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Abstract

There are many definitions of emerging contaminants (ECs). They are not 
usually new chemicals and could be substances that have stayed long in the envi-
ronment with their presence and importance being recognized now. They may be 
chemicals or microorganisms which are not usually monitored in the environment 
but with known or suspected potential to cause ecological damage or adverse 
human effects. Some natural products and those transformed through biochemi-
cal processes from synthetic chemicals may be formed in the environment as ECs. 
Emerging Agricultural Contaminants are released to the environment or enter 
indirectly to the soil during the application of manure, fertilizers, biosolids or 
other solid waste materials. Once they enter the soil, they may be transported 
by leaching, runoff and drainage processes to water bodies. The extent of the 
transport is dependent on the persistence of the EC and on how it interacts with 
soil and air. These ECs contribute to global warming through the emissions 
of Greenhouse gases. The largest source of GHG emission from Agriculture is 
Nitrous oxide (N2O) and it accounts for 38% of the total global emission through 
the process of nitrification and denitrification, anthropogenic activities (use of 
nitrogen fertilizer, production of nitrogen-fixing crops and forages, retention 
of crop residues, application of managed livestock manure) which are either 
through direct additions and/or through indirect additions (atmospheric deposi-
tion of applied nitrogen). The natural digestive processes in ruminants otherwise 
known as enteric fermentation account for the key source of methane production 
under livestock production hence the second largest source of total agricultural 
emission with 34% global share and rice cultivation being the third with 11%. 
The three important greenhouse gases (Methane, Carbon dioxide and Nitrous 
oxide) are not harmful in naturally occurring quantities for their atmospheric 
presence helps in sustaining life on the planet when they trap heat energy near 
the surface of the earth. Concentration of greenhouse gases from both the natural 
and human factors have been increasing and contributing to Global Warming and 
Climate Change. Increase in greenhouse gases may cause tremendous changes to 
our civilization positively or negatively but the total impact is uncertain. Climate 
change comes as a result of a warming planet which can affect the weather 
adversely in many ways. So, as climate changes, extreme weather activities release 
severe threats on human society. Indicators of global warming include sea surface 
temperature, temperature over land, snow cover on hills, temperature over land 
and humidity. It is expected that climate change may cause more floods, storms, 
droughts, heatwaves and other extreme weathers activities. IPCC estimated that 
temp may rise from 2 to 6°C within 2021. Mitigation of greenhouse effect could 
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be achieved through Biochemical methods on enteric fermentation, development 
of good environmental policies even Methanotrophs also aid in recycling the 
atmospheric Methane.

Keywords: emerging contaminants, pesticides, fertilizers, livestock, manure,  
global warming

1. Introduction

Global warming: The temperature of the earth since 1950 has been increasing 
above average temperature. This can also be referred to as climate change. Both 
climate change and Global warming refer to increase in average global temperature. 
Climate change involves a change in climate measured using statistical properties 
such as mean surface temperature which can range from months to millions of 
years. One of the facets of climate change is global warming as it has been described 
as an average increase in global surface temperature. The causes of Global warming 
are both from natural and human events. One of the natural factors is Greenhouse 
effect. This effect is a blanketing one by which greenhouse gases keep the surface of 
the earth warm [1]. The human influenced greenhouse gases (CO2, CH4, and N2O) 
are also essential in climate change [2]. The energy that gets to the earth is absorbed 
by earth’s surface and later re-radiated back as heat energy towards the space. 
Greenhouse gases equally and importantly trap this re-radiated energy within the 
atmosphere hence increase the temperature of earth’s surface [3].

Climate change occurs as a result of high concentration of greenhouse gases 
(GHG) like carbon dioxide (CO2), nitrous oxide (N2O) and methane (CH4), sulfur 
dioxide (SO2) etc. [4]. The increase in high GHG emissions are associated with eco-
nomic activity especially as related to industry, energy, transport and methods of 
land use (Agricultural production and deforestation [5]. Greenhouse gases are still 
building up in the atmosphere and prompting shifts across the globe in the climate.

Agriculture is a well-known source of global emission of greenhouse gases. 
Rearing of livestock and application of fertilizers and other related land clearing 
affects the levels of both GHG in the atmosphere and the possibilities of carbon 
sequestration and storage. Agricultural pollutants are the contaminants that are 
released into the environment as a by-product from growing and raising of food 
crops and livestock. However, these pollutants are biotic and abiotic by-products 
of farming practices (pesticides, fertilizers and livestock manure) that result in 
degradation or contamination of the environment and ecosystem hence leading 
to injury in humans and their economic interests. There has been an increasing 
concern over the emerging and growing increase in emission of Greenhouse gases 
such as CH4, CO2 and N2O, etc. as they have detrimental impact on the environ-
ment leading to global warming which results in climate change and environmental 
degradation [6, 7].

1.1 Sources of emerging contaminants

Different routes of release of emerging contaminants can be summed-up into 
3 major categories as follows:

1. Use of Livestock: This includes manure and flatulent gas (methane) being 
released directly from animals and their compost-releasing Methane gas into 
the atmosphere, artificial fertilizers, hormones used in livestock and all other 
veterinary composts.
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2. Plant Protection Activities: These include mainly nanomaterials designed 
as “smart” chemicals or “smart” pesticides that have the ability for selective 
toxicities. Unfortunately, these nanomaterials enter the ecological system 
virtually undetected. Pesticides which include Rodenticides, Fungicides, 
bactericides, weed toxins, zootoxins which kill small animals like rodents, 
phycotoxins which inhibit the growth of algae, different personal and 
household use products, all that have the ability to produce other compounds 
that are consequently released directly or indirectly into the environment 
especially through air and wastewater as emerging contaminants.

3. Human Use Activities: These include chemicals such as new chemical com-
pounds and pharmaceuticals synthesized by humans that are released directly 
and indirectly. These compounds usually pass into wastewater treatments to land 
resulting in sludge and biosolids, and or from irrigation to waste-water effluent. 
Pesticides which may be released as nanoparticles are also part of this group with 
increased absorption ability, increased solubilities, or increased toxicities.

2. Emerging contaminants from agrochemicals

Contaminants refer to biological, chemical, physical or radiological substances 
found in considerable concentrations that can adversely affect human beings 
through soil, food contamination and air. For a long time now Contaminants from 
Agricultural practices have been known to be as a result of human activities both 
man-made and natural. Their increasing effect on the ecological system including 
resultant Green-House effects poses a disturbing concern.

What are the emerging agricultural contaminants? Agricultural contaminants 
can generally be grouped into some major classifications, but a major source of 
concern for the environment is the emergence of animal waste and its release of 
Methane gas (CH4) into the atmosphere. Another growing source of concern is the 
emergence of pharmaceutical wastes as contaminants which manifests typically in 
run-off water in the agricultural watersheds. Although there are many definitions 
of what constitutes “emerging contaminants” it is of paramount importance to 
explain the word “emerging” attached to the contaminants as chemical compounds 
which have not been known to be in existence or have not been extensively studied. 
Again, emerging contaminants can be classified into chemical compounds which 
have been known previously but whose impacts on health and environment have 
not been fully comprehended. The definitions of emerging contaminants are 
numerous and vary from region to region of the world. They may be chemicals that 
have been shown to be threatening to the environment or public health through 
different routes without enough data to assess their risk levels. Those with poten-
tial health and environmental threat without regulatory standards also fall into 
emerging contaminants just as chemicals or substances that penetrate the environ-
ment through different routes but lack not only risk stratification, but inadequate 
detection capabilities. Although detecting emerging contaminants can be more 
challenging, they can penetrate the environment causing adverse biological and 
ecological effects [8]. The United States Geological Survey describes emerging 
contaminants as chemicals or microorganisms which are not usually monitored in 
the environment but with known or suspected potential to cause ecological damage 
or adverse human effects. New Synthetic chemicals or changes in use and disposal 
of existing ones can also be referred to as a means of creating emerging contami-
nants. Emerging contaminants in another way is defined as chemical substances or 
compounds that are characterized by a perceived challenge to human health or the 



Emerging Contaminants

4

environment lacking published health criteria. They may also be identified from 
sources that are unknown, new exposure to humans, or a new detection approach or 
technology [9]. Emerging contaminants (ECs) are not usually new chemicals. They 
could be substances or chemicals that have stayed long in the environment with 
their presence and importance being recognized now. There are many proposed 
and contradictory definitions of “Emerging Contaminants”. Boxall [10] defines it 
as a contaminant from a chemical class that has not been studied extensively where 
either there is a concern from scientists, Regulators, NGOs or other Stakeholders 
that the contaminant class may be having an impact on human health or envi-
ronment or where there is a concern that an existing environmental assessment 
 paradigms are not appropriate for the contaminant class.

Recently, there has been a great concern on the environmental challenges caused 
by Emerging contaminants. These ECs emanate from by-products of a variety of 
materials such as paints and coatings, pharmaceuticals, personal care products, 
agrochemicals, veterinary medicines etc. Some natural products and those trans-
formed through biochemical processes from synthetic chemicals may be formed in 
the environment as ECs.

2.1 Emerging contaminants from agricultural activities

Emerging Contaminants are released to the agricultural environment via 
different pathways. They may be released to the environment directly (veterinary 
medicines that are used in the treatment of animals at pasture) or enter indirectly 
to the soil during the application of manure, biosolids or other solid waste materi-
als. Once they enter the soil, they may be transported by leaching, runoff and 
drainage processes to water bodies. The extent of the transport is dependent on the 
 persistence of the EC and on how it interacts with soil and air.

2.1.1 Agricultural soils

The largest source of GHG emission from Agriculture is Nitrous oxide (N2O) 
and it accounts for 38% of the total global emission. Through the process of nitrifi-
cation and denitrification, it is produced naturally from soil. Agricultural activity 
which is anthropogenic may add nitrogen directly or indirectly to soils. The use of 
nitrogen fertilizer, production of nitrogen-fixing crops and forages, retention of 
crop residues, application of managed livestock manure, sewage sludge and cultiva-
tion of soils with high organic matter content are the direct additions. Through 
indirect additions are surface runoff and leaching of applied nitrogen into surface 
and ground water, volatilization and atmospheric deposition of applied nitrogen 
[11]. Other anthropogenic sources of GHG emissions from agriculture include 
manufacture of equipment, pesticides, fertilizers, on-farm use of fuels and the 
transport of agricultural products [12]. Emissions of GHG from agricultural soils 
(N2O) and enteric fermentation and management of manure (CH4) linked with 
livestock production contribute to the largest share in agricultural sector. So, from 
agricultural sector, sources of GHG emissions are accounted for as follows: Residue 
burning/forest cleaning (13%), Methane and Nitrous oxide from Management of 
manure (7%), Methane from Rice cultivation (11%), Nitrous oxide from fertilizers 
(37%) and Methane from Livestock (32%) [11]. These emissions are expected to 
increase in future due to high demand for agricultural products and enhanced 
nutrition [13]. The direct addition of both synthetic and organic nitrogen contain-
ing fertilizers will possibly be a key source of rise in emission of N2O with the 
highest coming from developing countries that are seen using 36 million tons more 
than the developed nations [14].
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2.1.2 Livestock

Emissions from Livestock constitute 9% of CO2 equivalent obtained from all 
human related activities and produces 65% of human-related nitrous oxide, and 37 
percent of human induced methane, and 64% ammonia especially from manure. 
Considering agriculture sector, livestock account for nearly 80% of all emissions [15]. 
All these emissions from livestock make it a major target for mitigation options. Feed 
produced locally such as grass and other roughage, together with wastes that are rich 
in nutrient from farms and households when replaced with feed manufactured from 
feed mills containing some secondary plant metabolites able to reduce the emission 
of methane gas could lead to negative climate impact.

The natural digestive processes in ruminants otherwise known as enteric 
fermentation in sheep and cattle account for the key source of methane production 
under this category hence the second largest source of total agricultural emission 
with 34% global share and rice cultivation being the third with 11%. Other domes-
ticated animals that also emit methane (methanogenesis) as a by- product of enteric 
fermentation include Horses, swine and poultry. The estimates of enteric methane 
from ruminants produced globally are about 80,000 Gg [16].

2.1.3 Management of manure

Handling, treatment and storage (Management of manure) of manure account 
for 7% of emissions from agriculture. Anaerobic breakdown of manure produces 
methane (methanogenesis) while aerobic handling of manure produces nitrous oxide 
(Nitrification) and then anaerobically (denitrification) hence often increased when 
the available nitrogen exceeds that of plant requirements [12]. Due to high demand 
expected for beef and dairy products globally especially from the developing world, 
methane emissions from enteric fermentation are expected to increase by 32% [11].

3. Impact of emerging agricultural contaminants on global warming

The three important greenhouse gases (Methane, Carbon dioxide and Nitrous 
oxide) are not harmful in naturally occurring quantities for their atmospheric 
presence helps in sustaining life on the planet when they trap heat energy near 
the surface of the earth. Concentration of greenhouse gases from both the natural 
and human factors have been increasing and contributing to Global Warming and 
Climate Change.

Increase in greenhouse gases may cause tremendous changes to our civilization 
positively or negatively but the total impact is uncertain. Climate change comes as 
a result of a warming planet which can affect the weather adversely in many ways. 
So, as climate changes, extreme weather activities release severe threats on human 
society. Indicators of global warming include ocean heat content, sea ice, sea level, 
sea surface temperature, temperature over ocean, temperature over land, tropo-
spheric temperature, snow cover on hills, temperature over land and humidity. It is 
expected that climate change may cause more floods, storms, droughts, heatwaves 
and other extreme weathers activities. IPCC estimated that temp may rise from 2 to 
6°C within 2021 [4].

Industrial Agriculture is one of the causes of climate change with the 
 practices having impact on it. The currently practiced industrial agriculture with 
Agrochemicals and monocultures globally is a key contributor to climate change 
for it causes the emission of Green House Gases (GHG) via changes in land use and 
soil degradation or losses, via technologies in agriculture and from livestock [17]. 
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According to Food and Agriculture Organization (FAO), Livestock production 
sector as the major emitter of all the greenhouse gases is responsible for about 18% 
on one fifth of human-induced greenhouse gas emissions [18]. For instance, in 
almost every step of egg, meat and milk production in agriculture, greenhouse gases 
that cause climate change are released into the atmosphere disturbing temperature, 
weather and health of ecosystem. Mitigating these problems will require changes in 
agricultural practices and livestock consumption.

Livestock Production as one of the Agricultural food-based industries has been 
described as leading or major contributor of the anthropogenic source of CH4 and 
CO2 greenhouse gases [19]. They contribute immensely to global warming, pollu-
tion and environmental degradation because of the large amount of greenhouse 
gases produced during the ruminal fermentation of feeds. For instance, anytime 
a cow burps or passes out gas, it puffs out a little methane which wafts into the 
atmosphere. Each of these puffs from the cow put together can result to a big effect 
on climate because methane as a potent greenhouse gas is about 25 times more pow-
erful in trapping heat and increasing earth’s global warming than Carbon dioxide 
on equal mass basis. The livestock sector therefore accounts for about 18% of CH4 
and 9% of CO2 of all the greenhouse gases emissions [20] hence methane accounts 
for 50–60% of emitted gases during livestock production [21]. A lot of proposals 
have been focused on soil and plant production for the reduction of emission from 
agriculture leaving livestock production which accounts for major amounts of CH4, 
N2O, CO2 and NH3 emissions.

Several gases cause chemical reactions that can result in producing other green-
house gases among other effects and some trap heat energy better than others. 
Considering the lifetime of greenhouse gases, some persist in the atmosphere for 
different durations of time and some contribute to global warming due to their long 
duration [22].

4. Mitigation

There are differences in Global Warming Potential (GWP) and lifetime of 
greenhouse gases in the atmosphere. One GWP has been assigned to CO2 and the 
warming potential of other gases are based and expressed relative to CO2 GWP 
[23]. For instance, 1 tonne of CH4 has a warming effect of about 25 and 72 tons of 
CO2 over 100- and 20 year periods respectively according to IPCC. Studies have 
shown that CH4 is more potent than CO2, so reducing CH4 emission will show more 
immediate and significant impact on mitigating changes in climate than reducing 
CO2 emissions [24] Another potent greenhouse gas is N2O for it remains in the 
atmosphere for 114 years [25, 26]) and 298 times as potent as CO2 over 100 years 
[27] (see Table 1 below).

Increased Industrial agriculture is proposed to be a solution to the problems of 
climate change which is a contributor without its impact being addressed. In the 

GHG Atmospheric lifetime GWP GWP (100 years)

CO2 Centuries to Millenia 1 1

CH4 About 10 years 72 25

N2O 114 years 289 298

Source: [27].

Table 1. 
Global Warming Potential (GWP) and lifetime of greenhouse gases in the atmosphere.
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negotiation for a new climate treaty that has been negotiated to follow the Kyoto 
protocol in 2012, agricultural practices have been proposed to be a means for 
climate change mitigation and partly for carbon trading [17].

Livestock farming in Agriculture is one of the largest sources of water con-
taminant and this contamination maybe the easiest route of emerging agricultural 
contamination in getting to humans and the eco-system. Animal dung production 
helps in releasing massive amount of Methane into the environment hence posing 
challenging situations as intensive farming serves in meeting global food challenges. 
Also, Algae and Fungi bloom intensifies methane release into the environment, thus 
having adverse effects on Green-house gases. To mitigate emerging contaminants 
the following can be employed:

1. Development of good environmental policies to mitigate unwarranted release 
of emerging contaminants such as standards for water policy, improved testing 
on pollution and emission, assessments on environmental impact of farms and 
irrigation systems.

2. Enhancing the intake of digestible forage will mitigate GHG emissions from 
rumen fermentation and stored manure (For example, to reduce enteric 
methane emission replace corn silage with grass silage in diet, apply dietary 
lipids, use legume over grass as it contains more fiber in addition to replacing 
inorganic fertilizer) [28].

3. Release of pollutants at the source of production should be reduced because 
of its easy entrance to vulnerable environment.

4. Reduction of the application of fertilizers and pesticides and introduction of 
natural pest-control methods should be encouraged.

5. Restoration of degraded pastureland by utilization of traditional approaches or 
techniques.

6. Methanotrophs otherwise known as the methane-eating bacteria found in the 
ecosystem where methane is produced ensures the conversion of methane into 
substances such as sugars before being released into the atmosphere. In this 
way, the methanotrophs help in recycling methane all over the globe.

7. Biochemical method of mitigation of Greenhouse gases: This is the employment 
of feed supplements that have the potential of reducing methane emission. The 
bulk of complex molecules contained in ruminant feeds are broken down dur-
ing fermentation by microbes releasing energy and other chemical compounds 
[7]. Plant Natural Products (PNP) are engaged to aid in the challenges observed 
in livestock production where there is wastage of nutrient caused by excess 
excretion and poor or inefficient digestibility of feeds, emission of CO2 and CH4 
that results to 2–12% loss of feed energy [29]. These PNPs include Saponins, 
terpenoids, tannins, flavonoids, phenols, glycosides, alkaloids and essential 
oils These challenges brought the attention of Biochemists, Nutritionists and 
Microbiologists to look into the PNP application [30], yeasts [31] and enzymes 
as additives to feed. This incorporation as additives is meant to modify fermen-
tation kinetics in ruminants and manipulate microbial ecosystems. The primary 
purpose of these modifications is to improve the utilization of animal feed and 
digestibility of fibrous feeds, decrease degradability of protein [32], inhibit the 
proliferation of pathogenic bacteria in the gastrointestinal tract [33] enhance 
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performance of animals, reduce loss of dietary energy during  fermentation in 
rumen and mitigate CH4 and CO2 productions. PNPs have been found to be 
natural and safer feed additives as they demonstrate vital role in mitigating 
methane and carbon dioxide productions without affecting fermentation in 
 rumen during their production [6].

5. Conclusion

Emerging Agricultural Contaminants play both positive and negative roles in 
global warming which leads to the change in climate. The impact can be reduced 
through mitigation of the underlying causes such as the events that result in high 
emissions of the greenhouse gases. Climate change is serious and may likely worsen 
leading to land loss and unpredictable changes that will emanate from natural 
growing conditions.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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