally occurring greenhouse gas. Its presence is increased by 
using nitrogen fertilizers and burning fossil fuels. Freons have anthropogenic origin. 
They are found in refrigerant gases and are part of the propellants. They disrupt the 
ozone layer. We are currently adding nearly 10 billion tons of carbon to the atmo-
sphere annually. The biosphere is not capable of returning such an amount back to 
underground reservoirs as fossils, nor is the world ocean able to drain such an 
amount of carbon because of physical and chemical limitations. This is the main 
reason that the concentration of CO2 but also of CH4 in the atmosphere grows in 
parallel with the consumption of fossil carbon by various anthropogenic activities. 
Nitrogen is an indifferent part of the air in respect to health. Oxygen is the most 
important component of air, resulting from its role in respiratory physiology. The 
human organism is highly resistant to fluctuations in the amount of oxygen. Ozone 
is of little use for low concentration under natural conditions. However, it is 
harmful and even dangerous at high concentrations. Carbon monoxide is an unnatu-
ral admixture in the air. Its hygienic importance lies above all in the danger of 
poisoning. It is particularly dangerous because humans cannot smell it. Sulfur 
dioxide is produced by the combustion of sulfur and acts irritatingly and even as a 
strong poison. Ammonia occurs only in trace amounts in the atmosphere. It is 
harmful at a concentration of 0.5%, which it practically does not reach. Odorous 
substances are produced in an enclosed atmosphere by anthropogenic and animal 
activity. Further impurities in the air are e.g. mercury, and gasoline vapor, hydrogen 
cyanide [3, 6, 10, 14].

3. Hydrosphere

Hydrosphere (from Greek hydro - water) is a denotation that encompasses all 
water, whether on the surface of the Earth or bellow it and in any form... Water is 
the most widespread, under the surface of the Earth. Water occurs in different 
states and creates a discontinuous water layer of the Earth (hydrosphere). These 
include the waters of the oceans, seas, surface waters, and, in a broader sense, soil 
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and groundwater, water bound in glaciers and snow, atmospheric water, and water 
in living organisms. on the Earth and for the animals it is directly the environment 
for their living. It is the main means of transporting nutrients, receiving and 
excreting them. Water on Earth occupies about 2/3 of its total surface area (drink-
ing water represents about 1% of the total water; 97% saltwater contained in seas 
and oceans; 2% water bound in glaciers). The total water volume is about 1385 
billion km3. The origin and development of the hydrosphere is closely linked to the 
evolution of the rest of the Earth. Between the lithosphere, the atmosphere and the 
hydrosphere, there is a constant exchange of water causing changes in the chemical 
and isotopic composition of water. Continuous water circulation is caused by solar 
energy and gravity. Large (global) water cycle takes place between the ocean and 
the mainland, and a small water cycle arises over the oceans. In the various phases 
of the cycle, complex water conversion takes place [3, 6, 10]. Meaning, function, 
properties and distribution of water: The health of the population as a universal value 
and primary human rights represent the fundamental economic resource not only 
for the individual but also for the whole of society. In recent years, information has 
been gathering to warn of the catastrophic effects of unscrupulous industrial 
devastation of natural resources, water resources, and interventions in the ecologi-
cal balance of flora and fauna. Water is an indispensable component of the human 
environment, as well as all plant and animal systems, and constitutes the basic 
condition of life on Earth. It is an important prerequisite for the existence of every 
living matter on Earth. The importance of water for man and the environment was 
accurately defined in the 12 points of the European Water Charter, proclaimed by 
the European Council on 6 May 1948 in Strasbourg: The Water Charter underlines 
the necessity to maintain sufficient water for future generations and the fact that 
water does not recognize state borders. Therefore, the growing water problems 
require international cooperation. According to data from the United Nations, 
polluted water kills more people than war. Up to 2 billion tons of polluted waste is 
discharged daily into the water worldwide. About 2 million people die of dehydra-
tion in developing countries every year on our planet, with about one in five people 
having no access to drinking water. More than 3000 children younger than 5 years 
die from diarrhea, dysentery, dehydration and cholera daily. According to the UN, 
about 783 million Earth inhabitants does not have access to drinking water and 
about 2.5 billion people do not know sanitation systems, while the quality of water 
resources is worse. The human body contains more than 60% water (65–75%), 
which is about 2/3 of the body weight. This ratio is even higher in children and 
newborns. Water plays an irreplaceable and irredeemable role in the life and 
function of the body as it participates in the digestion and metabolism, body 
temperature regulation, excretion of body waste, transport of oxygen and nutrients 
to tissues and cells. The amount of drinking water received depends on several factors: 
age, activity, environment in which a person lives, condition of the body, nutrition 
(composition of diet). Lack of water leads to serious damage to the human body 
after only a few days. In the case of excessive loss of water from the body, we feel 
drowsiness, weakness, confusion. Dry mucous membranes, constipation, headache, 
fatigue, somnolence, impaired movement coordination, pulse acceleration, drop in 
blood pressure and decreased performance are also manifestations of water defi-
ciency. In case of excessive fluid loss, we are talking about dehydration. Loss of fluid 
above 6% can lead to collapse or death. In the case of insufficient water supply, 
harmful substances accumulate in the body, which puts the excretory organs under 
stress. The thicker the blood, the more difficult it becomes for the kidneys to deal 
with the waste. Water in tissues, blood, and lymph are thickened, weakening the 
immune system, failing to transmit nerve impulses, slowing cell renewal. Water is 
also important for thermoregulatory processes and protects the body from 
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overheating. Water functions: biological function – it is the essential condition for the 
life of organisms from microorganisms to higher animals to humans, it provides 
nutrition for humanity, for some animal species water is their living environment, 
water participates in photosynthesis, it is part of components in the cell as well as 
regulator of thermal properties, health preserving function - the quality of life, 
hygiene, health, healing properties of mineralized and otherwise enriched waters 
depend on it; economic function – it is applied in the agricultural industry, esthetic-
cultural functions - spas, water bodies fulfill the appropriate function, political 
function - watercourses form borders between states. Water properties: The physical, 
chemical and biological properties of water result from its structure and chemical 
composition. From a physical and chemical point of view, water is a very compli-
cated compound characterized by a number of special chemical and physical 
properties resulting from the electron structure of its molecules. Water properties 
are divided into chemical, physical, microbiological and sensory. The chemical 
properties of water - water contains a wide range of chemicals, some of which are 
only minuscule and desirable (carbonates); others should only be present in limited 
quantities because they could change the color and haze properties (turbidity) of 
water (iron, chlorine) and there is also a group of substances undesirable in water 
that indicates water pollution with nitrogenous substances ((ammonia, nitrites, 
nitrates, phosphates, chlorides) of organic origin, etc.) [6, 14]. The chemical 
properties of water are determined by the content of substances dissolved in water. 
The main inorganic constituents of natural waters are calcium, magnesium and 
sodium, which are mostly present as cations such as bicarbonates, sulfates and 
chlorides. In natural waters, potassium, iron, manganese and small amounts of 
other metals are represented in small concentrations, by which the water is enriched 
in contact with the soil, with various minerals and rocks. From a chemical point of 
view, we divide the substances found in waters into inorganic and organic. From a 
physical point of view, these substances can be present as ionically dissolved 
(electrolytes), non-ionically dissolved (non-electrolytes) or as undissolved (non-
miscible, miscible and buoyant or floating). Physical properties of water: ability to 
accumulate more heat; large water bodies such as lakes, seas and oceans are involved 
in the regulation of temperature on the Earth, electrical conductivity, which 
depends on ion concentration, their mobility and temperature, while the dissolved 
salts and gases increase the water conductivity, the water density increases from 
temperature of 0 to 3.98°C, at higher temperature it decreases continuously, surface 
tension - is the cause of capillary phenomena (capillarity of water in the soil and 
rocks, wetting ability, foam formation, etc.), viscosity, which together with density 
significantly affects hydraulic water behavior - for example, the speed of sand 
filtration of water depends on its value, sedimentation rate that decreases with 
temperature rise. Other physical properties of water include light absorption, water 
radioactivity, and state changes. Biological properties of water: The microbial recov-
ery of natural waters consists of autochthonous (indigenous) species, for which 
water is the primary and natural habitat, where they participate in the circulation of 
substances in water and are thus reflecting natural water pollution without anthro-
pogenic influence. Microorganisms that get into the aquatic environment by 
flushing from the soil, or through civilization wastes, whether communal, indus-
trial, or agricultural, and survive for some time in this environment, represent an 
allochthonous (non-original) recovery, indicating not only external pollution by 
organic substances, but also the possibility of pathogenic germs. There are many 
microbial species in natural waters. Microbiological analyzes are carried out in a 
targeted manner, and indicator groups or individual species of microorganisms as 
indicators of water quality are selected purposefully according to ecological or 
hygienic criteria. Ecological classification of organisms expresses the behavior and 
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evolution of the rest of the Earth. Between the lithosphere, the atmosphere and the 
hydrosphere, there is a constant exchange of water causing changes in the chemical 
and isotopic composition of water. Continuous water circulation is caused by solar 
energy and gravity. Large (global) water cycle takes place between the ocean and 
the mainland, and a small water cycle arises over the oceans. In the various phases 
of the cycle, complex water conversion takes place [3, 6, 10]. Meaning, function, 
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and primary human rights represent the fundamental economic resource not only 
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been gathering to warn of the catastrophic effects of unscrupulous industrial 
devastation of natural resources, water resources, and interventions in the ecologi-
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the European Council on 6 May 1948 in Strasbourg: The Water Charter underlines 
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discharged daily into the water worldwide. About 2 million people die of dehydra-
tion in developing countries every year on our planet, with about one in five people 
having no access to drinking water. More than 3000 children younger than 5 years 
die from diarrhea, dysentery, dehydration and cholera daily. According to the UN, 
about 783 million Earth inhabitants does not have access to drinking water and 
about 2.5 billion people do not know sanitation systems, while the quality of water 
resources is worse. The human body contains more than 60% water (65–75%), 
which is about 2/3 of the body weight. This ratio is even higher in children and 
newborns. Water plays an irreplaceable and irredeemable role in the life and 
function of the body as it participates in the digestion and metabolism, body 
temperature regulation, excretion of body waste, transport of oxygen and nutrients 
to tissues and cells. The amount of drinking water received depends on several factors: 
age, activity, environment in which a person lives, condition of the body, nutrition 
(composition of diet). Lack of water leads to serious damage to the human body 
after only a few days. In the case of excessive loss of water from the body, we feel 
drowsiness, weakness, confusion. Dry mucous membranes, constipation, headache, 
fatigue, somnolence, impaired movement coordination, pulse acceleration, drop in 
blood pressure and decreased performance are also manifestations of water defi-
ciency. In case of excessive fluid loss, we are talking about dehydration. Loss of fluid 
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overheating. Water functions: biological function – it is the essential condition for the 
life of organisms from microorganisms to higher animals to humans, it provides 
nutrition for humanity, for some animal species water is their living environment, 
water participates in photosynthesis, it is part of components in the cell as well as 
regulator of thermal properties, health preserving function - the quality of life, 
hygiene, health, healing properties of mineralized and otherwise enriched waters 
depend on it; economic function – it is applied in the agricultural industry, esthetic-
cultural functions - spas, water bodies fulfill the appropriate function, political 
function - watercourses form borders between states. Water properties: The physical, 
chemical and biological properties of water result from its structure and chemical 
composition. From a physical and chemical point of view, water is a very compli-
cated compound characterized by a number of special chemical and physical 
properties resulting from the electron structure of its molecules. Water properties 
are divided into chemical, physical, microbiological and sensory. The chemical 
properties of water - water contains a wide range of chemicals, some of which are 
only minuscule and desirable (carbonates); others should only be present in limited 
quantities because they could change the color and haze properties (turbidity) of 
water (iron, chlorine) and there is also a group of substances undesirable in water 
that indicates water pollution with nitrogenous substances ((ammonia, nitrites, 
nitrates, phosphates, chlorides) of organic origin, etc.) [6, 14]. The chemical 
properties of water are determined by the content of substances dissolved in water. 
The main inorganic constituents of natural waters are calcium, magnesium and 
sodium, which are mostly present as cations such as bicarbonates, sulfates and 
chlorides. In natural waters, potassium, iron, manganese and small amounts of 
other metals are represented in small concentrations, by which the water is enriched 
in contact with the soil, with various minerals and rocks. From a chemical point of 
view, we divide the substances found in waters into inorganic and organic. From a 
physical point of view, these substances can be present as ionically dissolved 
(electrolytes), non-ionically dissolved (non-electrolytes) or as undissolved (non-
miscible, miscible and buoyant or floating). Physical properties of water: ability to 
accumulate more heat; large water bodies such as lakes, seas and oceans are involved 
in the regulation of temperature on the Earth, electrical conductivity, which 
depends on ion concentration, their mobility and temperature, while the dissolved 
salts and gases increase the water conductivity, the water density increases from 
temperature of 0 to 3.98°C, at higher temperature it decreases continuously, surface 
tension - is the cause of capillary phenomena (capillarity of water in the soil and 
rocks, wetting ability, foam formation, etc.), viscosity, which together with density 
significantly affects hydraulic water behavior - for example, the speed of sand 
filtration of water depends on its value, sedimentation rate that decreases with 
temperature rise. Other physical properties of water include light absorption, water 
radioactivity, and state changes. Biological properties of water: The microbial recov-
ery of natural waters consists of autochthonous (indigenous) species, for which 
water is the primary and natural habitat, where they participate in the circulation of 
substances in water and are thus reflecting natural water pollution without anthro-
pogenic influence. Microorganisms that get into the aquatic environment by 
flushing from the soil, or through civilization wastes, whether communal, indus-
trial, or agricultural, and survive for some time in this environment, represent an 
allochthonous (non-original) recovery, indicating not only external pollution by 
organic substances, but also the possibility of pathogenic germs. There are many 
microbial species in natural waters. Microbiological analyzes are carried out in a 
targeted manner, and indicator groups or individual species of microorganisms as 
indicators of water quality are selected purposefully according to ecological or 
hygienic criteria. Ecological classification of organisms expresses the behavior and 
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application of organisms in certain physiological conditions and their ability to 
survive and adapt in new and more difficult conditions. Systematic division of 
organisms is done either from the perspective of their development or family 
relationships. This includes microorganisms, plants and animals. Ecological divi-
sion relates to the participation of organisms in the circulation of substances in the 
aquatic environment and recognizes producers, consumers and destroyers. 
Producers are organisms able to assimilate inorganic nutrients and synthesize 
organic substances such as carbohydrates, proteins and fats from them. These 
include autotrophic bacteria, higher plants, algae, cyanobacteria. The source of 
energy is either light radiation, e.g. for algae, photosynthesis in plants or some 
oxidation–reduction reactions. In the case of photosynthesis, in addition to organic 
substances, producers also generate oxygen which can enrich water and air. 
Producers are the bases of aerobic life on the Earth and their photosynthesis is 
significantly utilized in self-purification of water. Consumers feed on finished 
organic substances that are processed by endoenzymes inside their bodies. 
Consumers include animals from protozoa to arthropods. Together with destruc-
tants they represent an organotrophic (heterotrophic) diet. Consumers release the 
waste substances of their metabolism into the water, especially carbon dioxide. 
Decomposers feed on finished organic substances. Since they do not have any food 
intake organs, they decompose high molecular weight substances outside of their 
body by exoenzymes into simpler molecules that can penetrate the cell wall into a 
destructive cell [3, 10, 13–15].

3.1 Division of water by origin, pollution, causes

Precipitation (atmospheric) water forms - occur in the air in the form of clouds, 
water vapor, precipitation and fog. This type of water is considered the cleanest, 
but it is contaminated by passing through polluted air layers. The greatest influence 
on the chemical composition of atmospheric waters has a layer of atmosphere that 
extends from the Earth’s surface to a height of 1000–1500 m. Surface water - rep-
resents water that is permanently or temporarily on the surface of the Earth and is 
divided into: flowing (natural - streams, rivers, artificial - canals, conduits), stag-
nant (natural - seas, oceans, lakes, artificial - ponds, water reservoirs). Pollution 
of surface waters – the so-called “Eutrophication” is a set of natural and man-made 
processes leading to an increase in inorganic nutrients in water, especially nitrogen 
and phosphorus compounds, followed by increased growth of cyanobacteria, algae 
and higher plant forms, resulting in worsened ecological stability and reduced 
water quality. Phosphorus in surface waters comes from sewage and phosphate 
fertilizers used in agriculture. Nitrogen and phosphorus compounds mainly come 
from waste related to animal husbandry, industrial production and from sewage 
“water”. An important source of surface water pollution is the excessive application 
of NPK fertilizers to the soil. It occurs mainly in stagnant, slow-flowing waters, 
but eutrophication can also occur in watercourses under favorable conditions 
(strong nutrient supply, increased water temperature and slowed flow of water). 
Groundwater is created by infiltration of rainwater and surface water into the Earth’s 
crust. Groundwater is of fundamental importance in the hydrological cycle in sup-
plying the population with drinking water. Groundwater pollution by nitrates is an 
issue that has been given increased attention in the area of groundwater protection 
against pollution The increased level of nitrates in groundwater is contributed to by 
anthropogenic activity, e.g. the application of industrial and artificial fertilizers to 
agricultural land, discharge of waste water from settlements and industrial build-
ings. Increased concentrations of nitrates in groundwater have a negative impact on 
both the environment and human health, since groundwater is preferably used as a 
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source of drinking water. In particular, the prevention of groundwater pollution by 
nitrogen compounds is provided by integrated territorial protection of areas with 
potentially endangered groundwater bodies. Thus, contamination of water resources 
can be physical (occurrence of insoluble sludge and radioactive substances), 
chemical (water-soluble impurities), biological (germs present). Thus the pollution 
itself occurs by the already mentioned increased use of fertilizers and pesticide 
preparations, leakage of silage juices, leakage of liquid parts of fertilizers from 
farms, leakage of lubricating oils, fuels and so on. Pollutants (substances contributing 
to pollution) - substances directly toxic (heavy metals, cyanides, pesticides), water 
pollutants (dyes, oil and relates substances), substances affecting the amount of 
oxygen in the water (high levels of degradable substances, at the decomposition of 
which large quantities of O2 in water are consumed), inert inorganic substances dis-
solved, undissolved, non-toxic [3, 10, 13, 14]. Causes of water source pollution-Man 
affects the quantity and quality of water resources directly through uncontrolled 
discharge of wastewater into watercourses or through sewerage networks. Waste 
water producers in the Slovak Republic are mainly industry and municipal sphere 
- sewerage systems of towns and villages. Inadequate purification results in high 
concentrations of pollutants and substances supporting the development of algae 
and plankton - phosphorus (P), nitrogen (N) - into the surface waters, result-
ing in an overall deterioration of water quality in streams and in stagnant waters 
(eutrophication). In the area of groundwater quality in the Slovak Republic, the 
issue of adverse oxidation–reduction conditions is at the forefront, which is often 
indicated by increased concentrations of iron (Fe), manganese (Mn), and NH4. 
Almost all metals are naturally found in surface and groundwater. Many of them are 
indispensable to life but may be harmful at higher concentrations. Metals with toxic 
properties, which are among the most important inorganic contaminants of waters 
and soils, become hygienically serious. The presence of cadmium (Cd), mercury 
(Hg) and chromium (Cr) is currently one of the most recent risks. Toxic metals 
have a negative impact not only on the surrounding environment, but especially on 
human and animal health. They also have an impact on flora and fauna [3, 8, 15–17].

4. Pedospere

Soil is a natural formation that arises directly on the Earth’s surface as a product 
of the interaction of climatic conditions, organisms, humans, relief and parent 
rocks Act 34/2014 Coll., amending and supplementing Act 220/2004 Coll., On 
the (Protection and Use of Agricultural Land). Soil is a complex system of abiotic 
and biotic components and is the result of soil-forming factors. It is created on the 
interface of the atmosphere, the lithosphere, the hydrosphere and the biosphere, 
which to a great extent influences its composition. In the soil-forming processes, 
abiotic and biotic environmental factors are applied together, and the result of their 
action is the abiotic-biotic component of the environment - soil. The main abiotic 
factors involved in soil formation include: parent (soil-forming) rock, relief, water 
and climatic conditions. The chemical composition of the soil depends primarily 
on the parent rock from which the soil originated, from the processes running in 
the soil and from the activity of man. Soil contains most oxygen (about 50%) and 
silicon (about 25%), other elements are mainly aluminum (clay), iron, calcium 
(limestone, gypsum), sodium, potassium, magnesium, hydrogen, titanium, in 
lesser amounts carbon, chlorine, phosphorus, sulfur and manganese. Biotic agents 
include soil edaphone. These factors are collectively called soil-forming factors. 
Edaphone is a living component of soil. It is a set of soil microorganisms, fungi, 
plants and animals. Soil organisms (geo bionti, edafonti) live in slots washed 
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application of organisms in certain physiological conditions and their ability to 
survive and adapt in new and more difficult conditions. Systematic division of 
organisms is done either from the perspective of their development or family 
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Producers are organisms able to assimilate inorganic nutrients and synthesize 
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include autotrophic bacteria, higher plants, algae, cyanobacteria. The source of 
energy is either light radiation, e.g. for algae, photosynthesis in plants or some 
oxidation–reduction reactions. In the case of photosynthesis, in addition to organic 
substances, producers also generate oxygen which can enrich water and air. 
Producers are the bases of aerobic life on the Earth and their photosynthesis is 
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Consumers include animals from protozoa to arthropods. Together with destruc-
tants they represent an organotrophic (heterotrophic) diet. Consumers release the 
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water vapor, precipitation and fog. This type of water is considered the cleanest, 
but it is contaminated by passing through polluted air layers. The greatest influence 
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extends from the Earth’s surface to a height of 1000–1500 m. Surface water - rep-
resents water that is permanently or temporarily on the surface of the Earth and is 
divided into: flowing (natural - streams, rivers, artificial - canals, conduits), stag-
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processes leading to an increase in inorganic nutrients in water, especially nitrogen 
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water quality. Phosphorus in surface waters comes from sewage and phosphate 
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crust. Groundwater is of fundamental importance in the hydrological cycle in sup-
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source of drinking water. In particular, the prevention of groundwater pollution by 
nitrogen compounds is provided by integrated territorial protection of areas with 
potentially endangered groundwater bodies. Thus, contamination of water resources 
can be physical (occurrence of insoluble sludge and radioactive substances), 
chemical (water-soluble impurities), biological (germs present). Thus the pollution 
itself occurs by the already mentioned increased use of fertilizers and pesticide 
preparations, leakage of silage juices, leakage of liquid parts of fertilizers from 
farms, leakage of lubricating oils, fuels and so on. Pollutants (substances contributing 
to pollution) - substances directly toxic (heavy metals, cyanides, pesticides), water 
pollutants (dyes, oil and relates substances), substances affecting the amount of 
oxygen in the water (high levels of degradable substances, at the decomposition of 
which large quantities of O2 in water are consumed), inert inorganic substances dis-
solved, undissolved, non-toxic [3, 10, 13, 14]. Causes of water source pollution-Man 
affects the quantity and quality of water resources directly through uncontrolled 
discharge of wastewater into watercourses or through sewerage networks. Waste 
water producers in the Slovak Republic are mainly industry and municipal sphere 
- sewerage systems of towns and villages. Inadequate purification results in high 
concentrations of pollutants and substances supporting the development of algae 
and plankton - phosphorus (P), nitrogen (N) - into the surface waters, result-
ing in an overall deterioration of water quality in streams and in stagnant waters 
(eutrophication). In the area of groundwater quality in the Slovak Republic, the 
issue of adverse oxidation–reduction conditions is at the forefront, which is often 
indicated by increased concentrations of iron (Fe), manganese (Mn), and NH4. 
Almost all metals are naturally found in surface and groundwater. Many of them are 
indispensable to life but may be harmful at higher concentrations. Metals with toxic 
properties, which are among the most important inorganic contaminants of waters 
and soils, become hygienically serious. The presence of cadmium (Cd), mercury 
(Hg) and chromium (Cr) is currently one of the most recent risks. Toxic metals 
have a negative impact not only on the surrounding environment, but especially on 
human and animal health. They also have an impact on flora and fauna [3, 8, 15–17].

4. Pedospere

Soil is a natural formation that arises directly on the Earth’s surface as a product 
of the interaction of climatic conditions, organisms, humans, relief and parent 
rocks Act 34/2014 Coll., amending and supplementing Act 220/2004 Coll., On 
the (Protection and Use of Agricultural Land). Soil is a complex system of abiotic 
and biotic components and is the result of soil-forming factors. It is created on the 
interface of the atmosphere, the lithosphere, the hydrosphere and the biosphere, 
which to a great extent influences its composition. In the soil-forming processes, 
abiotic and biotic environmental factors are applied together, and the result of their 
action is the abiotic-biotic component of the environment - soil. The main abiotic 
factors involved in soil formation include: parent (soil-forming) rock, relief, water 
and climatic conditions. The chemical composition of the soil depends primarily 
on the parent rock from which the soil originated, from the processes running in 
the soil and from the activity of man. Soil contains most oxygen (about 50%) and 
silicon (about 25%), other elements are mainly aluminum (clay), iron, calcium 
(limestone, gypsum), sodium, potassium, magnesium, hydrogen, titanium, in 
lesser amounts carbon, chlorine, phosphorus, sulfur and manganese. Biotic agents 
include soil edaphone. These factors are collectively called soil-forming factors. 
Edaphone is a living component of soil. It is a set of soil microorganisms, fungi, 
plants and animals. Soil organisms (geo bionti, edafonti) live in slots washed 
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out by air or water, especially in the surface layers of the soil. For humification 
processes, plants, bacteria, and mycophytes are the most important. The root 
system of higher plants ensures the mechanical movement of the soil and keeps 
it loose. Bacteria break down organic matter in the soil. The soil contains both 
autotrophic and heterotrophic bacteria. Bacteria can have diverse functions in 
the soil. Decomposition of animal, plant and microbial residues is performed by 
heterotrophic bacteria. Chemoautotrophic bacteria in the soil are predominantly 
represented by nitrifying bacteria and, to a lesser extent, sulfur-oxidizing bacteria. 
The most common microbial cells in the soil are single-cell prokaryotes. Despite 
their high concentration in soil, fungal biomass predominates over the biomass of 
bacteria. Soil bacterial flora is extremely diverse and is dominated by Gram-positive 
bacteria. Fungi dominate the soil in terms of biomass amount. They are eukaryotic 
and have a mycelial morphology consisting of mycelia that surrounds the multi-
nuclear cytoplasm. They live in symbiosis with most plant roots, which are of great 
importance for regulating nutrient uptake, aquatic connections and ultimately the 
growth of a plant partner in this community. Soil spore production allows to some 
extent their survival under unfavorable soil conditions. Fungi also include many 
important plant pathogens. Bacteria, worms, insects and other animals process 
plant residues in healthy soil. In this way, soil is enriched with substances that are 
vital for plants. However, if the soil is acidified by acid rain, the animals cannot live 
in it. Dead plant residues remain lying on the ground, no nutrients are created for 
the animals, and the food chain breaks. Soil contamination, causes, monitoring: we 
consider soil to be one of the main components of the Earth’s ecosphere. It forms 
the basis of the nutritional chain at the end of which man stands [2, 18]. The most 
important soil characteristic is fertility, the ability of the soil to provide plants with 
water, air, nutrients in optimal quantities throughout the vegetation [19]. The soil 
system is a very specific component and to some extent can effectively and naturally 
eliminate various foreign substances. Soil and ecosystem components - water and 
air - are basic indicators of pollution. The soil loses most due to contamination since 
its ability to eliminate the negative effects caused by the natural and anthropogenic 
activity of man become limited [20–22]. Major problem of consumer society is 
waste production. The issue of waste does not end with the disposal of waste in 
landfills. Precipitation waters that infiltrate through landfills are contaminated with 
waste materials. Such landfill leachates can then contaminate the soil or the bedrock 
where the landfill is located. Another factor that negatively affects soil environ-
mental functions is the contamination of soil by water and air. Pollutants in air 
and water are mainly from industrial production. Toxic heavy metals, like biogenic 
metals, are present in the soil in two mobilities. They occur in the liquid phase as 
hydrated ions or as soluble organic and inorganic complexes. In the solid phase they 
are in the form of insoluble precipitates on the surface of organic and inorganic 
colloids in exchangeable and specifically absorbed form. A dynamic equilibrium 
is created between the various forms, in accordance with the characteristics of the 
system. If e.g., a large amount of toxic substance gets into the soil, absorption and 
precipitation reactions predominate. On the other hand, when the acidity of the soil 
increases, the number of mobile forms increases, i.e., the concentration of metal 
ions in solution increases. Contamination of the soil by sulfur dioxide exhales is 
leads to its acidification. Low pH causes increased mobility of cadmium and alumi-
num, which can intoxicate plants. Other contaminants also enter the soil through 
sedimentation: nitrogen oxides, lead, cadmium, arsenic, fly ash, chromium, nickel, 
organic compounds. Lead polluting soil comes mainly from automobile traffic. The 
source of cadmium is the burning of fossil fuels. The arsenic from the power plant 
ash dissolves well in the water and therefore does not accumulate in the topsoil but 
passes into the lower layers. Acidification of the soil in already contaminated areas 
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is particularly dangerous as heavy metal compounds are normally insoluble, but 
when mobilized, they can result in a serious environmental damage (timed chemical 
bomb). Soil is an important geochemical reservoir, which relatively easily accumu-
lates heavy metals. They are removed only very slowly, by leaching processes into 
subsurface waters or by plant bioaccumulation. Soil is the starting point for the 
entry of risky elements into crops and through forage into animal products [23, 24]. 
Soil contamination with water occurs as a result of soil irrigation or rainfall activity. 
Erosion is one of the most serious problems threatening soil worldwide. The erosion 
is due to the spread of mountain farming, the excavation of forests, the deteriora-
tion of the soil’s water regime, the plowing of grasslands, the artificial regulation 
of watercourses, the wrong land cultivation. The result of erosion is the drainage 
of soil parts, humus, nutrients, crop reduction. As reported by the authors [13, 15, 
25, 26]. industrial emissions primarily affect the pollution of agricultural and forest 
land. Especially increased content of lead (Pb), zinc (Zn), tin (Sn), cadmium (Cd), 
aluminum (Al), copper (Cu), nickel (Ni), mercury (Hg), manganese (Mn), and 
arsenic (As) was found in the vicinity of metallurgical factories. All metals usually 
get into the soil, but increasingly those components that dominate the immission 
type. The most important metal pollutants of soil are mercury (Hg), cadmium (Cd) 
and lead (Pb), which are generally toxic to humans and animals [2, 3, 9, 16, 27].

4.1 Health risks of environmental pollution, risk analysis, evaluation

Increasingly polluted environment, preservatives, dyes and flavorings present in 
the food are heavily burdening the body. Pesticides for weed control, chemical fer-
tilizers, and nitrates can be carcinogenic when getting into organism. Automobile 
exhaust gases, ozone, formaldehyde, wood disinfectants and preservatives, insecti-
cides, paint solvents and the like contaminate air, damage the respiratory tract and 
weaken the immune system [26]. This is why methods for assessing health risks 
(e.g. questionnaires, risk assessment, analyses, diagrams, use of geographic infor-
mation systems) are extremely important. Risk Analysis - [28] states that it is very 
important to determine the level of danger to human health and animals in a given 
location and at the same time to take account of future use of a respective area. In 
general, the principles of the health risk assessment, hazard determination and 
hazard identification, (evaluation of dose - response relationship, exposure evalu-
ation & assessment, risk characterization are applied). In assessing the health risks 
and adverse effects of metals, it is important to evaluate not only their presence and 
overall concentration in the environment and in food, but also their chemical and 
mineral forms that affect their persistence and bioavailability. The effects of sudden 
metal uptake into organisms may have the character of “acute disease”. Metals, 
with regard to the accumulation in target organs of the organism, cause disease 
manifestations after periods with different length (weeks to years) and the clinical 
picture has the character of “chronic disease” [11, 29]. The aim of the assessment is 
to determine the harmfulness of chemicals or other risk factors occurring on the 
site and to assess whether the substance or risk factor has the ability to damage the 
body. In general, this part of the risk assessment process describes the quantitative 
relationship between dose and extent of adverse effect (injury, disease, death). 
This step requires two basic types of extrapolation using different mathematical 
models. These are extrapolations - interspecific (experimental animal - human) and 
extrapolation to the low dose area [10]. At present, the protection of environment is 
seen as a necessary condition for the existence and further development of human 
society. It includes activities to prevent pollution or damage to the environment, 
respectively for the reduction and/or elimination of pollution. It is either general 
protection (air, soil, water), special protection (protected areas, plants, animals,) 
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plant residues in healthy soil. In this way, soil is enriched with substances that are 
vital for plants. However, if the soil is acidified by acid rain, the animals cannot live 
in it. Dead plant residues remain lying on the ground, no nutrients are created for 
the animals, and the food chain breaks. Soil contamination, causes, monitoring: we 
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is particularly dangerous as heavy metal compounds are normally insoluble, but 
when mobilized, they can result in a serious environmental damage (timed chemical 
bomb). Soil is an important geochemical reservoir, which relatively easily accumu-
lates heavy metals. They are removed only very slowly, by leaching processes into 
subsurface waters or by plant bioaccumulation. Soil is the starting point for the 
entry of risky elements into crops and through forage into animal products [23, 24]. 
Soil contamination with water occurs as a result of soil irrigation or rainfall activity. 
Erosion is one of the most serious problems threatening soil worldwide. The erosion 
is due to the spread of mountain farming, the excavation of forests, the deteriora-
tion of the soil’s water regime, the plowing of grasslands, the artificial regulation 
of watercourses, the wrong land cultivation. The result of erosion is the drainage 
of soil parts, humus, nutrients, crop reduction. As reported by the authors [13, 15, 
25, 26]. industrial emissions primarily affect the pollution of agricultural and forest 
land. Especially increased content of lead (Pb), zinc (Zn), tin (Sn), cadmium (Cd), 
aluminum (Al), copper (Cu), nickel (Ni), mercury (Hg), manganese (Mn), and 
arsenic (As) was found in the vicinity of metallurgical factories. All metals usually 
get into the soil, but increasingly those components that dominate the immission 
type. The most important metal pollutants of soil are mercury (Hg), cadmium (Cd) 
and lead (Pb), which are generally toxic to humans and animals [2, 3, 9, 16, 27].

4.1 Health risks of environmental pollution, risk analysis, evaluation

Increasingly polluted environment, preservatives, dyes and flavorings present in 
the food are heavily burdening the body. Pesticides for weed control, chemical fer-
tilizers, and nitrates can be carcinogenic when getting into organism. Automobile 
exhaust gases, ozone, formaldehyde, wood disinfectants and preservatives, insecti-
cides, paint solvents and the like contaminate air, damage the respiratory tract and 
weaken the immune system [26]. This is why methods for assessing health risks 
(e.g. questionnaires, risk assessment, analyses, diagrams, use of geographic infor-
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hazard identification, (evaluation of dose - response relationship, exposure evalu-
ation & assessment, risk characterization are applied). In assessing the health risks 
and adverse effects of metals, it is important to evaluate not only their presence and 
overall concentration in the environment and in food, but also their chemical and 
mineral forms that affect their persistence and bioavailability. The effects of sudden 
metal uptake into organisms may have the character of “acute disease”. Metals, 
with regard to the accumulation in target organs of the organism, cause disease 
manifestations after periods with different length (weeks to years) and the clinical 
picture has the character of “chronic disease” [11, 29]. The aim of the assessment is 
to determine the harmfulness of chemicals or other risk factors occurring on the 
site and to assess whether the substance or risk factor has the ability to damage the 
body. In general, this part of the risk assessment process describes the quantitative 
relationship between dose and extent of adverse effect (injury, disease, death). 
This step requires two basic types of extrapolation using different mathematical 
models. These are extrapolations - interspecific (experimental animal - human) and 
extrapolation to the low dose area [10]. At present, the protection of environment is 
seen as a necessary condition for the existence and further development of human 
society. It includes activities to prevent pollution or damage to the environment, 
respectively for the reduction and/or elimination of pollution. It is either general 
protection (air, soil, water), special protection (protected areas, plants, animals,) 
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or the protection of cultural monuments. The creation of the environment is under-
stood as a purposeful human activity that is organized on a scientific basis, aiming 
at optimizing the natural and artificial components of the landscape. The aim of 
environmental care is to maintain or improve its quality with respect to all organ-
isms, while respecting all principles of sustainable living. This environmental care is 
called environmentalism [7, 13, 30].

4.2  Heavy metals and their importance in environmental pollution, sources, 
form

Heavy metals are among the common environmental pollutants resulting 
from both industrial and agricultural production [31]. They are not subject to 
biological degradation, and their levels are gradually increasing in the individual 
environmental components: water, air, foodstuffs [29, 32]. They are released 
into the environment from natural sources (weathering) and by erosion of some 
minerals and rocks. As stated by [33] the natural increased incidence of heavy 
metals and other risk elements is mainly in the areas of geochemical anomalies. 
Regarding pesticides (containing heavy metals), their use has been suspended 
and is no longer the source of this type of pollution. Metal production (their heat 
treatment), chemical, engineering, energy production, fossil fuel combustion, 
waste, food production flushing, fertilization, etc. are among the major anthro-
pogenic sources of environmental pollution. As [34] report, metallurgy of ferrous 
and non-ferrous ores (the impact of non-ferrous ore metallurgy is predominant 
in mercury) contributes most to emissions of mercury (Hg), cadmium (Cd), lead 
(Pb), chromium (Cr), copper (Cu) and zinc (Zn). Combustion of fossil fuels 
contributes significantly to the emissions of most heavy metals, glass production 
is a significant source of lead (Pb) and cadmium (Cd) emissions, and transport, 
despite the dynamic increase in the use of unleaded petrol, complements these 
sources. In the past, alkyl lead compounds (tetra-ethyl lead) were used as anti-
knock additives in gasoline, thereby increasing the concentration of lead in the 
air. Thus, pollutants are introduced into the environment from various sources 
and based on their physico-chemical properties. They are transported and 
participate in biochemical cycles in individual environmental components (air, 
water, soil, rocks, segments). [35] states that heavy metals constitute one of the 
most dangerous groups of pollutants. Their amount in the environment is given 
by content, quantity and movement in all spheres of the environment. The side 
effects of heavy metal emissions are dangerous, they usually get into the environ-
ment (the air) in an uncontrolled way. In the environment, they can occur as 
simple complexes with inorganic ligands (in the aqueous environment, the form 
of the metal is affected by physico-chemical properties: pH, temperature, ionic 
strength), as chelates with organic ligands (sorbed to solid surfaces), free metals. 
In the terrestrial environment, fate, bioavailability and mobility of metals are 
influenced by: soil type, oxidation–reduction processes and cationic solid phase 
capacity [36]. More detailed information on the specific effects of individual 
heavy metals on cells, tissues, and organs of animals is obtained and validated 
within laboratory animal experiments. However, the results of the experimental 
application cannot be considered generally valid. Mostly, the experiment only 
works with the substance being studied individually, which does not occur alone 
in the environment. All animal species may not respond to the toxic substance 
in the same way. In the response of the organism to the action of a toxic sub-
stance, the overall momentary state of the organism, its life phase and gender are 
important. Taking all these factors into account during an experiment is almost 
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impossible. Therefore, despite the systematic research, there is still some concern 
over formulating the environmental and hazardous concentrations of these sub-
stances. However, these doubts do not justify the presence of heavy metals in the 
environment being taken lightly or underestimated. The combination of overex-
ploitation of natural resources, coercive forced population growth and economic 
developments, as well as a lack of government regulations can increase the flow of 
toxic metals into the environment in all countries. By 2010, a significant increase 
in emissions of mercury (Hg), cadmium (Cd), copper (Cu) and a decrease in 
lead (Pb) emissions and deposition was expected in Europe [2]. Heavy metals 
cause a wide range of toxic biochemical effects and thus adversely affect organs 
and systems in humans and animals [37, 38]. Therefore, they pose a serious risk 
to health regardless of the source from which they enter the body. Some heavy 
metals (e.g., manganese, copper, zinc) are needed for physiological processes, but 
other toxic heavy metals (especially cadmium, mercury, lead) are environmental 
pollutants [39] and do not have any known physiological roles. Conversely, they 
may adversely affect health [40] and thus induce a variety of adverse effects 
including reproductive disorders [41] nutritional deficiencies, endocrine disor-
ders [42, 43] or immunodeficiency disorders; they can induce tumor formation 
and other health-damaging chronic conditions [32, 44]. Currently, there is also a 
strong focus on low-dose exposures (environmentally relevant concentrations) of 
these metals that may affect human and animal reproductive health [3, 45, 46]. 
Ecologists and environmentalists duly address this issue and take into account 
the contexts that have not yet been considered. Even if the concentrations of 
heavy metals with regard to the health safety of living organisms are limited 
within the monitored areas, environmentalists are the ones drawing attention to 
many natural processes that cause the concentration of toxic elements to become 
a real danger. Certain metals are needed for normal body function. They are 
part of the enzymes and take different roles in metabolic processes and electron 
transfer - manganese (Mn), copper (Cu), nickel (Ni), molybdenum (Mo), cobalt 
(Co), iron (Fe), zinc (Zn), however, at higher concentrations they can already 
become toxic. Heavy metals are characterized by varying degrees of toxicity and 
different effects on living organisms. The subject of world monitoring is strongly 
toxic elements - mercury (Hg), cadmium (Cd), lead (Pb), arsenic (As), which 
have almost no purpose in the organism [47]. Metals are found bound in various 
inorganic compounds, but can also enter complex organic systems. They are per-
sistent, non-degradable, biologically active with high bioaccumulation potential. 
They form a natural part of the Earth’s surface composition and therefore occur 
everywhere in various concentrations. The natural balance of elements is also 
impaired by human activity. Together with the development of modern technol-
ogy, production and consumption of metals and metalloids are growing rapidly, 
too. This is particularly true for non-ferrous metals, some of which have until 
recently been produced in incomparably lower amounts (e.g. laboratory scale) - 
beryllium (Be), titanium (Tl) gallium (Ga), selenium (Se), molybdenum (Mo), 
wolfram (W). Also, the production of classic colored metals which are gradually 
finding new types of applications, is increasing,. This is especially true for alumi-
num (Al), lead (Pb), nickel (Ni), chromium (Cr), antimony (Sb), mercury (Hg). 
Increasing the concentration of the above metals in the environment - air, water, 
soil and foodstuffs, is a serious hygiene problem and its scale is still becoming 
larger [23, 34, 48–50]. In general, metals are highly reactive elements which, on 
the one hand, are essential (they are components of some enzymes), on the other 
hand they are capable of damaging different enzymes or interfering with differ-
ent levels of signal transduction processes in cells.
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4.3 Heavy metals and food chain

There is a comprehensive versatile and complex network of food chains in 
nature. They are interconnected, while the function of the individual elements of 
the food chains may vary. This causes the symbiotic organism to become dysbiotic, 
useful changes to harmful, or pathogenic [51]. The common population is also con-
taminated with the food chain [52] since it has a major impact on human (but also 
animal) nutrition, lifestyle and life expressions. Animals are much more exposed to 
the impact of the geochemical environment than humans, as they serve as effective 
buffers in the nutritional chain, in reducing the adverse effects of the environment 
on the consumer. According to [53] optimizing the animal nutrition can affect the 
human food chain. Most heavy metals get into the organism by plant or animal food 
(the load from air or drinking water is significantly lower). They are converted 
either into harmless metabolites (detoxification) that are easily excreted, or harm-
ful, reactive products are formed. [54] states that the increased content of especially 
cadmium (Cd), mercury (Hg), chromium (Cr), arsenic (As), lead (Pb) and nickel 
(Ni) in agricultural soils may pose a potential risk of contamination of agricultural 
production. In most countries, including, the applicable legislation determines 
the maximum permissible concentrations (MPCs) for individual heavy metals 
(drinking water, air, foodstuffs of plant or animal origin). Therefore, the protection 
of the food chain from heavy metal contamination, and its follow-up checks are 
considered to be important in terms of health security. As reported by [55] food 
safety is a set of measures (animal health and welfare section, food and feed sector) 
and with their implementation, the safety of all components within the food chain 
is ensured. According to [56] the occurrence of contaminants in environmental 
components and in agricultural and food production is monitored through random 
check-ups and regular monitoring. The relationship between animal health, human 
health and the environment has been known for a long time. Potential contaminants 
and their total amount for both veterinary and public health are broad and vary 
according to their source, chemical nature and mechanism of action on biological 
systems. [57] state that the prevention of human and animal health from chemical 
risks implies their control throughout the food chain - field-table. Food quality 
control with the participation of state health surveillance in the Slovak Republic is 
one of the essential tasks of food surveillance and the limits of foreign substances 
in food commodities are harmonized in accordance with the limits of the European 
Union [58–61].

4.4  Impact of selected heavy metals-Hg and Cd on humans, animals and the 
environment

The transport of heavy metals in the atmosphere and their subsequent deposi-
tion depends on the following factors: the form in which the metal is found to 
escape into the atmosphere (solid or gaseous phase), their chemical reaction in 
the atmosphere, the height and location of the point source of emission, local 
geographic conditions, speed and direction of wind, rain washing and other 
meteorological requirements [12]. Pollution of the environment is now a global 
phenomenon, not excluding the territory of Slovakia and contributes to the dete-
rioration of living and working conditions [2]. Recently, great attention has been 
paid to the impact of toxic heavy metals and their compounds (especially mercury, 
cadmium, lead) on human and animal health, which are considered to be dangerous 
and non-degradable contaminants in the environment. However, a suitable marker 
for early diagnosis of heavy metal exposure (including drinking water sources) 
has not yet been developed, which is perceived as a relatively serious problem [62]. 
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As reported by several authors [44, 63, 64] the main consequence of the negative 
effect of environmental contaminants is the disruption of the optimal immune 
reactivity of the organism, the occurrence of allergies, increased susceptibility to 
pathogenic agents, higher occurrence of tumors, affecting reproduction. History 
shows us a number of global industrial accidents pointing to the negative effects. 
An important part in creating a good living environment for both humans and 
livestock is active health creation. It is based on two fundamental phenomena. It is 
a principle of complexity of measures, respecting variability of the effects of rela-
tionships and factors - the internal and external environment of the organism [7].

4.5  Cadmium - sources of cadmium in the environment, the effects of its 
occurrence

The main sources of cadmium include volcanic activity, weathering of rocks, 
or forest fires [65]. It gets into the environment by mining and processing of fossil 
fuels, ferrous and non-ferrous ores, limestone, in cement production [66]. It can 
be found in Cd-Ni batteries, stabilizers of plastics, home appliances. Cadmium also 
occurs in synthetic superphosphate and in naturally occurring superphosphates. 
Cadmium (yellow-orange) paints are added to coatings, gums, textiles, glass and 
ceramics. Along with zinc (Zn), it occurs in ores and soil at a ratio of 1:100 to 
1:1000. It is usually found in the form of cadmium sulfide (CdS) in ores which also 
contain lead (Pb), zinc (Zn) and copper (Cu). Unlike mercury, it is not subject to 
biotransformation and cannot be released as an alkyl derivative from the organ-
ism. It is now widely used for its anticorrosive effects and serves as a base for 
electroplating and nickel plating. It is also widely used in making jewelry. It can 
enter the atmosphere due to poor waste incineration technology (higher cadmium 
exposure is near the smelter where ores blended with Cd are melted) or oil products 
[67]. According to WHO, the largest part of cadmium is bound to fine particles 
(<1 μm) in air, which can then spread up to 1–2 km. Thus, cadmium builds up in 
soil, water and then enters the food chain. In soil and in some plants, accumula-
tion occurs especially at low soil pH (e.g. leaves, rice). In agricultural soils, the 
accumulation of cadmium may be associated with the application of (phosphate 
fertilizers, sewage sludge, some fungicides [66, 68, 69].). The concentration of 
cadmium in the soil ranges from 0.01 to 0.7 mg.kg−1 and is most cumulative in 
the 0–5 cm layer. With increasing depth there is a decrease in its concentration. In 
the process of weathering rocks (content not exceeding 0.3 mg.kg−1), it is easily 
transformed into a solution and its occurrence is in the form of Cd2+. According to 
[70], cadmium intake by plants increases with the presence of chlorine in the soil 
and the content is also significantly affected by soil microorganisms. The way of 
farming, the time of harvesting the crop and also the environment (climate) affects 
the cadmium transfer into the plants. This suggests that increased cadmium content 
in soil is the result of increased cadmium absorption by plants, but, as [71] states, 
the bioavailability of cadmium also depends on soil solution composition, soil pH, 
and redox potential. Soil has the ability to somewhat eliminate the negative effects 
of pollution [22]. Compared to other environmental components, soil status is 
exceptional. Air and water may move (dilution occurs), and if the source of pollu-
tion ceases to be active, there is also a limitation or total elimination of pollution. 
However, in case of soil contamination by risk elements, we have to realize that 
this is an irreversible process, it cannot be observed immediately and therefore it is 
all the more serious. In waters, cadmium accompanies zinc at substantially lower 
concentrations. According to the higher cadmium content (Cd) has been repeatedly 
detected in water flowing right by zinc mines. The solubility in water is determined 
by the solubility of CdCO3 and Cd (OH)2. It is generally presumed that people 
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and non-degradable contaminants in the environment. However, a suitable marker 
for early diagnosis of heavy metal exposure (including drinking water sources) 
has not yet been developed, which is perceived as a relatively serious problem [62]. 
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As reported by several authors [44, 63, 64] the main consequence of the negative 
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a principle of complexity of measures, respecting variability of the effects of rela-
tionships and factors - the internal and external environment of the organism [7].

4.5  Cadmium - sources of cadmium in the environment, the effects of its 
occurrence
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transformed into a solution and its occurrence is in the form of Cd2+. According to 
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tion ceases to be active, there is also a limitation or total elimination of pollution. 
However, in case of soil contamination by risk elements, we have to realize that 
this is an irreversible process, it cannot be observed immediately and therefore it is 
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concentrations. According to the higher cadmium content (Cd) has been repeatedly 
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(but also animals) are the most sensitive cadmium intake group when environ-
ment is concerned. The main source of cadmium intake for humans and animals 
is food, feed and beverages. It is estimated that the average daily dietary intake of 
cadmium is 50 μg. Up to 25% of the daily intake is retained in the body. The content 
in dairy products is higher. The lethal dose for oral intake is 350–8900 μg [11]. 
The impact of the toxic effects of cadmium on the organism: Relative the toxic 
effect, cadmium is one of the elements that is of great concern for its toxicity and 
widespread environmental impact. In humans, the main source of Cd exposure 
is food [72] and the bioavailability of cadmium from food is an important deter-
minant of its potential risk. Cadmium is one of the 10 most toxic substances for 
human and animal health [39, 73]. Cigarette smoking is also an important source of 
cadmium accumulation in the body. As reported by author [37] cadmium can cause 
functional and morphological changes in organs and tissues, and is also strongly 
neurotoxic. When the exposure to cadmium in environmental components is short 
term, there may be no health consequences, but from the perspective of long-term 
exposure (individuals who are more sensitive to toxic effects - infants and children) 
certain symptoms may occur [70]. The detoxification of the organism is slow 
(cadmium is characterized by a high accumulation coefficient) and there is a danger 
of chronic intoxication. Chemically, cadmium is very similar to zinc (it is a part of 
food), it has an important role for the proper development and health of the organ-
ism. However, the similar chemical form of these elements can cause problems as 
cadmium easily enters various enzymatic reactions instead of zinc, and biochemical 
processes take place in a different way (e.g., blocking the insulin cycle) and serious 
health complications occur [3, 74]. Cadmium gets into the organism in three ways: 
by inhalation, gastrointestinal tract and absorption through the skin. According to 
WHO, 50–2600 tons of cadmium are emitted annually from natural resources. The 
atmosphere is polluted by 3300–12,500 tons annually through human activity. In 
order to eliminate the negative effect on the living organism, [75] recommends a 
concentration of 5 ng.m−3 as a non-carcinogenic cadmium limit in the air. Current 
levels in rural areas usually do not exceed 0.4 ng.m−3, and in cities they range from 
0.2 to 2.5 ng.m−3. According to in the vicinity of certain industrial agglomerations, 
this concentration can be significantly higher. WHO has determined a provisional 
tolerable weekly intake (PTWI) for cadmium at 7 μg.kg−1 of body weight. Since 
food is a major source of cadmium for most of the population, attention has also 
been paid to its quality as well as to the reduction of cadmium contamination of 
the environment. With an average absorption of about 5% of the amount received, 
about 0.5–1 μg of cadmium is retained daily in the organism. Based on epidemiolog-
ical studies, there has been an increase in lung cancer and prostate cancer in long-
term cadmium inhalation. In hazardous operations, inhalation intake is currently 
strictly controlled. The human lethal dose is 0.3–8.9 g. IARC [100] (International 
Agency for Research on Cancer) classifies Cd as the first category carcinogen for 
humans and animals.

4.6 Mercury - sources of mercury in the environment, the effects of mercury

Mercury is commonly found in the natural environment as it is a part of the 
Earth’s crust. Its origin can be geogenic and anthropogenic. Mercury gets into the 
environment during its production and processing of products (production of 
electrodes, electrical equipment, dyes, measuring and control equipment, use in 
dentistry, chemical laboratories, etc.). In a year, this is estimated at 10,000–30,000 
tons of mercury; and it gets into the environment by evaporating from the surface 
of the Earth and the oceans (vapor of metallic mercury, volatile organic com-
pounds), [48]. The conversion of mercury (present in the form of ions) in a volatile 
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form can theoretically occur in three ways: by chemical reaction to elemental 
mercury (not previously found in nature), by reduction to elemental mercury by 
microorganisms, plants, animals, and by biotransformation to more volatile 
organo-mercury compounds (alkyl compounds), [76]. According to the most recent 
data, 5207 × 106 g of mercury is released from the natural sources annually into the 
atmosphere, and 2909 × 106 g (total 8116 × 106 g) of mercury from anthropogenic 
sources. The main anthropogenic sources by which mercury enters the atmosphere 
is the combustion of fossil fuels (1422 × 106 g.year−1), gold mining (400 × 106 g.
year−1), waste management (187 × 106 g.year−1), production of non-ferrous metals 
(310 × 106 g.year−1), cement production (236 × 106 g.year−1 )[34, 77]. Global 
mercury emissions from natural resources are estimated at 3.0 × 106 g.year−1. The 
average mercury (Hg) content in the Earth’s crust is about 0.067 ppm. Air, water, 
soil - elemental mercury vapors released from the Earth’s crust rise to the atmo-
sphere (amount of about 18 mg.m−3), where they are oxidized to divalent mercury 
and from there the compounds get into the water reservoirs by rain. Divalent 
mercury in the sediments at the bottom of the seas and lakes is methylated to 
methyl mercury by the action of microorganisms. It enters the food chain - phyto-
plankton - zooplankton - small fish - big fish. At the top of this chain are animals 
(that feed on fish), including humans. Within this chain, the process of bioaccumu-
lation of ethylmercury occurs. As reported by [11, 78], its concentration is gradually 
increasing, with the values at the top of the chain about a million times higher than 
the concentration of methylmercury in the surrounding water. In general, large and 
longer-living fish (shark, tuna, mackerel, pike) also contain more mercury [48, 79, 80]. 
Under “European Commission Decision 93/351”, the value of Hg in the meat of fish 
living in relatively uncontaminated areas should be below 0.5 gg−1.The concentra-
tion of mercury in the air ranges from 1 to 5 mg.m−3 in rural areas and 7–10 mg.m−3 
in cities. The enrichment of soils with mercury is caused by the burning of coal, the 
occurrence of cinnabar deposits, but also by applying mercury-based fungicides. 
The use of sewage and urban sludge and fertilizers is also a source of mercury soil 
pollution. However, this is not just about soil contamination, but also about second-
ary effect on vegetation growing on it [81]. Mercury gets into the soil in the range of 
0.02–03 mg.kg−1. The concentration of mercury in uncontaminated soils should be 
within the range of 0.02–0.2 mg.kg−1 [82]. Average concentrations affected by 
human activity are in the range of 0.1–0.4 mg.kg−1, and in the vicinity of industrial 
enterprises and crematoria up to 1.8 mg.kg−1, in the third of Slovakia’s territory the 
content of total mercury is higher in woody plants (the value exceeds 0.12 mg.kg−1) 
[11, 83, 84]. The natural content in the soil is from several, up to tens of μg.kg−1. The 
use of mercury and its compounds has spread rapidly, and this fact cannot remain 
without consequences for: the environment, living organisms, including humans 
and animals. Therefore it is important to create favorable living conditions also for 
livestock (active health creation) based on the fundamental phenomena - complex-
ity of measures and respect for the variability of the effects of relationships and 
factors between the internal and external environment [7]. Effects of toxic action 
of mercury on the organism: Regarding the effects of toxic effects on the organ-
ism, mercury is given a relatively high attention. Its toxicity depends on the physical 
properties of the individual forms. However, there are differences among them, 
based on the way of exposure, the metabolism itself, the way of excretion. It is 
known that the more mobile the form of mercury is, the more toxic it becomes. 
These properties are due to the structure of the molecule (e.g., behavior in biosys-
tems, stability, excretion rates, etc.) [49, 85]. The negative impact not only on the 
health of people but also on the health and the performance of the animals results 
from an increased incidence of mercury, especially in polluted areas. The hygienic 
quality of animal products is lower, the content of toxic elements in meat and dairy 
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(but also animals) are the most sensitive cadmium intake group when environ-
ment is concerned. The main source of cadmium intake for humans and animals 
is food, feed and beverages. It is estimated that the average daily dietary intake of 
cadmium is 50 μg. Up to 25% of the daily intake is retained in the body. The content 
in dairy products is higher. The lethal dose for oral intake is 350–8900 μg [11]. 
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effect, cadmium is one of the elements that is of great concern for its toxicity and 
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is food [72] and the bioavailability of cadmium from food is an important deter-
minant of its potential risk. Cadmium is one of the 10 most toxic substances for 
human and animal health [39, 73]. Cigarette smoking is also an important source of 
cadmium accumulation in the body. As reported by author [37] cadmium can cause 
functional and morphological changes in organs and tissues, and is also strongly 
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concentration of 5 ng.m−3 as a non-carcinogenic cadmium limit in the air. Current 
levels in rural areas usually do not exceed 0.4 ng.m−3, and in cities they range from 
0.2 to 2.5 ng.m−3. According to in the vicinity of certain industrial agglomerations, 
this concentration can be significantly higher. WHO has determined a provisional 
tolerable weekly intake (PTWI) for cadmium at 7 μg.kg−1 of body weight. Since 
food is a major source of cadmium for most of the population, attention has also 
been paid to its quality as well as to the reduction of cadmium contamination of 
the environment. With an average absorption of about 5% of the amount received, 
about 0.5–1 μg of cadmium is retained daily in the organism. Based on epidemiolog-
ical studies, there has been an increase in lung cancer and prostate cancer in long-
term cadmium inhalation. In hazardous operations, inhalation intake is currently 
strictly controlled. The human lethal dose is 0.3–8.9 g. IARC [100] (International 
Agency for Research on Cancer) classifies Cd as the first category carcinogen for 
humans and animals.

4.6 Mercury - sources of mercury in the environment, the effects of mercury

Mercury is commonly found in the natural environment as it is a part of the 
Earth’s crust. Its origin can be geogenic and anthropogenic. Mercury gets into the 
environment during its production and processing of products (production of 
electrodes, electrical equipment, dyes, measuring and control equipment, use in 
dentistry, chemical laboratories, etc.). In a year, this is estimated at 10,000–30,000 
tons of mercury; and it gets into the environment by evaporating from the surface 
of the Earth and the oceans (vapor of metallic mercury, volatile organic com-
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form can theoretically occur in three ways: by chemical reaction to elemental 
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year−1), waste management (187 × 106 g.year−1), production of non-ferrous metals 
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and from there the compounds get into the water reservoirs by rain. Divalent 
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methyl mercury by the action of microorganisms. It enters the food chain - phyto-
plankton - zooplankton - small fish - big fish. At the top of this chain are animals 
(that feed on fish), including humans. Within this chain, the process of bioaccumu-
lation of ethylmercury occurs. As reported by [11, 78], its concentration is gradually 
increasing, with the values at the top of the chain about a million times higher than 
the concentration of methylmercury in the surrounding water. In general, large and 
longer-living fish (shark, tuna, mackerel, pike) also contain more mercury [48, 79, 80]. 
Under “European Commission Decision 93/351”, the value of Hg in the meat of fish 
living in relatively uncontaminated areas should be below 0.5 gg−1.The concentra-
tion of mercury in the air ranges from 1 to 5 mg.m−3 in rural areas and 7–10 mg.m−3 
in cities. The enrichment of soils with mercury is caused by the burning of coal, the 
occurrence of cinnabar deposits, but also by applying mercury-based fungicides. 
The use of sewage and urban sludge and fertilizers is also a source of mercury soil 
pollution. However, this is not just about soil contamination, but also about second-
ary effect on vegetation growing on it [81]. Mercury gets into the soil in the range of 
0.02–03 mg.kg−1. The concentration of mercury in uncontaminated soils should be 
within the range of 0.02–0.2 mg.kg−1 [82]. Average concentrations affected by 
human activity are in the range of 0.1–0.4 mg.kg−1, and in the vicinity of industrial 
enterprises and crematoria up to 1.8 mg.kg−1, in the third of Slovakia’s territory the 
content of total mercury is higher in woody plants (the value exceeds 0.12 mg.kg−1) 
[11, 83, 84]. The natural content in the soil is from several, up to tens of μg.kg−1. The 
use of mercury and its compounds has spread rapidly, and this fact cannot remain 
without consequences for: the environment, living organisms, including humans 
and animals. Therefore it is important to create favorable living conditions also for 
livestock (active health creation) based on the fundamental phenomena - complex-
ity of measures and respect for the variability of the effects of relationships and 
factors between the internal and external environment [7]. Effects of toxic action 
of mercury on the organism: Regarding the effects of toxic effects on the organ-
ism, mercury is given a relatively high attention. Its toxicity depends on the physical 
properties of the individual forms. However, there are differences among them, 
based on the way of exposure, the metabolism itself, the way of excretion. It is 
known that the more mobile the form of mercury is, the more toxic it becomes. 
These properties are due to the structure of the molecule (e.g., behavior in biosys-
tems, stability, excretion rates, etc.) [49, 85]. The negative impact not only on the 
health of people but also on the health and the performance of the animals results 
from an increased incidence of mercury, especially in polluted areas. The hygienic 
quality of animal products is lower, the content of toxic elements in meat and dairy 
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products is higher and the reproductive and growth indicators get reduced [9, 86]. 
Mercury is the world’s only liquid metal that gets into the body most often by 
inhalation of mercury vapor, and up to 80% of these is absorbed in the lungs.  
The absorption of elemental mercury in the GIT is very low, less than 1%. [87] 
report that compounds containing divalent mercury are absorbed in GIT more, 
even up to 10%. Further, it is taken into consideration that oral administration may 
be accidental, or in contact with skin. As stated by [88], this metal has a high 
affinity for phosphates, cysteine and histidinyl side chains of proteins, but also for 
purines, porphyrins and pteridines. Mercury, along with its compounds, is one of 
the high-toxic poisons (5 times more toxic than lead). The harmful daily human 
dose is 0.4 mg, the lethal dose is 150–300 mg. The condition of its toxic effect is the 
oxidation of Hg0 to Hg1+ up to Hg2+. After oxidation, Hg2+ binds to -SH groups of 
proteins, which are thereby inactivated. Upon absorption, a large proportion of 
mercury (depending on the type of compound and the site of absorption) gets into 
circulation. A part enters the erythrocytes and another part binds to the ligands in 
the plasma. The ratio of mercury content in plasma and in erythrocytes is about 1: 1. 
In erythrocytes, mercury (Hg) binds to the -SH group of hemoglobin. Elemental 
mercury (e.g. in mercury vapor poisoning) is oxidized to divalent cation. In plasma, 
mercury binds to albumin and other plasma proteins that contain free -SH groups. 
Exposure to mercury increases the amount of metallothionein (low molecular 
weight protein), which to some extent prevents kidney damage [11, 89, 90]. 
Elemental mercury and some of its organic compounds easily cross membranes 
(e.g., the erythrocyte membrane) and, unlike some other heavy metals (e.g. 
cadmium), easily cross the placental blood–brain barrier, too. In the complex with 
glutathione it is excreted in the bile, but it also reaches the sweat, salivary and dairy 
glands. In humans, the mean half-life of excretion for inorganic mercury is 60 days, 
for alkyl compounds of mercury 70 days [73]. The kidneys are the site of the 
greatest accumulation of mercury and also the major site of its excretion. There are 
several hypotheses explaining the mechanism of mercury excretion in the kidneys. 
One of them is the hypothesis that part of it gets into the urine in binding to albu-
min and then is reabsorbed (by endocytosis) in the proximal tubule. Another part is 
excreted in binding to glutathione, which is, similar to bile, hydrolyzed to amino 
acids by γ-glutamyltransferase and dipeptidases, and such amino acids are then 
reabsorbed by the Na-dependent transport system [91]. Mercury is excreted in the 
feces and urine. For inorganic mercury, the excretion half-life (both acute and 
chronic) is 1–3 months, for methylmercury it is 50 days. Since methylmercury 
permeates the hair, the level is used as a marker of mercury exposure [11, 92]. Food 
that has been contaminated with methylmercury (especially fish) are among the 
most common sources of exposure to organic mercury. At the end of the 19th 
century, [93] described the so-called pink disease (acrodynia - sporadic and pre-
dominant pediatric syndrome associated with calomel in toothpaste and other 
forms of inorganic mercury) related to an allergic reaction in hypersensitive people. 
Abnormal reddening of the skin has occurred, as well as peeling of the skin (area of 
the hands, legs, feet), pain threshold reduction, swelling. Acrodynia has been found 
in infants but also in older children who have used diapers treated with phenylmer-
cury (an organic form of mercury). In spite of the scientifically-based study, 
mercury is still a part of various cosmetics and pharmaceutical compositions. 
However, it should be noted that the skin reactions to mercury are relatively rare, 
even scarce. The concentration of mercury in the blood in the general population 
(the result of dietary intake) is mainly in the form of organic compounds, but it is 
present in the urine mainly in inorganic form. Why this is the case (difference in 
form) yet needs to be further explored in mammals. As reported by [94], mercury 
concentration in blood increases with fish consumption. However, larger areas of 
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amalgam fillers, which may be the source of increased urinary excretion, also need 
to be considered. Other so-called immunotoxic responses can also be induced when 
exposed to inorganic mercury - Kawasaki disease, rash, cracking of the lips, fever, 
photophobia, pharyngitis, peeling of the skin on the palms of the hands and feet, 
tachycardia, affection of the lymphatic tissue - these are symptoms afflicted by 
sufferers. Urine levels of mercury have been shown to be higher in the affected 
patients. [93] reports that infants but also older children have more sensitive 
organisms than adults, and that explains the higher absorption of inorganic mer-
cury. Among the organic mercury compounds, thiomersal (thimerosal, mertiolate, 
sodium ethylmercurithiosalicylate) is known as being used as a preservative in 
childhood vaccination since the 1930s. The thiomersal composition is 49.6 wt% Hg - it 
is metabolized to EtHg and thiosalicylate. The vaccine dose for children contains 
about 2.5 mg Hg in 0.5 ml. [95, 96] have expressed concern that the developing CNS 
could be harmed in children in the first half year of life. Possible health conse-
quences: delayed speech development, impaired concentration, local hypersensitive 
responses, the spectrum of autism disorders. With long-term administration of 
gamma globulin (containing thiomersal), acrodynia has occasionally been con-
firmed. Based on these findings, thiomersal was requested to be removed from 
vaccines. However, it continues to be used in some countries to these days. 
According to [97] at high doses of EtHg the undesirable effects are similar to high 
doses of MeHg. However, the effect of low dose of EtHg remains unclear, more 
recent data [98] describe EtHg to be less neurotoxic than MeHg. The effects of 
mercury on health depend on several factors (form, dose, duration of exposure). 
International organizations Health Care Without Harm and the Health & 
Environment Alliance advocate accelerated reduction of environmental pollution 
by mercury in the European Union as well as worldwide and raise awareness of its 
destructive impact on the human fetal brain (arises during the early development of 
the fetus by methylmercury). It has a damaging effect on the development of the 
nervous system, and such damage is mostly irreversible. [99] states that the source 
of intense interest in the scientific community is primarily three chemical forms as a 
source of exposure: methyl mercury in fish, mercury vapor from amalgam dental 
fillings, and ethyl mercury in vaccines. US EPA (Environmental Protection Agency) 
classifies inorganic mercury into Group D “substances that do not have carcinogenic 
effects on humans” but [100] is considering reviewing the inclusion of inorganic 
mercury according to EPA. Organic forms of mercury - methyl mercury and its 
compounds are, according to IARC, rated as possible carcinogens [63].

5. Conclusion

Population health, as a universal value and primary human rights, is a funda-
mental economic resource not only for the individual but also for the whole of soci-
ety. One of the main starting points for solving the relationship between man and 
the environment is the planned nature protection. The environment is everything 
that creates natural conditions for the existence of organisms, including humans, 
and is a prerequisite for their further development. The work was supported by 
VEGA 2/0125/17.
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glutathione it is excreted in the bile, but it also reaches the sweat, salivary and dairy 
glands. In humans, the mean half-life of excretion for inorganic mercury is 60 days, 
for alkyl compounds of mercury 70 days [73]. The kidneys are the site of the 
greatest accumulation of mercury and also the major site of its excretion. There are 
several hypotheses explaining the mechanism of mercury excretion in the kidneys. 
One of them is the hypothesis that part of it gets into the urine in binding to albu-
min and then is reabsorbed (by endocytosis) in the proximal tubule. Another part is 
excreted in binding to glutathione, which is, similar to bile, hydrolyzed to amino 
acids by γ-glutamyltransferase and dipeptidases, and such amino acids are then 
reabsorbed by the Na-dependent transport system [91]. Mercury is excreted in the 
feces and urine. For inorganic mercury, the excretion half-life (both acute and 
chronic) is 1–3 months, for methylmercury it is 50 days. Since methylmercury 
permeates the hair, the level is used as a marker of mercury exposure [11, 92]. Food 
that has been contaminated with methylmercury (especially fish) are among the 
most common sources of exposure to organic mercury. At the end of the 19th 
century, [93] described the so-called pink disease (acrodynia - sporadic and pre-
dominant pediatric syndrome associated with calomel in toothpaste and other 
forms of inorganic mercury) related to an allergic reaction in hypersensitive people. 
Abnormal reddening of the skin has occurred, as well as peeling of the skin (area of 
the hands, legs, feet), pain threshold reduction, swelling. Acrodynia has been found 
in infants but also in older children who have used diapers treated with phenylmer-
cury (an organic form of mercury). In spite of the scientifically-based study, 
mercury is still a part of various cosmetics and pharmaceutical compositions. 
However, it should be noted that the skin reactions to mercury are relatively rare, 
even scarce. The concentration of mercury in the blood in the general population 
(the result of dietary intake) is mainly in the form of organic compounds, but it is 
present in the urine mainly in inorganic form. Why this is the case (difference in 
form) yet needs to be further explored in mammals. As reported by [94], mercury 
concentration in blood increases with fish consumption. However, larger areas of 
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amalgam fillers, which may be the source of increased urinary excretion, also need 
to be considered. Other so-called immunotoxic responses can also be induced when 
exposed to inorganic mercury - Kawasaki disease, rash, cracking of the lips, fever, 
photophobia, pharyngitis, peeling of the skin on the palms of the hands and feet, 
tachycardia, affection of the lymphatic tissue - these are symptoms afflicted by 
sufferers. Urine levels of mercury have been shown to be higher in the affected 
patients. [93] reports that infants but also older children have more sensitive 
organisms than adults, and that explains the higher absorption of inorganic mer-
cury. Among the organic mercury compounds, thiomersal (thimerosal, mertiolate, 
sodium ethylmercurithiosalicylate) is known as being used as a preservative in 
childhood vaccination since the 1930s. The thiomersal composition is 49.6 wt% Hg - it 
is metabolized to EtHg and thiosalicylate. The vaccine dose for children contains 
about 2.5 mg Hg in 0.5 ml. [95, 96] have expressed concern that the developing CNS 
could be harmed in children in the first half year of life. Possible health conse-
quences: delayed speech development, impaired concentration, local hypersensitive 
responses, the spectrum of autism disorders. With long-term administration of 
gamma globulin (containing thiomersal), acrodynia has occasionally been con-
firmed. Based on these findings, thiomersal was requested to be removed from 
vaccines. However, it continues to be used in some countries to these days. 
According to [97] at high doses of EtHg the undesirable effects are similar to high 
doses of MeHg. However, the effect of low dose of EtHg remains unclear, more 
recent data [98] describe EtHg to be less neurotoxic than MeHg. The effects of 
mercury on health depend on several factors (form, dose, duration of exposure). 
International organizations Health Care Without Harm and the Health & 
Environment Alliance advocate accelerated reduction of environmental pollution 
by mercury in the European Union as well as worldwide and raise awareness of its 
destructive impact on the human fetal brain (arises during the early development of 
the fetus by methylmercury). It has a damaging effect on the development of the 
nervous system, and such damage is mostly irreversible. [99] states that the source 
of intense interest in the scientific community is primarily three chemical forms as a 
source of exposure: methyl mercury in fish, mercury vapor from amalgam dental 
fillings, and ethyl mercury in vaccines. US EPA (Environmental Protection Agency) 
classifies inorganic mercury into Group D “substances that do not have carcinogenic 
effects on humans” but [100] is considering reviewing the inclusion of inorganic 
mercury according to EPA. Organic forms of mercury - methyl mercury and its 
compounds are, according to IARC, rated as possible carcinogens [63].

5. Conclusion

Population health, as a universal value and primary human rights, is a funda-
mental economic resource not only for the individual but also for the whole of soci-
ety. One of the main starting points for solving the relationship between man and 
the environment is the planned nature protection. The environment is everything 
that creates natural conditions for the existence of organisms, including humans, 
and is a prerequisite for their further development. The work was supported by 
VEGA 2/0125/17.
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The environment is severything that creates natural conditions for the existence 
of organisms, including humans, and is a prerequisite for its further development. 
Proper environmental hygiene can prevent the outbreak and spread of infectious 
diseases. The function of disinfectants is to kill and prevent the growth of micro-
organisms. Disinfectants are potentially noxious substances which are used in 
intensive animal production and disease control programmes. In fulfilling this role, 
disinfectants may also have an adverse impact on the environment. These products 
may harm beneficial microorganisms, plant and animal life, and even humans, 
when used without due caution. Proper selection of disinfectant which is based on 
the knowledge of the resistance of microorganisms to the effect of the disinfectant 
and the efficacy of the disinfectants as well as the potential negative impact on the 
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1. Introduction

One of the most significant environmental problems of the present, affecting 
all environmental components, is global environmental contamination, which is 
closely linked to the unprecedented boom in industrial and agricultural chemistry. 
The environment, both natural and artificial, is one of the factors that affect human 
health and well-being. The relationship between the environment and health, the 
so-called environmental health, should be understood as a complex of interactions 
between the genetic characteristics of a human being and the environment in which 
she lives. Exposure of men to environmental pollutants can trigger the onset of dis-
eases, most often chronic [1]. Environmental contamination plays an important role 
in the transmission of several key health care-associated pathogens. Effective and 
thorough cleaning/disinfecting of the patient environment is essential. Although 
microbiologically contaminated surfaces can serve as reservoirs of potential 
pathogens, these surfaces generally are not directly associated with transmission of 
infections to either staff or patients. The transferral of microorganisms from envi-
ronmental surfaces to patients is largely via hand contact with the surface. Although 
hand hygiene is important to minimize the impact of this transfer, cleaning and 
disinfecting environmental surfaces as appropriate is fundamental in reducing 
their potential contribution to the incidence of healthcare-associated infections.  
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infections to either staff or patients. The transferral of microorganisms from envi-
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hand hygiene is important to minimize the impact of this transfer, cleaning and 
disinfecting environmental surfaces as appropriate is fundamental in reducing 
their potential contribution to the incidence of healthcare-associated infections.  
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The principles of cleaning and disinfecting environmental surfaces take into account 
the intended use of the surface or item in patient care [2]. Protecting human, animal 
and plant healthiness at every stage of the food production process is one of the top 
priorities for the public health and economy. Food safety is becoming increasingly 
of interest to consumers and producers, and microbiological purity of food raw 
materials, technological equipment, production areas and final products is insepa-
rably linked to it. Therefore, a great emphasis is placed on the whole quality assur-
ance complex, including production hygiene [3]. Foodborne diseases encompass 
a wide spectrum of illnesses and are a growing public health problem worldwide. 
They are the result of ingestion of foodstuffs contaminated with microorganisms 
or chemicals. The contamination of food may occur at any stage in the process from 
food production to consumption (“farm to fork”) and can result from environ-
mental contamination, including pollution of water, soil or air [4]. Environmental 
sanitation is the promotion of hygiene and the prevention of disease and other con-
sequences of ill-health, relating to environmental factors. To allow for transmission 
of infectious agents they have to be present in the immediate human environment, 
exposure has to take place, and transmission has to occur by uptake of the agents 
through unsafe practices. To interrupt the transmission, environmental sanitation 
can act on reducing exposure to infectious agents by limiting contact to wastes or 
polluted media, and by changing hygiene and socio-cultural practices. Sanitation is 
the effective use of tools and actions that keep our environment healthy. Sanitation 
is a complex of measures directed to the inactivation, removal, or killing of the 
agents of infections in the external environment. Sanitation includes disinfection, 
insect control, rodent control, proper disposal of wastes (cadavers, excrements, 
wastewater) and hygiene of the environment [5].

2. Disinfection

Disinfection is defined as a process in which germs are destroyed by either 
chemical action or physical intervention, or a combination of both [6].

2.1 Stages of disinfection

Disinfection has several stages. The first stage is the exploratory and prepara-
tory work to determine the extent and type of disinfected object. The necessary 
amount of tools, aids, appliances, employees and effective disinfectant must be 
provided [7]. Cleaning, second stage, is the necessary first step of any disinfection 
process. Cleaning removes organic matter, salts, and visible soils, all of which inter-
fere with microbial inactivation. The physical action of scrubbing with detergents 
and surfactants and rinsing with water removes substantial numbers of microorgan-
isms. If a surface is not cleaned first, the success of the disinfection process can be 
compromised. Removal of all visible blood and inorganic and organic matter can be 
as critical as the germicidal activity of the disinfecting agent. When a surface cannot 
be cleaned adequately, it should be protected with barriers. It has been estimated 
that cleaning alone may remove over 90% of bacteria from surfaces [8]. The third 
stage is the actual disinfection, its objective being to destroy the decisive number of 
microorganisms that remained on the objects and surfaces after mechanical clean-
ing. The fourth stage is to check the effectiveness of disinfection. The effectiveness 
of surface disinfection must be controlled. The inspection informs about the quality 
of the work done and about the effectiveness of the disinfectants used. In the case of 
identified insufficiencies, it is the basis for the implementation of corrective mea-
sures. The effectiveness of disinfection is checked by chemical and microbiological 
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swabs. Chemical methods are divided into qualitative and quantitative. The methods 
are very costly and time consuming, thus they are rarely done. Methods are cur-
rently available to detect undesirable residues of disinfectants on surfaces as well 
as in products. Microbiological swabs can be used to verify that microorganisms 
have been killed on disinfected areas and objects [9]. The fifth stage is ventilation 
and deactivation. This stage is only performed after the disinfectant exposure time 
necessary for action has expired. Residues of disinfectants on surfaces and objects 
are removed through rinsing with water; in some cases, inactivating substances are 
used. A protocol shall be drawn up after each disinfection carried out [10].

2.2 Environmental factors influencing the effectiveness of disinfection

The effectiveness of disinfectants for microorganisms depends on many factors. 
On the one hand, these are the properties of the microorganisms themselves, on 
the other hand, the chemical and physical properties of the external environ-
ment. Knowing these factors should lead to a more adequate use of disinfection. 
The number and types of microorganisms present on environmental surfaces are 
influenced by the following factors:

a. number of people in the environment

b. amount of activity

c. amount of moisture

d. presence of material capable of supporting microbial growth

e. rate at which organisms suspended in the air are removed

f. type of surface and orientation (e.g. horizontal or vertical) [10].

Factors that affect disinfection efficiency include:

• the concentration of the disinfectant

• the time during which the microorganism is in contact with the disinfectant

• pH

• temperature

• the presence of organic contaminants, e.g., blood, serum or other body fluids

• the microorganism itself or the respective agent, their type (prions, viruses, 
gram-negative, gram-positive bacteria, microscopic fungi, protozoa, spores) as 
well as their number and location [11].

The most important factor is the concentration of the disinfectant from which 
the effectiveness of the disinfection depends. The mechanism of action depends  
on the chemical composition of the disinfectant and the way it is used. In the case of 
unstable disinfectants (chlorinated lime, formalin, Persteril), the concentration of 
active substance must be utaken into account when preparing the working solution. 
Inadequate (too low) concentration of the disinfectant used does not achieve a cidal 
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effect, but only bacteriostatic, virostatic, and similar ones. Too high concentrations 
damage the disinfected objects and also lead to increased disinfection costs [9]. The 
pH values of the environment in which the disinfectant reacts with the microorgan-
ism is also an important factor affecting the final result. For example, glutaraldehyde 
and quaternary ammonium salts as well as chlorhexidine have higher efficacy at 
alkaline pH. On the other hand, phenolic preparations as well as chlorine are more 
effective at acidic pH. The temperature, in particular its increase, also partialy 
affects the end result of the disinfectant reaction with the microorganism [11]. At a 
low temperature of disinfectant solutions, dissociation of some disinfectants slows 
down, thereby reducing their diffusion into the bacterial cell. Some disinfectants 
(lyes) work better if they are heated to 70–80°C (in addition to chemical, they have 
physical effects too). Chloramine solutions are most effective at the temperature 
of 50–60°C [9]. The environmental pollutants of organic origin in which chemical 
disinfection is to be applied significantly reduce the activity of the disinfectant [11]. 
The presence of organic substances in the environment reduces the effect of all dis-
infectants; therefore, as previously mentioned before the disinfection of the object, 
it is necessary to clean the environment [9]. Microorganisms differ in their resistance 
to disinfectants. Different types of microoganisms vary in there responses to anti-
septics, disinfectants, and sterilants (Figure 1). This is hardly surprising, in view of 
there different cellular structures, compositions, and physiologies. Tradititionally, 
microbial susceptibilities to biocides have been classified based on these differences. 
Bacterial spores are generally considered the organisms most resistant to antiseptics, 
disinfectants, and strilants, although prions have shown market resistance to many 
physical and chemical processes. It is important to note that this classification is 
considered only a general guide to antimicrobial activity and can vary depending on 
the biocide, formulation, or process under consideration [11].

Figure 1. 
Decreasing order of resistance of microorganisms to disinfection and sterilization and the level of disinfection or 
sterilization. source: McDonnell, 2007.
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2.3 Biofilm

Biofilms are composed of immobilized bacteria deposited in an organic poly-
meric mass of bacterial origin. Biofilm cells are irreversibly connected to each other 
and with the surface via extracellular polymeric substances (EPS), which account 
for up to 85% of the total biofilm mass. EPS include a number of proteins, glyco-
proteins, glycolipids, and in some cases a surprising amount of extracellular DNA 
[12]. Extracellular polymers are produced by bacteria that allow bacteria to adhere 
to the surface. The polymeric products constitute the base matrix. Biofilm further 
contains substances that belong to the “quorum sensing” (QS) system that is involved 
in intercellular bacterial communication.

Biofilm formation is a dynamic process that includes the following steps:

• surface attachment

• the formation of a monolayer

• differentiation of microcolonies

• differentiation of macrocolonies and ultimately a mature form of biofilm being 
created [13]. Various nutrients in the wet environment absorbed on the sur-
faces create an acclimation coating with different physico-chemical properties. 
The physico-chemical properties of the surface determine how the bacteria 
attach. The structure of the biofilm is not homogeneous; it contains a set of 
numerous channels and cavities that serve to circulate water, supply nutrients 
and oxygen. They are intricate, mutually communicating channels of various 
shapes that supply substances and gases to biofilm-living bacteria. Bacteria in 
the biofilm form clusters of cells, which are known as microcolonies. Biofilm 
architecture is diverse, constantly changing in space and time due to external 
and internal processes. It is known that EPS production and hence the related 
biofilm thickness depend on the availability of nutrients and whether the 
biofilm is composed of one or more bacterial species. In a natural environ-
ment, the community of several species is more common. Biofilm formation is 
a cause of problems in many areas, e.g. in medicine, in water supply systems, in 
the food production industry [12]. Biofilm for microorganisms in a given envi-
ronment creates both a nutritional layer that allows for their reproduction and 
a protective layer that limits the devitalizing effects of the disinfectants used. 
Thus, prevention is effective cleaning and application of combined composi-
tions, e.g., oxidizing agents, surfactants and regular surface monitoring. The 
intervals needed; the intensity of cleaning and decontamination depend on the 
degree of contamination that occurs on different surfaces [14].

2.3.1 Methods of biofilm removal

The removal of impurities from surfaces must be of a high standard to ensure 
technological and hygienic requirements. In general, we distinguish three types of 
biofilm removal:

• mechanical

• chemical

• biological [15].
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a protective layer that limits the devitalizing effects of the disinfectants used. 
Thus, prevention is effective cleaning and application of combined composi-
tions, e.g., oxidizing agents, surfactants and regular surface monitoring. The 
intervals needed; the intensity of cleaning and decontamination depend on the 
degree of contamination that occurs on different surfaces [14].

2.3.1 Methods of biofilm removal
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Physical methods (otherwise called mechanical methods) are based on the 
action of a magnetic field that is highly intense. Ultrasonic devices (high-frequency 
electric field devices) or their connection with organic acids are used. Chemical 
methods consist of using detergents and disinfectants the acting of which is neces-
sary to effectively remove biofilms. Significant is the use of ozone and a variety of 
chlorine-based preparations, iodine compounds, peroxyacetic acid, and quaternary 
ammonium compounds [13]. Biological methods degrade biofilms using enzymes 
produced by bacteria, but their use is limited because of their cost and affordabil-
ity. In order to achieve the desired effect, it is appropriate to use a combination of 
methods with a synergistic effect.

2.4 Chemical disinfection

Disinfectants are classified by their chemical nature and each class has its unique 
characteristics, hazards, toxicities and efficacy against various microorganisms. 
Environmental conditions, such as the presence of organic matter, pH or water 
hardness can also impact the action of the disinfectant [10].

Different disinfectants have different mechanisms of action, all disinfectants act 
by harming microorganisms in some manner. Mechanisms of harm include:

1. Protein denaturation

2. Membrane disruption

3. Nucleic acid damage

4. Inhibition of metabolism [16].

The ideal disinfectant must have a wide range of action, rapid, time-saving use, 
and water solubility. The disinfectant should also be stable, ecological, non-toxic, 
non-corrosive, economical and safe to use. However, such a disinfectant does not 
exist in real practice and it is therefore important to choose a suitable combina-
tion of disinfectants. Rotation of disinfectants is good practice. The mechanism 
of action of disinfectants on microorganisms can generally be divided into four 
categories:

• denaturation of proteins

• membrane damage

• damage of nucleic acids

• inhibition of metabolic activity.

Disinfectants are placed into three categories depending on microbicidal 
activity:

• High-level disinfectants

• Intermediate-level disinfectants

• Low-level disinfectants [17].
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High-level disinfectants (HLD) are active against vegetative bacteria, viruses 
(including the nonenveloped ones), fungi, and mycobacteria. They may also have 
some activity against bacterial spores with extended contact times. Aldehydes 
(glutaraldehyde and ortho-phthalaldehyde) and oxidisers (e.g., hydrogen peroxide 
and peracetic acid) are HLDs. The aldehydes are non-corrosive and safe for use on 
most devices. However, they can fix organic materials; therefore, it is particularly 
important to remove any embedded microbes prior to disinfection. Unless properly 
formulated and carefully used, oxidisers can be corrosive. However, they can be 
faster-acting, non-fixative, and safer for the environment than aldehydes. HLDs 
typically require 10–45 min of contact time for disinfection, depending on the 
temperature. After disinfection, items require thorough rinsing with sterile or 
filtered water to remove any chemical residues; they must then be dried with an 
alcohol rinse or by blowing clean and filtered air through the device’s channels prior 
to safe storage. A disinfectant (e.g., ethanol) is active against vegetative bacteria, 
mycobacteria, fungi, and most viruses. It may fail to kill spores, even after pro-
longed exposure. Low-level disinfectants (e.g., quaternary ammonium compounds) 
are active against vegetative bacteria (except mycobacteria), some fungi, and only 
enveloped viruses. In many cases, washing with unmedicated soap and water would 
be sufficient in place of such disinfectants [18]. There are three levels of disinfec-
tion: high, intermediate, and low. High-level disinfectants, such as glutaraldehyde, 
are used as chemical sterilants and should never be used on environmental surfaces. 
Intermediate-level disinfectants are registered with the Environmental Protection 
Agency (EPA) and have a tuberculocidal claim, and low-level disinfectants are 
EPA-registered without a tuberculocidal claim (i.e., hepatitis B virus and HIV label 
claims). The process of high-level disinfection, an appropriate standard of treat-
ment for heat-sensitive, semicritical medical instruments (e.g., flexible, fiberoptic 
endoscopes), inactivates all vegetative bacteria, mycobacteria, viruses, fungi, and 
some bacterial spores. High-level disinfection is accomplished with powerful, 
sporicidal chemicals (e.g., glutaraldehyde, peracetic acid, and hydrogen peroxide) 
that are not appropriate for use on housekeeping surfaces. These liquid chemi-
cal sterilants/high-level disinfectants are highly toxic. Use of these chemicals for 
applications other than those indicated in their label instructions (i.e., as immersion 
chemicals for treating heat-sensitive medical instruments) is not appropriate [17]. 
Intermediate-level disinfection does not necessarily kill bacterial spores, but it does 
inactivate Mycobacterium tuberculosis var. bovis, which is substantially more resis-
tant to chemical germicides than ordinary vegetative bacteria, fungi, and medium 
to small viruses (with or without lipid envelopes). Chemical germicides with suffi-
cient potency to achieve intermediate-level disinfection include chlorine-containing 
compounds (e.g., sodium hypochlorite), alcohols, some phenolics, and some iodo-
phors [18]. Low-level disinfection inactivates vegetative bacteria, fungi, enveloped 
viruses, e.g., human immunodeficiency virus (HIV) and influenza viruses, and 
some non-enveloped viruses (e.g., adenoviruses). Low-level disinfectants include 
quaternary ammonium compounds, some phenolics, and some iodophors [2]. The 
health and safety of humans and animals should always be a primary consideration 
when selecting a disinfectant. Most disinfectants have some level of hazard associ-
ated with their use. Some pose a serious threat to human and animal health (i.e., 
aldehydes, phenols, sodium hydroxide). Some cannot be used when animals are 
present or must be thoroughly rinsed away with potable water prior to restocking. 
Personnel training, personal protective measures and safety precautions should 
always be taken. Environmental factors, such as runoff into creeks or ponds, must 
also be considered when selecting a disinfectant. Many agents are known ecological 
hazards for plants and aquatic life (i.e., sodium carbonate, hypochlorites, phenolic 
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compounds), therefore drainage, runoff, and biodegradability of disinfectants 
should be considered [19].

2.4.1 Chemical disinfectants

Chemical disinfectants are chemical agents applied to non-living objects in order 
to destroy bacteria, viruses, fungi, mold or mildews living on the objects. By defini-
tion, disinfectant formulas must be registered with the Environmental Protection 
Agency (EPA). The “active ingredient” in each disinfectant formula is what kills 
pathogens, usually by disrupting or damaging their cells [20].

2.4.1.1 Alkalis

Alkalis (or bases) are defined as substances capable of forming hydroxide (OH−) 
ions when dissolved in water and are measured at pH > 7. Hydroxides are strong 
bases with a pH above 12 and are very reliable disinfectants. Alkalis have good 
microbicidal properties; inhibit the growth of microorganisms by restricting vari-
ous metabolic processes. In general, pH values of ≥9 are restrictive for the growth 
of most vegetative microorganisms, including bacteria and fungi. Low concentra-
tions are generally inhibitory, while higher concentrations are bactericidal and 
fungicidal. Typical virucidal concentrations are 1–2% NaOH [21]. The mechanism 
of action of the hydroxide is based on changing the pH of the environment. The 
reaction of alkali with the various types of lipids (including phospolipids) in these 
membranes can be compared to their reactions with fatty acids in lipids and oils to 
cause salt (soap) formation. Membrane disruption leads to cell wall destabilization 
and loss of membrane structure and function, including disruption of the proton 
motive force and leakage of cytoplasmatic materials. Alkali also causes breakage of 
peptide bonds and the breakdown of proteins, which is presumed to be the major 
mechanism of action against prions [22]. Alkalis are very corrosive agents and 
damage to various surfaces, depending on the concentration of alkali used and the 
formulation pH. Personal protection precautions should be observed while work-
ing with alkalis [21]. Some limited disinfection methods use high concentrations 
of strong alkalis, such as NaOH (commonly known as caustic soda or soda lye) and 
KOH (also known as lye), while lower concentrations of these and weaker alkalis, 
such as sodium bicarbonate (baking soda) and sodium matasilicate, are used in 
various cleaning applications [23].

Potassium hydroxide (KOH) is used to produce greasy antiseptic soaps [24].
Sodium hydroxide (NaOH) is a strong surface disinfectant which finds a use 

in many farm situations [21]. The disinfecting effect of the lye depends on the 
concentration of hydroxyl ions. Sodium hydroxide has a moderately wide range of 
action. At concentrations of 3–5%, it has bactericidal effects, especially on gram-
negative rods. The effect on cocci is not sufficient. Already at a 2% concentration it 
has a good virucidal effect on most viruses. Sodium hydroxide does not act well on 
mycobacterial rods and fungi [24]. A high concentration of this substance can kill 
all microorganisms including bacterial spores. Such concentrations will produce a 
pH of 13 or higher [21]. NaOH is stored in well-closed containers because it reacts 
with CO2 in the air and thus loses efficiency, so freshly prepared hydroxide solutions 
should be used. It is well soluble in hot water (e.g., in water 18°C warm it dissolves 
to 51%, but in water heated to 70–80°C up to 75%), producing heat, as a side effect. 
It dissociates in water into negatively charged hydroxyl ions and positively charged 
sodium ions. Sodium hydroxide is highly corrosive and irritating to the skin, eyes 
and mucous membrane s of animals and humans; contact could result in severe 
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burns. Most problems occur after careless use of this disinfectant [21]. Sodium 
hydroxide is a corrosive with a good deep effect [24]. Extreme caution is required 
when handling NaOH. Great care must be taken regarding the environmental 
impact of this product, especially when dealing with water run-off, as sodium 
hydroxide may severely affect the pH of surface water and plant life. It is recom-
mended that this disinfectant be used only when there is absolute certainty that the 
environment will not be negatively affected. However, NaOH has the advantage of 
being relatively cheap and lends itself to being handled in bulk [21].

Calcium hydroxide Ca(OH)2 is prepared from burnt lime by slaking with 
water. A 20% suspension (lime milk) is prepared from freshly slaked lime. Slaked 
lime absorbs air carbon dioxide and turns into calcium carbonate, which is ineffec-
tive as disinfectant. The suspension prepared from freshly slaked lime has both viral 
and bactericidal effect [9].

2.4.1.2 Acids

Acids are defined as substances that dissociate in water to provide hydrogen ions 
(H+), which are measured on the pH scale as <7 [25]. The effect of acids and their 
derivatives is based on the action of hydrogen ions, anions or whole molecules, 
surface activity, oxidative or dehydrating capabilities. Acidic disinfectants function 
by destroying the bonds of nucleic acids and precipitating proteins [21]. Acids also 
change the pH of the environment of cell, cause oxidaze a dehydratation as well as 
the destruction of fermentative metabolism of bacteria [26]. The effectiveness of 
the acids is reduced by the presence of organic contamination. Disadvantages of 
organic acids are their ability to interact with organic substances, thereby reducing 
their disinfectant activity, etching and corrosiveness [27]. The use of inorganic 
acids is considerably limited due to their corrosive and irritant effects. Of inorganic 
acids, hydrochloric acid, nitric acid and phosphoric acid are used in the disinfection 
practice [9].

Hydrochloric acid (HCl) is used in the form of Schattenfroh solution. The solu-
tion contains 2.5% hydrochloric acid and 15% cooking salt. It is used to disinfect 
anthrax – contaminated skin [24].

Nitric acid (HNO3) has a good sporocidal effect. It is used at a 2% concen-
tration for bristle disinfection at 2 h exposure and a solution temperature of 
40°C. After disinfection is complete, the bristles are neutralized with a 2% sodium 
hydroxide solution. A concentration of 0.3–0.5% at a solution temperature of 50°C 
is recommended today mainly for cleaning and disinfection of milking equipment 
in organic farming [28].

Phosphoric acid (H3PO4) is used to disinfect soil and manure at a concentra-
tion of 1.5–3%. Of the organic acids, peracetic acid and lactic acid are used in 
disinfection practice.

Peracetic acid (CH3COOH) is the most potent of the above-mentioned sub-
stances, acting in a bactericidal, sporocidal, viricidal and fungicidal way. Peracetic 
acid is part of Persteril, a composition which contains 32–36% peracetic acid, 
7–10% hydrogen peroxide, 1% sulfuric acid. Persteril is an unstable preparation and 
is prepared for the active substance content [29].

Peracetic acid is oxidizing agents, denatures proteins, disrupts cell wall 
permeability, and oxidizes sulfhydral and sulfur bonds in proteins, enzymes, and 
other metabolites [27]. Its advantage is that it works at low concentrations. At a 
concentration of 0.4%, it acts on the surfaces after a 30 min exposure. Persteril 
as a 0.1% solution is used to treat growing mold directly on the meat. For 
hand disinfection it is used as a 1–0.2% solution. It leaves no residue, rapidly 
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decomposes into acetic acid and water. Peracetic acid is used to disinfect the 
environment, surfaces and medical devices. In the form of an aerosol or spray, 
Pedox-PAA50, which contains 10–40% peracetic acid, is the most commonly 
applied formulation. For aerosol disinfection, it is used in the concentration of 
5–7 ml m−3. The disadvantages of using peracetic acid include corrosion to met-
als. Even this disadvantage can be avoided by the addition of sodium pyrophos-
phate in the ratio 1:2 to peracetic acid. It has to be stored at a temperature below 
20°C. It is best stored in a refrigerator at 4°C [29].

Lactic acid is mainly used to disinfect air in the presence of animals. It is used in 
the form of an aerosol, in an amount of 5 ml m−3 [30].

2.4.1.3 Halogens

Halogen-containing disinfectants include chlorine, iodine, bromine and fluorine 
preparations, which are the most reactive and the most toxic of the halogen com-
pounds. Halogen-containing compounds which are toxic to the cell are created by 
the action of oxygen in the initial phase. The optimum pH for the disinfection effect 
is 5–8 and the presence of organic substances significantly reduces it. For practical 
disinfection, iodine, chlorine and its compounds are important [31].

2.4.1.4 Iodine and iodonal

The position and importance of iodine among the disinfectants lies in its intense 
and, above all, rapid action on all microorganisms at quite low toxicity. Iodine is a 
crystalline substance that sublimes at normal temperature and pressure. However, 
aqueous or alcoholic iodine solutions carry many undesirable effects and their wider 
use in disinfection was hindered by their significant negative properties such as 
low solubility in water, corrosion, staining of disinfected objects, toxicity, and the 
like [9]. Iodine-based disinfectants are called iodophores. Iodophores are relatively 
non-toxic. In iodophores, iodine is bound to polyvinylpyrrolidones (surface-active 
organic polymers), which have a significant effect on increasing the disinfection 
efficiency of these formulations.

Iodine compounds are broad spectrum and considered effective for a variety of 
bacteria, mycobacteria, fungi and viruses [23]. The negative properties of iodo-
phores are considerably limited, have corrosive effects on iron, less affect copper 
and its compounds. They have a weak corrosive effect on zinc, aluminum and tin. 
They do not rust stainless steel. At long-term use, they leave stains and color PVC 
(polyvinyl chloride) and polyethylene. Iodophores are water-soluble, stable, non-
allergenic, fast-acting, low-toxicity, and non-irritating to injured skin. When using 
iodophores, the basic requirement, namely a thorough mechanical cleansing, must 
be fulfilled. The temperature of the solutions should not exceed 35°C [32]. They 
are used in healthcare, veterinary care, food production industry, agriculture and 
municipal hygiene. Iodine preparations can be used both to disinfect surfaces and to 
disinfect skin as antiseptics.

Jodonal A contains 1.75% active iodine, 12.5% phosphoric acid and a stabilizer. 
It has viracidal, sporocidal and bactericidal effects, also against acid-resistant 
mycobacteria. It is used in the food production industry.

Jodonal B contains 1.65% active iodine, 3.6% phosphoric acid and a stabilizer. 
Jodonal B is used in health care and municipal hygiene.

Jodonal M contains 1.6% iodine, followed by citric acid and glycerin, which has 
a protective effect on mucous membranes. Jodonal M is used in the prevention of 
mastitis in cows, is designed for disinfection of teats after milking at 20% concen-
tration. It is used for udder treatment in 2–4% concentration [9].
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2.4.1.5 Chlorine and its compounds

Chlorine preparations are widely used. Chlorine is responsible for the major 
mechanism of action and thus the inactivation of enzymes and ribosome proteins, 
due to the formation of a strong oxidizing agent – HClO (hypochlorous acid), which 
is the result of the reaction of chlorine with water. The bacterial cell undergoes 
changes in the cytoplasmic membrane, the oxidation of thiol groups of enzymes 
and chlorination of nucleotides occurs, resulting in the blockade of DNA synthesis 
[33]. An important element is chlorine, occurring in the form of poisonous yellow-
brown gas. Chlorination is the most widely used method for disinfecting water 
supplies. The disinfecting ability of chlorine in water depends on the degree of its 
dissociation. In an acidic environment, their disinfection effect increases. Chlorine 
preparations contain salts of hypochlorous acid (HClO). Their decomposition in 
aqueous environment produces hydrochloric acid (HCl) and oxygen in the phase 
of “birth,” which oxidizes organic substances. The chemical activity of the chlorine 
preparations is associated with the chlorine found together with the oxygen in the 
hypochlorite group -ClO. The amount of oxygen released by the decomposition of 
this group corresponds to the content of reactive chlorine in a preparation called 
as active chlorine. Thus, active chlorine is an indicator of disinfectant properties in 
chlorine preparations. The active chlorine content in the chlorine preparations is 
expressed as a percentage. Chlorine preparations belong to the group of oxidizing 
agents with very good disinfection effect [34, 35]. Chlorine compounds are inacti-
vated by organic soil, so a cleaning step is often required for heavily soiled surfaces. 
They are also prone to degradation from exposure to heat, UV light, and transition 
metals, such as copper, nickel, cobalt, and iron [36]. Activated solutions are recom-
mended for disinfection especially for mycobacteria and spore-forming bacteria. In 
the food producing industry, it is not recommended to disinfect the surfaces with 
which the raw materials or food come into direct contact with chlorine prepara-
tions. The effect of all chlorine derivatives is accelerated by the addition of ammo-
nia and ammonium salts, which is the essence of so-called activation of chlorine 
preparations. However, this activation is short-lived so that the activated solu-
tions must be used immediately, especially against the highly resistant microbes. 
Ammonium salts, in the ratio 1:1 and ammonia, in the ratio 1:8 to 16 [9] are added to 
the solutions of known concentration. The most commonly used chlorine prepara-
tions include chloramines, chlorinated lime, dikonit, sodium hypochlorite.

Chloramines are organic compounds containing 25–30% active chlorine. 
Chloramines are stable powder substances, well soluble, with corrosive and whiten-
ing effects. They have bactericidal, fungicidal and virucidal activity. At alkaline pH, 
their effect decreases rapidly. In disinfection practice, Chloramine T is the most 
significant. In aqueous solution it hydrolyses more slowly than chlorinated lime, 
explaining its more gentle action on fabrics, metals, wood and other disinfected 
materials. Chloramine T is a relatively stable preparation. Losses of active chlorine 
when stored correctly are only 0.1% per year. Chloramine T solutions heated up to 
50–60°C are more effective than non-heated solutions. Chloramine T has a bacteri-
cidal effect, while higher concentrations (10%) are required for mycobactericidal 
action in practical disinfection. Preventive disinfection uses a 2–3% solution, 
4–10% for focal disinfection [9].

Fresh chlorinated lime contains 33–36% of active chlorine. It dissolves 
only partially in water. It is unstable in air and must be stored in imperme-
able, well sealed containers, dry and protected from light. The effectiveness of 
chlorinated lime is reduced by storage. It is used for wastewater disinfection, 
coarse disinfection and 2–3% for floor disinfection at 30 min. Exposure or till 
dry. Chlorinated lime has a good bactericidal effect, also against acid-resistant 
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decomposes into acetic acid and water. Peracetic acid is used to disinfect the 
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are used in healthcare, veterinary care, food production industry, agriculture and 
municipal hygiene. Iodine preparations can be used both to disinfect surfaces and to 
disinfect skin as antiseptics.
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mycobacteria, further sporocidal effect, which can be enhanced by acidification 
with sulfuric acid, as well as a good virucidal activity. For practical disinfec-
tion, cold clarified solutions containing 1–2% of active chlorine are prepared. 
Chlorinated lime is used to disinfect farm buildings, cowsheds, paddocks, fences 
and cesspools [37].

Dikonit is a granular highly effective disinfectant preparation of chlorinated 
cyanuric acid containing at least 55% of active chlorine. It dissolves well in water. 
The solid surfaces are disinfected with 1–2% solution. Dikonit has the widest use in 
health care and community hygiene. In terms of its effect on microorganisms, it has 
bactericidal, fungicidal, virucidal, tuberculocidal effect.

Other representatives include sodium hypochlorite. Sodium hypochlorite is 
also called “liquid chlorine”, which has bactericidal and virucidal properties.

2.4.1.6 Aldehydes

Aldehydes are highly effective, broad spectrum disinfectants, cause against 
bacteria, fungi, viruses, mycobacteria and spores [23]. The mechanism of action 
of aldehydes is based on protein denaturation and disrupting of nucleic acids 
[38]. The most commonly used agents are formaldehyde and gluteraldehyde. 
Aldehydes are non-corrosive to metals, rubber, plastic and cement [39]. These 
chemicals are highly irritating, toxic to humans or animals, therefore their use is 
limited [40].

Formaldehyde is an irritating gas dissolving in water into a nearly 40% 
solution called formalin. It has excellent microbicidal effects, reliably destroys 
bacteria, spores, fungi and viruses. It is used for surface disinfection at 2–3% 
concentration. It is also used as an aerosol. In special devices, formaldehyde 
mixed with water vapor at 60–80°C can be used to sterilize some instruments 
and delicate items. The disadvantage is its irritating odor almost to toxicity 
[10]. Formaldehyde has been classified by the International Agency for Cancer 
Research as a Group 1 Carcinogen, i.e. a proven human carcinogen. In view of the 
carcinogenic and teratogenic effect, formaldehyde used for a long time has been 
restricted in use, but is still used for sterilization in chemical autoclaves; however, 
it must be ensured that its vapors are sucked out of the environment so that the 
operator of the device is protected.

Glutaraldehyde is primarily used as a disinfectant for medical equipment 
(e.g., endoscopes), but can provide sterilization at prolonged contact times [38]. 
Glutaraldehyde has a broad spectrum of activity against bacteria and their spores, 
fungi, and viruses. Bacterial studies demonstrated a strong binding of glutaralde-
hyde to outer layers of organisms such as E.coli and Staphylococcus aureus [21]. A 2% 
concentration is used for highlevel disinfection. Its efficacy is highly dependant on 
pH and temperature, working best at a pH greater than 7 and high temperatures. 
It is considered more efficacious in the presence of organic matter, soaps and hard 
water than formaldehyde [38, 40].

2.4.1.7 Alcohol

The most feasible explanation for the antimicrobial action of alcohol is dena-
turation of proteins. Protein denaturation also is consistent with observations 
that alcohol destroys the dehydrogenases of Escherichia coli, and that ethyl alcohol 
increases the lag phase of Enterobacter aerogenes and that the lag phase effect could 
be reversed by adding certain amino acids. The bacteriostatic action was believed 
caused by inhibition of the production of metabolites essential for rapid cell 
 division [21].
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2.4.1.8 Surfactants

Surfactants from the Latin “tensio” are surface active substances that reduce the 
surface tension of liquids. According to the polar group, surfactants are divided 
into two basic groups, ionogenic and non-ionic. Ionogenic surfactants contain 
functional groups that dissociate in aqueous solution, thereby producing negative 
(anionic) or positive (cationic) charged ions. Their charge depends on the pH of the 
environment. Non-ionic surfactants are substances that do not dissociate in aqueous 
solution. Anionic surfactants include detergents and sulfonate detergents. Cationic 
surfactants have a bactericidal effect in addition to cleaning and wetting properties 
[41]. They act better in the alkaline environment, they are not corrosive and do not 
irritate the skin, also non-toxic, colorless, odorless and stable in the presence of 
organic material. Quaternary ammonium compounds are the most important class 
of surfactants that exhibit strong disinfectant effects. The best-known preparations 
are Ajatin and Septonex [9].

Ajatin is an effective disinfectant that acts on vegetative bacteria, the disadvan-
tage of which is its low potency against spores and tuberculosis agents. It is used in 
1% concentration for hand disinfection and in 5% concentration for skin disinfec-
tion. If we increase its concentration to 10%, it can only wash the hands for 3 min. 
The action of Ajatin consists in disrupting bacterial membranes and structures, 
inhibiting the metabolism of bacteria and causing denaturation of proteins and 
enzymes.

Septonex is a white powder, used as a 1% solution for hand, object and laundry 
disinfection [42].

2.5 Physical disinfection

Physical disinfection is based on the effect of physical quantities on the patho-
genic microorganism. One of the variables is the exposure time, which precisely 
determines the time interval during which another physical quantity (temperature, 
wavelength, etc.) must act.

2.5.1 UV radiation

Ultraviolet germicidal radiation is an established means of disinfection and can 
be used to prevent the spread of certain infectious diseases. UV radiation is used to 
control airborne microorganisms and environmental surface decontamination [39]. 
The main sources of UV radiation are simple UV lights, including mercury vapor 
lamos, fluorescent lights, pulsed UV lamps, and “black – light” lamps [21]. Not all 
UV wavelenghts are effective against microorganisms (Figure 2). A main character-
istic of UV light is that a specific range of its wavelengths, those between 200 and 
300 nm, are categorized as germicidal, they are capable of inactivating bacteria, 
viruses and protozoa. This capability allows widespread adoption of UV light as 
a chemical-free, environmentally friendly and highly effective way to safeguard 
and disinfect water against harmful microorganisms [43]. The most effective 

Figure 2. 
Types of UV radiation. Source: McDonnell, 2007.



Environmental Factors Affecting Human Health

70

mycobacteria, further sporocidal effect, which can be enhanced by acidification 
with sulfuric acid, as well as a good virucidal activity. For practical disinfec-
tion, cold clarified solutions containing 1–2% of active chlorine are prepared. 
Chlorinated lime is used to disinfect farm buildings, cowsheds, paddocks, fences 
and cesspools [37].

Dikonit is a granular highly effective disinfectant preparation of chlorinated 
cyanuric acid containing at least 55% of active chlorine. It dissolves well in water. 
The solid surfaces are disinfected with 1–2% solution. Dikonit has the widest use in 
health care and community hygiene. In terms of its effect on microorganisms, it has 
bactericidal, fungicidal, virucidal, tuberculocidal effect.

Other representatives include sodium hypochlorite. Sodium hypochlorite is 
also called “liquid chlorine”, which has bactericidal and virucidal properties.

2.4.1.6 Aldehydes

Aldehydes are highly effective, broad spectrum disinfectants, cause against 
bacteria, fungi, viruses, mycobacteria and spores [23]. The mechanism of action 
of aldehydes is based on protein denaturation and disrupting of nucleic acids 
[38]. The most commonly used agents are formaldehyde and gluteraldehyde. 
Aldehydes are non-corrosive to metals, rubber, plastic and cement [39]. These 
chemicals are highly irritating, toxic to humans or animals, therefore their use is 
limited [40].

Formaldehyde is an irritating gas dissolving in water into a nearly 40% 
solution called formalin. It has excellent microbicidal effects, reliably destroys 
bacteria, spores, fungi and viruses. It is used for surface disinfection at 2–3% 
concentration. It is also used as an aerosol. In special devices, formaldehyde 
mixed with water vapor at 60–80°C can be used to sterilize some instruments 
and delicate items. The disadvantage is its irritating odor almost to toxicity 
[10]. Formaldehyde has been classified by the International Agency for Cancer 
Research as a Group 1 Carcinogen, i.e. a proven human carcinogen. In view of the 
carcinogenic and teratogenic effect, formaldehyde used for a long time has been 
restricted in use, but is still used for sterilization in chemical autoclaves; however, 
it must be ensured that its vapors are sucked out of the environment so that the 
operator of the device is protected.

Glutaraldehyde is primarily used as a disinfectant for medical equipment 
(e.g., endoscopes), but can provide sterilization at prolonged contact times [38]. 
Glutaraldehyde has a broad spectrum of activity against bacteria and their spores, 
fungi, and viruses. Bacterial studies demonstrated a strong binding of glutaralde-
hyde to outer layers of organisms such as E.coli and Staphylococcus aureus [21]. A 2% 
concentration is used for highlevel disinfection. Its efficacy is highly dependant on 
pH and temperature, working best at a pH greater than 7 and high temperatures. 
It is considered more efficacious in the presence of organic matter, soaps and hard 
water than formaldehyde [38, 40].

2.4.1.7 Alcohol

The most feasible explanation for the antimicrobial action of alcohol is dena-
turation of proteins. Protein denaturation also is consistent with observations 
that alcohol destroys the dehydrogenases of Escherichia coli, and that ethyl alcohol 
increases the lag phase of Enterobacter aerogenes and that the lag phase effect could 
be reversed by adding certain amino acids. The bacteriostatic action was believed 
caused by inhibition of the production of metabolites essential for rapid cell 
 division [21].

71

Sanitation and the Environment
DOI: http://dx.doi.org/10.5772/intechopen.93106

2.4.1.8 Surfactants

Surfactants from the Latin “tensio” are surface active substances that reduce the 
surface tension of liquids. According to the polar group, surfactants are divided 
into two basic groups, ionogenic and non-ionic. Ionogenic surfactants contain 
functional groups that dissociate in aqueous solution, thereby producing negative 
(anionic) or positive (cationic) charged ions. Their charge depends on the pH of the 
environment. Non-ionic surfactants are substances that do not dissociate in aqueous 
solution. Anionic surfactants include detergents and sulfonate detergents. Cationic 
surfactants have a bactericidal effect in addition to cleaning and wetting properties 
[41]. They act better in the alkaline environment, they are not corrosive and do not 
irritate the skin, also non-toxic, colorless, odorless and stable in the presence of 
organic material. Quaternary ammonium compounds are the most important class 
of surfactants that exhibit strong disinfectant effects. The best-known preparations 
are Ajatin and Septonex [9].

Ajatin is an effective disinfectant that acts on vegetative bacteria, the disadvan-
tage of which is its low potency against spores and tuberculosis agents. It is used in 
1% concentration for hand disinfection and in 5% concentration for skin disinfec-
tion. If we increase its concentration to 10%, it can only wash the hands for 3 min. 
The action of Ajatin consists in disrupting bacterial membranes and structures, 
inhibiting the metabolism of bacteria and causing denaturation of proteins and 
enzymes.

Septonex is a white powder, used as a 1% solution for hand, object and laundry 
disinfection [42].

2.5 Physical disinfection

Physical disinfection is based on the effect of physical quantities on the patho-
genic microorganism. One of the variables is the exposure time, which precisely 
determines the time interval during which another physical quantity (temperature, 
wavelength, etc.) must act.

2.5.1 UV radiation

Ultraviolet germicidal radiation is an established means of disinfection and can 
be used to prevent the spread of certain infectious diseases. UV radiation is used to 
control airborne microorganisms and environmental surface decontamination [39]. 
The main sources of UV radiation are simple UV lights, including mercury vapor 
lamos, fluorescent lights, pulsed UV lamps, and “black – light” lamps [21]. Not all 
UV wavelenghts are effective against microorganisms (Figure 2). A main character-
istic of UV light is that a specific range of its wavelengths, those between 200 and 
300 nm, are categorized as germicidal, they are capable of inactivating bacteria, 
viruses and protozoa. This capability allows widespread adoption of UV light as 
a chemical-free, environmentally friendly and highly effective way to safeguard 
and disinfect water against harmful microorganisms [43]. The most effective 

Figure 2. 
Types of UV radiation. Source: McDonnell, 2007.



Environmental Factors Affecting Human Health

72

wavelenght has been found to be 265 nm [21]. Unlike chemical approaches to water 
disinfection, UV provides effective and rapid inactivation of microorganisms 
through a physical process. Inactivation by UV light act through the direct absorp-
tion of UV energy by the microorganism, causing a molecular rearrangement of one 
or more of the biochemical components that are essential to the organism’s func-
tioning. Microorganisms are inactivated by UV light as a result of damage to nucleic 
acids. The high energy associated with short wavelength UV energy, primarily at 
254 nm, is absorbed by cellular RNA and DNA, this absorption forms new bonds 
between adjacent nucleotides, creating double bonds or dimers. Dimerization of 
adjacent molecules, particularly thymine, represents most common photochemical 
damage. Formation of thymine dimers in the DNA of viruses and bacteria prevents 
replication and inability to infect. UV light demonstrate efficacy against pathogenic 
organisms, including those responsible for typhoid, hepatitis, cholera, polio and 
other viral, bacterial and parasitic diseases [11]. Benefits of UV:

• UV produces no residual

• UV requires no transportation, storage or handling of toxic or corrosive chemi-
cals – a safety benefit for plant operators and the surrounding community

• UV treatment creates no carcinogenic disinfection by-products that could 
adversely affect quality of the water

• UV is highly effective at inactivating a broad range of microorganisms – 
including chlorine-resistant pathogens like Cryptosporidium and Giardia

• UV can be used (alone or in conjunction with hydrogen peroxide) to break 
down toxic chemical contaminants while simultaneously disinfecting.

UV offers a key advantage over chlorine-based disinfection, due to its ability 
to inactivate protozoa that threaten public health – most notably Cryptosporidium 
and Giardia. The release of these harmful microorganisms into lakes and rivers 
by wastewater facilities utilizing chlorine disinfection increases the potential of 
contamination in communities that rely on these same bodies of water for their 
drinking water source and recreational use. Drinking water treatment plants can 
benefit by using UV since it can easily inactivate chlorine-resistant pathogens 
(protozoa), while reducing chlorine usage and by-product formation [43]. In addi-
tion, UV light, either alone or in conjunction with hydrogen peroxide can destroy 
chemical contaminants such as industrial solvents, pesticides and pharmaceuticals 
through a UV-oxidation [11]. Safety is a major concern since UV radiation can cause 
severe eye damage and skin irritation of exposed individuals. Furthermore, bacte-
rial regrowth may occur because there is no residual antimicrobial activity. When 
exposed to visible light, bacterial cells that had been injured by UV light can repair 
themselves [44].

2.5.2 Ozone disinfection

Ozone is a very powerful disinfectant, unstable gas that can destroy bacteria 
and viruses. Is one of the strongest oxidation agents. It is an air pollutant of much 
concern in Europe, because it can affect human health and damage the environ-
ment. Because of its short half-life, ozone decay soon when produced. The half 
life of ozone in water is about 30 min, which means that every half hour the ozone 
concentration is reduced to half its initial concentration. In practice the half-life is 
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shorter because a lot of factors (temperature, pH and concentration) can influence 
the half-life. Because ozone reacts with all kinds of components, the concentration 
ozone reduces quickly. The word ozone, from the Greek “ozein” [43], was first 
used in 1840 by the chemist C. F. Schonbein [45, 46], a professor at the University 
of Basel who sensed that, by subjecting oxygen to electric shock, a strange smell 
was emitted into the air, due to the presence of a gas called ozone. Ozone is a 
more effective disinfectant than chloramines, chlorine, and chlorine dioxide. 
Several studies proved that ozone, unlike chlorine products, can deactivate resis-
tant micro-organisms. Although chlorine is very suitable for the deactivation of 
bacteria and viruses, it cannot be used to deactivate protozoa. Protozoa spread 
through the environment rapidly as cysts, which live longer and are more resistant 
to disinfectants than bacteria or viruses. In general, Cryptosporidium parvum 
causes larger problems for drinking water treatment than Giardia Lambia does. 
Cryptosporidium parvum is 4–5 μm in size, which makes it difficult to remove by 
conventional filtration [47]. Giardia Lambia is 8–14 μm in size, which makes it 
easier to remove by conventional filtration than Cryptosporidium parvum [17]. 
Moreover, when drinking water or swimming pool water is treated by means of 
conventional chlorination, Cryptosporidium parvum is insufficiently deactivated. 
Alternative treatment methods, such as ozone and UV disinfection, appear to 
have the ability to deactivate the oocysts sufficiently [33, 48]. The benefit of 
ozone is that it influences temperature and pH minimally on a broad spectrum. 
Ozone solubility decreases when temperatures rises, disinfection rates increase 
per 10°C. Within the range of 0–30°C, these two factors diminish one another. The 
disinfection rate of ozone hardly changes in a pH range of 6–8.5 [49]. For certain 
resistant microorganisms (such as Giardia Muris), the disinfection rate increases at 
higher pH values [10, 34], but for other species of microorganisms, this is the other 
way around. Other benefits of ozone application are:

• No remaining tastes or odors after treatment.

• Disinfection byproduct formation is minimal.

• Ozone can remove disinfection byproduct precursors.

Ozone is not always the most suitable disinfectant. Ozone is less suitable for 
maintenance of a residual concentration, causing it to decompose in water relatively 
quickly [49]. Chlorine is more suitable for residue formation [10].

2.5.3 Ultrasound

Ultrasound refers to inaudible sound waves with frequencies in the range of 
16 kHz–500 MHz, greater than the upper limit of human hearing. It can be trans-
mitted through any elastic medium including water, gas-saturated water, and 
slurry. Ultrasound has been used for diverse purposesin many different areas. In 
water treatment technology, the application of ultrasound (ultrasonication) can 
be useful in various processes like organic decontamination, disinfection, elec-
trocoagulation, and membrane filtration. Because of cavitation phenomenon, 
the formation of free radicals and high localized temperatures and pressures, 
ultrasonic irradiation (ultrasonication) appears to be an effective method for the 
destruction of hazardous organic compoundsin water [50]. These compounds 
include phenol [51] chlorophenols, nitrophenols, aniline [52], trichloroethylene 
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wavelenght has been found to be 265 nm [21]. Unlike chemical approaches to water 
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(protozoa), while reducing chlorine usage and by-product formation [43]. In addi-
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and viruses. Is one of the strongest oxidation agents. It is an air pollutant of much 
concern in Europe, because it can affect human health and damage the environ-
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shorter because a lot of factors (temperature, pH and concentration) can influence 
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conventional filtration [47]. Giardia Lambia is 8–14 μm in size, which makes it 
easier to remove by conventional filtration than Cryptosporidium parvum [17]. 
Moreover, when drinking water or swimming pool water is treated by means of 
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water treatment technology, the application of ultrasound (ultrasonication) can 
be useful in various processes like organic decontamination, disinfection, elec-
trocoagulation, and membrane filtration. Because of cavitation phenomenon, 
the formation of free radicals and high localized temperatures and pressures, 
ultrasonic irradiation (ultrasonication) appears to be an effective method for the 
destruction of hazardous organic compoundsin water [50]. These compounds 
include phenol [51] chlorophenols, nitrophenols, aniline [52], trichloroethylene 
[53], ethylbenzene [54], chlorobenzene [55], chloronaphthalene, polychlorinated 
biphenyls, pesticides, polycyclic aromatic hydrocarbons, azobenzene, textile 
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dyes [56], carbofuran, nitroaromatics, detergents and surfactants [57]. High 
power ultrasound, operatedat low frequencies is an effective means for disinte-
gration of bacterial cells. However, disinfection by ultrasonication alone requires 
very high energy. Thus, generally it cannot be considered as an alternative to 
conventional disinfection for economical aspects. Then, ultrasonication should 
be used together with other techniques. For instance, the combination of a short 
ultrasonication and a subsequent ultraviolet treatment is even cost-efficient and 
meaningful [58]. Ultrasonication combined with chlorination improved signifi-
cantly the biocidal action. These results suggest that ultrasound could be used in 
conjunction with chemical treatments to achieve a reduction in the quantity of 
bactericide required for water treatment [59]. Ultrasound irradiation can provide 
enhancement in membrane filtration of waste waters [60]. It increases the flux 
primarily by breaking the cake layer at the membrane surface. Liquid jets pro-
duced by cavitation served as a basis for ultrasonic membrane cleaning. Lower 
ultrasound frequencies have higher cleaning efficiencies than higher frequencies 
[61]. Intermittent ultrasound ir-radiation resulted in the same flux obtained as 
continuous irradiation but intermittent ultrasound consumed less energy and 
prolonged the lifetime of the membranes used, thus can be considered as a cost 
effective method of membrane cleaning [48]. Ultrasound can produce vari-
ous effects on biological materials, for example, stimulating enzyme activity, 
cell growth, biosynthesis, etc., which enhances the bioactivity of the activated 
sludge. Thus, the improvement in efficiency of enhanced biological removal of 
phosphorus [62] and nitrogen [63]. Low frequency (25 kHz) was more effective 
than higher ones (80 and 150 kHz), or in other term, higher energy ultrasound 
was more efficient than lower energy ultrasound for the sludge treatment, indi-
cating that mechanical effects, instead of free radicals, were responsible for the 
bioactivity enhancement [63]. Comparing with other pre-treatment methods, 
ultrasonication exhibits a great potential of not being hazardous to environment 
and for being economically competitive [64]. Ultrasound is used in the remediation 
of contaminated soil and sediment [47]. Ultrasonic leaching has been investigated 
for the decontamination of different types of soils from landfills, mining spills, and 
river sediments aswell as various types of contaminants like organic compounds. 
The application of ultrasound in air pollution control is based on acoustic agglom-
eration phenomenon that makes small particles precipitated for easy removal. 
Acoustic agglomeration is a process in which high intensity sound waves produce 
relative motion and collisions among fine particles suspended in gaseous media. 
Acoustic agglomeration can be conducted in two approaches, with low frequency 
and high frequency (ultrasound) sonication. While low frequency acoustic field is 
more cost and energy efficient, high frequency acoustic (ultrasonic) agglomeration 
might achieve better particle retention efficiency, especially for very small particles 
in submicron range [49].

3. Conclusion

Almost every environment on the planet contains microorganisms. Sanitation 
represents an applied science because of its importance to the protection of human 
health and its relationship with environmental factors that relate to health. This 
applied science relates to control of the biological, chemical, and physical hazards 
in a environment. Effective sanitation practices are needed to combat their pro-
liferation and activity. Appropriate choice of disinfectant, setting clear goals and 
a reliable action plan are necessary steps to ensure the safety of animals, people, 
equipment and the environment.
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Abstract

Fibrous and particulate environmental substances such as asbestos fibers and 
silica particles cause not only lung fibrosis but also various health disturbances. 
Asbestos induce malignant tumors such as pleural mesothelioma and lung cancer. 
Silicosis patients exposed to silica particles show complications of various auto-
immune diseases such as rheumatoid arthritis, systemic lupus erythematosus, 
systemic sclerosis, and antineutrophil cytoplasmic antibody (ANCA)-related 
vasculitis/nephritis. The causative alteration of immune cells exposed to these 
environmental substances may form baseline modification of human immune sys-
tem not only localized pulmonary lesions, alteration of alveolar macrophages, and 
others but also general immune system and changes of function in effector, regula-
tory, and cytotoxic T cells and natural killer cells. In this review, both (localized and 
generalized) immune alterations caused by environmental fibrous and particulate 
substances are summarized and reported.

Keywords: immune alteration, silica, asbestos, immune cells, autoimmunity, 
antitumor immunity

1. Introduction

The typical lung disease caused by occupational and environmental substances 
is pneumoconiosis [1, 2]. The pneumoconiosis is defined as health impairment 
caused by inhalation of dusts and mainly involves the lung. The restrictive lung 
disease defined as lung fibrosis occurred. The two main typical pneumoconioses are 
silicosis (SIL) and asbestosis [1, 2].

SIL is induced by inhalation of silica particle, SiO2. It is white and powder form 
substance and relatively light. Thus, these particles deposit to the middle to the 
upper lobes of the lung [3, 4]. The alveolar macrophages (AM) are responsible to 
recognize these particles as external danger signal [5, 6]. Then, inflammasome 
inside of AMs, as dendritic cells, begin to initial reaction to produce cytokines such 
as interleukin (IL)-1β. The fibroblasts are called in to these area and form collagen 
deposition. Radiologically, these depositions of collagens are recognized as small 
nodules [5–7]. Thereafter, these nodules sometimes grow up more than 1 cm diam-
eter defined as large nodules. The pathological lesions then spread many pulmonary 
complications such as tuberculosis, tuberculous pleurisy, secondary pneumothorax, 
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Fibrous and particulate environmental substances such as asbestos fibers and 
silica particles cause not only lung fibrosis but also various health disturbances. 
Asbestos induce malignant tumors such as pleural mesothelioma and lung cancer. 
Silicosis patients exposed to silica particles show complications of various auto-
immune diseases such as rheumatoid arthritis, systemic lupus erythematosus, 
systemic sclerosis, and antineutrophil cytoplasmic antibody (ANCA)-related 
vasculitis/nephritis. The causative alteration of immune cells exposed to these 
environmental substances may form baseline modification of human immune sys-
tem not only localized pulmonary lesions, alteration of alveolar macrophages, and 
others but also general immune system and changes of function in effector, regula-
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generalized) immune alterations caused by environmental fibrous and particulate 
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1. Introduction

The typical lung disease caused by occupational and environmental substances 
is pneumoconiosis [1, 2]. The pneumoconiosis is defined as health impairment 
caused by inhalation of dusts and mainly involves the lung. The restrictive lung 
disease defined as lung fibrosis occurred. The two main typical pneumoconioses are 
silicosis (SIL) and asbestosis [1, 2].

SIL is induced by inhalation of silica particle, SiO2. It is white and powder form 
substance and relatively light. Thus, these particles deposit to the middle to the 
upper lobes of the lung [3, 4]. The alveolar macrophages (AM) are responsible to 
recognize these particles as external danger signal [5, 6]. Then, inflammasome 
inside of AMs, as dendritic cells, begin to initial reaction to produce cytokines such 
as interleukin (IL)-1β. The fibroblasts are called in to these area and form collagen 
deposition. Radiologically, these depositions of collagens are recognized as small 
nodules [5–7]. Thereafter, these nodules sometimes grow up more than 1 cm diam-
eter defined as large nodules. The pathological lesions then spread many pulmonary 
complications such as tuberculosis, tuberculous pleurisy, secondary pneumothorax, 
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secondary bronchitis, and secondary bronchiectasis. In addition, lung cancer is also 
considered as complication of SIL [1, 2, 7].

The other typical pneumoconiosis is asbestosis [8, 9]. The asbestos is fibrous 
substance. The asbestos fibers are classified as serpentine group and amphibole 
group [10, 11]. The former consists of only chrysotile, and the latter includes five 
fibers, i.e., amosite, crocidolite, tremolite, anthophyllite, and actinolite. The serpen-
tine is curly and the amphibole group is needle-like. These fibers are fibrous, so 
they are relatively heavy. Thus, the deposition occurred in the middle to lower lung 
lobes. Then, as similar to silica particles, the inflammasome in AM is starting reac-
tions to form fibrosis [5–7]. The difference of form of fibrosis depends on fibers’ 
length. Asbestos fibers possess more than 3 aspect ratio, and thus it is relatively 
long [10, 11]. Then, the collagen deposition also forms irregular and kind of linear 
pathology, not like nodules caused by silica particulate substances. Radiologically 
it is defined as irregular shadows and sometimes develops to honeycomb shadow 
[8, 9]. Even though doses are not higher to cause asbestosis and lung fibrosis, other 
asbestoses causing complications are known. These are pleural plaque (PP), benign 
pleural effusion, rounded atelectasis, and diffuse pleural thickening [12, 13]. In 
addition, the important complications are malignant tumor such as lung cancers 
and malignant mesotheliomas (MM). In addition, the report from the International 
Agency for Research on Cancer (IARC) shows possibility of relation between asbes-
tos exposure and laryngeal, gastrointestinal, ovarian, and bile-duct cancers [14, 15].

The SIL patients often complicate with autoimmune diseases [7, 16]. Caplan 
syndrome which is defined as complicated rheumatoid arthritis (RA) with coal 
miner pneumoconiosis is well known and classical. Additionally, various epidemio-
logical studies indicated the complications of various autoimmune diseases such as 
systemic sclerosis (SSc), systemic lupus erythematosus (SLE), and, more recently, 
antineutrophil cytoplasmic antibody (ANCA)-related vasculitis/nephritis [7, 17]. 
To consider the mechanisms of causing dysregulation of immune tolerance in SIL 
patients, the exposure to silica particles may affect to the human immune cells to 
form bases.

Since asbestos fibers are different physiologically with silica particles, asbes-
tos is fibrous, not particulate, but asbestos fibers are the mineral silicate. Thus, 
chemically, fibers consist of SiO2 and other elements such as iron, magnesium, 
and sodium. The carcinogenic activity of asbestos is considered dependent on iron 
contents [14–18]. Therefore, crocidolite (Na2Fe2+

3Fe3+
2Si8O22(OH)2) is considered 

to possess the strongest carcinogenic activity, and amosite (Fe7Si8O22(OH)2) is 
assumed the next [14–18]. However, even though chrysotile (Mg3(Si2O5)(OH)4) 
does not contain iron, this serpentine fiber is also considered as a carcinogenic 
substance. Although the carcinogenic activity is lower than crocidolite and amosite, 
chrysotile also cause cancers by its physical form to induce AMs as frustrated (not 
being able to digest as foreign danger material and produce reactive oxygen species 
(ROS) as free radicals) and contamination of amphibole fibers as natural mineral 
products [14, 18, 19]. As mentioned above, silica particles are assumed to influence 
the human immune system [7, 17].

As shown in Figure 1, silica particles and asbestos fibers affect various immune 
cells such as CD4+ helper T (Th) cells (responder T cells: Tresp), Th17, regulatory T 
cells (Treg), CD8+ cytotoxic T lymphocyte (CTL), and natural killer (NK) cells. In 
this review, the effects of silica or asbestos on Tresp, Treg, and Th17 are compared 
and summarized from our findings as well as reported literatures. Thus, regard-
ing effects of asbestos on CTL [20], briefly, the proliferation and differentiation 
using mixed lymphocyte reaction (MLR) assay were inhibited, as well as using 
in vitro activation assay with chrysotile fibers or analyses of peripheral blood CTL 
derived from patients with PP and MM. As a result, in CTLs from asbestos-exposed 
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patients, especially in MM, cytotoxic molecules such as perforin, granzyme, and 
interferon (IFN)-γ were reduced. These results indicated that asbestos exposure 
causes reduction of antitumor immunity regarding CTL function [20–23].

In addition, in our analyses using NK cells derived from healthy volunteers 
(HV) and incubated with asbestos fibers, human NK cell line exposed to asbestos 
fibers continuously revealed some NK cell-activating receptors including NKG2D, 
NK2B4, and NKp46 and intracellular perforin and granzymes as shown in Figure 1. 
Particularly, the expression levels of NKp46 were correlated with NK cell killing 
activity against tumor cells. These results also indicated that asbestos exposure 
reduced antitumor immunity regarding NK cell function [24, 25].

2. Effects of silica particles and asbestos fibers on CD4+ Tresp

The effects of silica particles and asbestos fibers are shown in Figure 2.
Silica particles chronically activate Tresp cells. As a result, the expression of 

CD69, one of the earlier activating cell surface markers of Tresp, was gradually 

Figure 1. 
The aim of this review is to present the effects of silica particles and asbestos fibers onto various human immune 
cells such as CD4+ T helper cell, regulatory T cell (Treg), Th17 cell, CD8+ cytotoxic T lymphocyte (CTL), and 
natural killer (NK) cell. Although physiological features of silica and asbestos are different, particulate and 
fibrous substances, chemically Si and O, are the core elements. For CTL, asbestos fibers inhibit its proliferation 
and differentiation as well as reduction of cytotoxic materials such as perforin, granzyme, and interferon 
(IFN)-γ. In addition, exposure to asbestos fibers on NK cell; its cytotoxic activity; expression of one of the 
activation receptors, NKp46; and production of cytotoxic molecules (perforin and granzyme) are reduced.
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secondary bronchitis, and secondary bronchiectasis. In addition, lung cancer is also 
considered as complication of SIL [1, 2, 7].

The other typical pneumoconiosis is asbestosis [8, 9]. The asbestos is fibrous 
substance. The asbestos fibers are classified as serpentine group and amphibole 
group [10, 11]. The former consists of only chrysotile, and the latter includes five 
fibers, i.e., amosite, crocidolite, tremolite, anthophyllite, and actinolite. The serpen-
tine is curly and the amphibole group is needle-like. These fibers are fibrous, so 
they are relatively heavy. Thus, the deposition occurred in the middle to lower lung 
lobes. Then, as similar to silica particles, the inflammasome in AM is starting reac-
tions to form fibrosis [5–7]. The difference of form of fibrosis depends on fibers’ 
length. Asbestos fibers possess more than 3 aspect ratio, and thus it is relatively 
long [10, 11]. Then, the collagen deposition also forms irregular and kind of linear 
pathology, not like nodules caused by silica particulate substances. Radiologically 
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3Fe3+
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patients, especially in MM, cytotoxic molecules such as perforin, granzyme, and 
interferon (IFN)-γ were reduced. These results indicated that asbestos exposure 
causes reduction of antitumor immunity regarding CTL function [20–23].

In addition, in our analyses using NK cells derived from healthy volunteers 
(HV) and incubated with asbestos fibers, human NK cell line exposed to asbestos 
fibers continuously revealed some NK cell-activating receptors including NKG2D, 
NK2B4, and NKp46 and intracellular perforin and granzymes as shown in Figure 1. 
Particularly, the expression levels of NKp46 were correlated with NK cell killing 
activity against tumor cells. These results also indicated that asbestos exposure 
reduced antitumor immunity regarding NK cell function [24, 25].

2. Effects of silica particles and asbestos fibers on CD4+ Tresp

The effects of silica particles and asbestos fibers are shown in Figure 2.
Silica particles chronically activate Tresp cells. As a result, the expression of 

CD69, one of the earlier activating cell surface markers of Tresp, was gradually 

Figure 1. 
The aim of this review is to present the effects of silica particles and asbestos fibers onto various human immune 
cells such as CD4+ T helper cell, regulatory T cell (Treg), Th17 cell, CD8+ cytotoxic T lymphocyte (CTL), and 
natural killer (NK) cell. Although physiological features of silica and asbestos are different, particulate and 
fibrous substances, chemically Si and O, are the core elements. For CTL, asbestos fibers inhibit its proliferation 
and differentiation as well as reduction of cytotoxic materials such as perforin, granzyme, and interferon 
(IFN)-γ. In addition, exposure to asbestos fibers on NK cell; its cytotoxic activity; expression of one of the 
activation receptors, NKp46; and production of cytotoxic molecules (perforin and granzyme) are reduced.
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increased when peripheral blood mononuclear cells (PBMC) were incubated with 
silica in vitro [26]. In addition, the mRNA expression of program death-1 (PD-1) 
molecules as the activation marker of Tresp was compared between Tresp derived 
from HV and SIL patients. As a result, PD-1 was highly expressed in SIL than those 
in HV. Moreover, serum soluble IL-2 receptor (sIL-2R) concentration showed 
higher in SIL than HV [27]. The sIL-2R is considered as one of the markers which 
reveal chronic activation of Tresp, and various collagen diseases and autoimmune 
diseases are shown to be higher (not like T-cell tumors such as T-lineage malignant 
lymphoma and leukemias) than HV [28]. All of these results indicated that Tresp in 
SIL are chronically activated by silica exposure. It is assumed that circulating Tresp 
may repeat encounters with silica particles on lung fields and pulmonary lymph 
nodes [29].

On the other hand, serum from SIL showed higher soluble Fas (sFas) than these 
from HV [30]. The sFas is produced by alternative splicing of Fas, CD95, death 
receptor, and gene and binds with Fas ligand at the extracellular area. In addition, 
if sFas is alternatively spliced, transcription of original wild-type Fas is reduced. 
Thus, membrane Fas is decreased, and Fas ligands are consumed at the outer spaces 
[31]. Moreover, other spliced variants of Fas gene remained as binding site with 
Fas ligand and loose membrane-binding domain [32]. So, these may also act as sFas 
to prevent Fas ligand-induced apoptosis. In addition, similar scenario of sFas and 
Fas ligand is assumed in TNF-related apoptosis-inducing ligand (TRAIL) and its 

Figure 2. 
The effects of silica and asbestos on CD4+ responder T cell. Silica caused chronic activation and resistance to 
Fas-mediated apoptosis. On the other hand, asbestos exposure causes chronic inflammation and reduction of 
antitumor immunity.

85

Immune Alteration Caused by Fibrous and Particulate Environmental Substances
DOI: http://dx.doi.org/10.5772/intechopen.86518

receptor. Similar to sFas, cells sometimes produce decoy receptor to TRAIL, such 
as membrane-bound decoy receptor (DcR) 1 and 2 and soluble DcR3 [33, 34]. In 
this viewpoint, mRNA of DcR3 was highly expressed in SIL PBMCs compared with 
those from HV [35]. In addition, serum DcR3 levels were also higher in SIL rather 
than HVs (data unpublished).

Taken together, Tresp exposed chronically and repeatedly to silica particles 
reveal chronic activation and resistance to apoptosis. Thus, chronically activated 
Tresp, in which probably self-antigen recognizing Tresp are also included, survive 
longer. This makes the chance of encounter Tresp and self-antigens more frequent 
[29, 36].

Regarding asbestos fibers, a human T-lymphotropic virus (HTLV) 1 immortal-
ized human polyclonal T lymphocyte cell line, MT-2 [37], was applied to explore 
the chronic effects of asbestos on human T cells. Although temporally and relatively 
high-dose exposure induced ROS production, activation of mitochondrial apoptotic 
pathway, and cell death [38], relatively low-dose and continuous exposure (more 
than 8 months) in vitro afforded the acquisition of resistance to asbestos-induced 
apoptosis [39]. These continuously exposed sublines (exposed to chrysotile or 
crocidolite) revealed C-X-C chemokine receptor type (CXCR) 3 expression [40]. 
This receptor is important to call tumor-attacking T cells into the tumor surround-
ing area. In addition, one of the important cytokines against tumor cells, IFN-γ 
expression, was also decreased compared with asbestos-unexposed original cell 
line. These findings were confirmed using Tresp derived from PP or MM patients 
[41]. In addition, when Tresp derived from HV and patients with PP or MM were 
stimulated in vitro, IL-6 was produced higher in the supernatant of Tresp derived 
from PP or MM rather than those from HV [41].

In these findings together with the abovementioned asbestos’ effects on CTL and 
NK cells, continuous asbestos exposure induces reduction of antitumor immunity 
and increases chronic inflammation [42]. These are assumed to be the one of the 
backgrounds for occurring mesothelioma after long latency since initial exposure to 
asbestos fibers and rapid progress of malignant tumor once it occurred [42].

Additionally, continuously exposed sublines showed excess phosphorylation of 
β-actin (Figure 2) with over binding of some molecules in cytoskeletal component 
such as vimentin, α-tubulin, and myosin 9 [43]. These indicate that changes of cyto-
skeletal molecules after continuous exposure to asbestos fibers possess important 
roles for alteration of cellular and molecular functions [43], since asbestos fibers are 
not adsorbed into the cell inside due to the fibers’ size and physical properties.

3. Effects of silica particles and asbestos fibers on Treg

Treg is defined as CD4+, CD25+, and forkhead box P3 (FoxP3) as transcription 
factor positive [44]. Treg inhibit the activation and proliferation of Tresp after 
antigen stimulation. Thus, decreases of volume and function of Treg cause excess 
reaction to antigen including self-antigen. This proceeds to allergy and autoim-
mune diseases. Contrary, increases of function and volume of Treg suppress Tresp 
activation and proliferation. Thus, considering the complications in silica- or 
asbestos-exposed patients, the former show autoimmune disorders and the later 
present with malignant tumors. Therefore, silica may cause decrease of Treg’s func-
tion or volume. On the other hand, asbestos may enhance Treg’s function or volume 
[44–46].

Initially, Treg’s (CD4+ and CD25+ fraction in PBMC derived from SIL) suppres-
sive function against alloantigen-stimulated Tresp (CD4+ and CD25−) proliferation 
was assayed using MLR. As a result, Treg fraction from SIL was less suppressive than 
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receptor. Similar to sFas, cells sometimes produce decoy receptor to TRAIL, such 
as membrane-bound decoy receptor (DcR) 1 and 2 and soluble DcR3 [33, 34]. In 
this viewpoint, mRNA of DcR3 was highly expressed in SIL PBMCs compared with 
those from HV [35]. In addition, serum DcR3 levels were also higher in SIL rather 
than HVs (data unpublished).

Taken together, Tresp exposed chronically and repeatedly to silica particles 
reveal chronic activation and resistance to apoptosis. Thus, chronically activated 
Tresp, in which probably self-antigen recognizing Tresp are also included, survive 
longer. This makes the chance of encounter Tresp and self-antigens more frequent 
[29, 36].

Regarding asbestos fibers, a human T-lymphotropic virus (HTLV) 1 immortal-
ized human polyclonal T lymphocyte cell line, MT-2 [37], was applied to explore 
the chronic effects of asbestos on human T cells. Although temporally and relatively 
high-dose exposure induced ROS production, activation of mitochondrial apoptotic 
pathway, and cell death [38], relatively low-dose and continuous exposure (more 
than 8 months) in vitro afforded the acquisition of resistance to asbestos-induced 
apoptosis [39]. These continuously exposed sublines (exposed to chrysotile or 
crocidolite) revealed C-X-C chemokine receptor type (CXCR) 3 expression [40]. 
This receptor is important to call tumor-attacking T cells into the tumor surround-
ing area. In addition, one of the important cytokines against tumor cells, IFN-γ 
expression, was also decreased compared with asbestos-unexposed original cell 
line. These findings were confirmed using Tresp derived from PP or MM patients 
[41]. In addition, when Tresp derived from HV and patients with PP or MM were 
stimulated in vitro, IL-6 was produced higher in the supernatant of Tresp derived 
from PP or MM rather than those from HV [41].

In these findings together with the abovementioned asbestos’ effects on CTL and 
NK cells, continuous asbestos exposure induces reduction of antitumor immunity 
and increases chronic inflammation [42]. These are assumed to be the one of the 
backgrounds for occurring mesothelioma after long latency since initial exposure to 
asbestos fibers and rapid progress of malignant tumor once it occurred [42].

Additionally, continuously exposed sublines showed excess phosphorylation of 
β-actin (Figure 2) with over binding of some molecules in cytoskeletal component 
such as vimentin, α-tubulin, and myosin 9 [43]. These indicate that changes of cyto-
skeletal molecules after continuous exposure to asbestos fibers possess important 
roles for alteration of cellular and molecular functions [43], since asbestos fibers are 
not adsorbed into the cell inside due to the fibers’ size and physical properties.

3. Effects of silica particles and asbestos fibers on Treg

Treg is defined as CD4+, CD25+, and forkhead box P3 (FoxP3) as transcription 
factor positive [44]. Treg inhibit the activation and proliferation of Tresp after 
antigen stimulation. Thus, decreases of volume and function of Treg cause excess 
reaction to antigen including self-antigen. This proceeds to allergy and autoim-
mune diseases. Contrary, increases of function and volume of Treg suppress Tresp 
activation and proliferation. Thus, considering the complications in silica- or 
asbestos-exposed patients, the former show autoimmune disorders and the later 
present with malignant tumors. Therefore, silica may cause decrease of Treg’s func-
tion or volume. On the other hand, asbestos may enhance Treg’s function or volume 
[44–46].

Initially, Treg’s (CD4+ and CD25+ fraction in PBMC derived from SIL) suppres-
sive function against alloantigen-stimulated Tresp (CD4+ and CD25−) proliferation 
was assayed using MLR. As a result, Treg fraction from SIL was less suppressive than 
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those from HV when added as one fourth to half of Tresp number [47]. Although 
this result indicated that silica exposure reduces the function of Treg, as mentioned 
above, Tresp in SIL were chronically activated to express CD25 on their cell surface as 
the activation. Thus, peripheral CD4+ and CD25+ fraction may include chronically 
activated Tresp. To confirm whether or not silica exposure reduces function of Treg 
or its volume, Fas expression in Treg (FoxP3+) between SIL and HV was compared, 
and those from SIL showed higher [27]. Thereafter, if PBMC from HV were cultured 
with silica particles in vitro, CD25-positive cells were increased in CD4+ cells, but 
FoxP3+ cells decreased [27]. The interpretation of this finding is that silica exposure 
induces chronic activation of Treg similar to Tresp. As a result, Treg express excess 
Fas and proceed to Fas-mediated apoptosis. Then, early loss of Treg occurred in the 
peripheral blood of SIL. Together with the abovementioned long survival and apop-
tosis resistance in Tresp from SIL, SIL showed an imbalance of Tresp and Treg (Tresp 
dominant), and this tendency is known in various autoimmune diseases (Figure 3). 
So, it can be considered that silica exposure yields the basic immune alteration which 
causes occurrence of autoimmune diseases [17, 48]. With some individual factors 
such as HLA types and other single-nucleotide polymorphisms (SNPs) in various 
genes related to immune function such as ILs or other growth factors such as TNF-α, 
SIL often complicates with autoimmune diseases.

Figure 3. 
The effects of silica and asbestos on Treg. Silica induces enhanced expression of death receptor, Fas, causing 
excess apoptosis and early loss of Treg. On the other hand, asbestos enhances Treg function via cell-cell contact 
and overproduction of soluble factors, IL-10 and TGF-β. In addition, asbestos-induced decreased expression 
of FocO1, transcription factor, causes acceleration of cell cycle progression by upregulation of cyclins and 
downregulation of CDK inhibitors. Taken together, asbestos induces enhancement of Treg quality and quantity 
causing reduction of antitumor immunity.
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To investigate the effect of asbestos on Treg, the cell line, MT-2, which was 
used to continuous exposure model to asbestos, was reported to possess Treg-like 
function [49, 50]. Thus, the Treg function in original MT-2 cells which never meet 
with asbestos fibers and MT-2 subline continuously exposed to asbestos. As a 
result, inhibitory effects on Tresp proliferation were stronger in subline rather than 
original line by cell-cell contact assay. In addition, subline showed overproduc-
tion of IL-10 [39] and transforming growth factor (TGF)-β when compared with 
original line [51, 52]. Since these two cytokines are typical soluble factors for Treg 
suppressive function, knockdown clones for IL-10 or TGF-β were compared with 
their suppressive activity with subline using transmembrane assay (designing only 
soluble factors, but not cells, can slip through the membrane). As a result, Tresp 
proliferated much more with transmembrane cultured with knockdown clones for 
IL-10 or TGF-β than subline [51]. Thus, Treg function was enhanced by asbestos 
continuous exposure via cell-cell contact as well as excess production of soluble 
factors.

It was found that transcription factor, FoxO1, was reduced in asbestos’ continu-
ously exposed subline [53]. FoxO1 affects cell cycle regulator genes such as cyclins 
and cyclin-dependent kinase (CDK)-inhibitors (CDK-Is) such as ink4 family (p15, 
p16, p18, and p19) and cip/kip family (p21cip1, p27kip1, and p57kip2). To compare the 
expression of cyclins and CDK-Is, cyclins were highly expressed, while CDK-Is were 
weakly expressed in subline compared with original cells. In addition, in cell cycle 
phase analysis, subline showed higher S/G1 ratio (S-phase% was divided with G1 
phase%) than that of original line. In addition, knockdown of FoxO1 in subline 
using siRNA induced increased expression of cyclin D1, the most enhanced expres-
sion in subline [54]. These results indicated that reduced FoxO1 caused by asbestos 
exposure induced enhancement of cell cycle progression.

Taken together, asbestos exposure increases Treg function and volume 
(Figure 3).

In addition, it was found that matrix metalloproteinase (MMP)-7 gene expres-
sion was enhanced in asbestos-exposed subline rather than original line [55]. 
Although the role of this finding is not explored well, MMP-7 also known as matri-
lysin is considered as the enzyme related to the cancer metastasis and invasion to 
cut extracellular matrix such as proteoglycan, fibronectin, and collagen type IV 
[56]. In addition, MMP-7 affects apoptosis by cutting membrane-bound Fas ligand 
to proceed as soluble form. If Treg produce much more MMP-7 due to asbestos 
exposure, tumor-attacking Tresp may proceed to apoptosis. Although the detailed 
examinations should be done, this alteration may be important to consider asbestos 
exposure and tumor occurrence.

4. Effects of silica particles and asbestos fibers on Th17

Th17 cells are differentiated by cytokine balance surrounding T helper cells in 
balance with Treg. Th17 is promoted with IL-6 and TGF-β, whereas Treg is skewed 
only by TGF-β. Thus, this balance is important for both differentiations [57]. Th17 
is considered to contribute to the occurrence of autoimmune diseases via cytokine 
production such as IL-17 and IL-22 [58]. Thus, it should be investigated how 
silica particles affect the function and volume of Th17 regarding complications of 
SIL. Unfortunately, there are no reports regarding this viewpoint. Future investiga-
tions are required to explore the role of silica particles on the function of TH17 and 
changes of volume.

On the other hand, there were couples of articles regarding Th17 and silica-
induced lung fibrosis. Lo Re et al. reported that rapid lung recruitment of Th17 
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To investigate the effect of asbestos on Treg, the cell line, MT-2, which was 
used to continuous exposure model to asbestos, was reported to possess Treg-like 
function [49, 50]. Thus, the Treg function in original MT-2 cells which never meet 
with asbestos fibers and MT-2 subline continuously exposed to asbestos. As a 
result, inhibitory effects on Tresp proliferation were stronger in subline rather than 
original line by cell-cell contact assay. In addition, subline showed overproduc-
tion of IL-10 [39] and transforming growth factor (TGF)-β when compared with 
original line [51, 52]. Since these two cytokines are typical soluble factors for Treg 
suppressive function, knockdown clones for IL-10 or TGF-β were compared with 
their suppressive activity with subline using transmembrane assay (designing only 
soluble factors, but not cells, can slip through the membrane). As a result, Tresp 
proliferated much more with transmembrane cultured with knockdown clones for 
IL-10 or TGF-β than subline [51]. Thus, Treg function was enhanced by asbestos 
continuous exposure via cell-cell contact as well as excess production of soluble 
factors.

It was found that transcription factor, FoxO1, was reduced in asbestos’ continu-
ously exposed subline [53]. FoxO1 affects cell cycle regulator genes such as cyclins 
and cyclin-dependent kinase (CDK)-inhibitors (CDK-Is) such as ink4 family (p15, 
p16, p18, and p19) and cip/kip family (p21cip1, p27kip1, and p57kip2). To compare the 
expression of cyclins and CDK-Is, cyclins were highly expressed, while CDK-Is were 
weakly expressed in subline compared with original cells. In addition, in cell cycle 
phase analysis, subline showed higher S/G1 ratio (S-phase% was divided with G1 
phase%) than that of original line. In addition, knockdown of FoxO1 in subline 
using siRNA induced increased expression of cyclin D1, the most enhanced expres-
sion in subline [54]. These results indicated that reduced FoxO1 caused by asbestos 
exposure induced enhancement of cell cycle progression.

Taken together, asbestos exposure increases Treg function and volume 
(Figure 3).

In addition, it was found that matrix metalloproteinase (MMP)-7 gene expres-
sion was enhanced in asbestos-exposed subline rather than original line [55]. 
Although the role of this finding is not explored well, MMP-7 also known as matri-
lysin is considered as the enzyme related to the cancer metastasis and invasion to 
cut extracellular matrix such as proteoglycan, fibronectin, and collagen type IV 
[56]. In addition, MMP-7 affects apoptosis by cutting membrane-bound Fas ligand 
to proceed as soluble form. If Treg produce much more MMP-7 due to asbestos 
exposure, tumor-attacking Tresp may proceed to apoptosis. Although the detailed 
examinations should be done, this alteration may be important to consider asbestos 
exposure and tumor occurrence.
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balance with Treg. Th17 is promoted with IL-6 and TGF-β, whereas Treg is skewed 
only by TGF-β. Thus, this balance is important for both differentiations [57]. Th17 
is considered to contribute to the occurrence of autoimmune diseases via cytokine 
production such as IL-17 and IL-22 [58]. Thus, it should be investigated how 
silica particles affect the function and volume of Th17 regarding complications of 
SIL. Unfortunately, there are no reports regarding this viewpoint. Future investiga-
tions are required to explore the role of silica particles on the function of TH17 and 
changes of volume.

On the other hand, there were couples of articles regarding Th17 and silica-
induced lung fibrosis. Lo Re et al. reported that rapid lung recruitment of Th17 
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producing IL-17A was mediated by macrophage-derived IL-23 and was important to 
form inflammation, but not fibrosis, in experimental silicosis using animal model 
[59]. Then, Song et al. studied using mice model of silica-induced fibrosis and 
found Treg promotes Th17 differentiation via TGF-β1 and IL-1β [60]. Although 
they did not define inflammation and fibrosis in detail, there might be some role 
in Treg to activate Th17 for the development of lung fibrosis. Mills et al. found the 
importance of γδT cells with Th17 to produce IL-17 by analyzing details of inflam-
masome activation [61]. Thus, this study was not defined in silica-induced fibrosis. 
However, they considered the roles of Th17 and γδT cells for the development of 
many autoimmune and chronic inflammatory diseases. Thus, silica exposure may 
affect γδT cells, too. Chen et al. investigated that in the mouse model, neutraliza-
tion of IL-17A delayed progression of silica-induced lung inflammation and fibrosis 
[62]. They assumed this was caused by decrease of IL-6 and IL-1β and increase 
of Treg. Song et al. from the same group showed the importance of IL-1β on lung 
fibrosis caused by silica using IL-1 type I receptor antagonist [63]. Then, their find-
ings indicated that regulating IL-22 and IL-1β organizes Th1 and Treg differentia-
tions, and then, these were important for promotion of lung inflammation caused 
by silica via Th17 promotion (Figure 4).

Interest reports to reveal importance of MyoD88 for lung fibrosis and inflam-
mation caused by silica using MyD88 knockout mice were studied by Re et al. 
[64]. They found that accumulation of Treg and cytokines such as IL-10, TGF-β1, 
and platelet-derived growth factor (PDGF)-B contributed to lung inflammatory 
and granuloma responses, whereas this was not with Th17 influx. Furthermore, 
Dai et al. focused on the Wnt/β-catenin pathway for silica-induced fibrosis. They 
agreed with Th17 enhancement [65]. In addition, if they blocked Wnt/β-catenin 
pathway, Th1/Th2 polarization was delayed, and this delay was caused by Treg and 
Th2 response. Then, they suggested that Wnt/β-catenin pathway regulates Treg 
and contributes to fibrogenesis in silicosis. Additionally, other than Th17, Liu et al. 
reported the role of IL-10-producing regulatory B cell in silicosis, since this B cell 
increased in silica instillation in mouse model [66]. The produced IL-10 seemed to 
suppress Th1 response with IL-10 produced from Treg.

Back to Th17, Li et al. studied alteration of expression in 4-1BB (CD137, 
TNFRSF9) which is an inducible costimulatory receptor expressed on activated T 
cells, during lung injury caused by silica using animal model [67]. Then, inhibitor 
for 4-1BB revealed reduction of Th1 and Th17 responses measured by TNF-α, IFN-
γ, and I-17A production. Thus, 4-1BB pathway is also involved in Th17 cells toward 
inducible lung fibrosis due to silica exposure.

Taken together, Th17 is assuming to possess an important role in silica-induced 
lung fibrosis via other immune cells such as Treg and γδT cells as well as various 
cytokines and signaling molecules.

How about the role of Th17 in asbestos-exposed pathology? Ferro et al. reported 
that amphibole, but not chrysotile, induced antinuclear autoantibodies (ANA) and 
IL-17 in mice model [68]. In this study, they also found that there was a significant 
increase of suppressor B cells defined by CD19+, CD5+, and CD1d+ in the lung as well 
as the spleen. They considered amphibole and serpentine groups can induce inflam-
matory change; however, only amphibole is able to yield an autoimmune response. In 
addition, their studies were extended to assess erionite, which is naturally occurring 
fibrous mineral and belongs to a group of minerals called zeolites, not asbestos [69]. 
Physically, this is resembling to amphibole. In addition, this fiber is known to be a 
human carcinogen. The prevalence of malignant pleural and peritoneal mesothelioma 
due to erionite exposure in the Cappadocia region of Central Anatolia, Turkey, is very 
high. Zebedeo et al. reported that exposure of erionite as well as amphibole asbestos 
on bone-marrow-derived macrophage caused increasing ANA positive prevalence 
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and elevation of serum concentrations of cytokines such as IL-17, I-6, TGFβ, and 
TNF-α [69]. Thus, they concluded that erionite and amphibole induce autoimmune 
dysregulation via Th17. Taken together, asbestos fibers may influence the Th17 and 
partially affect the occurrence of autoimmune diseases found in asbestos-exposed 
patients (Figure 4). However, the population of asbestos-induced autoimmune 
disease seems to be less than silica-exposed patients. Thus, further studies regarding 
individual factors and cellular and molecular mechanisms should be done.

5. Future overview

In this review, the immune effects of silica and asbestos are focused. Although 
exposure to silica particles and asbestos fibers is still an important issue in the 
world, recent concerns are immunotoxicity caused by exposure to nanoma-
terials. For example, Dhupal et al. reported that immunotoxicity of titanium 
dioxide nanoparticles [70]caused apoptosis via multiple Toll-like receptors and 
ROS-dependent mitogen-activated protein kinase (MAPK) pathway. Chen et al. 
reviewed immunotoxicity of silica nanoparticle [71]. They emphasized the 

Figure 4. 
Summarized effects of silica and asbestos from literatures on Th17 cell. Silica is related to the occurrence and 
development of lung fibrosis via Th17 cell with Treg and regulatory B cell. In addition, various molecules such 
as MyD-88, Wnt/β-catenin pathway, and 4-1BB signaling are also related with Th17 and silica-induced lung 
fibrosis. On the other hand, some reports showed amphibole asbestos and erionite affect Th17 cells to cause 
production of autoantibodies.
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exposure to silica particles and asbestos fibers is still an important issue in the 
world, recent concerns are immunotoxicity caused by exposure to nanoma-
terials. For example, Dhupal et al. reported that immunotoxicity of titanium 
dioxide nanoparticles [70]caused apoptosis via multiple Toll-like receptors and 
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fibrosis. On the other hand, some reports showed amphibole asbestos and erionite affect Th17 cells to cause 
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importance of surfaces and shapes on silica nanoparticles to cause dysfunction, 
cytotoxicity, and genotoxicity. Calbiati et al. studied immunotoxicity caused by 
silver nanoparticles [72]. They found slight stimulation of pro-inflammatory cyto-
kine production and humoral immune responses. Although various investigations 
regarding immunotoxicity induced by nanomaterials have been reported, what 
will be induced by continuous or recurrent low-dose exposure to these materials as 
well as combined exposure to various materials should be considered. To establish 
experimental models for these views seems to be difficult, because of difficulties to 
assess human examples for combined exposure for various materials.

Regarding silica and asbestos focused on this review, there may be combined 
exposure situation. Then, although we declared silica causes dysregulation of 
autoimmunity and asbestos induces reduction of antitumor immunity, how 
exposed individual people present which types of immunotoxicities is still difficult 
to predict. These may be dependent on individual factors such as human leukocyte 
antigen (HLA) typing and other genotyping such as various single-nucleotide 
polymorphisms (SNPs) in the immune-related genes and microenvironmental 
conditions inside the individual bodies.

In addition, with investigations of exposure to various materials using animal 
models and cell models using human- or animal-derived various immune cells, 
the comprehensive strategies to evaluate multiple views regarding combined and 
continuous exposures should be established in the future.

6. Conclusion

In this review, the effects of silica particles and asbestos fibers on human 
immune cells were summarized. Both silica and asbestos effects are not only defined 
in the pulmonary cells but also in immune cells. Especially, since silicosis patients 
are often complicated with autoimmune diseases, immune effects of silica seemed 
to regulate to form basic status of dysregulation of immune tolerance [17, 48]. 
However, regarding Th17, silica exposure is involved in silica-induced lung fibrosis, 
contrary to the studies regarding relationship between asbestos and Th17 which had 
been performed on the viewpoint of autoimmune dysregulation.

In another aspect, the effects of asbestos fibers on various human immune cells 
such as CTL, NK cells, Tresp, and Treg indicated that asbestos exposure reduced 
the antitumor immunity [55]. This may involve in tumor occurrences and rapid 
progression of asbestos-induced cancers such as malignant mesothelioma.

The typical lung disease caused by occupational and environmental substances 
is pneumoconiosis, silicosis, and asbestosis. However, both particulate and fibrous 
substances influence the human immune system to form lung fibrosis as well as 
immune disorders such as alteration of autoimmunity and/or antitumor immunity. 
To consider these findings, it may be possible to neutralize altered immune status 
in silica- or asbestos-exposed people to prevent the development of lung fibrosis 
as well as complicated autoimmune diseases of asbestos-induced cancers by taking 
some agents included in foods or physiologically active substances. Further stud-
ies to investigate these possibilities may support chemoprevention for particulate 
fibrous material-induced health disturbances.
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Chapter 6

Toward an Economic and 
Environmental Sustainability of 
the Health Systems of Western 
Countries
Andrés J. Ursa Herguedas

Abstract

One of the pillars of well-being, together with education and social coverage, is 
health. The various health systems currently existing in the world, both in advanced 
countries and in developing countries, do not comply with the principle of equity 
and, therefore, the Charter of Human Rights, by not universally covering the entire 
population. The great economic differences continue to feed off the poorest. The 
causes of mortality are still different between both worlds. The objective of this 
contribution is to sensitize political leaders at the international level, so that they 
adopt global agreements on the adequate use of energy, access to health and univer-
sal education to benefit the planet and its population. Integrative medicine, imple-
mented in advanced and developing countries, with the use of conventional and 
unconventional treatments, the latter endorsed with scientific studies, has shown in 
recent decades that increases the preventive and curative possibilities, reduces the 
effects side effects of medication and contributes to environmental and economic 
sustainability. International health agencies should consider the proposal of incor-
porating integrative medicine into health systems and allocate financial resources 
to validate those techniques or procedures that do not yet enjoy scientific evidence. 
The population and political leaders must be sensitized by the state through which 
the planet Earth passes, in order to take large-scale measures to address socio-
economic and environmental crises.

Keywords: welfare state, universal health, integrative medicine, environmental 
sustainability, climate change

1. Introduction

The pillars of well-being, centered on education, health and social achieve-
ments, have been a breakthrough in most developed countries. Faced with these real 
advantages, there is a series of uncertainties such as climate change, the instability 
of international politics that may be associated with an economic recession, the 
aging of the population and migratory flows, which threaten not only the stability 
of the system based on capitalism but the entire planet.

From the Industrial Revolution to the present day scientific and technical 
advances have contributed to social welfare, although there were many adverse 
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political and economic scenarios to reach the current situation or according to the 
phrase of the Swiss economist Simonde de Sismondi “Production increases, while 
welfare decreases” [1].

The new industrial paradigm needed fossil fuels to be able to carry out all its 
activity. The traditional coal was introduced into oil and in the twentieth century 
nuclear energy. The “black gold” became one of the most precious assets on the 
planet, to the point of influencing the global economy and being able to cause wars. 
What has been produced for thousands of years in the terrestrial and marine sub-
soil, is consumed in a few decades, sends its combustion gases to the atmosphere, 
with the consequent environmental impact.

The reports on the production of energy by the fission of the atom were favor-
able for a good part of the scientific community. Disasters such as Chernobyl 
(Ukraine, 1986) and Fukushima (Japan, 2011), had to happen for politicians to 
reflect on and close the nuclear power plants in many countries.

In all these years there have been great advances in terms of food and nutrition. 
The progressive increase of the world population started speculation in food policy. 
Despite the intervention of international organizations such as the United Nations 
(UN) or the United Nations Food and Agriculture Organization (FAO), a good part 
of the population continues to go hungry, despite the abundance of food.

The overproduction of food to provide food to all the inhabitants of the planet 
goes through monocultures, the creation of transgenic products, the use of insecti-
cides and chemical fertilizers. The earth is extracted more than what is entered. The 
literally dead earth is not able to withstand the torrents of water that are happening 
due to climate change and is carried by rivers to the sea [2]. Nutrients from plant-
derived foods obtained intensively, as well as farm animals for human consumption, 
may not be as healthy as you would like them to be.

Many of the best fishing grounds of the entire planet have been overexploited 
and are on the verge of disappearing if no political measures are taken based on sci-
entific reports [3]. Industrial and urban waste ends up in the sea, returning through 
the food chain to the humans themselves. Suffice it to mention the concentration of 
mercury and other heavy metals in the fish that occupy the top of the food chain or 
the microplastics found in fish extracted from the sea.

In recent decades there has been an increase in the number of diseases, at least 
in the West, with a high incidence of cancer [4] to the point that it is estimated that 
it will surpass cardiovascular diseases in the near future. There has been progress 
in the treatment of cancer, but not in prevention, so their numbers will continue to 
rise. The prevention of cancer is to adopt a healthy lifestyle, but this is not always 
enough if you live in a city contaminated by road traffic, noise, stress, etc.

The appearance of new diseases may be influenced and/or associated with the 
alteration of the natural environment produced by humans. It will be necessary to 
update the human pathology books and adapt the chapters to the new situation and 
create new ones if new diseases are described.

2. Health sciences at the service of humanity

2.1 From Hippocratic medicine to current health sciences

The considered “Father of medicine”, Hippocrates, of the Greek island of Cos 
and his followers laid the foundations of current medicine, distinguishing between 
the magical-empirical and the scientific. Hippocratic doctors had the merit of 
considering medicine as a “technical” knowledge (ars medica) based on scientific 
knowledge of nature (physiology) [5]. In the Corpus Hippocraticum, set of the 53 
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anonymous writings, the Hellenic medical knowledge of the fifth century AC is 
collected, up to six centuries later [5]. In Figure 1 you can see one of the representa-
tions of Hippocrates.

Of the diverse ancient cultures, the knowledge of the Egyptians on medicine, 
collected in the different papyri (Ebers, Smith, Hearst, etc.), dating from 1900 BC 
to 1200 BC [6].

In the East, the medicine of ancient Chinese, based on Taoism (see sign in 
Figure 2), considered the principles of yin and yang, as well as the elements water, 
earth, fire, wood and metal, as the basis of their preventive and therapeutic actions. 
They devised techniques such as acupuncture, moxibustion and various practices 
that have survived to this day. In the treatise Nei King, attributed to Emperor Huang 
Ti (2610 AC) the aspects about life and illness are collected [7].

We know about the medicine of ancient India for the texts that make up the 
Veda, which began to be written about the year 1500 AC. The Ayurvedic medical 
system distinguished seven organic elements, with a certain resemblance to the 
humors theory of hippocratism. The “traditional medicine” of India had as its 
common objective the unification of body-mind and spirit, proclaiming that disease 
and health would be the result of the confluence of three main aspects of existence 
(doshas) [8].

It is fair to highlight the ancient medicine of Japan, Israel and the pre-Columbian 
American, facing the corresponding cultural exchanges, with mutual influences, 
reflected in current medicine. The figure of Galen of Pergamum (131–203 AD) 
exerted great influence on medicine until well into the Middle Ages, with its 
successes and errors. He was able to transmit to the present day the theory of the 
humors of the Hippocratics [9].

Arab medicine from the East reaches a high level in the tenth and eleventh 
centuries, with talents such as Rhazes, author of numerous books and articles on 
philosophy, physics and medicine [10]. The great Avicenna (980–1037) left some 
200 works, among others, with themes of medicine such as the Canon of medicine, 
with a discreet galenic influence [11].

In the twelfth and thirteenth centuries, with the expansion of Islam in the 
Iberian Peninsula include Avenzoar, Avempace and Averroes (1126–1198), the 
latter author of the Liber universalis de medicina [12]. The Jewish doctor Cordovan 
Maimonides (1135–1204) with his writings on toxicology, hygiene and deontology, 
made great contributions to the medicine of the time [13].

Figure 1. 
Hippocrates.
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Medieval European medicine survived, without major advances, thanks to the 
conservative work of the monasteries, hence the other name with which it is known 
(monastic medicine). The first universities are created, the monasteries are hos-
pitals and it is the religious who provide care for the most disadvantaged. The first 
secular medical institution is created, the School of Salerno, near the current Naples 
(Italy). Founded in the ninth century, it reached its maximum splendor in the tenth 
and thirteenth centuries [14].

The School of Translators of Toledo (Spain) contributed to the knowledge of the 
Greek and Arab texts of Western Europe in the Middle Ages [15]. Throughout the thir-
teenth and fourteenth centuries, the universities of Bologna, Paris, Oxford, Salamanca, 
Cambridge, Naples, Padua, Vienna, etc. arose in Europe, with the “scholastic” method 
as a paradigm. The “black death” that decimated the European population since 1348 
was also an important economic recession.

The history of medicine considers Arnau de Vilanova (1238–1311) as the most 
interesting character in medieval medicine. He worked as a doctor, clergyman 
and ambassador of kings and popes [16]. The dissection in human cadaver was an 
advance in anatomical science. The great discoveries in medicine begin with the 
circulation of blood by William Harvey (1578–1657). Cartesianism along with the 
thought of Galileo opens a new system in Medicine, iatromechanics. Its initiator, 
not doctor, Giovanni A. Borelli (1608–1679) introduced the mechanics applied to 
medicine [17].

In the Renaissance stand out the panvitalists Paracelso and van Helmont. The 
influence of the first in current medicine was decisive, so I highlight the most 
significant. Theophrastus Phillippus Aureolus Bombastus von Hohenheim, better 
known as Paracelsus (1493–1541), has gone down in history as a doctor ahead of 
his time. It contributed greatly to the fact that medicine followed a more scientific 
path and distanced itself from the theories of the scholastics. He began “specific” 
treatments and is considered the initiator of iatrochemistry [18].

Clinical medicine, as it is understood today, began in Padua in the sixteenth cen-
tury and then spread to the rest of Europe. It was continued in Leiden (Kyper, Silvio, 
and Boerhaave), Vienna, Paris, London, etc., completed with necropsy later. Thomas 
Sydenham (1624–1689), considered one of the most prominent clinicians of all time, 
known as the “English Hippocrates,” is the first to give name to diseases (morbid 
species). He distinguished acute diseases from chronic diseases and addressed the 
topic of the Hippocratic “epidemic constitution” with its own interpretation [19].

Figure 2. 
Sign of Taoism.
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Vitalism as understood by Aristotle and the physicians of the seventeenth and 
eighteenth centuries with the “vital force” of Friedrich Kasimir Medikus (Von der 
Lebenskraft, 1774), breaks into this period of time in the medicine of the time 
[20]. In the eighteenth century, the first medical specialties began to appear. Thus, 
in 1787 there was already a specialized clinic for deliveries in Copenhagen [21]. 
Meanwhile, the clinical approach of medicine had been integrated with the anato-
mopathological one thanks to the publication and dissemination of the masterpiece 
by G. B. Morgagni [22].

At the doctrinal level, the ways of curing focus on the “contrary contrariis 
curantur” and “similia similibus curantur”, both of which are stated in Hippocratic 
medicine. The principle of similarity was set in motion by the German physician 
Samuel F. Christian Hahnemann (1755–1843), creator of homeopathy. Homeopathy, 
more than a method, is considered as a general medical system [23] and is currently 
widely disseminated worldwide.

Due to the warlike conflicts numerous wounded ones took place, fact that served 
so that the surgery advanced. Weapon wounds and traumatic wounds gave way to 
gunshot wounds. One of the most prominent characters in this field was Ambroise 
Paré (1510–1590). Paré began his career as an apprentice surgeon-barber, a name 
by which a lower class of surgeons was known. The latter were below the so-called 
long-gown surgeons, who studied at the San Cosme School, knew the classical 
languages and writings of Galen. Barber surgeons were considered manual workers 
who, in addition to treating wounds, cut their hair, shaved and performed bloodlet-
ting. His contributions to the surgery on ligation of arteries, treatment of wounds 
by firearm, intrauteric turning of the child with breech presentation, and design 
of devices (trusses, etc.), made him be awarded the doctorate in medicine and out 
doctor of camera. He left several writings in the vernacular [24]. The Italian version 
of Paré was Bartolomeo Maggi (1516–1552), doctor of the pontifical army, who 
participated in the site of Mirandola with his colleague Giovanni Francesco Rota. 
His most important work is a treatise on gunshot wounds [25].

In the early sixteenth century sangria in Europe was still used, along with the 
purge, extending until the nineteenth century [26].

Dietetics, already initiated by the Hippocratics and continued by Galen, broke 
out in the sixteenth century with Lobera de Ávila, Luigi Cornaro, Tissot and 
Hufeland, the latter with his work Makrobiotic or art of prolonging life (1796) 
[27]. Hydrotherapy emerges enthusiastically in several European countries almost 
simultaneously, with the help of empiricists (Priesnitz, Kuhne, Kneipp, etc.) and 
doctors (Floyer, Hahn, etc.) [28]. Francois Magendi (1738–1855) founded in 1830 
the first laboratory of experimental medical physiology in France. His disciple 
Claudius Bernard (1813–1878) surpassed his master by expressing his experiences 
in the book Introduction to the study of experimental medicine published in 1865. 
He has the concept of internal environment, which later would serve Haldane and 
Cannon to devise the term homeostasis [29]. The vaccines are preceded by Edward 
Jenner (1749–1823), with smallpox inoculation [30]. Medical Microbiology bases 
its findings on the findings of Pasteur (1822–1895), Lister (antisepsis) and Koch 
(1843–1910) [31]. At the same time, Immunology was developed with Metchnikoff 
(1884–1892), Ehrlich, etc. [32]. Biochemistry initiated in France is consolidated in 
Germany by Liebig (1803–1873) [33]. The X-rays are perfected and applied in the 
diagnosis from 1895 by Röntgen, assuming a breakthrough in the diagnosis of bone 
lesions [34].

At the end of the nineteenth century Wundt (1832–1920) inaugurated the first 
laboratory of experimental psychology in Leipzig (Germany). From here, several 
theories would emerge, some of them valid, to explain the psyche [35].
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The advances in physics with Einstein, the spouses of Curie and Planck, to 
mention only the most significant, allowed to create the theoretical basis for the 
diagnostic and therapeutic advancement based on physics [36]. Genetics makes 
its appearance in the hands of Galton (1822–1911), Mendel (1822–1884) and 
Weismann (1834–1914) [37]. The start-up of the microscope, with its different vari-
ants, destroyed the fibrillar theory of past centuries and begins the era of cellular 
theory. In consonance with this is born the cellular pathology of Rudolph Virchow 
(1821–1902) [38].

2.2 The rise of pharmacological medicine

Although the Hippocratic doctors of the fourth century BC prescribed 
medicinal plants and some other potion, it was not until the emergence of the 
great doctors who exercised for the Roman Empire, which brought together the 
knowledge about the plant species applied in the medicine of the time. One of 
the most famous doctors in this regard was Dioscorides. Pedacio Dioscorides, 
born in Anazarbus, in Asia Minor, was a military surgeon of the Roman armies, 
in the time of Nero. He wrote “De Materia Medica” which served as a pharmaco-
peia manual until the Renaissance, this work being considered the forerunner of 
modern pharmacology [39].

During the Middle Ages, except for contributions from the Arab world, there 
were hardly any advances in therapy. Only the amanuenses of the monasteries, 
through copies of books, were the transmitters of medical knowledge. In 1085, 
the conquest of Toledo in Spain by Alfonso VI made it possible to combine ancient 
knowledge through the translation of classical texts. Through the collaboration of 
Arabs, Jews and Castilians, it was possible to translate philosophical, theological, 
astronomical, medical and other sciences texts into Spanish. Schools of transla-
tors were founded in Toledo, Seville and Murcia. The interpreters of countries like 
England, Germany and Italy took this knowledge to their respective countries, 
being an incentive for the foundation of several universities [40].

It would be necessary to reach the Renaissance with Paracelsus, the initiator of 
iatrochemistry, to advance in the treatment of diseases with chemical substances. 
The iatrochemistry, devoid of panvitalism and adapted to the mechanicism of the 
moment, survived until the seventeenth century. It is considered a precursor of 
current Pharmacology and Biochemistry [41]. Practically the treatment of diseases 
with plants with medicinal properties was one of the few options with which it was 
counted for centuries, apart from the knowledge about surgery that emerged. The 
term Phytotherapy was coined by Leclerc in 1913 [42]. In the university studies of 
Pharmacy is taught in Botany and Pharmacognosy, being important the number of 
investigations that are realized anywhere in the world in this matter.

In the first third of the twentieth century, as a result of the scientific-technical 
discoveries applied in the health sciences, new drugs are discovered that can cope 
with deadly and/or invalidating diseases such as certain infections. At first many 
of the drugs used came from the Plant Kingdom, such as the Salix genera where 
salicylic acid was obtained, alkaloids of the poppy (Papaver somniferum), digitalis 
obtained from various Digitalis species (D. purpurea, D. lanata, etc.), colchicine 
obtained from Colchicum autumnale used in the treatment of gout, etc., others 
were obtained from fungi and bacteria such as antibiotics. Later, in the course 
of the two major world races progress was made in surgery, pharmacology and 
radiotherapy. Currently most of the drugs are synthetic or are manufactured by 
genetically manipulated living beings.

Current medicine prevents, treats, restores, cures and rehabilitates numerous 
pathologies that were previously invalidating and/or fatal. Gone are many of the 
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procedures that did not surpass the scientific method for their validation as the 
homeopathic system.

2.3 Medicine there is only one

“Medicine there is only one” is a phrase that has been devoted to time. The 
Spanish scientist José Miguel Mulet adds “and is effective when he has a scientific 
evidence behind it” [43].

Currently in the world much of the population does not have a health system 
that can meet the health needs of the inhabitants of that country, despite being a 
recognized right in the Universal Declaration of Human Rights (U.D.H.R, article 
25.1). Many populations of the Third World must make use of the remedies 
offered by nature to deal with their diseases, using the experience transmitted for 
generations.

Although this inequality is not acceptable from the ethical point of view, it 
has a positive vision provided that nature is not frazzled, because they use local 
resources, with greater or lesser success, and do not use pharmacological remedies 
in the style of rich countries, which use many resources in their production, they 
are abused, they produce numerous secondary effects and many of them do not 
cure, maintaining the chronicity until advanced ages, with the consequent expense 
in human and material resources.

In many of the countries of the planet, integrative medicine is used, according 
to David Rakel, founder and director of the Department of Integrative Medicine 
at the University of Wisconsin (USA), “is oriented to the restitution of health and 
highlights the importance of the relationship between the doctor and the patient 
as a central aspect. It focuses on less invasive, less toxic and less expensive methods 
to try to facilitate health by integrating both conventional treatment modalities 
and complementary modalities. Its recommendations are based on an understand-
ing of the physical, emotional, psychological and spiritual aspects of the human 
being” [44].

The World Health Organization, through its strategy on traditional medicine 
2014–2023 of 2013 [45] and resolution WHA.67a of 2014 [46], urged member 
countries to use the resources of traditional medicine and complementary, that will 
be investigated so that these resources enjoy efficacy and safety and that they are 
incorporated into the national health system, making a follow-up for its evaluation.

2.4 The challenges in health in the twenty-first century

High infant mortality in developing countries continues to be the great scourge 
worldwide, in contrast to the increase in life expectancy in developed countries 
[47]. The unequal distribution of wealth has a negative impact on education, and 
the lack of it is the gateway to all kinds of ills. Economic poverty is associated with 
crime, unemployment, precarious housing and increased morbidity. On the con-
trary, countries with a higher economic level, with a national public health system, 
private or mixed, with the predominant medical paradigm, experience an increase 
in life expectancy, with an increase in chronic diseases that, with they often reduce 
the quality of life and entail high human and material costs, seriously endangering 
their economic sustainability [48].

The Lalonde report on the health determinants of 1974 made it clear that what 
influences our state of health the most is the lifestyle we adopt and, what is less, 
health care, however, the greatest expense fell on the latter [49]. In 1978, the meet-
ing of health experts from Alma-Ata in Kazakhstan (which belonged at that time to 
the former Soviet Union), established Primary Health Care as the ideal framework 
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for prevention and health promotion [50]. In successive international conferences 
on health (see Table 1) it has been tried to carry out these purposes, until arriving 
at the Astana meeting in 2018, which took stock of these 40 years.

In September 2000, the leaders of the world met at the United Nations 
Headquarters in New York and adopted the Millennium Declaration, committing 
their countries to a new global alliance to reduce the levels of extreme poverty 
and establishing a series of objectives with goals and indicators, known as the 
Millennium Development Goals (MDGs) until the 2015 period. The MDGs sought 
developing countries to take new measures and join efforts in the fight against 
poverty, illiteracy, hunger, lack of education, gender inequality, infant and maternal 
mortality, HIV infection and environmental degradation. Other objectives called 
for developed countries to adopt measures to relieve debt, increase assistance to 
developing countries and promote a fairer market [51]. In 2015, the States agreed on 
a new agenda for development, that of 2030 [52].

The 2030 Development Agenda is a plan of action in favor of people, the planet 
and prosperity. It also aims to strengthen universal peace within a broader concept 
of freedom. The adoption of the SDGs represented a historic opportunity to unite 
countries and people from all over the world and to take new paths to the future. 
The SDGs are formulated to eradicate poverty, promote prosperity and well-being 
for all, protect the environment and tackle global climate change. The Astana meet-
ing in Kazakhstan (formerly Alma-Ata) of 2018 had objectives to reinforce Primary 
Health Care (PHC), achieve universal health coverage and sustainable development 
objectives. In his point V he stressed that we had to work to make PHC sustainable. 
As in the Shanghai conference, it was insisted on empowering people and the com-
munity in its VI point.

Thus, the prevention of diseases and the promotion of health, is to rewrite the 
functions of PHC (health centers), currently focused on the resolution of problems 
with the use of drugs, causing iatrogenic and high health expenditure, jeopardizing 
its economic sustainability [53]. It is necessary to reshape the PHC focusing on the 
individualization, the transmission of positive information, the modification of 
unhealthy behavior, the medical advice, all within a procedure of humanization of 
health care, something deteriorated since the arrival of technology and the eco-
nomic crisis.

Conference Date Theme/objectives/performances

Ottawa 1986 The promotion of health in the general context of globalization

Adelaide 1988 Formulation of healthy policies

Sundsvall 1991 Creating enabling environments

Yakarta 1997 Capacity building for health promotion

México 2000 Capacity building for health promotion

Bangkok 2005 The promotion of health in the general context of globalization

Nairobi 2009 Actions to reduce the gap between the evidence and its concrete application in 
the development of health

Helsinki 2013 Health in all policies

Shanghai 2016 Declaration of Shanghai (2030 agenda for sustainable development)

Astaná 2018 Review of the 40 years of Alma-Ata

Compiled by A. Ursa. WHO Global Health Promotion Conferences.

Table 1. 
International conferences on health promotion.
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2.5 Medicine and climate change

The Intergovernmental Panel on Climate Change (IPCC) was created in 1988 by 
the World Meteorological Organization (WMO) and the United Nations (UN) in its 
United Nations Environment Program (UNEP), with the objective of providing an 
objective source of scientific information. The main activity of the IPCC is to pub-
lish special reports on issues relevant to the implementation of the United Nations 
Framework Convention on Climate Change (UNFCCC). The IPCC has published 
five comprehensive reports examining the latest climate evidence, as well as numer-
ous special reports on particular issues.

In 1997, the Kyoto Protocol on climate change was drafted with the objective of 
reducing emissions of the main greenhouse gases such as carbon dioxide, methane, 
nitrous oxide, sulfur hexafluoride, hydrofluorocarbons and perfluorocarbons [54]. 
The successive meetings of climate change experts and some of their conclusions 
appear in Table 2.

Throughout these years there has been a slow progress on compliance with the 
agreements on the reduction of greenhouse gases. The most industrialized countries 
put obstacles to their accession, placing their own interests before the generals. 
Objective 13 of the 2030 Agenda for Sustainable Development requires urgent 
actions to combat climate change and its impacts and is intrinsically related to the 
other 16 objectives of the Agenda.

Although global warming may have some beneficial effects, such as lower winter 
mortality in temperate regions and an increase in food production in certain areas, 
the overall health effects are likely to be very damaging [54]. Climate change influ-
ences the social and environmental determinants of health, such as clean air, clean 
water, sufficient food and safe housing. The countries that have contributed least to 
greenhouse gas emissions will be the first and most affected by climate change [55].

The emergence of extreme downpours with floods, alternating with droughts is 
likely to cause famine and increase morbidity and mortality in countries with fewer 

Meetings Date Agreements

Río de Janeiro 1992 Creation of the UNFCCC

Kyoto (Japan) 1997 Kyoto Protocol with binding legal objectives

Balí (Indonesia) 2007 Road map of Bali (post-Kyoto)

Copenhague 2009 Agreement de Copenhague

Cancún 2010 Reactivation of the greenhouse gas reduction pact del

Durban 2011 Commitment to extend the Kyoto Protocol

Doha (Qatar) 2012 2020 climate change agreement

Varsovia 2013 Warsaw International Mechanism

Perú 2014 Commitment to seal the Paris Agreement

París 2015 Paris Agreement

Marrakech 2016 Declaration of support for the Paris Agreement

Bonn 2017 Its objective is to accelerate the fulfillment of the objectives of the Paris 
Agreement

Katowice 2018 Katowice book

Madrid 2019 Agreement, called “Chile-Madrid to Act”

Compiled by A. Ursa of the author Vengoechea, of the Friedrich Ebert Foundation, 2012.

Table 2. 
Meetings on climate change/summits of the earth.
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resources [56]. There will be an important transfer of climate refugees between 
countries that may trigger conflicts of various kinds. Heat waves will cause more 
deaths, especially at extreme ages. Climate change could alter the geographical 
distribution of disease vectors, such as insects that transmit malaria or dengue [57]. 
It is expected that, between 2030 and 2050, climate change will cause an additional 
250,000 deaths each year, due to malnutrition, malaria, diarrhea and heat stress. 
It is estimated that the cost of direct damage to health (that is, excluding costs in 
the determinant sectors for health, such as agriculture and water and sanitation) 
is between 2000 and 4000 million US dollars from here 2030 [58].

2.6 The change of model as a solution to climate change

For more than 200 years, the temperature of the Earth has been going upward 
due to human activity. The Earth ecosystem is sensitive to this progressive rise in 
temperature and is experiencing damaging effects on seas, the mainland and the 
atmosphere. The consequences that we face are already felt. The international bodies 
meet to seek solutions for years, but they are insufficient and the most powerful 
countries, which pollute the most, do not adopt the resolutions so that, supposedly, 
they do not influence their economy.

As international consensus measures, the change in the energy model is pre-
sented, with the progressive abandonment of fossil fuel burning and replacement 
with renewable energies. The proposed deadlines are not very ambitious and the 
implementation times will have to be shortened, because the forecasts fall short 
again and again. The feeding model established in the last decades based on animal 
protein results in poorer health, with an increase in type 2 diabetes mellitus and 
cardiovascular diseases [59].

The cattle and sheep farming, through the emission of methane in its digestive 
process, contributes a good amount to climate change. The other major emitter 
is transport by land, sea and air. A scarce resource is water. One kilogram of beef 
consumes approximately 20,000 L of water. It is deforested in ancestral forests to 
plant soy and corn, to produce feed for cattle [60].

However, meat consumption is increasing worldwide, especially in emerging 
countries (China, North Africa, etc.). Experts advise to modify the diet to be healthier 
and reduce the environmental impact, reducing the consumption of meat and 
increasing the legumes, vegetables and fruits [61]. Returning to the Alma-Ata model 
and ratified in Astana in 2018, primary health care must insist on the prevention and 
promotion of health, empowering the user, advising the adoption of a healthy lifestyle 
and raising awareness of the impact that they have our actions in climate change [62].

For broader coverage of the health system, international organizations should 
make proposals to the most disadvantaged countries to adopt cheap and proven 
public health interventions to control climate-sensitive diseases, in line with the 
achievement of the Goals of Millennium development related to health (currently 
sustainable development goals) [63]. Climate change is a price we are paying for 
misguided global policies. The achievement of economic wealth prevailed over the 
protection of the health of the planet and of the most vulnerable sectors of society. 
We must insist on the implementation of the resolutions adopted by international 
organizations in order to reduce the global impact of climate change.

3. Conclusions

The pillars of well-being that have been achieved in many western countries 
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Chapter 7

Seasonal Changes of Soil Organic
Carbon and Microbial Biomass
Carbon in Different Forest
Ecosystems
Emre Babur and Turgay Dindaroglu

Abstract

Soil organic carbon (SOC) and microbial biomass carbon (MBC) are important
components of soil organic matter (SOM). SOC and MBC have generally recognized
key parameters of soil quality and health, and also they have been linked to forest
ecosystem productivity, using as a sensitive indicator for ecosystem monitoring
programs. Both of them play a crucial role in the carbon cycle and influence many
environmental, biological, and chemical factors. Soil organic matter decomposition
by soil microorganisms contributes to the nutrient availability and release in an
ecosystem. This interaction between SOM and MBC is managed in soil aggregation,
soil porosity, moisture content, and aeration. Forest soils can store more carbon
than other land uses because they contain a wide variety of soil microorganisms.
Enhancing these two important components of soil can contribute to climate change
mitigation and adaptation strategies. In this chapter, an overview of the under-
standing of the most important soil quality and health factors managed soil C in
forest soils and provided how seasonal changes affect soil organic carbon and
microbial biomass carbon.

Keywords: forest soils, seasonal change, soil organic carbon, microbial biomass,
soil health

1. Introduction

Soil is one of the most important components of ecosystems. It provides plant
growth by regulating the cycling of nutrients, energy, and water. Also, soils play
a major role in the carbon cycle among the atmosphere, vegetation, land, and ocean.
Soil organic carbon (SOC) stores approximately 1600 PgC in the 100 cm depth,
which contains more carbon than in the terrestrial vegetation (approx. 600 PgC)
and in the atmosphere (approx. 800 PgC) [1, 2]. The carbon cycle is the exchanges
between the various carbon reservoirs: biosphere, lithosphere, atmosphere, ocean,
and fossil fuels (Figure 1).

In the last decades, atmospheric C concentration is known to increase with anthro-
pogenic carbon emissions (ACEs) (e.g. fossil fuel combustion and cement manufactur-
ing). The ACEwas 6 Pg year�1 in the 1980s [3]; it had increased to 10 Pg year�1 in 2014
[4]. This caused a significant increase in global warming (Figure 2).
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Forest ecosystems contain terrestrial C since they store huge quantities of carbon
in different pools such as vegetation, litter, and soil and exchange big amounts of C
with the atmosphere through respiration and photosynthesis. Among the OC reser-
voirs in forests, the soil stores large quantities of OC, accumulating C as soil organic
matter (SOM). Indeed, soils have been accepted as the largest terrestrial carbon
pool because of the greater C content than terrestrial vegetation and atmospheric C
[5, 6]. Forest soil can friendly contribute to reducing the atmospheric carbon diox-
ide concentration and the greenhouse effect in global warming, while the soil is
considered a big carbon pool [7, 8], linked to the carbon cycle [5] and with the
nutrient pool that assigns vegetation productivity [9].

In recent years, the researchers have focused on the SOM properties and soil
organic carbon (SOC) which can have significant effects on its dynamics and also
the direction of ecosystem reactions related to climate change (e.g., decomposition
time, increasing soil temperature and CO2 levels or changes in composition of
vegetation, N deposition, etc.) [11, 12]. Most studies of SOC are related to soil
fertility, soil management, SOM decomposition, and effects of greenhouse gas
emissions in climate change. SOM is a significantly important factor in soil quality
and productivity; however, this alone does not help adequately predict any changes
in soil quality and nutrient status [13, 14].

The SOM decomposition process is dependent on substrate type and quality
(fragment type and size, decay stage, nutrient availability, and tree species) and
amount and activity of the soil microorganisms and environmental factors (climate,
soil texture, structure, soil chemical compounds, soil moisture and temperature,
aggregation soil nutrient availability and temperature, etc.) [15–20]. For example,
though the soils under tropical forests store the highest amount of OC, desert soil
stores the lowest amount of OC [21, 22]. Soil silt and clay content maintains organic
carbon by aggregation [15, 23]. Hassink [19] revealed an increase in the SOC stored
in the <20 μm size fraction with an increase of clay + silt content. The soil sample
has been shown under a microscope in Figure 3. Moreover, Gabarron-Galeote et al.
[24] found that the highest soil carbon content is found in the silt and clay size
fractions than the sand fractions.

Especially, studies on soil C dynamics and its effect on the global carbon cycle
have been increased: (1) the importance of SOC for microbial biomass carbon
(MBC) in dimension beyond a depth of 20 cm [17, 20, 25]; (2) the interaction

Figure 1.
The global carbon cycle and carbon reservoirs.
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Figure 2.
Annual temperature increase (a) and degree of increase (b) in worldwide. Source: images by NASA [10].

Figure 3.
Soil sample under microscope by mauby.com [28].
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between microbial communities and its activity with soil properties in relation to
the carbon cycle and with other nutrient cycles [26, 27]; and (3) the effects of plant
species in increasing soil microbial biomass and soil carbon storage [17].

2. Soil organic carbon in forest ecosystem

Forest ecosystems have been long accepted the most efficient tools for carbon
sinks that can reduce atmospheric emissions via carbon sequestration in soil and
plant biomass and directly reduce greenhouse effect [29]. Forest soils containing
more than 70% of all the soil organic carbon are sequestered by forest ecosystems
[30]. Therefore, in the use of forest soils against global climate change, the pro-
cesses of organic matter cycle in soil and the site factors governing these processes
need to be carefully evaluated. In other words we need to know the characteristics
and interaction among ecosystems, plants, and soil in forests [31]. In forest ecosys-
tems, SOM can be used as a significant indicator of soil quality and site productivity
[32]. Since soil organic matter is composed of the higher amount of dead plant mass
(forest floor and dead wood) and animals, OM is higher in forests than other land-
use types. Also, the productivity of forest ecosystems depends on soil physical,
chemical, and biological characteristics and processes [31]. Soil OC is one of the
most essential soil components that contributes to ecosystem productivity through
its positive effects on soil structure, aeration, and porosity and maintaining soil
water and temperature [33–35]. Moreover, SOM has a strong relation with nutrient
availability, because it is an important nutrient source that can be used by plants in
long periods. Besides, SOM contributes to forming soil structure and increases
water holding capacity in soils.

In recent years, numerous studies have been conducted to state the carbon
stocks and relations with soil microbial communities in forest soils [30, 36–42], and
other studies conducted on seasonal changes in soil microbial biomass [20, 43–47].
On the other hand, there are limited studies for more sequestering atmospheric C in
soils by increasing microorganism populations.

3. Soil microbial biomass carbon in forest ecosystem

The terrestrial carbon cycle is provided by photosynthesis and respiratory bal-
ance. Carbon fixation by autotrophs, photosynthetic plants, and photo-
chemotrophic microorganisms allows the transfer of carbon from the atmosphere to
the soil. The return of carbon to the atmosphere takes place through the fossil fuels
and respiration of microbial and other organisms. Soil microorganisms utilize car-
bon sources around the main objectives for growth and proliferation. Therefore,
microbes use different forms of organic and inorganic carbon as carbon and energy
sources. Due to the role of microorganism activities in the carbon cycle, it interacts
directly and indirectly with climate change. For example, organic C mineralization
and CO2 released by respiration increase with increasing temperature. The amount
of CO2 accumulated in the soil increases photosynthesis and release of root exu-
dates. This leads to microbial decomposition and respiratory instability. Since soil
microorganisms in the carbon cycle have an important role, soil microbial biomass
is utilized in most carbon cycle models. Soil microbial activity rate indicates the
potential and dynamics of the nutrient cycle in a particular ecosystem. Also,
microbial properties of soils can be used as an indicator of any fluctuations in the
ecosystem due to its sensitivity to weather conditions, plant species or in the
characteristics of animal residues [36, 48]. Soil microbial respiration is one of the
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most important microbial indices first calculated in the majority of models. Micro-
bial soil respiration explains all activity or energy consumption of the microbial
communities [49]; therefore, it is the main parameter to observe decomposition
rate [50].

The soil microorganisms are small, containing about 2–3% of SOC. But they are
very important component in ecosystem function basically through the regulation
carbon sequestering, soil respiration, plant productivity and also related to the
nutrient mineralization, which plays a crucial role in the biogeochemical cycling of
carbon (C), nitrogen (N), and phosphorus (P) in continental ecosystems [36, 37,
51–53]. SMB is the dynamic fraction of soil organic matter, which includes fungi,
bacteria, actinomycetes, algae, protozoa, and other microfauna (Figure 4) and
demonstrates an important nutrient pool in the soil [37]. Soil nutrient conservation
processes and transformation are greatly interrelated to the amount of microbial
biomass present in the soil (Figure 5).

Soil microorganisms are the active agent of soil organic matter and the most
dynamic factor in soil. Hence, soil microbiological or biochemical characteristics are
much more susceptible to any changes in soil conditions (degradation, erosion) and
supply more accurate and immediate information in soil health and quality [54, 55].
For example, any changes in microbial biomass can be detected rapidly and pre-
cisely when compared to changes in soil physicochemical properties [56–58]. Now-
adays, international programs for monitoring soil health and quality department
noticed that combining the measurement of several microbial indices such as soil
microbial diversity, microbial biomass, microbial respiration, and soil enzymes
should be determined to measure ecosystem health [40, 50, 59] (Table 1). Insam
et al. [60] also recommended that the ratio of microbial biomass to total organic
carbon might state as an indicator of carbon dynamics in the soil. For example,
microorganisms are extremely influenced by anthropogenic effects such as irriga-
tion, fertilization, using insecticide, conventional tillage, etc. [61, 62]. The impor-
tance of microorganisms in ecosystem functioning has caused to proliferate the
interest in determining soil microbial properties [63]. Soil microbial biomass is a
source of microbial biomass carbon (MBC), microbial biomass nitrogen (MBN),
microbial biomass phosphorus (MBP), and microbial biomass sulfur (MBS).

Figure 4.
Soil macro-micro fauna and flora rates.
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The MBC and MBN comprise 1–5% and 2–6% of the total soil C and N contents and
tend to be relatively more stable. Approximately 1.4% of the world’s soil organic C
content comprises soil MBC, but it contributes significantly to the global C cycle [64].

Figure 5.
The figure illustrates a summary of the concepts proposed for the role of root exudates in plantmicrobe
interactions and consequences for ecosystems. Source: By changing from Canarini et al. [65].

Properties • Soil mineralogy • pH • Microbial biomass

• Texture • Electrical conductivity • Basal respiration

• Soil depth • Cation-exchange capacity • N mineralization

• Bulk density • Organic matter • Enzyme activities

• Water holding capacity • Macro-nutrition elements • Micro-flora community

• Porosity • Heavy metals • Plant biodiversity

• Root diseases

• Plant growth

Table 1.
Physical, chemical and biological soil properties used as indicators in determining soil quality (changed from
Pankhurst et al. [58]).
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Soil microbial biomass plays a significant role in linking the plants and soil.
A variety of plant species can influence soil characteristics, soil microbial
composition and activity via their root activity, the release of root exudates, exoge-
nous enzymes, sloughed-off cells, lysates, and litter decomposition into the rhizo-
sphere [17, 66–68]. Exudates of plant halophytic roots supply sources of energy and
carbon to microbes, considering that vegetation type, vegetation growth stage,
metabolism type, and seasonal change are the main factors that influence the root
exudates quantity and quality [69–71]. Thanks to different growth patterns, root
structure and development, and resource distribution of different plants can lead to
different microbial communities and their activity [69]. Richards et al. [72] and
Malchair et al. [73] found that changes in tree species and composition potentially
affect SOM quantity and dynamics. Additionally, some environmental factors such
as moisture, temperature, and seasons influence soil microbial activities and result
in changes in key biogeochemical cycles [71, 74]. The decomposition of SOM begins
with enzyme-mediated hydrolysis of complex substrates, and these enzyme activi-
ties are used as indicators of soil quality [67, 75]. Bolat et al. [76] found that black
locust trees significantly affect the total nitrogen (TN) content of the soil, because
of the enzymatic activity and N-fixing ability by roots. It is also noticed that the
SOC and TN content occurs due to the decomposition and accumulation of organic
material in soils [77–79]. If organic material is added to a soil, it is decomposed by
soil microorganisms and converted into some nutrients such as C, N, P, and K
which are released in the soil.

Among the soil microbial indices, the soil microbial respiration is influenced
by seasonal patterns, but seasonal change directly influences soil metabolism or
indirectly affects the changes in microbial community composition and substrate
availability. Determining any changes in microbial biomass C and N contents is
important in a terrestrial ecosystem. However, many previous studies reveal
that it is difficult to determine how changes in soil microbial biomass are
regulated [80, 81].

Numerous studies have been conducted on the soil microbial biomass in differ-
ent forest ecosystems [38–40, 82, 83], and also other studies that focused on sea-
sonal changes in soil microbial biomass [43–45, 47, 84–88]. In general, some soil
properties differ in the year. Zhou et al. [89] found that the changes in soil biomass
in tropical and subtropical regions are higher in the summer than in the winter. This
study noticed that whether moisture and temperature directly influence the soil
community and biochemical processes.

Seasonal changes affect the soil temperature, soil moisture, organic matter con-
tent, root activity and amount of microbial community, and composition causing
fluctuations in the soil. Also, these changes vary according to soil texture, structure,
vegetation diversity and type, land-use type, and management application [87, 90].
Investigating the seasonal changes of microbial activities and biomass is essential for
a better understanding of the nutrient dynamics in tree plantation.

4. Relationship between soil microbial biomass and organic carbon

Soil quality and health indicate the condition of the soil, depending on the
chemical, physical, and biological factors that manage the biogeochemical processes
of the soil. Some soil properties are rapidly affected by changes in environmental
factors; other soil properties, which are not suitable for assessing soil health and
quality, change very slowly in a long time [78, 91–92]. For instance, some studies
have noticed that soil microbial indexes and activity may use more rapid indicators
of soil health and quality than the physical and chemical soil properties (e.g., OC
and TN). Therefore, soil’s biochemical characteristics (e.g., MBC, MBN, Cmic/Corg
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different microbial communities and their activity [69]. Richards et al. [72] and
Malchair et al. [73] found that changes in tree species and composition potentially
affect SOM quantity and dynamics. Additionally, some environmental factors such
as moisture, temperature, and seasons influence soil microbial activities and result
in changes in key biogeochemical cycles [71, 74]. The decomposition of SOM begins
with enzyme-mediated hydrolysis of complex substrates, and these enzyme activi-
ties are used as indicators of soil quality [67, 75]. Bolat et al. [76] found that black
locust trees significantly affect the total nitrogen (TN) content of the soil, because
of the enzymatic activity and N-fixing ability by roots. It is also noticed that the
SOC and TN content occurs due to the decomposition and accumulation of organic
material in soils [77–79]. If organic material is added to a soil, it is decomposed by
soil microorganisms and converted into some nutrients such as C, N, P, and K
which are released in the soil.

Among the soil microbial indices, the soil microbial respiration is influenced
by seasonal patterns, but seasonal change directly influences soil metabolism or
indirectly affects the changes in microbial community composition and substrate
availability. Determining any changes in microbial biomass C and N contents is
important in a terrestrial ecosystem. However, many previous studies reveal
that it is difficult to determine how changes in soil microbial biomass are
regulated [80, 81].

Numerous studies have been conducted on the soil microbial biomass in differ-
ent forest ecosystems [38–40, 82, 83], and also other studies that focused on sea-
sonal changes in soil microbial biomass [43–45, 47, 84–88]. In general, some soil
properties differ in the year. Zhou et al. [89] found that the changes in soil biomass
in tropical and subtropical regions are higher in the summer than in the winter. This
study noticed that whether moisture and temperature directly influence the soil
community and biochemical processes.

Seasonal changes affect the soil temperature, soil moisture, organic matter con-
tent, root activity and amount of microbial community, and composition causing
fluctuations in the soil. Also, these changes vary according to soil texture, structure,
vegetation diversity and type, land-use type, and management application [87, 90].
Investigating the seasonal changes of microbial activities and biomass is essential for
a better understanding of the nutrient dynamics in tree plantation.

4. Relationship between soil microbial biomass and organic carbon

Soil quality and health indicate the condition of the soil, depending on the
chemical, physical, and biological factors that manage the biogeochemical processes
of the soil. Some soil properties are rapidly affected by changes in environmental
factors; other soil properties, which are not suitable for assessing soil health and
quality, change very slowly in a long time [78, 91–92]. For instance, some studies
have noticed that soil microbial indexes and activity may use more rapid indicators
of soil health and quality than the physical and chemical soil properties (e.g., OC
and TN). Therefore, soil’s biochemical characteristics (e.g., MBC, MBN, Cmic/Corg

121

Seasonal Changes of Soil Organic Carbon and Microbial Biomass Carbon in Different Forest…
DOI: http://dx.doi.org/10.5772/intechopen.90656



percentage, Cmic/Nmic ratio, basal respiration, and qCO2 ratio) respond immediately
to environmental stress [50, 57, 93].

Soils that have a high OC content usually have higher microbial biomass quanti-
ties [20, 39, 76, 94]. SOM decomposition by soil microorganisms plays a crucial role
in global carbon and nitrogen cycling [95]. Substrate quality (e.g., lignin, cellulose,
hemicellulose content) and the labile C and nutrient availability significantly affect
soil microbial decomposition [96, 97]. The availability of nutrient sources affects
the decomposition processes by influencing microbial physiology such as the pro-
duction of extracellular enzyme activities. When there is an insufficient available
nutrient or substrate, the microbial production of extracellular enzymes is stimu-
lated [98–100]. Winding et al. [101] noticed that soil biogeochemical process can be
determined by organic matter degradation or basal respiration, and it provides an
estimation of microbial activity rate. A variety of microbial activities may show
differences in the organic carbon cycle and nutrients within the terrestrial ecosys-
tem. Also, Insam et al. [102] reported that the metabolic quotient (qCO2) can be an
indicator of soil development and decreases with ecological succession. For the
abovementioned reasons, it is necessary to know the microbial properties of the soil
for nutrient cycle balance and soil quality indicating plant growth.

5. Seasonal changes of SOC and SMBC

Seasonal changes have a significant effect on the soil OC, microbial biomass C
and N, and other related microbial properties in soil. Some studies about seasonal
changes in MBC and SOC have been shown in Table 2. SOC changes in an ecosys-
tem usually occur gradually and take a long time. However, soil microorganisms are
very sensitive to any changes due to seasonal inputs of plant residues, structure, and
growth of roots, chemical component released by root exudates, or decomposition
of organic material inputs. Because the soil microbial activity has a direct impact on
the stability and productivity of the ecosystem, microbial biomass provides very
accurate and fast information about the quality of soil [55]. Few data is describing
the seasonal variation of C and microbial carbon in the soil. If seasonal variation
influences soil OC, environmental parameters that play an active role in this event
should be determined, and their interaction with each other should be demon-
strated in the same experimental unit over time.

Soil organic matter is considered to be composed of a large pool very slowly
changing and protected [103, 104]. Also, it is believed that soil C and microbial
activity is responsive and sensitive to any changes in terrestrial ecosystems. The
amount of soil OC and MBC largely depends on the quality and quantity of litter
input and microbial activity rate that could be affected by soil moisture, tempera-
ture, porosity, presence, and amount of nutrients. Climatic factors especially tem-
perature and moisture are the most significant environmental factors affecting soil
microbial biomass population and activity. Seasonal changes in soil temperature and
humidity directly cause fluctuations of soil microbial biomass population and activ-
ity rates [43–45, 84–88]. In different types of microbial populations have the
highest or lowest limits in which growth and activity decline [105]. Allen et al. [106]
recommended that the determining effects of seasonal changes in the microbial
activity of studies of spatial variability rarely consider sampling at the same time in
a year. Seasonal effects in soil OC reveal numerous studies measuring basal respira-
tion and microbial indexes, but total OC analysis is insufficient. Bolat et al. [76]
found that seasonal fluctuations showed significant effects on microbial indexes
such as MBC, MBN, and MBP in the forest floor and soil because of seasonal
fluctuations that alter the climate and biogeochemical process of the soil. In the
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percentage, Cmic/Nmic ratio, basal respiration, and qCO2 ratio) respond immediately
to environmental stress [50, 57, 93].

Soils that have a high OC content usually have higher microbial biomass quanti-
ties [20, 39, 76, 94]. SOM decomposition by soil microorganisms plays a crucial role
in global carbon and nitrogen cycling [95]. Substrate quality (e.g., lignin, cellulose,
hemicellulose content) and the labile C and nutrient availability significantly affect
soil microbial decomposition [96, 97]. The availability of nutrient sources affects
the decomposition processes by influencing microbial physiology such as the pro-
duction of extracellular enzyme activities. When there is an insufficient available
nutrient or substrate, the microbial production of extracellular enzymes is stimu-
lated [98–100]. Winding et al. [101] noticed that soil biogeochemical process can be
determined by organic matter degradation or basal respiration, and it provides an
estimation of microbial activity rate. A variety of microbial activities may show
differences in the organic carbon cycle and nutrients within the terrestrial ecosys-
tem. Also, Insam et al. [102] reported that the metabolic quotient (qCO2) can be an
indicator of soil development and decreases with ecological succession. For the
abovementioned reasons, it is necessary to know the microbial properties of the soil
for nutrient cycle balance and soil quality indicating plant growth.

5. Seasonal changes of SOC and SMBC

Seasonal changes have a significant effect on the soil OC, microbial biomass C
and N, and other related microbial properties in soil. Some studies about seasonal
changes in MBC and SOC have been shown in Table 2. SOC changes in an ecosys-
tem usually occur gradually and take a long time. However, soil microorganisms are
very sensitive to any changes due to seasonal inputs of plant residues, structure, and
growth of roots, chemical component released by root exudates, or decomposition
of organic material inputs. Because the soil microbial activity has a direct impact on
the stability and productivity of the ecosystem, microbial biomass provides very
accurate and fast information about the quality of soil [55]. Few data is describing
the seasonal variation of C and microbial carbon in the soil. If seasonal variation
influences soil OC, environmental parameters that play an active role in this event
should be determined, and their interaction with each other should be demon-
strated in the same experimental unit over time.

Soil organic matter is considered to be composed of a large pool very slowly
changing and protected [103, 104]. Also, it is believed that soil C and microbial
activity is responsive and sensitive to any changes in terrestrial ecosystems. The
amount of soil OC and MBC largely depends on the quality and quantity of litter
input and microbial activity rate that could be affected by soil moisture, tempera-
ture, porosity, presence, and amount of nutrients. Climatic factors especially tem-
perature and moisture are the most significant environmental factors affecting soil
microbial biomass population and activity. Seasonal changes in soil temperature and
humidity directly cause fluctuations of soil microbial biomass population and activ-
ity rates [43–45, 84–88]. In different types of microbial populations have the
highest or lowest limits in which growth and activity decline [105]. Allen et al. [106]
recommended that the determining effects of seasonal changes in the microbial
activity of studies of spatial variability rarely consider sampling at the same time in
a year. Seasonal effects in soil OC reveal numerous studies measuring basal respira-
tion and microbial indexes, but total OC analysis is insufficient. Bolat et al. [76]
found that seasonal fluctuations showed significant effects on microbial indexes
such as MBC, MBN, and MBP in the forest floor and soil because of seasonal
fluctuations that alter the climate and biogeochemical process of the soil. In the
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same study, it was stated that microbial biomass reached the highest populations
in the summer season.

In some of the studies mentioned below, the changes in soil organic carbon have
been observed at different times of the year. Boerner et al. [107] studied on three
mixed oak forest ecosystems in Ohio and found statistical differences in a variety
of season and plant species. In another study in the Canadian prairie, four different
samples were taken in spring, summer, autumn, and winter season [108]. In a study
in Michigan, significant differences were found in the sampling in April and June
which were 23% in a wheat field and 18% under poplar trees [109]. These studies
indicate that seasonal changes are an important factor, but other factors may also be
similarly involved, such as soil sampling technique and design and changes in soil
water and temperature.

Seasonal changes in environmental conditions such as humidity and tempera-
ture facilitate the microbial biomass cycle, and therefore microbial biomass plays
a crucial role in regulating nutrient uptake. Microbial biomass is considered dead
if the soil substrate dries in summer or freezes in winter. Increases in microbial
activity and population due to wetting and dissolution phenomena are attributed to
the increase in available nutrients from dead microorganisms. Changes in soil
temperature and humidity affect the C mineralization rate, the species structure of
the microbial community, and the availability of nutrients from the soil solution
[110, 111, 124, 125]. Carbon and microbial biomass carbon contents of soils formed
under pure forest stands were investigated in research conducted in karstic areas
of the Eastern Mediterranean region [47]. As a result of these investigations, it was
stated that there was an increase in microbial biomass during the seasons where the
soil temperature and humidity were optimum and that the seasons and plant species
significantly affected the organic carbon and microbial biomass carbon contents
of the soils (Figure 6) [47]. However, in another study conducted in the tropical
Amazon rainforest, microbial biomass C indicates no significant seasonal changes
[112]. Many researchers state that seasonal changes in microbial biomass are related
to the water content and temperature conditions of the substrate [113–115]. In
Spruce (Picea rubens Sarg.) forest, in a study carried out after heavy rains that
occurred when the soil temperature reached +5° C, microbial biomass C was found
to have a negative relationship with soil temperature, whereas microbial C, N, and P
showed a positive relationship with soil moisture [116]. In another study, it was
stated that the seasonal changes in microbial biomass were not only related to
climatic conditions. Seasonal changes in microbial biomass may also be related to

Figure 6.
The Cmic/Corg ratio determined in different stand types (changed from Bauhaus and Khanna, 1999).
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changes in the amount of C that can be obtained from the amount of fine root, root
secretions, and dead cover [111]. In various studies, it is emphasized that it is
difficult to generalize the effect of tree species on microbial parameters.

Figure 7.
(a) Moisture (%), (b) temperature (°C), (c) SOC and (d) SMBC mean values at soil samples. According to
seasons n = 90 and tree species n = 120 total soil samples were analyzed. Different letters between seasons; the
different numbers indicate differences between the tree species at the significance level of P < 0.05.

Figure 8.
Microbial C cycling the relative roles of physical access to soil C pools and of microbial allocation patterns in
regulating overall soil C dynamics.
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activity and population due to wetting and dissolution phenomena are attributed to
the increase in available nutrients from dead microorganisms. Changes in soil
temperature and humidity affect the C mineralization rate, the species structure of
the microbial community, and the availability of nutrients from the soil solution
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of the soils (Figure 6) [47]. However, in another study conducted in the tropical
Amazon rainforest, microbial biomass C indicates no significant seasonal changes
[112]. Many researchers state that seasonal changes in microbial biomass are related
to the water content and temperature conditions of the substrate [113–115]. In
Spruce (Picea rubens Sarg.) forest, in a study carried out after heavy rains that
occurred when the soil temperature reached +5° C, microbial biomass C was found
to have a negative relationship with soil temperature, whereas microbial C, N, and P
showed a positive relationship with soil moisture [116]. In another study, it was
stated that the seasonal changes in microbial biomass were not only related to
climatic conditions. Seasonal changes in microbial biomass may also be related to
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It is stated that Cmic/Corg percentage in leaf litter is higher in broadleaf forests
(2.58%) than coniferous forests (1.27%), whereas it is stated that this value does not
have a significant difference in evergreen forests (2.06%) (Figure 7). As a result of
this study, it can be said that the litter quality of broadleaf species is better than the
coniferous species or that the site factors of the broadleaf species are more suitable
than the coniferous species for the microbial activity [111]. Similarly, Scheu and
Parkinson [117] found that the amount of Cmic in the litter layer and the Cmic/Corg

percentage were higher in the poplar stand than in the pine stands. The effective
role of microorganisms in soil dynamics and the C cycle is shown in Figure 8.

Although soil microorganisms are a small part of soil organic material, it is an
important factor that significantly and positively affects carbon storage in soil [36].
In addition to altering the physiology of microbial communities, changes in the
availability of resources may indirectly affect microbial processes. The differences
in substrates differ in the diversity of soil microorganism’s community. These can
lead to the supply of C, and nutrients from substrates are required for the produc-
tivity and biomass growth of forest ecosystems [110, 119–125], and also changes in
sources have been shown to cause differences in microbial community composition
[118, 126]. Changes in the composition of the microbial communities can
significantly affect microbial processes, as certain enzymes are produced by
specific groups of microorganisms [119, 120].

6. Conclusion

Consequently, any changes in quantity and quality of C and N in the soil directly
influence on soil’s biological characteristics. Furthermore, some various character-
istics of soil such as temperature, moisture content, pH, silt, and clay content
influence soil microbial activities [45–47]. Microbial microorganisms are very
important in controlling nutrient dynamics and availability of soil ecosystem; on an
annual basis, most of the nutrients for plants are maintained through mineralization
of soil organic maters [105, 115]. Therefore, it is essential to investigate the seasonal
changes of microbial activities and microbial biomass and the effects of seasonal
changes (mostly temperature and water content) on them, to better understand the
nutrient dynamics in tree species. The amounts of microbial population and activity
significantly changed with the seasons and followed a sequence order (summer >
autumn > spring > winter). In other words, microbial indexes such as MBC, MBN,
and basal respiration rate in summer and autumn seasons are found to be higher
than in spring and winter seasons.

This study illustrates that soil microbial community structure would vary with
seasonal changes and tree species affect soil microbial community composition
by changing the soil physicochemical properties.
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Chapter 8

Sugar Industry Wastes as Wealth
of Organic Carbon for Soil
Anbalagan Krishnaveni, Sivakumar Chinnasamy,
Jamuna Elumalai and Pandiyan Muthaiyan

Abstract

The organic carbon management in the soil and its relationship with soil
physiochemical and biological characteristics to increase the crop productivity have
been described based on the byproducts of sugarcane. In this chapter, the available
information on the nutrient content especially the organic carbon of various
by-products of sugarcane, paves the way for incorporation of waste materials and
its compost for improving the soil fertility by soil scientists and agronomists, and
further, the ecologists will realize the importance of sugarcane waste and its
meritorious characteristics of toxic residue free soil and food products in addition to
reducing the emission of greenhouse gases to the atmosphere, especially methane
and nitrous oxides due to applied of synthetic fertilizer in the cultivating field.
We have compiled the information on relationship between organic carbon and soil
characteristic, factors responsible for depletion of soil organic carbon and its
management. The composting process for sugarcane press mud, bagasse, and trash
to produce nutrient-rich manure for soil fertility management and its value on
saving the purchase of chemical fertilizer leads to easy adoption of organic farming.
Overall, we emphasized the importance of waste products of sugarcane and it’s
nutritive value to increase the soil fertility, crop productivity, and farm income.

Keywords: nutrient composition, press mud, bagasse, molasses, microbial status,
enzyme activity

1. Introduction

The organic carbon is essential to activate the physical, chemical, and biological
components formation in the soil. The organic carbon is a perennial element
because all macro- and micronutrients utilized by flora and fauna are decomposed
and finally deposited as carbon-rich organic matter, humus, fossil fuel, etc., in the
soil layers. But, the formation and deposition processes have become very low due
to intensive cropping system, monocropping system without incorporation of legu-
minous crops as a sole crop or intercrop, lack of in situ crop residue recycling, poor
application of organic manures, leaching of soil top fertile layer due to improper soil
conservation measures, and excessive use of chemical fertilizers and other socio-
economic factors. In this world, enormous quantity of organic by-products of ani-
mal and plant based are available to enrich or sustain the carbon level in the soil.
There are many agro-based industries, especially the sugarcane-based sugar indus-
try is widely located and generates different types of by-products like press mud,
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molasses, bagasse, etc., during the production of crystal sugar for commercial
purpose. These by-products are not being utilized as organic manure to the soil due
to lack of awareness of its nutrient’s richness, particularly organic carbon and other
nutrients. Instead, these by-products have been heaped or improperly disposed in
and around the industrial factories resulting major health impacts to local residents
and livestock are in addition to soil and air pollution. The sugarcane-based by-
products contain lignocellulosic compounds that are the main source of carbon
through microbial decomposition. In turn, the organic carbon is very essential for
the microbial nitrogen mineralization and also crucial for the solubilization of fixed
nutrients, particularly phosphorus and potassium in the clay particles of different
soil types. Overall, the organic carbon is the heart of the soil for its nature to activate
the action of biotic and abiotic components in the soil ecosystem. The knowledge on
status, importance, and sources of organic carbon in the soil is very important to
manage the continuously decreasing the organic carbon content, which ultimately
affect the floral biodiversity of the soil.

1.1 Status of soil organic carbon in different types of soil

The status of organic carbon in the soil varies according to the soil organic
matter content and its nature of origin, i.e., plants, animals, minerals, etc. The
organic carbons will be estimated easily based on the soil organic matter status. In
general, the organic carbon content of the soil is 1.72 times lesser than the soil
organic matters. Overall, the higher end of soil organic carbon ranges between 0.1
and 10.0 per cent in various types of soil in the different region. its productivity is
assessed based on physical, chemical, and biological traits in addition to floral and
faunal diversity. The biodiversity of the soil is directly connected to the soil organic
carbon or fertility status and also crop productivity. The soil nutrient status is very
important for the growth and development of crop for different stages like seedling,
vegetative, reproductive, and maturity to complete its life cycle and finally to attain
its senescence. If the soil is having major and micronutrient deficiency means it will
be shown on the plant as nutritional deficiency symptoms due to improper physio-
logical activities and to some extent it will invite different pest and pathogens
attack, which result to lowest yields when compared to its maximum yield potenti-
ality. The organic carbon content in the different ecosystems like terrestrial,
aquatic, grassland, forest, etc., contain different levels with maximum of 60 %. The
organic carbon in the organic matter in the 1 m of Earth soil is 2200 Gt. Soil is a
mother to flora, fauna, and human being through its sacrifices as habitat, food
generator in the form of fruits, vegetables, grains, and medicines to cure different
diseases in addition to maintaining the ecological and climate balance of the Earth.

1.2 Formula for estimating soil organic carbon

Soil organic carbon available in different pools is 15–225 t Carbon per ha in the
0–30 cm soil layer. The formation of soil organic carbon is due to mineralization of
carbon and nutrients [1]. The total mass of organic matter, i.e., 58%, exists as carbon.
Tomeasure the total organic carbon (%), the conversion factor is 1.72 or 100/58; hence,
organicmatter (%) = total organic carbon (%)� 1.72. This conversion factor will differ
from soil to soil. But, the value 1.72 gives reasonable value of soil organic matter.

1.3 Importance of organic carbon in the soil

The physicochemical and biological properties in the soil are either directly or
indirectly depending on the soil organic carbon for its formation and reaction.
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The soil organic carbon is calculated and expressed in the unit percentage (%).
The minimum level of organic carbon in the soil plays a major role in the activation
of soil chemical reactions and microbial growth and development. The major source
of organic carbons is from organic matter of either plant or animal origin. Gener-
ally, the differences of soil organic matter, inorganic soil carbon, and organic carbon
differ through its persistence in the soil. Figure 1 indicates that the particulate
organic carbons comes from fresh leaf residues and living organism with labile
nature of 1–5 years. The humus organic carbon has 20–40 years of association with
the soil organic matter of soil, whereas the resistant organic carbon from humus and
charcoal has 500–1000 years of bond with the soil organic matter. Soil functions are
the important function on Earth’s land zone to support the living and nonliving
things formation and disintegrate into different organic and inorganic compounds
to supply energy and nutrient to the flora and fauna species. The carbon is the basic
element for the entire living organism to build its body mass and further multipli-
cation. The flow carbon in the soil ecosystem depends on many factors, for exam-
ple, changing climate, land use, and soil layer in the critical zone (Figure 1).

2. Soil physical properties

The physical properties are mainly the structure and texture of soil. It mainly
depends on size of soil particles bond with particulate organic carbon of clay parti-
cles of different types of involves in the structural stability of soil from silt to sand.
The particle size of the soil varies from coarse sand (2.0–0.2 mm), fine sand
(0.2–0.02 mm), silt (0.02–0.002 mm), and fine clay (<0.002). The particle density
of the good soil are 2.65 mega grams per cubic meter.

2.1 Soil color

The physical property like color of the soil indicates the organic carbon content,
for example, the soil color is black means it has more organic carbon, which absorbs
maximum solar radiation and paves for long-time photosynthesis that results in
more crop productivity. The red soil shows rich in iron compounds, whereas the
light yellow color indicate the iron oxidized soil. The light blue color soil is water
logged soils.

Figure 1.
Flow carbon in the soil ecosystem depending on many factors, for example changing climate, land use, soil layer
in the critical zone (editors of Encyclopedia Britannica).

139

Sugar Industry Wastes as Wealth of Organic Carbon for Soil
DOI: http://dx.doi.org/10.5772/intechopen.90661



molasses, bagasse, etc., during the production of crystal sugar for commercial
purpose. These by-products are not being utilized as organic manure to the soil due
to lack of awareness of its nutrient’s richness, particularly organic carbon and other
nutrients. Instead, these by-products have been heaped or improperly disposed in
and around the industrial factories resulting major health impacts to local residents
and livestock are in addition to soil and air pollution. The sugarcane-based by-
products contain lignocellulosic compounds that are the main source of carbon
through microbial decomposition. In turn, the organic carbon is very essential for
the microbial nitrogen mineralization and also crucial for the solubilization of fixed
nutrients, particularly phosphorus and potassium in the clay particles of different
soil types. Overall, the organic carbon is the heart of the soil for its nature to activate
the action of biotic and abiotic components in the soil ecosystem. The knowledge on
status, importance, and sources of organic carbon in the soil is very important to
manage the continuously decreasing the organic carbon content, which ultimately
affect the floral biodiversity of the soil.

1.1 Status of soil organic carbon in different types of soil

The status of organic carbon in the soil varies according to the soil organic
matter content and its nature of origin, i.e., plants, animals, minerals, etc. The
organic carbons will be estimated easily based on the soil organic matter status. In
general, the organic carbon content of the soil is 1.72 times lesser than the soil
organic matters. Overall, the higher end of soil organic carbon ranges between 0.1
and 10.0 per cent in various types of soil in the different region. its productivity is
assessed based on physical, chemical, and biological traits in addition to floral and
faunal diversity. The biodiversity of the soil is directly connected to the soil organic
carbon or fertility status and also crop productivity. The soil nutrient status is very
important for the growth and development of crop for different stages like seedling,
vegetative, reproductive, and maturity to complete its life cycle and finally to attain
its senescence. If the soil is having major and micronutrient deficiency means it will
be shown on the plant as nutritional deficiency symptoms due to improper physio-
logical activities and to some extent it will invite different pest and pathogens
attack, which result to lowest yields when compared to its maximum yield potenti-
ality. The organic carbon content in the different ecosystems like terrestrial,
aquatic, grassland, forest, etc., contain different levels with maximum of 60 %. The
organic carbon in the organic matter in the 1 m of Earth soil is 2200 Gt. Soil is a
mother to flora, fauna, and human being through its sacrifices as habitat, food
generator in the form of fruits, vegetables, grains, and medicines to cure different
diseases in addition to maintaining the ecological and climate balance of the Earth.

1.2 Formula for estimating soil organic carbon

Soil organic carbon available in different pools is 15–225 t Carbon per ha in the
0–30 cm soil layer. The formation of soil organic carbon is due to mineralization of
carbon and nutrients [1]. The total mass of organic matter, i.e., 58%, exists as carbon.
Tomeasure the total organic carbon (%), the conversion factor is 1.72 or 100/58; hence,
organicmatter (%) = total organic carbon (%)� 1.72. This conversion factor will differ
from soil to soil. But, the value 1.72 gives reasonable value of soil organic matter.

1.3 Importance of organic carbon in the soil

The physicochemical and biological properties in the soil are either directly or
indirectly depending on the soil organic carbon for its formation and reaction.

138

Environmental Factors Affecting Human Health

The soil organic carbon is calculated and expressed in the unit percentage (%).
The minimum level of organic carbon in the soil plays a major role in the activation
of soil chemical reactions and microbial growth and development. The major source
of organic carbons is from organic matter of either plant or animal origin. Gener-
ally, the differences of soil organic matter, inorganic soil carbon, and organic carbon
differ through its persistence in the soil. Figure 1 indicates that the particulate
organic carbons comes from fresh leaf residues and living organism with labile
nature of 1–5 years. The humus organic carbon has 20–40 years of association with
the soil organic matter of soil, whereas the resistant organic carbon from humus and
charcoal has 500–1000 years of bond with the soil organic matter. Soil functions are
the important function on Earth’s land zone to support the living and nonliving
things formation and disintegrate into different organic and inorganic compounds
to supply energy and nutrient to the flora and fauna species. The carbon is the basic
element for the entire living organism to build its body mass and further multipli-
cation. The flow carbon in the soil ecosystem depends on many factors, for exam-
ple, changing climate, land use, and soil layer in the critical zone (Figure 1).

2. Soil physical properties

The physical properties are mainly the structure and texture of soil. It mainly
depends on size of soil particles bond with particulate organic carbon of clay parti-
cles of different types of involves in the structural stability of soil from silt to sand.
The particle size of the soil varies from coarse sand (2.0–0.2 mm), fine sand
(0.2–0.02 mm), silt (0.02–0.002 mm), and fine clay (<0.002). The particle density
of the good soil are 2.65 mega grams per cubic meter.

2.1 Soil color

The physical property like color of the soil indicates the organic carbon content,
for example, the soil color is black means it has more organic carbon, which absorbs
maximum solar radiation and paves for long-time photosynthesis that results in
more crop productivity. The red soil shows rich in iron compounds, whereas the
light yellow color indicate the iron oxidized soil. The light blue color soil is water
logged soils.

Figure 1.
Flow carbon in the soil ecosystem depending on many factors, for example changing climate, land use, soil layer
in the critical zone (editors of Encyclopedia Britannica).

139

Sugar Industry Wastes as Wealth of Organic Carbon for Soil
DOI: http://dx.doi.org/10.5772/intechopen.90661



2.2 Soil pH and EC

The pH of the soil varies from scale 0 to 14. The acid soil indicates the pH from 0
to 6.5. The neutral soil falls in the range of 6.5–7.5, whereas the alkaline soils has the
pH value of >7.5. The soil is EC of indicate soil indicator of soluble salts present in
the soil, 0–1.0, 1.1–3.0, >3.1 ds m�1. The montmorillonite clay has the highest ion
change capacity particularly positive ion exchange. The positive and negative ions
exchange in the outside layer of clay particles. The iron-and aluminum-rich soil
show the maximum level of negative ion exchange.

2.3 Soil particles

The soil particles will be classified into microaggregates like 2–20 and 20–
250 mm and macro aggregates >250. Microaggregates diameters (2–20 mm) were
formed through flocculation of silt clay particles. The negatively charged clay par-
ticles are increased through addition of exchangeable calcium cation and also the
available trivalent aluminum cation. The microaggregates (20–250 mm) were
formed initially from the products available through decomposition of organic
debris.

The soil macroaggregates (>250 mm) contains primary particles, whereas the
microaggregates are associated with plant root mycorrhizae and particulate organic
matter and its stability maintained by soil management. The water holding capacity,
porosity, bulk density, and strength of the soil depend on the stability of the soil
aggregate. The soil organic carbon of the soil is decreasing from 1.5 to 1.2%, which
means that the stability of micro- and macro aggregates of soil is also decreasing
simultaneously. About 2% level of soil organic carbon is required to stabilize the soil
micro- and macro aggregates [2]. The maximum soil organic carbon for the soil
aggregates stability is 3.2–4.0% [3]. The soil particles aggregates stability does not
reach a limit; the process of stability will increase with increase in soil organic
matter content of the soil due to microbial decomposition [4].

3. Chemical properties

The chemical properties of the soil will influence the certain functions of the
floras. The organic carbon contributes to the chemical elements cation exchange
capacity and also enhances buffer capacity in accordance to changing pH of the soil.
Chemical functions of the organic carbon contribute to the chemical elements
cation exchange capacity and also enhance buffer capacity in accordance to chang-
ing pH of the soil. The cations and anions’ complexes reduce the availability of toxic
cation like Al3

+ in the soil solution. The cations and anions’ complexes reduce the
availability of toxic cation like Al3

+ in the soil solution. To estimate the capacity of
soil carbon, fractions to undertake some of the functions vary with different soil
types. The main organic carbon sources in the soil are humic and fulvic acids, which
are holding highest chemical activity, whereas the particulate organic carbon is
mainly involving in soil aggregates stability and texture. In general, the standard
amount of the soil carbon compounds are essential for the soil functions like water
holding capacity and enzymatic microbial activity for the mineralization of nutri-
tive elements. Krull et al. [5] reported that the importance of the different organic
carbon fractions for its role in plant physiological functions varies with respect to
different soil types. The soil organic matter paves the importance functions of
provide cation exchange capacity in sandy type of soil. The most important function
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the need for soil organic matter to provide a food and energy source for the micro-
bial populations is needed in all soils, regardless of clay content or texture

3.1 Soil organic matter

Soil organic matter in the soil comprises of all the organic materials available in
soils through natural or external application. The natural sources include microbial
organisms, flora and fauna, particulate organic matter, humus, charred organic
materials, and charcoal. The definition of soil organic matter excludes larger than
2 mm size organic materials [6].

3.2 Soil organic carbon

Soil organic matter consists of carbon, hydrogen, oxygen, nitrogen, phosphorus,
and sulfur. The soil organic matter has been actually determined analytically based
on the level of soil organic carbon. The common conversion factor is 1.72. The
content of soil organic matter will be calculated through the soil organic carbon
multiplied with 1.72 [6]. The different types of carbon and its longevity with soil
organic matters are shown in Figure 2.

3.3 Inorganic soil carbon

The inorganic carbon will originate in arid soils in combination with more
mineral materials like basalts, limestone, and calcium, and is also formed from
magnesium carbonate or dolomite. The inorganic carbon is not counted in the soil
organic carbon level. The inorganic carbon will not contribute the soil organic
matter [7].

4. Biological functions

The biological function of carbon-containing organic matters provides a major
carbon, hydrogen, and nitrogen sources of energy to microorganisms for its metab-
olism. The microbial load and its activity are very essential for the biological pro-
cesses like nutrient elements mineralization, decomposition of organic residues, and
also solubilization of fixed nutrients in clay particles of the soil. The microbial action
in the soil is highly dependent on the organic carbon through organic matter
decomposition which further involves in the nutrient recycling in the crop land

Figure 2.
Different types of carbon and its longevity with soil organic matter. (University of Minnesota Extension
Publication WW-07402).
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organic matters are shown in Figure 2.
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Figure 2.
Different types of carbon and its longevity with soil organic matter. (University of Minnesota Extension
Publication WW-07402).
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ecosystem (Table 1). The different microbial categories are involving in different
function for the nutrients uptake by plants.

4.1 Factors influencing the organic carbon content in the soil

The organic carbon balance is very important for initiation of all the physical
processes to build the soil structure and texture, which are essential for plant
growth and further establishment. The organic carbon balance of the soil is varying
due to natural and manmade causes that imbalance the input (addition) and output
(depletion) ratio. The positive balance is essential for the soil fertility and crop
productivity. The carbon source in the form of CO2 absorbed from the atmosphere
by floras in the soil and deposited as either organic or inorganic form in the soil
particles for long period of time through natural process. The negative balance is
being occurring in the soil when the uptake is more than addition. So, the basic
understanding on factor responsible for carbon deposition and depletion is required
to sustain the carbon load in soil ecosystem for its utilization by flora and fauna
(Table 2).

5. Sources of carbon to the soil ecosystem

5.1 Soil organic matter cycling

The type of soil, climatic factors, and management practices influence the
organic matter addition to soil through its turnover or decomposition. Among the
weather factors, rainfall is critical for plant growth and soil microbial activity,
which leads to decomposition of organic residues available in the soil ecosystem.
There are different soil organic matter fractions, viz. particulate, dissolved, humus,
and resistant types. Their turn over in the soil is very different in terms of duration
(Table 3). Furthermore, soil organic matter cycles occurring continuously between
livings, stable and decomposing fractions in the soil (Figure 3).

5.2 Natural carbon cycle

Carbon cycle is the combination of different processes like respiration, translo-
cation, absorption, photosynthesis, and decomposition. In the carbon cycle, carbon
containing living and nonliving things are cycling between different ecosystems,
like terrestrial, aquatic, forest with living organisms in the atmosphere. The carbon
element is taken up by plants from the atmosphere through respiration for food

S. No Microorganisms Function in the soil

1. Bacteria Decomposition of organic matters for nitrogen fixation and carbon
accumulation
Mineralization of nitrate and nitrite nitrogen and release of carbon
compounds
Oxidation of ion- and sulfur-containing organic matters

2. Fungi Decomposition of organic matters which releases organic carbon to the soil

3. Actinomycetes Absorption of nutrients and decomposition of organic mater

4. Earthworm Lifting of organic carbon to the upper layer of the soil

Table 1.
Microorganisms and its role in soil.
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S. No. Carbon status Level

1. Organic C is around 2 � greater C content than Earth’s atmospherea 60%

2. Amount of carbon in top 1 m of Earth’s soil b 2/3 as organic matter 2200 Gt

3. Fraction of antecedent soil and vegetation carbon characteristically lost from
agricultural land since 19th centuryc

25%

4. Fraction of global land area degraded in past 25 years due to soil carbon lossd 1 mm year�1

5. Rate of soil loss due to conventional agriculture tillage soil formatione 0.01 mm year�1

6. Global mean land denudation rate a, f 0.06 mm year�1

7. Rate of peat lands loss due to drainage compared to peat accumulation rateg 20� faster

8. Equivalent fraction of anthropogenic greenhouse gas emissions from
peatland lossg

6% annually

9. Soil greenhouse gas contributions to anthropogenic emissions, in CO2

Equivalentsh
25%

Source: Banwart et al. [8].
aRate of land lowering due to chemical and physical weathering losses.
bBatjes [9].
cHoughton [10].
dBai et al. [11].
eMontgomery [12].
fWilkinson and McElroy [13].
gJoosten [14].
h2004 data not including CH4, IPCC (2007).

Table 2.
Fact sheet of global soil carbon reserves.

Microorganisms Compounds Composition Amount
in soil

Fractions for models

Nonliving
organic matter

Dissolved
organic matter

Litter <0.1% Labile soil carbon
Active pool

Particulate
organic matter

Macro-organic
material

5–20% Decomposable plant materials (low
C:N ratio, low lignin)

Resistant plant material (high C:N
ratio, high lignin)

Light fraction

Humus Non-humic
biomolecules

65–80% Resistant plant material (high C:N
ratio, high lignin)

Humic
substances

Inert organic
matter

Charcoal/char

Living organic
matter

Phytomass Plant roots,
litter

1% Labile soil carbon

Microbial
biomass

Bacteria 2–5% Active pool
Decomposable plant materials
(Low C:N ratio, low lignin)

Faunal biomass Fungal <1% Resistant plant material
(High C:N ratio, high lignin)
(High C:N ratio, high lignin)

Table 3.
Fractions of soil organic matter based on Baldock and Sjemstad [16] and use for soil carbon models [17].
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production to maintain the food chain of the ecosystem. In the atmosphere, carbon
is available in the gaseous form as carbon dioxide (CO2) due to the attachment of
carbon to oxygen. The carbon dioxide from the air is taken up by the plants to
produce the food as carbohydrate in the presence of sun and water. Later, the
carbon in plants and animals will enter into the soil ecosystem due to decaying
process of plant parts and animal bodies after completing their life cycle at senes-
cence stage. There are certain exceptional conditions like earthquake and tsunami,
where the plant and animal parts will be buried in the deeper depth of the soil
system which are converted into fossil fuel after millions and millions of years. The
carbon moves from the ground to atmosphere due to burning of fossil fuels, debris
of plant and animal origin. The movement of carbon from fossil fuels to the atmo-
sphere is occurring in a fast manner due to burning of fossil field and then quantity
of five and a half billion tons of carbon are released into the atmosphere (Figure 4).

Another important process in the carbon cycle is releasing carbon dioxide gas
(CO2) into the atmosphere by each exhale of living organisms. Animals and plants
are getting carbon dioxide gas through the respiration process.

The role of carbon for regulation of global climate is inevitable. The activities of
living organisms on the Earth, including the human beings, increased the carbon
releasing form as carbon dioxide through burning of crop residues and fossil fuels.
Forest ecosystem is a major sink for carbon. But, the deforestation due to infra-
structure development and forest fire are causing the leaf mass reduction, which
ultimately affect the CO2 sink in the ecosystem. The floral green masses are major
storage green cylinder for CO2, especially during photosynthesis to produce carbo-
hydrate (CHO). On the other hand, the atmospheric carbon concentration is an
increasing trend due to population, urbanization, changing life styles, etc., which
ultimately affect the climatic condition of the region, habitat loss, floral and faunal
extinction, and health risk to human and animals due to global warming.

5.3 Decomposing of natural flora and fauna

The decomposition of plant and animal residues will result in the formation of
different soil organic carbon fractions, which ultimately improves the pH buffering

Figure 3.
The influence of soil type, climate, and management factors on the retention of soil organic matter in soils
(Ingram et al. [15]).
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capacity and cation exchange capacity in the soil. The transformation of nitrogen-based
organic crop residues occurs during decomposition to inorganic molecules; for
example, organic nitrogen (N) to ammonia (NH4+) and nitrate (NO3

�) adds
nutrient to soil and also organic matter. Sometimes, the production of these gases
(CO2, N2O, NH3, N2, and CH4) contributes to the greenhouse effect and global
warming. The beneficial microbial agents like bacteria, fungi, and actinomycetes
are decompose the organic residues available on the soil and make around 90% of
the organic carbon entering in soil. In doing so, they respire the carbon back into the
atmosphere as carbon dioxide. Based on the soil types and climatic conditions, 30%
of organic inputs are converted into humus due to activity of microorganisms.
The clay soils will retain more organic matter than sandy soils, so the organic carbon
content also increased. The cool climatic condition will not favor for the microbial
action on organic residues which paves way for slow buildup of organic carbon in
the soil.

5.4 Industrial organic wastes

The waste materials are generated by various industrial sectors in the different
parts of the country. Organic wastes such as cassava rind, sugarcane bagasse, potato
peel, coffee husk, and banana bark have been used as a substrate in solid-state
fermentation using different microorganisms for the production of aromatic sub-
stances [18]. It is found that most of the aromatic compounds are industrially
produced by microbial fermentation [20]. The wastes’ by-products produced from
food and agricultural industries are voluminous and rich in carbon-containing
compounds such as carbohydrates, proteins, and other nutrients, which can be
utilized as a substrate for the production of chemicals and enzymes by the solid-
state fermentation technique [21]. In this technique, the nature of the solid sub-
strate is a very important aspect. However, the solid substrate contains nutrients for
microbial multiplication and renders physical support for the growth of microbial
cells. Currently, there has been an increasing trend toward the recycling of agro-
industrial waste including sugarcane press mud and bagasse. Pandey et al. [22]

Figure 4.
Carbon cycle in between both natural and manmade fluxes. Ning Zeng, 2008.
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reported various processes on sugarcane by-products for different purposes like
paper production, power generation, the production of paper, and manure and
alcohol based on fermentation.

6. Role of sugarcane by-products for soil fertility

6.1 Status of sugarcane by-products

India is highly dependent on agriculture, which is the main income source and
employment generating sector for its development. Sugarcane is one of the impor-
tant crops; crystal sugar is produced in commercial quantity. India is the second
largest sugar producing country in the point of crystal sugar production. The sug-
arcane by-products like bagasse, molasses, and press mud are generated from this
industry; so to handle this large quantity of waste products in a safe and eco-
friendly disposal manner is highly required in this hour. Press mud is a by-product
obtained from sugarcane syrup during processing. If it is discharged into environ-
ment without proper treatment, it causes soil and water pollution. In addition, the
sugarcane by-products possess many plant nutrients and organic matter to enhance
the soil physiochemical and biological properties [23]. Sugarcane is one of the
commercial crops and cultivated across all the agro-climatic zones of the world
[24, 25]. Choudhary et al. [26] stated that the areas of the crops are around 26.9
million hectares (M ha) and cover more than 110 countries with production of 1.91
billion tonnes (bt) [27]. Sugarcane is a cash crop as well as long-duration nutrient
exhaustive crop [28]. Though many commercial crops are available in different
parts of the country, sugarcane is the maximum cultivated crop due to its commer-
cial valued commodities like crystal sugar and jaggery and its by-products, viz. trash
press mud, bagasse, for organic manure usage, and alcohol from the molasses
(Table 4).

6.2 Important soil amending nutrient rich sugarcane by-products

Brazil is the first largest sugar producing country and then India ranks second. In
India, Maharashtra state is the first in sugar production. So, industries are produc-
ing huge volume of waste products which requires safe and eco-friendly manage-
ment practices to obtain the organic manure for cropping land. The press mud
contains higher amount of nutrients, so it has to be composted to be used as
biomanure for different crops. Among the industries, sugarcane industries are gen-
erating various by-products, viz. trash, press mud, and bagasse of nutrient-rich
organic nature. Hence, these by-products have to be processed effectively for

States Press mud Bagasse Bagasse ash

Punjab 0.111 0.555 0.094

Haryana 0.160 0.801 0.136

Uttar Pradesh 3.516 17.571 2.987

Karnataka 0.913 4.566 0.773

Maharashtra 1.925 9.624 1.630

All India 8.774 43.845 7.454

Table 4.
Sugarcane by-products produced by the sugar mills in India (Mt) [29] (Fertilizer Statistics 2011).
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utilizing as nutrient source for various crop cultivation programs and incorporated
as reclaim the problem soil especially sodic soil.

7. Press mud

The estimated production of crystal sugar is around 354.95 million tons in the
world and nearly 704 sugar mills are running in India. The sugarcane by-products
are about 8 million tons in the form of press mud [30]. Press mud is used as
biocompost to maintain the soil fertility and increase the crop productivity because
the by-products contains the maximum amount of nutrients, viz. cellulose, hemi-
cellulose, fiber, organic carbon in addition to nitrogen, phosphorus, potassium,
magnesium, and calcium; and the micronutrients like zinc (Zn), iron (Fe), Copper
(Cu), and manganese (Mn) [31] and also contains beneficial microorganisms. These
by-products are holding many beneficial effects on soil properties particularly the
fertility, which ultimately increase the productivity of the crop [32].

The advantage of applying the organic inputs to the soil environment will pre-
vent indiscriminate usage of chemical fertilizer to the soil. The composted press
mud manure is produced after drying crop residues to maintain the moisture con-
tent and also for active microbial population [33].

The well-decomposed press mud is odorless, dark brown, soft, and spongy
nature with many cellulosic and hemic cellulosic materials including fibers, wax,
and organic aggregates [34]. The cost of chemical fertilizers is increasing in rapid
manner which results unaffordable by cultivators, so the by-products like press
mud has promise as a cheap cost source of plant nutrient for cost effective crop
production and also for improvement in the physical parameters like texture,
structure, porosity, water-holding capacity, and moisture content.

The chemical characteristics such as pH, electrical conductivity (EC), cation
exchange capacity (CEC), and biological factors like microbial pollution have been
improved due to application of composted press mud [35]. The by-products of
sugar industry can be utilized for carbon sequestration, which means transferring of
carbon fractions or CO2 into various carbon pools like forest, soil for long periods of
time that can be stored [36]. Application of press mud as an organic manure shows
150% increase in the organic carbon after first application, and it has the potential to
store more carbon and also help in reducing the impact of global warming.

7.1 Nutrient status of the press mud

Sugarcane press mud contains many nutrients, so it can be applied as organic
manure to the crop and composted for value addition for easy uptake by the plants.
Generally, the compost sample contains C/N ratio of 725.95, total potassium of
1.43%, and total organic carbon of 12.53%. The organic residues inoculated with
microbial cultures such as Trichoderma, Aspergillus niger, Pleurotus, and
Phanerochaete are effectively reducing the wastes into valuable organic manure
(Table 5). This final organic manure contains maximum amount of nutrients so it
can directly be applied to the agriculture field to meet out the nutrient requirement
of crops.

7.2 Effect of press mud on soil physical properties

Generally, the addition of organic residues to soil maximizes the organic carbon
content and also activate the other nutrients [36]. Further, the application of
organic compounds enhances the microbial population and microbial diversity in
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(Table 5). This final organic manure contains maximum amount of nutrients so it
can directly be applied to the agriculture field to meet out the nutrient requirement
of crops.

7.2 Effect of press mud on soil physical properties

Generally, the addition of organic residues to soil maximizes the organic carbon
content and also activate the other nutrients [36]. Further, the application of
organic compounds enhances the microbial population and microbial diversity in
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the soil, because the organic residues contain organic sources for its energy [37].
The organic source like filter cake increased the cation exchange capacity for
30 months after its application [38], and the residual effect remains up to 4 years in
soil [39]. Regular addition of organic materials such as press mud compost, munic-
ipal biosolids, animal manures, and crop residues is of most importance in
maintaining the tilth, fertility, and productivity of agricultural soils [40]. Press mud
or filter cake is one of the important organic by-products of sugar industry which is
capable of supplying sufficient amount of plant nutrients to soil, due to its favorable
effects on soil texture, structure, water holding capacity, infiltration, soil porosity,
hydraulic properties, and bulk density of soil, and can be linked to most of the
fundamental soil properties [41]. However, these are accompanied by improve-
ments in soil aggregate stability [42]. The physical environments of the soil ecosys-
tem are critical for a healthy soil and sustainable agriculture. The higher amount of
N, P, and K in soil has made it a valuable nutrient resource, which is due to
increased SOM by adding press mud compost [42]. Addition of press mud improves
soil aeration and drainage in heavy soils, whereas in sandy soils, it helps in improv-
ing the retention of moisture. When added to agriculture fields, it increased the
cane yield, improved the juice quality, and enhanced the ammonifying power of the
soils [43].

7.3 Effect of press mud on soil chemical properties

Many research finding stated that the press mud can be utilized for crop culti-
vation and also to improve chemical properties of the soil. The press mud contains
the maximum amount of organic matter and significant quantity of micronutrients
such as zinc, copper, iron, and manganese. Therefore, the application of press mud
will likely to improve the micronutrient status and enhance the beneficial microbial
population in the soil system. Soil organic matter increases cation exchange capacity
(CEC) through enhancing the adsorbing power of the soils and then producing
cations such as, Mg2+, Ca2+, and K+ during the organic residues decomposition [43].
The composted press mud contains the essential plant nutrients such as nitrogen
(N), phosphorus (P), and number of micronutrients in higher concentrations than
soils [44] fertilizer value and have been used to replace or partially replace inor-
ganic fertilizers to increase soil, available Phosphorus (P) [45] and exchangeable
potassium (K) [46], calcium (Ca), and magnesium (Mg) [47]. Continued decom-
position of more stable organic N sources as press mud compost over a sustained
period regulates the subsequent mineralization of available N in soil [48], which is

SI. No. Parameter Raw press mud Unit

1 pH 6.25

2 Electrical conductivity 6.554 mS/cm

3 Moisture content 72.50 %

4 Total organic carbon 12.53 %

5 Total Kjeldahl nitrogen 0.48 %

6 Total phosphorus (as P2O5) 0.40 %

7 Total potassium (as K2O) 1.09 %

8 C/N ratio 25.95

9 Iron 0.15 mg/kg

Table 5.
Nutrient composition of raw press mud from sugar industry.
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balanced by partial biological immobilization by soil microbes and this balance
provide a residual source of N available for plant uptake. The CEC (capacity to
retain and exchange cations) of soils is measured as the sum of exchangeable Ca,
Mg, K, sodium (Na), and aluminum (Al) cations present per unit weight of soil;
however, the level and balance of these ions are important factors in structural
stability, nutrient availability, pH, and the soil reaction to fertilizers and other
amendment [49]. The press mud contains potash and phosphorus, inoculation of
potash mobilizing bacteria (Frateuria aurantia), and phosphate solubilizing bacteria
in the composting materials that increases the availability of K2O and P2O5 in the
wastes. This may be used later like other organic amendments.

7.4 Effect of press mud on soil biological properties

Soil organic carbon is a complex and heterogeneous mixture of materials. These
materials vary in their physical size, chemical composition, and degree of interac-
tion with soil minerals and extent of decomposition. An industrial waste like press
mud is taken as fertilizer to increase organic carbon in soil, with an intention of
utilizing the waste and building up organic carbon in the soil. Application of press
mud greatly increased bacterial and fungal population in soil [50]. Enhancement of
fungal, bacterial, and actinomycetes populations by the application of press mud in
agricultural soils marks their roles in decomposition of organic materials to release
nutrient for plants growth and development. Furthermore, the higher C biomass
and N contents in the soils treated with press mud showed changes in soil organic
matter content caused by microbial enzymatic activities. Application of press mud
was responsible for a large increase in the number of non-spore-forming bacteria
and various fungi including Neurospora crassa,Trichoderma viride, Aspergillus sp.,
and Penicillium sp. An increase in the spore-forming fungi, Bacillus and Actinomy-
cetes has a positive influence on soil aggregate stability, which was observed during
the final stage of composting of press mud [51].

8. Composting of press mud

The sugarcane by-products are not being utilized or underutilized due to less
awareness. As per the views of many researchers, these by-products had the signifi-
cant impact on soil quality when applied to agricultural soils as organic fertilizer. It
improves the soil health and sustainable agronomic productivity. Press mud is a by-
product of sugar industry and for every 100 tons of sugarcane crushed, about 3 tons
of press mud cake is left behind as by-product. When this by-product is composted, it
is converted into a very nutritive organic manure, because composting is a most
promising technology of waste disposal, enabling recycling and solid treatment of
waste organic matter and by this process, organic solid waste can be biodegraded and
can be made suitable by composting and the final compost products could be used in
agricultural fields as the fertilizing agent which is rich in micro- and macronutrients;
with organic carbon or soil conditioner, it increases the microbial population, pre-
pares beneficial microbial communities, improves microbiological standard and sub-
stance which can manage, store, convert, generate various important enzymes and
thus, apply to the field without adversely affecting the transformation of organics and
reduce odorous gas to release into environment so it is eco-friendly. It is also used to
protect the plants from various soil-borne diseases and to maintain soil fertility and
enhance sustainable crop production in the degraded lands due to continuous and
excessive uses of chemical fertilizers and pesticides. The nutrient mixture act as a
catalyst for accelerating the composting process and the microorganisms involved are
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the soil, because the organic residues contain organic sources for its energy [37].
The organic source like filter cake increased the cation exchange capacity for
30 months after its application [38], and the residual effect remains up to 4 years in
soil [39]. Regular addition of organic materials such as press mud compost, munic-
ipal biosolids, animal manures, and crop residues is of most importance in
maintaining the tilth, fertility, and productivity of agricultural soils [40]. Press mud
or filter cake is one of the important organic by-products of sugar industry which is
capable of supplying sufficient amount of plant nutrients to soil, due to its favorable
effects on soil texture, structure, water holding capacity, infiltration, soil porosity,
hydraulic properties, and bulk density of soil, and can be linked to most of the
fundamental soil properties [41]. However, these are accompanied by improve-
ments in soil aggregate stability [42]. The physical environments of the soil ecosys-
tem are critical for a healthy soil and sustainable agriculture. The higher amount of
N, P, and K in soil has made it a valuable nutrient resource, which is due to
increased SOM by adding press mud compost [42]. Addition of press mud improves
soil aeration and drainage in heavy soils, whereas in sandy soils, it helps in improv-
ing the retention of moisture. When added to agriculture fields, it increased the
cane yield, improved the juice quality, and enhanced the ammonifying power of the
soils [43].

7.3 Effect of press mud on soil chemical properties

Many research finding stated that the press mud can be utilized for crop culti-
vation and also to improve chemical properties of the soil. The press mud contains
the maximum amount of organic matter and significant quantity of micronutrients
such as zinc, copper, iron, and manganese. Therefore, the application of press mud
will likely to improve the micronutrient status and enhance the beneficial microbial
population in the soil system. Soil organic matter increases cation exchange capacity
(CEC) through enhancing the adsorbing power of the soils and then producing
cations such as, Mg2+, Ca2+, and K+ during the organic residues decomposition [43].
The composted press mud contains the essential plant nutrients such as nitrogen
(N), phosphorus (P), and number of micronutrients in higher concentrations than
soils [44] fertilizer value and have been used to replace or partially replace inor-
ganic fertilizers to increase soil, available Phosphorus (P) [45] and exchangeable
potassium (K) [46], calcium (Ca), and magnesium (Mg) [47]. Continued decom-
position of more stable organic N sources as press mud compost over a sustained
period regulates the subsequent mineralization of available N in soil [48], which is
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2 Electrical conductivity 6.554 mS/cm

3 Moisture content 72.50 %

4 Total organic carbon 12.53 %
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balanced by partial biological immobilization by soil microbes and this balance
provide a residual source of N available for plant uptake. The CEC (capacity to
retain and exchange cations) of soils is measured as the sum of exchangeable Ca,
Mg, K, sodium (Na), and aluminum (Al) cations present per unit weight of soil;
however, the level and balance of these ions are important factors in structural
stability, nutrient availability, pH, and the soil reaction to fertilizers and other
amendment [49]. The press mud contains potash and phosphorus, inoculation of
potash mobilizing bacteria (Frateuria aurantia), and phosphate solubilizing bacteria
in the composting materials that increases the availability of K2O and P2O5 in the
wastes. This may be used later like other organic amendments.

7.4 Effect of press mud on soil biological properties

Soil organic carbon is a complex and heterogeneous mixture of materials. These
materials vary in their physical size, chemical composition, and degree of interac-
tion with soil minerals and extent of decomposition. An industrial waste like press
mud is taken as fertilizer to increase organic carbon in soil, with an intention of
utilizing the waste and building up organic carbon in the soil. Application of press
mud greatly increased bacterial and fungal population in soil [50]. Enhancement of
fungal, bacterial, and actinomycetes populations by the application of press mud in
agricultural soils marks their roles in decomposition of organic materials to release
nutrient for plants growth and development. Furthermore, the higher C biomass
and N contents in the soils treated with press mud showed changes in soil organic
matter content caused by microbial enzymatic activities. Application of press mud
was responsible for a large increase in the number of non-spore-forming bacteria
and various fungi including Neurospora crassa,Trichoderma viride, Aspergillus sp.,
and Penicillium sp. An increase in the spore-forming fungi, Bacillus and Actinomy-
cetes has a positive influence on soil aggregate stability, which was observed during
the final stage of composting of press mud [51].

8. Composting of press mud

The sugarcane by-products are not being utilized or underutilized due to less
awareness. As per the views of many researchers, these by-products had the signifi-
cant impact on soil quality when applied to agricultural soils as organic fertilizer. It
improves the soil health and sustainable agronomic productivity. Press mud is a by-
product of sugar industry and for every 100 tons of sugarcane crushed, about 3 tons
of press mud cake is left behind as by-product. When this by-product is composted, it
is converted into a very nutritive organic manure, because composting is a most
promising technology of waste disposal, enabling recycling and solid treatment of
waste organic matter and by this process, organic solid waste can be biodegraded and
can be made suitable by composting and the final compost products could be used in
agricultural fields as the fertilizing agent which is rich in micro- and macronutrients;
with organic carbon or soil conditioner, it increases the microbial population, pre-
pares beneficial microbial communities, improves microbiological standard and sub-
stance which can manage, store, convert, generate various important enzymes and
thus, apply to the field without adversely affecting the transformation of organics and
reduce odorous gas to release into environment so it is eco-friendly. It is also used to
protect the plants from various soil-borne diseases and to maintain soil fertility and
enhance sustainable crop production in the degraded lands due to continuous and
excessive uses of chemical fertilizers and pesticides. The nutrient mixture act as a
catalyst for accelerating the composting process and the microorganisms involved are
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Trichoderma, Aspergillus niger, Pleurotus, and Phanerochaete. Trichoderma is a fungus
and also biofungicide, which is playing an important role to decompose the cellulosic
matter of the organic residues into glucose. The fungus, Pleurotus is an Oyster Mush-
room and a commonly cultivated species, and is also found in dead plants. The fungi
are white or grayish brown or brown in color.

The important saprophytic fungus is Phanerochaete, called as white root fungus
because it has the ability to decompose the polymers like lignin and chemicals at the
moderate temperature of 40°C and efficiency changes based on the chemical con-
tent of the waste. The chemical composition of organic residues varies based on soil
conditions, cane duration, cane varieties, and geographical variations. The crop
decomposition cycles is shown in Figure 5.

9. Microbial biomass of press mud compost

The appropriate quality and quantity of organic residues are not only sources of
organic matter and nutrients but improves the soil particle size, floral and faunal
biodiversity, and microbial populations in soil [52]. The organic manure-added soil
has maximum bacterial, fungal, and other microbial populations, which has a great
effect on soil quality and sustainability [53]. The good quality press mud compost
contain many nutrients and beneficial microorganisms (Table 6).

10. Sugarcane bagasse

Sugarcane bagasse is one of the major cellulosic agro-industrial by-products of
Brazil and is being used almost entirely as fuel for the sugar industry. In recent years,
there has been a tendency to use efficient agro-industrial waste such as sugarcane
bagasse, not only as a fuel but also as a raw material for biotechnological processes,
due to its lignocellulosic composition, which can be used for the metabolism of
microorganisms to obtain products andmetabolites of interest [54]. Sugarcane bagasse
contains approximately 50% cellulose and 25% hemicelluloses and lignin. Chemically,
bagasse contains about 50% of α-cellulose, 30% of pentosans, and 2.4% ash.

Figure 5.
Crop microbial decomposition cycle (Alexandra Bot, FAO, 2005).
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A large number of microorganisms, including bacteria, yeasts, and filamentous fungi,
have also been used in fermentation processes with sugarcane bagasse as support.
Filamentous fungi, especially the basidiomycota, have been widely used and are
preferred in the production of enzymes or enrichment of protein. The sugarcane
bagasse contributes a significant proportion of the waste produced. In comparison
with other agro-industrial residues, sugarcane bagasse is considered a rich solar energy
reserve, due to its high growth rate (about 80 t/ha in comparison with 1, 2, and 20 t/ha
of wheat, and other plants and trees, respectively) and annual regeneration capacity
[55]. Another finding shown an increased amount of nitrogen and phosphorus due to
application of vermicompost prepared with bagasse [56].

10.1 Nutritional value of sugarcane bagasse

The nutritional value of sugarcane bagasse is low when compared to other
sugarcane by-products. It is highly lignocellulosic residues and contains cell con-
stituents [57]. Table 7 indicates the value of macronutrients of sugarcane bagasse
for soil application.

No. Nutrients Ave amount/100 g of press mud (%)

1 Organic compound 50

2 Calcium 11

3 Phosphorus 2–3

4 Potassium 1–2

5 Nitrogen 1.5–2.5

6 Magnesium 1

7 Sulfur 0.3

8 Cellulose 11.4

9 Hemicellulose 10.0

10 Lignin 9.3

11 Protein 15.5

12 Wax 8.4

13 Total bacterial count 3.6 � 108 cfu/g

14 Total fungal count 8.1 � 105 cfu/g

15 Total actinomycetes count 2.5 � 105 cfu/g

16 Total Azotobacter sp. count 1.2 � 104 cfu/g

17 Total phosphate solubilizers 2.1 � 104 cfu/g

Table 6.
Nutrients composition of composted sugarcane press mud.

Sugarcane bagasse Composition (%)

Moisture 17.3 � 0.35

Total sugars (in glucose) 30.9 � 0.15

Protein 1.8 � 0.33

Lipids 0.7 � 0.15

Table 7.
Chemical composition of sugarcane bagasse.
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matter of the organic residues into glucose. The fungus, Pleurotus is an Oyster Mush-
room and a commonly cultivated species, and is also found in dead plants. The fungi
are white or grayish brown or brown in color.

The important saprophytic fungus is Phanerochaete, called as white root fungus
because it has the ability to decompose the polymers like lignin and chemicals at the
moderate temperature of 40°C and efficiency changes based on the chemical con-
tent of the waste. The chemical composition of organic residues varies based on soil
conditions, cane duration, cane varieties, and geographical variations. The crop
decomposition cycles is shown in Figure 5.
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The appropriate quality and quantity of organic residues are not only sources of
organic matter and nutrients but improves the soil particle size, floral and faunal
biodiversity, and microbial populations in soil [52]. The organic manure-added soil
has maximum bacterial, fungal, and other microbial populations, which has a great
effect on soil quality and sustainability [53]. The good quality press mud compost
contain many nutrients and beneficial microorganisms (Table 6).
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Sugarcane bagasse is one of the major cellulosic agro-industrial by-products of
Brazil and is being used almost entirely as fuel for the sugar industry. In recent years,
there has been a tendency to use efficient agro-industrial waste such as sugarcane
bagasse, not only as a fuel but also as a raw material for biotechnological processes,
due to its lignocellulosic composition, which can be used for the metabolism of
microorganisms to obtain products andmetabolites of interest [54]. Sugarcane bagasse
contains approximately 50% cellulose and 25% hemicelluloses and lignin. Chemically,
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A large number of microorganisms, including bacteria, yeasts, and filamentous fungi,
have also been used in fermentation processes with sugarcane bagasse as support.
Filamentous fungi, especially the basidiomycota, have been widely used and are
preferred in the production of enzymes or enrichment of protein. The sugarcane
bagasse contributes a significant proportion of the waste produced. In comparison
with other agro-industrial residues, sugarcane bagasse is considered a rich solar energy
reserve, due to its high growth rate (about 80 t/ha in comparison with 1, 2, and 20 t/ha
of wheat, and other plants and trees, respectively) and annual regeneration capacity
[55]. Another finding shown an increased amount of nitrogen and phosphorus due to
application of vermicompost prepared with bagasse [56].

10.1 Nutritional value of sugarcane bagasse

The nutritional value of sugarcane bagasse is low when compared to other
sugarcane by-products. It is highly lignocellulosic residues and contains cell con-
stituents [57]. Table 7 indicates the value of macronutrients of sugarcane bagasse
for soil application.
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9 Hemicellulose 10.0

10 Lignin 9.3

11 Protein 15.5

12 Wax 8.4
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14 Total fungal count 8.1 � 105 cfu/g
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10.2 Effect of sugarcane bagasse on soil properties

The average moisture content of the sugarcane bagasse was 17.3%. The filamen-
tous fungi will proliferate well on sugarcane bagasse at moisture content of 50–70%
to precede the natural decomposition [58]. The sugarcane bagasse having the mois-
ture content of 17.3% means the bagasse has to saturate with a nutrient solution to
increase the moisture percentage in order to grow the fungus. The lipids content
was 0.7% [59].

Bonnarme et al. [60] reported that the low percentage of lipids in agro-industrial
waste was not useful for the development of the microorganism. The carbohydrate is
30.9% of the wet weight of the press mud residue analyzed [61]. Another finding
shown an increased amount of nitrogen and phosphorus through the application of
vermicompost prepared with biogases [56]. Hossain et al. [59] stated that plant wastes
can be applied as organic fertilizer and soil conditioner and used as soil amendment.
El-Halim [62] stated that the water holding capacity attributed to the application of
sugarcane bagasse in the soil is due to the coherent interaction of soil and bagasse
particles cause soil aggregation. The soil aggregation property is responsible for soil
water holding capacity. In [62], it is stated that the total sugar content is 16.4 % in
unprocessed bagasse. Glucose can be used by the microbes during fermentation [63].
The filamentous fungus will grow rapidly in different substrates using different
carbohydrate substances and produces different metabolites.

Carvalho et al. [64] stated that the amount of 2.0–2.4% of crude protein is found
in the sugarcane bagasse. The crude protein content will be raised by the use of
chemical additives like urea and ammonia anhydrous of non protein nitrogen com-
pounds. Bagasse is explode as soil basel dose for the cultivation of crops which gives
soil physical and economic responses in addition to productivity of the animals [65].
The overall facts on the importance of sugarcane bagasse management are related
to disposal of agro-based waste products to the environment which causes
environmental pollution [66].

10.3 Nutrient enrichment techniques like composting to enhance the organic
carbon and nutrients of sugar factory by-products

The important organic by-product of sugar mills is press mud. This by-product
is utilized widely as soil application to provide a nutrient-rich, high quality organic
matter especially in subcontinental countries. The organic residue, i.e., press mud is
dark brown material that contain macro- and micronutrients. The chemical com-
pounds such as carbohydrate, protein, cellulose, lignin, and sugar fiber, which can
be composited into carbon-rich final end product like biomanure [67]. The press
mud also involves the production of biocompost and biofuel [68]. The application
of pressmud at 20 tons per ha will save 25% of the recommended dose of fertilizers
and also leaves the residual nutrient effects on the succeeding crops [69]. The press
mud contains 25–30% of organic matter. Further, the pressmud contains major
plant nutrients like nitrogen, phosphorus, potassium, calcium, magnesium, and
sulfur in addition to the minor micronutrients such as Zn, Fe, Mn, B, Cu, Mo and
also the beneficial microorganisms for the composting [70].

11. Composting process

The organic wastes are mainly used for producing organic manure through
biocomposting and vermicomposting processes. The sugarcane by-products
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particularly the press mud is nutritive organic materials of converting itself into
organic manure through proper composting technique. Generally, the composting
of press mud will be carried out by inoculating inoculum of different microorgan-
isms along with cow dung is an important at the initial stage of composting. The
present study concentrates on effectiveness of various microorganisms on decom-
position of press mud with a nutrient mixture. As per the literatures, four microor-
ganisms are chosen for the study which is capable of decomposing the press mud as
a stable material. Details of the same are discussed below.

12. Microbial compost mixture for sugarcane by-products

Based on many literatures, the general composting procedure is as follows. The
collected press mud is dried to remove the moisture content. Later, 5 kg of press
mud was weighed and added with 0.60 kg of decomposed cow dung followed by
mixing with 2.5 liter of water. The microbial mixtures containing Trichoderma,
Aspergillus niger, Pleurotus, and Phanerochaete were added to accelerate the
composting process. The viable dosage of microorganisms for the composting of
this organic waste was 1.0% of the weight of press mud. The mixture of microor-
ganisms and wastes were mixed together to imitate the composting. Moisture con-
tent of the composting mixture was 40–60% for the growth and development of the
microorganisms. The composting process in container requires proper aeration and
maintain the optimum moisture and temperature.

Composting is major technique to reduce the volume of waste. It is a considered
as the simple method for recycling the sugarcane by-products of the sugar factories
to produce the nutrient-rich manure. It can be used for agricultural amendment to
compensate the fertilizer dose in the fertilization schedule of crops [71]. Addition of
organic residues to soils is an eco-friendly way to increase soil organic matter
content and stability of micro and macro-soil aggregates. The effect of these
organic wastes will vary based on the quality of the organic materials added to the
soil. The effects of the organic materials on plant growth and the nutrient levels of
the organic materials will vary from waste to waste and also one soil type to another.
The reviews conducted by NSW Agriculture [72] also indicated the usage of organic
waste for different crop cultivation.

13. Effect of sugarcane by-products on soil organic carbon

Razzaq [73] stated that application of sugarcane press mud continuously to the
cultivating land for crop production results increased the considerable quantity soil
organic carbon in within 5 to 6 years. The soil health has been increased because of
addition of sulfur, carbon ions and organic matters. There were numerous findings
on the application of press mud as basal dose in the soil for farming any crops like
cereals, pulses, oilseeds, commercial crops, and ornamentals, resulting in increased
crop productivity in addition to soil carbon build up. Therefore, the application of
press mud in the land is a common cultural practice to improve the soil properties in
many countries, especially the sugarcane countries like Brazil, India, Pakistan, and
Sri Lanka [74]. Above all, the waste to wealth concept is highly suitable to sugarcane
by-products because of its numerous traits to sustain the yield, improving the soil
fertility and maintaining clean environment in and around the sugar factories in
addition to preventing the global warming.
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10.2 Effect of sugarcane bagasse on soil properties
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to precede the natural decomposition [58]. The sugarcane bagasse having the mois-
ture content of 17.3% means the bagasse has to saturate with a nutrient solution to
increase the moisture percentage in order to grow the fungus. The lipids content
was 0.7% [59].
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waste was not useful for the development of the microorganism. The carbohydrate is
30.9% of the wet weight of the press mud residue analyzed [61]. Another finding
shown an increased amount of nitrogen and phosphorus through the application of
vermicompost prepared with biogases [56]. Hossain et al. [59] stated that plant wastes
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El-Halim [62] stated that the water holding capacity attributed to the application of
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particles cause soil aggregation. The soil aggregation property is responsible for soil
water holding capacity. In [62], it is stated that the total sugar content is 16.4 % in
unprocessed bagasse. Glucose can be used by the microbes during fermentation [63].
The filamentous fungus will grow rapidly in different substrates using different
carbohydrate substances and produces different metabolites.

Carvalho et al. [64] stated that the amount of 2.0–2.4% of crude protein is found
in the sugarcane bagasse. The crude protein content will be raised by the use of
chemical additives like urea and ammonia anhydrous of non protein nitrogen com-
pounds. Bagasse is explode as soil basel dose for the cultivation of crops which gives
soil physical and economic responses in addition to productivity of the animals [65].
The overall facts on the importance of sugarcane bagasse management are related
to disposal of agro-based waste products to the environment which causes
environmental pollution [66].

10.3 Nutrient enrichment techniques like composting to enhance the organic
carbon and nutrients of sugar factory by-products

The important organic by-product of sugar mills is press mud. This by-product
is utilized widely as soil application to provide a nutrient-rich, high quality organic
matter especially in subcontinental countries. The organic residue, i.e., press mud is
dark brown material that contain macro- and micronutrients. The chemical com-
pounds such as carbohydrate, protein, cellulose, lignin, and sugar fiber, which can
be composited into carbon-rich final end product like biomanure [67]. The press
mud also involves the production of biocompost and biofuel [68]. The application
of pressmud at 20 tons per ha will save 25% of the recommended dose of fertilizers
and also leaves the residual nutrient effects on the succeeding crops [69]. The press
mud contains 25–30% of organic matter. Further, the pressmud contains major
plant nutrients like nitrogen, phosphorus, potassium, calcium, magnesium, and
sulfur in addition to the minor micronutrients such as Zn, Fe, Mn, B, Cu, Mo and
also the beneficial microorganisms for the composting [70].

11. Composting process

The organic wastes are mainly used for producing organic manure through
biocomposting and vermicomposting processes. The sugarcane by-products
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particularly the press mud is nutritive organic materials of converting itself into
organic manure through proper composting technique. Generally, the composting
of press mud will be carried out by inoculating inoculum of different microorgan-
isms along with cow dung is an important at the initial stage of composting. The
present study concentrates on effectiveness of various microorganisms on decom-
position of press mud with a nutrient mixture. As per the literatures, four microor-
ganisms are chosen for the study which is capable of decomposing the press mud as
a stable material. Details of the same are discussed below.

12. Microbial compost mixture for sugarcane by-products

Based on many literatures, the general composting procedure is as follows. The
collected press mud is dried to remove the moisture content. Later, 5 kg of press
mud was weighed and added with 0.60 kg of decomposed cow dung followed by
mixing with 2.5 liter of water. The microbial mixtures containing Trichoderma,
Aspergillus niger, Pleurotus, and Phanerochaete were added to accelerate the
composting process. The viable dosage of microorganisms for the composting of
this organic waste was 1.0% of the weight of press mud. The mixture of microor-
ganisms and wastes were mixed together to imitate the composting. Moisture con-
tent of the composting mixture was 40–60% for the growth and development of the
microorganisms. The composting process in container requires proper aeration and
maintain the optimum moisture and temperature.

Composting is major technique to reduce the volume of waste. It is a considered
as the simple method for recycling the sugarcane by-products of the sugar factories
to produce the nutrient-rich manure. It can be used for agricultural amendment to
compensate the fertilizer dose in the fertilization schedule of crops [71]. Addition of
organic residues to soils is an eco-friendly way to increase soil organic matter
content and stability of micro and macro-soil aggregates. The effect of these
organic wastes will vary based on the quality of the organic materials added to the
soil. The effects of the organic materials on plant growth and the nutrient levels of
the organic materials will vary from waste to waste and also one soil type to another.
The reviews conducted by NSW Agriculture [72] also indicated the usage of organic
waste for different crop cultivation.

13. Effect of sugarcane by-products on soil organic carbon

Razzaq [73] stated that application of sugarcane press mud continuously to the
cultivating land for crop production results increased the considerable quantity soil
organic carbon in within 5 to 6 years. The soil health has been increased because of
addition of sulfur, carbon ions and organic matters. There were numerous findings
on the application of press mud as basal dose in the soil for farming any crops like
cereals, pulses, oilseeds, commercial crops, and ornamentals, resulting in increased
crop productivity in addition to soil carbon build up. Therefore, the application of
press mud in the land is a common cultural practice to improve the soil properties in
many countries, especially the sugarcane countries like Brazil, India, Pakistan, and
Sri Lanka [74]. Above all, the waste to wealth concept is highly suitable to sugarcane
by-products because of its numerous traits to sustain the yield, improving the soil
fertility and maintaining clean environment in and around the sugar factories in
addition to preventing the global warming.
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14. Challenges

The level of soil carbon in the soil ecosystem is under threat worldwide due to
improper management of soil organic matter through the application of organic
manures from crop residues, livestock wastes, industrial waste, etc. In the case of
nutrient depletion, the soils are particularly facing the deletion of organic carbon for
every cropping operation due to its utilization, and there is no recycling of crop
residues in the soil. Instead, the crop residues are either burned or underutilized
through heaping and landfilling.

The organic carbon in the soil is highly associated with soil structure. The
weather factors like heavy rainfall will erode the top fertile layer of the soil. The cool
condition will not support microbial action for composting of different organic
residues in the soil, which ultimately affects the organic carbon content of the soil.
The different soil management strategies are essential to recycle the carbon through
management of soil, crop, and nutrient during the cropping programme. The zero
tillage will reduce the physical disturbances to soil. The intensive cropping system
should not be adopted even the soil is very fertile because depletion process of
carbon is faster than accumulation. Adoption of integrated nutrient management
through the application of farm yard manure and adoption of green and green leaf
manures incorporation provides an opportunity for the soil to build up its organic
carbon. To meet increasing chemical nutrient resource demands and maintain
resilience in soil actions due to high-tech farming and climate change, we are in a
position to recycle the waste products from different agro-based industries, espe-
cially intensive nutrient up taking by crop like sugarcane.

15. Conclusion

Soil carbon is the nuclear element for the fertility status of any type of soil which
will be mainly associated with organic matter in the soil ecosystem. The content of
soil carbon is very important to catalyze the soil to execute its functions like trans-
formation of nutrient to plants, water holding capacity, floral and faunal biodiver-
sity, and transformation of energy among the different species present in the food
chain. The sugar mills are producing huge quantity of by-products like press mud
and bagasse, which are heaped in and around the sugar mills resulting in an envi-
ronmental pollution and health hazard to the human beings and animals. The way
for the effective management of waste materials is a need of this hour because it
contains many nutrients. The waste products can be used for crop cultivation as soil
mulch, manure in the place of chemical fertilizers. The major problem in the
disposal of press mud and bagasse is due to their bulkiness and difficulty in trans-
portation. The effective way for reducing the volume of these materials is
composting to utilize as organic manure to the soil to enrich its nutrient status.
Further, the press mud and bagasse of the sugar industries will be used as an organic
manure after the composting process, which is also nutrient for nursery plants,
garden plants and different crops cultivated in main fields. Generally, the sugar
industry waste products are slightly acidic in nature and contain higher amount of
organic matter, so it will be highly suitable to reclaim the alkaline soil contain higher
amount of sodium. The available nutrients in this waste materials are composted
through effective and suitable environmental friendly technology to enhance its
easy absorption by plant system. Above all, the waste materials have to be processed
into nutrient-enriched organic products in a commercial mode for marketing and
wide adoptability by different sectors like farming, industries, households etc., and
to eliminate the environmental pollution.
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Chapter 9

Review of Environmental 
and Public Health Impact 
of Automobile Wastes and 
Automobile Transportation in 
Nigeria
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Abstract

Automobiles are machines designed for transportation; it is a self-propelled 
vehicle with power source for its propulsion and is used for transporting. Most 
vehicles imported into Nigeria are rickety and are mostly out of use, and since 
there is no regulation with regard to quality and quantity of vehicles to be imported 
coupled with lack of technology to deal with automobile waste, large volumes of 
automobile waste dot the Nigerian landscape. Negative environmental and public 
health issues of automobile waste and automobile transportation result from the fact 
that its several components (metals, metalloids, polymers, etc.) on decomposition 
or expiration release toxic substances such as phenols (C6H5OH), benzene (C6H6), 
polycyclic aromatic hydrocarbons (PAHs), and so on into the environment, while 
on operation, automobiles are the most significant source of air pollution as unburnt 
diesel releases particulate matter (PM2.5, PM10), oxides of carbon, oxides of nitrogen, 
oxides of sulfur, volatile organic compounds (VOCs), smoke, soot and ash particles, 
metal oxides, as well as nitrate and sulfate groups. The aim of this work is to explore 
and draw out salient points from previous literature with regard to detrimental 
environmental and public health issues of automobile wastes and automobile 
transportation.

Keywords: automobile transportation, toxic chemical substances, environmental 
pollution, public health issues, imported auto-waste

1. Introduction

An automobile is a machine whose ultimate designed function is to transport 
men and goods. It is also called a motor car [1]. It is a self-propelled vehicle which 
contains the power source for its propulsion and is used for transporting passengers 
and goods on the ground, such as car, bus, trucks, articulated vehicles, etc. It is 
also a transportation equipment unit which consists of a frame supporting the 
body and certain power developing and transmitting units which are further sup-
ported by tires and wheels through springs and axles [2]. An automobile is simply 



[67] Kumar S, Meena RS, Jinger D,
Jatav HS, Banjara T. Use of Pressmud
compost for improving crop
productivity and soil health.
International Journal of Chemical
Studies. 2017;5(2):384-389

[68] Arshad M, chaudhry AN,
Shaheer G, Farroq S, Manzoor S,
Raza A. Effect of Physico-chemical
properties on decomposition rates and
nutrients release during composting.
International Journal of Biosciences.
2017;12:330-337

[69] Nadoni N, Ananth GS, Dhananjaya
Swamy PS, Kerur MS. Performance
appraisal of Co- operative and private
sugar factory in Belgaum District–an
economic. Global Journal of
Management and Business Studies.
2013;3(10):1197-1204

[70] Soccol CR, Vandenberghe LPS.
Overview of applied solid-state
fermentation in Brazil. Biochemical
Engineering Journal. 2003;13:205-218

[71] Haug RT. The Practical Handbook of
Compost Engineering. Boca Raton:
Lewis Publishers, FL; 1993

[72] Gibson TS, Chan KY, Sharma G,
Shearman R. Soil Carbon Sequestration
Utilising Recycled Organics - A review
of the scientific literature. Project
00/01R-3.2.6A. The Organic Waste
Recycling Unit, NSW Agriculture.
Report prepared for Resource NSW;
2002. http://www.environment.nsw.
gov.au/resources/warr/SPD_ORG_
0208SoilCarbonSeq.pdf

[73] Razzaq A. Assessing sugarcane filter
cake as crop utrients and soil health
ameliorant. Pakistan Sugar Journal.
2001;16(3):15-17

[74] Ghulam S, Khan MJ, Usman K,
Ullah S. Effect of different rates of press
mud on plant growth and yield of lentil
in calcareous soil. Sarhad Journal of
Agriculture. 2012;28(2):249-252

160

Environmental Factors Affecting Human Health

161

Chapter 9

Review of Environmental 
and Public Health Impact 
of Automobile Wastes and 
Automobile Transportation in 
Nigeria
John Kanayochukwu Nduka, Henrietta Ijeoma Kelle,  
Emeka Chima Ogoko and Perpetua Chioma Okafor

Abstract

Automobiles are machines designed for transportation; it is a self-propelled 
vehicle with power source for its propulsion and is used for transporting. Most 
vehicles imported into Nigeria are rickety and are mostly out of use, and since 
there is no regulation with regard to quality and quantity of vehicles to be imported 
coupled with lack of technology to deal with automobile waste, large volumes of 
automobile waste dot the Nigerian landscape. Negative environmental and public 
health issues of automobile waste and automobile transportation result from the fact 
that its several components (metals, metalloids, polymers, etc.) on decomposition 
or expiration release toxic substances such as phenols (C6H5OH), benzene (C6H6), 
polycyclic aromatic hydrocarbons (PAHs), and so on into the environment, while 
on operation, automobiles are the most significant source of air pollution as unburnt 
diesel releases particulate matter (PM2.5, PM10), oxides of carbon, oxides of nitrogen, 
oxides of sulfur, volatile organic compounds (VOCs), smoke, soot and ash particles, 
metal oxides, as well as nitrate and sulfate groups. The aim of this work is to explore 
and draw out salient points from previous literature with regard to detrimental 
environmental and public health issues of automobile wastes and automobile 
transportation.

Keywords: automobile transportation, toxic chemical substances, environmental 
pollution, public health issues, imported auto-waste

1. Introduction

An automobile is a machine whose ultimate designed function is to transport 
men and goods. It is also called a motor car [1]. It is a self-propelled vehicle which 
contains the power source for its propulsion and is used for transporting passengers 
and goods on the ground, such as car, bus, trucks, articulated vehicles, etc. It is 
also a transportation equipment unit which consists of a frame supporting the 
body and certain power developing and transmitting units which are further sup-
ported by tires and wheels through springs and axles [2]. An automobile is simply 



Environmental Factors Affecting Human Health

162

anything vehicular that has its own power source and it is mobile. Eckermann, [3] 
ascertained that the first automobile, i.e., steam powered, was first built in 1769 
by Nicolas-Joseph Cugnot, but the first powered gasoline was developed by Karl 
Benz in 1885 through manufacturing processes [4]. Most automobiles today are 
propelled by internal combustion engines. Tremendous growth has occurred in the 
automobile industry, after the designing of internal combustion engines. Today, 
the automobile industry plays a crucial role in the social, economic, and industrial 
growth of any country. Automobiles offer very advantageous help to man such as 
movement of people and goods to their places of interest (such as city to city, city to 
the hinter land, church or religious activities, markets, schools, tourist sites, cross 
borders of countries, etc.). Sports cars are for sporting activities, sometimes for 
other personal interest, luxury, and entertainment. Increasing the number of auto-
mobiles on any country road means increased traffic-related problem such as road 
congestion, increase in ambient air temperature due to engine heating and exhausts 
combustion, delayed time of movement, and traffic emission pollution. Gaseous 
pollutants from automobiles such as carbon (IV) oxide (CO2), carbon monoxide 
(CO), methane (CH4), sulfur (IV) oxide (SO2), and nitrogen (IV) dioxide (NO2) 
and particulate aerosols were reported in Nigeria above ambient level [5].

Another emerging problem associated with automobile transportation is the 
ever-increasing automobile waste, for the fact that large volumes of aging vehicles 
are imported into Nigeria, coupled with lack of adequate legislation on life span of 
vehicles to be imported into Nigeria. It become an all comers affair, and the effect 
is that aged, rickety, worn-out automobiles dot the Nigerian environment [6–8]. 
Climatic factors such as acidic rain, moisture (dew) and sun act on them as they 
corrode, degrade and decompose to release toxic chemicals into the environment. 
This in addition to others constitutes environmental and public health issue.

2. Classification of automobiles

Rajput [2] and Kirpal [9] classified automobiles based on the following factors:

2.1 On the basis of load

Automobiles can be classified based on the load or their capacity. The heavy 
transport vehicle (HTV) or heavy motor vehicle (HMV), which carries heavy 
materials, possesses large mass and is bigger in size. Examples are tractor, heavy-
duty trucks, etc. They also have light transport vehicle (LTV) or light motor vehicle 
(LMV) which carries light things and is less in size (e.g., car).

2.2 On the basis of wheels

Automobiles could be two-wheeler vehicle (TWV) (e.g., scooter, motorcycle), 
three-wheeler vehicle (TWV) (e.g., auto rickshaw), four-wheeler vehicle (FWV) 
(e.g., car, jeep, trucks, busses, etc.), six-wheeler vehicle (SWV), and more depend-
ing on the carrier design.

2.3 On the basis of fuel used

In this category, we have petrol vehicles, diesel vehicle, electric vehicle, which 
use battery to drive (forklift, battery truck and electric car), steam vehicle (e.g., 
steam engine boat), and gas vehicle (i.e., vehicles that use liquefied petroleum gas 
and compressed natural gas).
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2.4 On the basis of purpose

They can be classified based on the purpose they serve, i.e., it could be passen-
ger-designed vehicles, goods designed vehicles, and special-purpose vehicle (such 
as armored car, ambulance, etc.).

2.5 On the basis of transmission

Automobiles could be: (i) Conventional vehicles with manual transmission, whose 
gear ratios have to be changed manually while driving (e.g., car with five gears). (ii) 
Semiautomatic transmission system: Some automobiles are designed in such a way that 
facilitates manual gear ratios changing with a clutch pedal. (iii) Automatic transmission 
system: Automobiles with automatic transmission do not require gears to be changed 
manually, but they are capable of changing gear ratios automatically as they move.

2.6 On the basis of drive

They could be (i) left-hand drive (steering wheel fitted on the left hand), (ii) 
right-hand drive (steering wheel fitted on the right hand), and (iii) fluid drive 
(vehicles that employ torque converter (e.g., fluid flywheel)).

2.7 On the basis of suspension system

Automobiles can be classified based on the type of suspension system designed 
with it. We have three types of suspensions. They include:

i. The independent suspension—it allows the wheels to rise and fall on their 
own vertically without affecting the opposite wheels, e.g., swing axle, multi-
link suspension, trailing arm, etc. [10].

ii. Dependent suspension—it has a beam (a simple cart axle) or driven axle that 
holds the wheels parallel to each other and perpendicular to the axle e.g., 
beam axle, De Dion axle [11].

iii. Semi-dependent system—in this case, the motion of one wheel does not 
affect the position of the other, but they are not rigidly attached to each 
other, e.g., a twist-beam rear suspension [12].

3. Components of an automobile

Since the seventeenth century, several attempts have been made to design and 
construct a practical operative automobile. To achieve the purpose of making a 
vehicle move, various constituents’ materials combine to form an automobile. There 
are six major components of an automobile. They include the following:

3.1 The super structure or the body structure (frame)

This includes the chassis which supports the engine, wheels, body, braking sys-
tem, steering, etc. It is the main mounting support for all components including the 
various parts of the body of a car. It deals with the static and dynamic loads without 
undue deflection or distortion [2]. Other parts of the body includes the bonnet 
(hood), bumper, cowl screen, deck lid, fender, header panel, radiator core support, 
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with it. We have three types of suspensions. They include:

i. The independent suspension—it allows the wheels to rise and fall on their 
own vertically without affecting the opposite wheels, e.g., swing axle, multi-
link suspension, trailing arm, etc. [10].

ii. Dependent suspension—it has a beam (a simple cart axle) or driven axle that 
holds the wheels parallel to each other and perpendicular to the axle e.g., 
beam axle, De Dion axle [11].
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affect the position of the other, but they are not rigidly attached to each 
other, e.g., a twist-beam rear suspension [12].
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vehicle move, various constituents’ materials combine to form an automobile. There 
are six major components of an automobile. They include the following:

3.1 The super structure or the body structure (frame)

This includes the chassis which supports the engine, wheels, body, braking sys-
tem, steering, etc. It is the main mounting support for all components including the 
various parts of the body of a car. It deals with the static and dynamic loads without 
undue deflection or distortion [2]. Other parts of the body includes the bonnet 
(hood), bumper, cowl screen, deck lid, fender, header panel, radiator core support, 
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grille, roof rack, rims and hubcap, spoiler, fuel tank door, trunk, door, door seal, 
door handle, door latch and hinge, door water shield, tire; central locking, window 
motor, window seal, windscreen, sunroof glass, fuel tank, horn, trunk accessory, 
and wing mirror and glass.

3.2 The transmission system

The main function of transmission system is to transfer power from engine to 
rear wheel via gearbox to obtain the various gear ratios [13]. The speed and torque of 
the wheels change in relation to the speed and torque of the engine due to the gears 
in the transmission. They include clutch assembly (clutch lining, clutch disk, clutch 
fork, clutch plate, clutch cable, clutch fan, clutch hose, clutch shaft, clutch spring and 
clutch pedal) [14], gear assembly (i.e., gear pump, gear ring, gear shift lever knob, 
gear couplings and gear box, which contains the idler gear, knuckle, master cylinder, 
bearings, counter or output shaft, pinion, and gear set), propeller or drive shaft, rear 
axle shaft, trans-axle housing, differential set (i.e., spider gears, differential seal, pin-
ions, differential flange and differential clutch), speedometer, transmission set (i.e., 
transmission gear, transmission seal and transmission spring), flywheel ring gear [1], 
shift valve, speed reducer or governor and wheel and torque converter [9].

3.3 The internal engine system

This part of the automobile is designed as an engine. It is a device which converts 
chemical energy from fuel through combustion with air (inside a combustion 
chamber) into mechanical energy with the use of other components in the engine. 
The internal engine supplies the power which is delivered by the transmission sys-
tem to the wheels through the clutch or fluid coupling [2]. The system is subdivided 
into three parts:

i. The engine components, which includes engine the block [15], engine 
shake damper, vibration absorber, fan belt, gudgeon pin, piston (i.e., piston 
pins, crank pin, piston pin brush, and piston ring), engine valve, harmonic 
balancer, accessory belt, petrol engine, camshaft assembly (i.e., camshaft 
bearing, camshaft fastener, camshaft locking plate, camshaft push rods, 
and camshaft phase variator), air duct, connecting rod (i.e., connecting 
rod bearings and bolt), crankshaft [9], crank case, crank pulley, crankshaft 
oil seal, distributor, drive belt, cylinder head (attached with cylinder head 
gasket and cylinder head cover parts), rocker arm, rocker arm cover, starter 
motor (starter pinions and rings), air blower, turbo charger and super 
charger, radiator parts (radiator, radiator gasket, radiator pressure cap, 
overflow tank, thermostat, radiator bolt), water tank parts (water tank, 
water pump, pump gasket, and water pipe), oil system (oil filter, oil pan, oil 
gasket, oil pipe, oil pump, and oil strainer) and valve springs and valve seal.

ii. The exhaust system, which includes exhaust pipe, muffler (or silencer), 
exhaust manifold and exhaust manifold gasket, heat shield, exhaust clamp and 
bracket, exhaust flange gasket, catalytic converter, resonator and spacer rings.

iii. The fuel system, which includes, air filter, carburetor, choke cable, fuel 
cap, fuel cell component, fuel distributor, fuel filter and fuel filter seal, fuel 
pump, fuel injector, fuel injector nozzle, fuel cooler, fuel pump and gasket, 
fuel pressure regulator, fuel rail, fuel intake manifold and gasket, fuel tank, 
throttle body and fuel water assembly [15].
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3.4 The control system

It comprises of the suspension, steering, and brake systems. They are control 
arms or A-arms, shock absorber [16], axle, spindle, springs (air spring, leaf spring, 
parabolic spring, ball joint, rubber, and springs), tires [17], power steering assem-
bly [18], steering arm, steering box, steering wheel, steering column assembly, 
steering shaft, steering rack (rack and pinion), kingpin, steering pump, strut, 
chamber arm, pan-hand rod, pit-man arm, stub axle, tie rod, tie bar, toe link, track 
rod, suspension link and bolt, idler arm, beam axle, swing axle, wheel alignment, 
trailing arm [19], automatic braking system, antilock braking system (ABS), brake 
fluid, brake lining, disk brake, drum brake, adjuster wheel, anchor, hydraulic fluid, 
hydraulic brake [20], inboard brake, vacuum brake booster, dual circuit brake 
system, metering and combination valves, wheel cylinder, wheel stud, brake roll, 
brake backing plate, brake rotor, brake lever (handle), brake piston, brake pump, 
brake shoe, brake hose, brake caliper pins and bracket and brake pad [21].

3.5 The auxiliaries

This part of an automobile consists of all the electrical and electronic compo-
nents and battery system. They include audio/video devices (i.e., antenna assem-
bly and cable, radio media player, video player, tuner, speaker), voltage regulator, 
alternator, gauges [22] (such as ammeter, odometer, manometer, hydrometer, 
oil pressure gauge, speedometer, water temperature gauge, pressure gauge, fuel 
gauge, vacuum gauge, tire pressure gauge, etc.), thermostat, ignition box, igni-
tion coil, sparking cable, distributor cap, electronic timing controller, calibrator, 
remote lock, engine compartment, starting system (starter solenoid, door switch, 
ignition switch, switch cover, glow plug, and starter motor) [23], lightning 
(spotlight, interior light and lamps, headlight, fog light, trafficators, turn-signal 
control, license plate lamp and bulbs), sensors (air bag sensor, coolant tempera-
ture sensor, throttle position sensor, crankshaft and camshaft position sensor, 
fuel pressure sensor and automatic transmission speed sensor), navigation/GPS 
navigation device system, central locking system, battery system (battery box, 
battery cable, battery control system, battery plate and battery cap), sulfuric acid 
and distilled water [22].

3.6 Car interiors

Dash panels, secret compartment or trap, car seat, seat belt, seat cover, arm rest, 
bucket rest, head rest, carpet and floor materials, children and baby seat, and bench 
rest [24].

3.7 The miscellaneous and accessories components

These are minor accessories found in an automobile. They include air-condi-
tion system (air-conditioner clutch, compressor, hose, relay, valve, cooler, suction 
hose pipe, gas receiver, condenser filter, and cabin filters), bearings (i.e., grooved 
ball bearing, needle bearing, roller bearing, sleeve bearing, plain bearing, needle 
bearing, and wheel bearing), hose (fuel vapor hose, high-pressure hose, and 
radiator hose), adhesive tape and foil, air bag, speedometer cable, phone amount, 
rubber (extruded and molded), screw, nut (flange and hex nuts), fastener [25], 
split or cotter pin [26], rivet [25], draglink, dynamic seal, O-rings, shim, central 
console, glove compartment, washer, hood and trunk release cable and paint and 
sun visors [27].
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4. Chemical constituents of some parts of an automobile

The automobile industry uses a tremendous number of materials to build cars, 
including iron, aluminum, plastics, steel, glass, rubber, petroleum products, copper, 
steel, etc. In all there are more than 6000 (>600) components of an automobile. 
These parts are used to create everything from the small parts such as dashboard 
needles and wiring to the big parts such as the engine block or the transmission 
gears. Due to the high demand of automobiles and technological advancement, suit-
able materials have been used for the production of automobile components that are 
durable and serve the purpose of the automobile. Some of the chemical components 
of the various automobile parts are tabulated below:

5.  Environmental effect associated with automobile waste and 
automobile transportation

5.1 Menace of automobile workshops

Due to poverty and the dire need to own vehicles for ease of movement, these 
aging vehicles still attract customers from Nigeria’s middle class and those at the 
lower rung of the economy [8]. Large numbers are taken to automobile workshop 
for repair and refurbishing. Automobile workshops are important considering 
public health issues because they are carried out in poor environmental settings 
coupled with lack of safety and hygienic lifestyle (eating with unwashed hand, 
wearing of dirty and contaminated workshop clothes for a long time, etc.) of 
workshop artisans, yet it is a beehive of activities because it has become the source 
of employment to several informal sector workers such as auto repair, servicing 
and refurbishing, auto parts scavenging, car wash, tire pumping and repair, auto-
electrician, wheel balancing and alignment, oil sales and servicing, spare parts 
sales, water and food vendor, etc. [6–8]. Apart from esthetic pollution, automobile 
workshop contributes significantly to environmental and public health discourse. 
Several literatures have documented that pollutants such as heavy metals [41], 
benzene, nitrobenzene, gasoline fumes, exhaust gases, particulate matter, etc. 
are released by activities at auto workshops and automobile and have negatively 
affected surface and underground water and adjacent farmlands [42–44]. In major 
Nigerian cities, automobile workshops are in clusters along major roads compris-
ing unregulated activities such as automechanics and panel beaters (car body 
work). Large expanse of would have been arable lands are occupied and polluted. 
Drainage system is blocked by waste generated from automobile workshops, 
heavy metals, waste oils, and noxious gases that are released into the environment, 
adjacent farmlands and food crops, which may possibly be contaminated by heavy 
metals and toxic substances. Exposed subjects at automobile workshops (auto 
technicians) are established to have high risk of cardiovascular and pulmonary 
diseases [45].

5.2 Automobile wastes

Importation into Nigeria of second hand (“Belgium”) cars is second to none in 
Africa; therefore the Nigeria landscape is replete with many rickety and not road 
worthy, aging, and aged vehicles. Lack of spare parts and adequate technology 
makes repair and refurbishing of automobiles an uphill tax coupled with unfavor-
able weather condition such as high temperature (Nigeria been in the tropics), 
acidic rainfall and high relative humidity, acidic mist and aerosols [6, 7, 46, 47], 
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S/N Major parts of 
automobile

Chemical component References

1 Car body Iron-carbon Al, Mg, silicon alloy, Al, Mg alloy [28]

2 Chassis Al, Mg, alloy [29]

3 Bumper/trunk Fiber glass composite or acrylonitrile butadiene 
styrene, steel Al

[29]

4 Door panel Carbon, Fe, steel, or Al [30]

5 Window shields Consist of glass made from Kevlar (poly-parc 
phenylene terephthalamide), K2O, MgO, Al2O3

Polymethylmethacrylate

[30]

6 Rims Alloy wheel rims consisting of Al/Mg [29]

7 Radiator cores and tanks Alloy of Cu, Zn, and steel [30]

8 Tires and tubes Elastomers, oils, resins, carbon black, steel cord 
and silica, contains natural and synthetic rubber 
(styrene-butadiene rubber (SBR))

[30]

9 Wheels Al, Mg, Si, Cu [30]

10 Glass SiO2 [30]

11 Sun visor Made from substrates of polypropylene [31]

12 Racks Al alloys [32]

13 Rivets Al alloys, steel, Cu, Fe, Ni [33]

14 Batter, battery case, 
plates, and connectors

Ni, Cd, Pb, HDPE [22]

15 Pumps and valves Cu, Co, Be, Al [30]

16 Automotive exhaust 
system components

Cr, Ni, Si, Fe, Mn [2]

17 Engine block C, Si, Mn, Fe, Ni, Zn, Cu, Mg [29]

18 Engine bearings, 
bushings, valves

Fe, Cu, Sn, and Zn [2]

19 Engine cylinder Cast iron and Al alloy [2]

20 Hubcap: also known as 
wheel cover

Plastics [34]

21 Radiator Aluminum sheets [35]

22 Multi-suspension system Forged from aluminum system [32]

23 Cotter or spilt pin Cr, Fe, Cu, Zn, Al, Mg [36]

24 Axles Cr/Mo [30]

25 Tie rod, pinion, and 
steering column

Stainless steel and Al [32, 34, 37]

26 Steering arms C, Fe, and Cr [38, 39]

27 Suspension coils and 
springs

Fe, Mn, Si, P, V, Ni, Cr, Sn, Zn, Al, and C [30]

28 Clutch assembly Cu, Sn, and P [30]

29 Gear assembly system Cu, Zn, and steel [25, 30, 40]

30 Crankshafts Mn, Cr, Mo, Ni, Si, Co, V, Al [30]

Cd = cadmium, Fe = iron, C = carbon, Al = aluminum, Si = silicon, Mg = magnesium, Cu = copper, Zn = zinc, 
Co = cobalt, Be = beryllium, Ni = nickel, Cr = chromium, Mg = manganese, Sn = tin, Mo = molybdenum, 
V = vanadium, K2O = potassium oxide, MgO = magnesium oxide, SiO2 = silicon (IV) oxide. Alloy = a combination 
of two or more metals, steel = an alloy of iron and carbon, and HDPE = high-density polyethylene.

Table 1. 
Some chemical component of automobile parts.
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unequaled and unprecedented high level road accident occasioned by poor road 
infrastructure and network, the net effect is that many vehicles are out of use and 
ultimately become waste. Recently wastes are regarded as “materials out of place” 
as against previous concept of “objects of non-usefulness.” Automobile wastes are 
sometimes regarded as bulky waste, which include waste generated from servic-
ing vehicles, automobiles, motorized trucks, and related equipment; they are 
made up of waste battery, scrap metal, used motor oils and lubricants, hydraulic 
fluids, bottom sludge, old motor parts, greases, waste engine oil, paints, petrol and 
diesel, which are generated and disposed indiscriminately. Abandoned vehicles 
dot Nigerian environment (workshops, roads, institutions, homes etc.) where they 
are left to the vagaries of weather to decompose and release some toxic substances, 
documented in Table 1, into the environment (Figures 1 and 2).

Figure 1. 
Decomposing automobile wastes along Awka portion of Enugu-Onitsha Federal Highway.

Figure 2. 
Decomposing automobile wastes at Nnamdi Azikiwe university, Awka works department.
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6. Greenhouse effect, global warming and acid rain

Greenhouse gases are gases that are capable of absorbing infrared radiation 
emitted from the earth’s surface and reradiate them back to the earth surface.

The major component chemicals of greenhouse gases (GHGs) include 
hydrocarbons (HC), oxides of nitrogen (NOx—NO, NO2, N2O3, NO3), oxides of 
carbon (COx—CO, CO2), particulate matter, sulfur dioxide (SO2), photochemi-
cal oxidants and water vapor (H2O), ozone, and chlorofluorocarbon (CFCs) 
[48]. All these gases are in higher concentration released into the atmosphere 
by automobile emission and decomposing automobile waste irrespective of 
transportation mode [49]. Negative health effects associated with high concen-
trations of greenhouse gases already documented include asthma, respiratory 
distress, cancer, birth defects, low birth weight in children, genetic mutations 
and premature death [50, 51]. The resultant effect of higher concentration of 
greenhouse gases in the tropospheric region of the atmosphere is the increase 
in the air temperature. Anthropogenic activities destroying the ozone layer 
contributing to global warming stem from manmade compounds and chemi-
cals with high global warming potentials (ozone layer destroyer) [52, 53]. 
Synergistic effect of global warming is much evidenced on melting of global 
ice stacks (glaciers), rise in sea level, and flooding of coastal regions. Three 
gaseous compounds (CO2, SO2, and NO2) emitted by automobiles are of the 
compounds known as acid anhydride of which SO2 and NO2 are outstanding 
for they significantly contribute to acid rain. Exposure to ambient concentra-
tions of CO can have resultant formation of carboxyhemoglobin together with 
inhaled particles, which increase blood viscosity, thereby hampering oxygen 
delivery to the tissues [54]. A direct effect of gaseous emission by automobiles 
is acidic precipitation which affects terrestrial and aquatic ecosystems with 
attendant public health implication as has been widely reported in Nigeria 
[46, 47, 55]. Depending on the soil in nature, acid rain affects the soil. Acidic 
precipitation dissolves organic matrix and mineral matter largely present in 
the soil, which are K+, Ca2+

, Mg2+, Na+, and anions (HCO3
−, SO4

2−, Cl−, CO3
−); 

these replaces the hydrogen of the acid rain and make the soil acidic. The pH 
of surface water may not change much due to acid rain because of the coun-
terbalancing effect of water chemistry. Apart from acidic precipitation caused 
by SO2 and NO2 emitted from automobiles, minor concentration of SO2 in air 
causes respiratory tract problem, irritation, secretion of mucus, and death 
at increased level of 500 ppm. NO2 causes lung tissue inflammation at (50–
100 ppm) exposure levels, bronchitis fibrosa obliterans (150–200 ppm) expo-
sure, death (550 ppm) exposure [56]. Skin cancers and lesion, stomach ulcers, 
ocular congestion or corneal problems, and epithelial cell or leukocyte damage 
are possible health challenges associated with exposure to acid rain [55, 57]. 
The above chronicled facts show that emission from automobile transportation 
can synergize change in climate (alteration between balance in incoming and 
outgoing radiation elements over a period of time in the atmosphere leading 
to differed quality of air over time) [58] and that climate change is intricately 
weaved to human health.

7.  Public health issues associated with automobile waste and automobile 
transportation

For the fact that automobiles are the most important vital means of trans-
portation owing to their ubiquitous nature, portability, flexibility, comfort, 
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unequaled and unprecedented high level road accident occasioned by poor road 
infrastructure and network, the net effect is that many vehicles are out of use and 
ultimately become waste. Recently wastes are regarded as “materials out of place” 
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dot Nigerian environment (workshops, roads, institutions, homes etc.) where they 
are left to the vagaries of weather to decompose and release some toxic substances, 
documented in Table 1, into the environment (Figures 1 and 2).

Figure 1. 
Decomposing automobile wastes along Awka portion of Enugu-Onitsha Federal Highway.

Figure 2. 
Decomposing automobile wastes at Nnamdi Azikiwe university, Awka works department.
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and affordable cost (when compared with trains, ships, and airplanes), more 
and more people all over the world are purchasing vehicles for their personal, 
office, and company use. Some families have as much as two, three, four, etc. 
depending on their purchasing power. In Nigeria, the Federal Road Safety 
Corps (FRSC) stated that there are more than seven [8] million vehicles on 
Nigeria road [59]. The automobiles are helpful to human population, and they 
can transport people and goods to places of need such as offices, markets, 
schools, sporting events, hospitals, leisure centers, etc. This is made possible 
by adequate road network interconnecting the cities and the rural communi-
ties. The inevitable effect is the numerous public health issues associated with 
automobile transportation. The use of premium motor spirit, diesel, paints, 
and other gaseous materials [45] has led to the increased pollution and negative 
health effect. Incomplete combustion of fuel due to lack of air, poor mixing of 
air with combustion gases, and low combustion temperature lead to particulate 
matter emission; the whole property is a function of operating condition of the 
engine, lubricant oil, fuel composition, and the gas filtering equipment [60]. 
Substances that can be emitted from automobile exhaust include CO, H2, CO2, 
H2O, hydrocarbons (CHn), volatile organic compound (VOCs), oxides of sulfur 
(SOx), oxides of nitrogen (NOx), particulate matter (PM2.5 and PM10), soot 
[61], and metals such as vanadium, lead, nickel, cadmium, potassium, sodium, 
phosphorus, lead, zinc, copper, manganese, iron, barium, etc. [60, 62]. Other 
possible constituents of automobile exhaust emission include benzenes, poly-
cyclic aromatic hydrocarbons, etc. The list above is considered as the exhaust 
emission, while the evaporative emissions are the vapors of fuel which are 
released into the atmosphere unburnt. The car exhaust emission has a great deal 
of negative effect on the human health and the environment. Car exhaust pol-
lutants cause coughing, breathing difficulties, eye irritation, and distress to the 
respiratory system (throat, lungs, and chest). Specifically, heavy metals such as 
lead cause an occupational potent widespread human and environmental toxi-
cant produced by burning leaded fuel and can interferes with normal function-
ing of red blood cells, thus hampering important enzymes in the body, damages 
and shortens the lifespan of red blood cell and cause anemia. Serious exposure 
burden can cause renal dysfunction, fatigue, arthritis, birth defects, hallucina-
tion, psychosis, autism, etc. [63]. Severe exposures to cadmium cause tracheo-
bronchitis, pneumonitis, pulmonary edema, contacting cadmium by inhaling 
of cadmium-laden smoke fast rack respiratory, kidney, liver and bone damage. 
The bone becomes tender (osteomalacia), depletion of mineral density (osteo-
porosis) which accentuate backbone and joint pain, thereby increasing the risk 
of fractures [64]. Irritation of the nose and throat, headaches, dizziness, body 
weakness, cough, chest pain, and chills are inflammatory symptoms. Cadmium 
and its compounds are also carcinogenic. Nickel, when in the body, can alter its 
chemical nature but cannot be destroyed, and its binding to form ligands and 
transportation throughout the body depicts nickel metabolism. Interference 
of nickel with zinc, manganese, magnesium, and calcium physiologically is 
regarded as its toxicity [65, 66]. Myocardial infarction, acute stroke, and burn 
injury are disease conditions linked with altered serum concentration and trans-
port of nickel [67] inhaling automobile smoke laden with nickel can lead to high 
accumulation in the lungs, nasal septum, liver, and kidney [68]. Erythrocytes 
and leukocytes inhibited production, blood vessel damage, vomiting, irregular 
and abnormal heartbeat, which are caused by short-term exposure to reduced 
concentration of arsenic. Malfunctioning of cells, respiration, enzyme cell, and 
mitosis are caused by arsenic because it is a protoplasmic poison; the main effect 
is on the sulfhydryl group of cell [69]. Documented toxicological and health 
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effect of manganese include decrease in semen quality [70] and Parkinsonism 
[71, 72]. For the fact that manganese is recognized to have different neuronal 
deficits such as learning disabilities, emotional liability, hallucination, compul-
sive behaviors, attention disorders, low fetal birth weight, and infant mortality 
[72–74], it is regarded as a potent toxin. The mucous membrane is the major 
target of inhaled hexavalent chromium or chromium-containing compounds, 
and then it synergizes asthmatic reaction, bronchial cancer, ulceration, and 
perforation of the nasal septum [75]. Although the human body for its physi-
ological process requires copper in trace amount, increased exposure to copper 
through inhalation of automobile smokes/fumes will lead to copper toxicity 
such as early childhood liver cirrhosis (ECLC) and gastrointestinal symptoms 
[76]. The ubiquitous nature of polycyclic aromatic hydrocarbons emanates from 
natural processes such as forest fires, oxidation of biogenic precursors, unburnt 
petroleum products and other anthropogenic factors, which are released into the 
environment [77]. PAHs are hazardous chemicals that negatively impair human 
health [78, 79]. Accordingly, automobile transportation is a veritable source 
of PAHs in the environment being an anthropogenic pollutant, and the urban 
atmosphere is laden with PAHs originating from incomplete combustion of fuel 
in the transportation engine [80]. PAHs being highly lipophilic and insoluble in 
water persist in the environment (air, water, and land), and many of its com-
pound are known carcinogenic, mutagenic, and teratogenic to organism [81].

Particulate matter (PM2.5 and PM10) are tiny suspended microscopic particles like 
dust, soot, ash, solid/liquid objects, gases, and aerosols that can originate from daily 
life activity. They can travel long distance in air been less dense than air. Those that 
originate from automobile/diesel engine exhaust may consist of complex mixture of 
organic molecules (conjugated and straight chain), incompletely burnt carbon, oxides 
of metals, acid anhydrides, and phosphate, nitrate, and sulfate group. The respiratory 
system is the major attack site of inhaled particulate matter. Penetration of inhaled 
airborne particles through the airways increases with the increasing reduction in 
particle size for those >0.5 μm [82]. The health effect from inhaled particulate matter 
may be affected by the site of deposition within the respiratory system. Deposited 
particles within the respiratory system are influenced by biological, physical, and 
chemical process which includes dissolution into body fluids with absorption by blood, 
migration into cells by phagocytosis, and movement with mucus and blood fluid [83]. 
Cancer, asthmatic allergies, inflammation, cardiovascular and respiratory disease, and 
mutagenic and teratogenic effects are health issues associated with particulate matter 
inhalation [84]. Bronchovascular disease has been reported among subjects exposed 
to welding aerosol [85]. Cancers of larynx, nasal cavities, and paranasal sinuses were 
established in subjects exposed to and inhaled chromate paints [86, 87]. Pollution 
keratoconjunctivitis (PKC) was reported among children in hydrocarbon processing 
in Niger Delta area of Nigeria [88]. Among automobiles, it is established that two-
wheeled vehicles (motorcycles) emit more particulate matter into the ambient air 
than four-wheeled vehicles (cars) and therefore more polluting effect. This fact can 
be exacerbated in cities with high traffic gridlock (traffic congestion) as vehicular 
emission poses great threat to environmental and public health. The united nation 
(UN) 1998 report states that over 600 million people are exposed to hazardous effect 
of traffic-associated pollutants after 21 years; this figure must have increased.

8. Conclusion

High voluminous importation of aging and rickety automobiles with 
engines of questionable combustion efficiency, weak and deplorable road 
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infrastructure, and high road accidents leading to automobile breakdown and 
favorable elements of weather (high temperature, acidic rain fall, dew, etc.), 
decomposition of automobiles, and release of toxic substances into the environ-
ment is inevitable, and this is coupled with toxic substances emitted by combus-
tion of fuel/diesel during transportation. For the fact that Nigeria lacks adequate 
technology to deal with automobile waste, including recycling, there is a need to 
put in place, strengthen, and implement legislation regime so as to regulate the 
importation of automobiles into the country. Nigeria with a population of over 
180 million people provides a large market for auto manufacturers. The govern-
ment can negotiate with the manufacturers to establish a recycling plants, and 
this can remove large volume of auto-waste from the roads. The government 
can also assist the citizens to purchase new vehicles rather than fairly used 
ones through car loans. Adequate monitoring program by vehicle inspector-
ate officers to ensure road worthiness of vehicles. Tax incentives can be given 
to citizens who agree to limit car ownership to one. The government can also 
establish a comprehensive mass transportation network system that can convey 
large number of people on a daily basis. This can reduce the number of vehicles 
plying the road on a daily basis. Periodic air quality monitoring can be carried 
out to determine the levels of carbon (II) oxide, carbon (IV) oxide, oxides of 
nitrogen and sulfur, particulate matter, etc. in the air. Alternatively, non-fuel 
means of transportation such as beast of burden, bicycles, and trucks can be 
resuscitated and can lead to a significant reduction in number of vehicles on the 
road, meaning a decrease in pollution level and minimal health risk. The conclu-
sion is that automobile waste and automobile transportation have some negative 
effect on the environment and public health.
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