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SLM 509 WASTE MANAGEMENT AND SOIL
INTRODUCTION

This course is primarily concern with waste generation and the impact of waste generally on
environment and human in particular. The generation of waste is becoming a global concern and
somewhat directly connected to the industrial development and population growth. Increase in
population has led to the generation of waste faster than they are collected and disposed of in many
cities and towns. The quantity and diversity of wastes generated by industries and municipalities
pose serious risks to both human health and the environment. Apparently, there is ignorance in the
part of populace about the deleterious effects on the waste generated and have resulted in the
alarming increase of environmental pollution alongside the urbanization, industrialization and
changing agricultural practices.

The day—to—day activities of human beings, particularly in the developing countries, cause more
environmental pollution than industrial waste emissions because industrial pollution is concentrated
in certain towns and cities and can be ordered to close but no such measure can be taken for the
sudden prohibition of human- derived pollution occurring at all places. The solid waste, sewage and
night soil pose the most intimidating and widespread of all environmental problems. The disposal of
such waste requires proper solid and hazardous waste management.

It is imperative therefore to create awareness among local authorities and stakeholders on the
menace of indiscriminate generation and disposal of these wastes to the environment and to proffer
treatment technologies that will help manage, recycle and convert waste to wealth.

WHAT YOU WILL LEARN IN THIS COURSE

This course is a two credit unit. The course guide takes you through what you will learn by reading
this material. The study of this course SLM 509 — “Waste Management and soil”, generally teaches
how human activities lead to generation of wastes and the consequences of the wastes on
environment and human health. Many human activities both domestic and otherwise such as
consumption of packaged food items, laundry, discharge of unwanted and general household chores,
activities involving trades like distribution and retailing, on farm and farm gate activities and
industrial operations all lead to generation of wastes. As a result, wastes accumulate to the level that
endangers not only the human health but also other organisms in both terrestrial and aquatic
ecosystem.

Wastes generated in environment are from different sources including residential, municipal
commercial, agricultural, constructions and demolitions, institutional such as schools, hospitals and
other governmental ministries and parastatals and of course industries. Others include various
sources of wastewaters such as industrial wastewaters, agricultural slurry from livestock and
abattoir, institutional wastewaters such as hospitals and schools, residential wastewaters,
commercial wastewaters, etc. The nature of wastes and wastewaters generated by each source varied
tremendously from place to place. For example the waste dumpsites in the landfill can generate
gases that are of global warming potentials such as carbon dioxide, methane and other gases. The
same dumpsite produces leachate that can percolate into the soil profile and eventually contaminate
the ground water. Industrial wastewaters discharged into environment contain heavy metals such as
Cd, Cu, As, Cr, Pb, Hg. The same wastewaters are used in irrigation to grow crops such as lettuce,
tomato, onions and so forth. These crops are consumed by humans and animals and can have
deleterious effect on health.
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This course also teaches how these problems can be overcome by teaching different waste treatment
and disposal techniques to mange the waste generated. These techniques involve the waste
prevention at source, waste reduction, waste reuse and recycling, the conventional landfilling and
incineration and improved technologies such as pyrolysis, gasification, anaerobic digestion and
finally integrated method of waste management. Also, the course talked about composting which is
another avenue of managing waste, especially agricultural wastes. The processes involved and the
microbes that carry out the decomposition process were all well discussed.

COURSE AIM

The aim of this course is to create awareness on the waste generation in our environment and its
associated deleterious impact on human health and environment in general. It also aims at
proffering simple and different ways of managing the waste.

COURSE OBJECTIVES
After going through the course, you should be able to:

Define wastes and know its sources.

Know the effects of waste disposal on human and environments.

Identify and describe wastes that are agriculturally based.

Understand different sources of agricultural wastes.

Understand the wastes that are generated from municipality and how they are managed.

Understand the industrial sources of waste with their associated deleterious impact on

environment.

Classify and characterize wastes that are hazardous in nature.

e Know and understand the decomposition of organic matter; the series of microorganism
involved in the decomposition process.

e Learn the simple way of carrying out the composting of organic wastes and residues

e Learn the general impact of various waste sources on the environment;

e Employ different waste management strategies to solve waste generation and its impact on

environment.

WORKING THROUGH THIS COURSE

This course has been carefully put together bearing in mind the fact that it is an introductory course.
However, efforts have been made to ensure adequate explanation of the concepts and issues treated
in the work. Diagrams and tables have been used where necessary to enhance your understanding.
You are advised to spend good time to study the work and ensure that you attend tutorial sessions
where you can ask questions and compare your knowledge with that of your classmates.

COURSE MATERIALS

You will be provided with the following materials:

e A Course guide

e Study Units.
In addition, the course comes with a list of recommended textbooks, which are not compulsory for
you to acquire or read, but are essential to give you more insight into the various topics discussed.

Vi
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STUDY UNITS

The course is divided into 15 units. The following are the study units contained in this course:

Module 1

Unit 1: Wastes

Unit 2: Characteristics of Agricultural wastes
Unit 3: Municipal wastes

Unit 4: Industrial waste

Unit 5: Hazardous waste

Module 2

Unit 1: organic matter

Unit 2: Soil Biota

Unit 3: Role of organic matter in soil fertility
Unit 4: Effect of organic matter on soil properties
Unit 5: Composting

Module 3

Unit 1: General Impact of Waste on Environment
Unit 2: Waste Treatment and Disposal

Unit 3: Waste incineration

Unit 4: Waste Land filling

Unit 5: Other Technologies

Module 1

In unit one you will learn the definition of wastes as explained by professionals. You will also learn
the composition wastes and how the wastes are generated. The effects of different waste disposal on
environment are also discussed in this unit. Unit two discusses the characteristics of agricultural
wastes, their sources and how they can be converted into useful materials such as fertilizers, biogas
and animal feeds. Unit three explains what municipal solid wastes are; and different types of
municipal soil wastes are elucidated in the unit. Physical, chemical and biological characteristics are
also explained in the unit; and finally ways of transforming or managing municipal solid wastes are
discussed. In unit four, the industrial wastes are defined and different examples are given. The
sources of industrial wastes are highlighted and their deleterious impacts on environment are
explained. Unit five of this module dwelled on the definition and characteristics of hazardous
wastes, sources and classification. Also, sources and different types of household hazardous wastes
and materials were elucidated.

Module 2

Module two generally explained the organic matter decomposition. In unit one, organic matter is
described, the decomposition process and its components. Factors that affect organic matter
decomposition are also described. In unit two, general soil biota is explained. The various

vii
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classifications and categories are explained. You will also learn in this unit that soil biota generally
are classified into three groups macrobiota, mesobiota and microbiota. Also this unit explains
biogenic structures and differentiated the harmful microorganisms from beneficial ones. Unit three,
the role of organic matter in soil fertility is explained. Unit four discussed the effect of organic
matter on soil physical, chemical and biological properties. Finally, unit five of this module
explained in detail how composting is carried out. The processes involved, material used, different
types and benefits are all elucidated in this unit.

Module 3

Unit one of this module talked about the general impact of wastes and wastewaters on environment
and risk of different waste sources and disposal and human health. Unit two discussed the different
waste treatment and disposal techniques. It also discusses different waste reduction, reuse and
recycling techniques. Unit three and four discussed landfilling and incineration of wastes, which are
the conventional ways of waste treatment and disposal techniques. Unit five highlighted and
discussed the modern ways of waste treatment and disposal, which include: pyrolysis, gasification,
combined pyrolysis — gasification and anaerobic digestion. These are described as the alternative
treatment and disposal technologies to the conventional technologies explained the previous units.
Finally, the integrated waste management technology is discussed, which combines all the
technologies in one system.

TEXT BOOKS AND REFERENCES
The following textbooks are recommended for further reading:

Hill, M. (2002). Handbook on solid waste management. Second edition. 834 pp.

ISWA. (2012). Globalization and Waste Management. International Solid Waste management
(ISWA). A Global Perspective on Current Developments in Solid Waste Management",
IFAT ENTSORGA, May 2012, Munich, Germany. 55 pp.

Nicholas, P.C. and Paul N.C. (1995). Hazardous material and waste management: A guide for the
professional hazard manager. Noyes Press, New Jersey, USA. pp. 2

Environmental Epidemiology, Volume 1: Public Health and Hazardous Wastes. NATIONAL
ACADEMY PRESS Washington, D.C. 1991. Brady, N.C. and Weil, R.R. (2004). Elements
of the Nature and Properties of Soils, 2nd ed. Pearson Education, Inc., Upper Saddle River,

NJ.
Coleman, D.C., Crossley, D.A. and Hendrix, P.F. (2004). Fundamentals of Soil Ecology, 2nd Ed.
Elsevier, Inc.
Jenny, H. (1980). The Soil Resource, Origin and Behavior, Ecological Studies 37 Springer-Verlag,
New York.

Dalzell, H.W., Biddlestone, A.J., Gray, K.R. and Thurairajan K. (1987). Soil management: compost
production and use in tropical and sub tropical environments. pp. 177.

IEA Bioenergy. (1996). Bioenergy, biogas from municipal solid waste: Overview of systems and
markets for anaerobic digestion of MSW. IEA Bioenergy, Energy Recovery from MSW
Task Anaerobic Digestion Activity. National renewable energy Laboratory, Harwell

Paul T.W. (2005). Waste treatment and disposal. Second edition. pp. 391.

viii



SLM 509 WASTE MANAGEMENT AND SOIL
ASSESSMENT

There are two components of assessment for this course. They are the Tutor-Marked Assignment
(TMA), and the end of course examination.

TUTOR-MARKED ASSIGNMENT

The TMA is the continuous assessment component of your course. It accounts for 30% of the total
score. Your facilitator will give the TMAs to you and you will return it after you have done the
assignment.

FINAL EXAMINATION AND GRADING

This examination concludes the assessment for the course. It constitutes 70% of the whole course.
You will be informed of the time for the examination.

SUMMARY

This course provides the knowledge of waste generation and its impact on environment in general
and human health in particular. It also gives how these generated can be treated, disposed of and
managed using both convention methods and alternative technology. At the end of this course, you
should be able to answer the following questions:

e How waste generation and its disposal affects the environment and human health.
e \What wastes are of agricultural origin and do these wastes daunt our immediate environs and
ways of making the useful

e How the discharged industrial effluents and emissions pollute our environments and their
impacts on human health.

How the legislators define, characterize and classify wastes that are considered hazardous.

How organic matter is decomposed in the soil

What are organisms responsible for organic matter decomposition

What are the roles played by organic matter in the soil

How does soil organic matter influence the physical, chemical and biological properties of
soil

How are organic residues are composted and put into use

What are the benefits of composting

What are the general impact of waste discharges on our environments and heaths

What are the conventional ways of treating and disposing wastes

Why do we need alternatives techniques in managing and disposing of wastes

How do we integrate waste treatment techniques into a unified system of waste
management?

We wish you success in this course and hope that you will have a better understanding of how
wastes affects your environs and offer a simple way of combating the challenges that might have
arisen as regards to health issues and environmental safety. Remember that Waste is Wealth, so
value it.

Best wishes.
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SLM 509 WASTE MANAGEMENT AND SOIL
MODULE 1

Unit 1: Wastes

Unit 2: Characteristics of Agricultural wastes
Unit 3: Municipal wastes

Unit 4: Industrial waste

Unit 5: Hazardous waste

UNIT 1: WASTES
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Waste generation
3.2 Effect of waste on Environment
4.0 Conclusion
5.0 Summary
6.0 Tutor Marked Assessment
7.0 References/ Further Reading

1.0 INTRODUCTION

Waste is defined as any substance, solid, liquid or gaseous that remains as residue or an
incidental by-product of the processing of a substance or for which no use can be found by the
organism or system that produces it. According to United Nation Environmental Program
(UNEP), Wastes are substances or objects, which are disposed of or are intended to be disposed
of or required to be disposed of by provision of national laws. The World Health Organization
refers to waste as something, which the owner no longer wants at a given time and space and
which has no current or perceived market value. However, what one regards as waste may not be
totally useless as much can be recycled to produce new products.

Waste includes all items that people no longer have any use for, which they either intend to get
rid of or have already discarded. Many items can be considered as waste e.g., household rubbish,
sewage sludge, wastes from manufacturing activities, packaging items, discarded cars, garden
waste, old paint containers etc.

Waste can be photodegradable, e.g. broken down by sunlight after a time like plastic, non-bio-
degradable, e.g. steel, biodegradable e.g. broken down by bacteria on exposure, like organic
matter. Examples of waste include household waste, industrial (which often contain toxic
chemicals), medical waste (which may contain organism that cause disease) and nuclear waste
(which is radioactive).

2.0 OBJECTIVES
At the end of this unit, you should be able to:

Define waste as described by professional bodies
Understand different items that are considered wastes
Classify wastes

Know various ways of waste generations

11
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e Have knowledge on how different waste disposal affects our environment as well as
human health.

3.0 MAIN CONTENT
3.1 Waste Generation

Every human activity generates waste but it is the accumulation of wastes that constitute
environmental health hazards. Waste generation occurs through domestic, commercial,
industrial, agricultural and other social activities. The composition of the various wastes that are
generated in Nigeria include but not limited to: Household waste — 85%; Commercial waste -
8%; sewage Sludge — 3.5%; Industrial Waste — 1.6%; Agricultural waste — 1.1%; Mini waste —
0.5%; and Hazardous waste — 0.3%.

Domestically, human activities such as environmental sanitation, food preparation, consumption
of packaged foods, laundry, washing of utensils, discharge of unwanted household items or
unserviceable household equipment and old furnishing all lead to huge volume of waste.
Activities like retailing and distributive trade, small, medium and large-scale industrial
operations also bring about the generation of both solid and liquid waste. On-farm operation and
in-farm gate activities are usually characterized by waste generation. Typical examples include
timber and wood-processing industry, which generate large quantities of waste in form of
sawdust and shavings.

Waste generation and disposal is a growing problem worldwide and is directly connected to
industrial development and population growth. Wastes, both from domestic and commercial
sources have grown significantly in Nigeria over the past decade. Currently, as a result of
industrialization and rapid population growth in many cities and towns, wastes are generated
faster than they are collected, transported and disposed. It is difficult to quantify the volume of
waste generated from each household in Nigeria, but merely from observation, it shows that the
generation of waste amounts to millions of tons. It has been observed that about 75% of the total
wastes generated each month are mainly from the urban centers (Nnamani, 2000). Several
researchers have studied the volume of waste generated in Nigerian cities; for example,
Maclaren International Ltd (1970) estimated this volume at 182.900 tones. The study concluded
by Haskoning and Konsadem Associates (1994) estimated the per capita rate at 0.6kg/day, with a
density of 300kg/m?.

3.2 Effect of Waste on Environment

The world's accelerated economic development in recent decades has led to a rapid urbanization
and an uncontrolled population growth in urban centers. Changes in the consumption patterns of
the urban dwellers have resulted in an excessive generation and disposal of waste. Disposing of
waste has huge environmental impacts and can cause serious problems.

Landfill is the most widely employed for waste disposal worldwide. The dumps do not have
bottom liners to prevent the seepage of leachate. During degradation process, one tone of land
filled waste generates about 0.2m?® of leachate, depending on the type of waste and seasonal
climate. This wastewater primarily results from the degradation of the organic portion of the
waste in combination with percolating rainwater and moisture that leaches out organic and
inorganic constituents through the waste layer in the landfill. A landfill site may still produce
leachate with a high concentration of NH3z-N for over 50 years after filling operations have
ceased. If not properly treated, leachate seeping from a landfill can enter the underlying

12
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groundwater, posing potentially serious hazards to the environment and to public health. For this
reason, the generation of leachate has become a worldwide environmental concern in recent
years.

Also, the dumps do not have a top cover or other preventive measures to reduce methane
emission into the atmosphere. Methane and carbon dioxide are two major gases produced from
the decomposition of the organic waste in the landfill. Methane gas has a 21-fold global warming
potential as compared to carbon dioxide. According to the Intergovernmental Panel on Climate
Change, such emissions contribute to 18% of the total methane emissions to the atmosphere,
ranging from 9 to 70 mega tones annually. Therefore, landfills have been implicated as the
largest source of atmospheric methane in the world, leading to a natural phenomenon called
"global warming" (Hansen, 2005). Due to global warming, changing temperature and rainfall
patterns will bring a variety of pressure upon plant and animal life. If temperature rises as
projected, one-third of species will be lost from their habitat, either by moving elsewhere or by
becoming extinct (Hansen, 2005).

Incinerating waste also causes problems, because plastics tend to produce toxic substances, such
as dioxins, when they are burnt. Gases from incineration may cause air pollution and contribute
to acid rain, while the ash from incinerators may contain heavy metals and other toxins. In
addition, there are a substantial number of uncontrolled disposal sites that contain hazardous
wastes and that could present serious environmental or public health problems. For example,
municipal waste sludge and incinerator ash can contain toxic heavy metals such as lead,
cadmium, mercury, and other toxic materials. Heavy metals such as chromium and lead have
been long contaminants of soil. Chromium (IV) was found to cause throat and lung cancer,
shortened lifespan, reproductive problems and lower fertility. Lead causes plumbism (lead
poisoning), anemia, effects on the intestines and central nervous system. Also in children
(generally having a less well-developed blood brain barrier than adults), Pb causes behavioral
changes; decreased intelligence, brain damage and even death have been observed. Other
heavy metals such as copper, mercury, and selenium, get into water from many sources
including industries, exhaust pipes, mines, and even natural soil (Encarter, 2007).

Nitrates, which are commonly associated with fertilizers and agricultural waste runoff, can seep
into groundwater. Well water contaminated with nitrates is hazardous to humans, particularly the
infants, as it results in oxygen depletion in the blood. Once ingested into the human body, nitrate
is converted into compound known as nitrosoamines, which are known carcinogens. Moreover,
nitrates could be chemically reduced in the body of infant humans to nitrites, which reduces the
oxygen carrying capacity of hemoglobin. The current WHO public health standard for safe
drinking water requires that nitrates levels in drinking water should be less than 50 mgl. When
nitrate level in drinking water exceeds this standard, costly measures have to be taken to make
water safe for drinking. Nitrates in the agricultural waste runoffs also contaminate surface water,
which leads to Eutrophication thereby killing aquatic life.

4.0 CONCLUSION

Considering the consequence of excessive waste generation worldwide, an integrated
management plan and its implementation need to be undertaken consistently. The outcomes of
the scheme may provide inputs for local government and relevant stakeholders to formulate and
implement integrated waste management in a holistic manner. These strategies may provide a
policy framework to accomplish the target of reducing waste generation worldwide by 1%
annually. This will facilitate ways to achieve an environmental sustainability, one of the UN
Millennium Development Goals (MDG) in 2015.

13
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5.0 SUMMARY

At the end of this unit, we understand that:

— Waste is any substance — (solid, liquid or gaseous) in which no use can be found by the
organism or system that produces it and is required to be disposed of by provision of law.
However, what one regards as waste may not be totally useless as much can be recycled to
produce new products.

— Waste can be photodegradable i.e. broken down by sunlight e.g. plastic. Non-bio-degradable
e.g. steel and biodegradable i.e. broken down by bacteria on exposure e.g. organic matter.

— Waste generation and disposal is a growing problem worldwide and is directly connected to
industrial development and population growth.

— Waste disposal has huge environmental impacts and can cause serious problems.

6.0 TUTOR MARKED ASSESSMENT

Disposing of waste has huge environmental impacts and can cause serious problems. Explain
how various ways of waste disposal have impact on environment.

7.0 REFERENCES/ FURTHER READING

Encarta. (2007). Microsoft Corporation student Encarta premium 1993 — 2007. All right
reserved.

Hansen, J. (2005). A slippery slope: how much global warming constitutes “dangerous
anthropogenic interference”? Climatic Change, 68(3): 269 — 279.

Haskoning and Konsadem Associates (1994). Ibadan Solid waste management: institutional
and management study. Final report prepared by Oyo state Government, Ministry of
Finance and Industry, Ibadan Nigeria.

Maclaren International Ltd (1970). Master plan for waste disposal and Drainage in Ibadan
Nigeria, Draft report 1970.

Nnamani, O.J. (2000). Waste management problems in Nigerian Universities. Technical
Education Services. Enugu.
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UNIT 2: CHARACTERISTICS OF AGRICULTURAL WASTES

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Sources of agricultural wastes
3.1.1 Waste from application of chemicals during Cultivation practices
3.1.2 Wastes from livestock production
3.1.3 Wastes from Aquaculture
3.2 Uses of agricultural wastes
3.2.1 As source of fertilizer
3.2.2 As source of biogas
3.2.3 As heavy metal adsorbent
3.2.4 As source of animal feeds
4.0 Conclusion
5.0 Summary
6.0 Tutor Marked Assessment
7.0 References/ Further Reading

1.0 INTRODUCTION

Agricultural waste is defined as unwanted waste produced as a result of agricultural activities
(i.e., manure, oil, silage plastics, fertilizer, pesticides and herbicides; wastes from farms, poultry
houses and slaughterhouses; veterinary medicines or horticultural plastics). The by-products of
agricultural activities are usually referred to as “agricultural waste”. These wastes take the form
of crop residues (residual stalks, straw, leaves, roots, husks, shells etcetera) and animal waste
(manures). Agricultural wastes are widely available, renewable and virtually free, hence they can
be an important resource. They can be converted into heat, steam, charcoal, methanol, ethanol,
biodiesel as well as raw materials (animal feed, composting, energy and biogas construction
etcetera).

Compositions of agricultural wastes depend on the system and type of agricultural activities.
They can be in form of liquids, slurries or solids. Agricultural wastes include: animal waste
(manure and animal carcasses), food processing waste (only 20% of maize is canned and 80% is
waste), crop waste (corn stalks, sugarcane bagasse, drops and culls from fruits and vegetables,
prunings) and hazardous and toxic agricultural waste (pesticides, insecticides and herbicides, etc).

Expansion of agricultural production has naturally resulted in increased quantities of agricultural
wastes such as livestock waste, crop residues and agro-allied industrial by-products. There is
therefore significant increase in agricultural wastes globally as a result of intensification of
farming systems. It is estimated that about 998 million tones of agricultural waste is produced
yearly (Agamuthu, 2009). It was also reported that organic wastes amount to 80% of the total
solid wastes generated in any farm (Brown and Root Environmental consultancy, 1997).

2.0 OBJECTIVES

e To identify and describe wastes that are agriculturally based.
e To understand different sources of agricultural wastes.
e To understand ways on how agricultural wastes are utilized.
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3.0 MAIN CONTENT

3.1 Agricultural waste generation

3.1.1 Waste from application of chemicals during Cultivation practices

Most crops in tropics do well because of the favorable weather conditions. Likewise generation
and development of insects and weeds are also favored by the tropical climates. As a result, there
is high demand for pesticides and insecticides as well as herbicides in order to kill insects and
protect plants against the spread of epidemic diseases and weed infestation. These needs often
lead to the abuse of the chemicals by farmers. After use, most of the containers holding these
chemicals are usually pitched into fields or surrounding water bodies. These wastes have the
potential to cause environmental hazards such as food poisoning and contamination of the
farmland due to their potential to last in the soil.

Also, application of fertilizers plays an important role in maintaining the productivity and quality
of plants. However, most farmers apply more fertilizer to their crops than recommended rate in
order to boost production (Hai and Tuyet, 2010). The implication of such excessive application
of fertilizer is that portion is retained in the soil, a portion enters in to water bodies as a result of
either surface runoff or the irrigation system (which results in the pollution of surface water);
while portion enters ground water and a portion escapes into atmosphere and denitrified thus
causing air pollution.

3.1.2 Waste from livestock production

Waste from livestock activities include solid waste such as manure and organic materials in the
slaughterhouse; wastewater such as urine, cage wash water, wastewater from the bathing of
animals; from maintaining sanitation in slaughterhouses; and air pollutants and odors. The
pollution caused by livestock production is therefore a serious problem since most of them are
usually built around residential areas. Air pollution includes odors emanating from cages
resulting from the digestion process of livestock wastes; the putrefaction process of organic
matter in manure; animal urine, and/or from redundant foods. This untreated and non-reusable
waste source can generate greenhouse gases while also having negative effects on the fertility of
the soil and causing water pollution. In livestock waste, water volume accounts for 75-95% of
total volume, while the rest includes organic matter, inorganic matter, and many species of
microorganisms and parasite eggs (Hai and Tuyet, 2010). Those germs and substances can
spread diseases to humans and cause many negative effects on the environment.

3.1.3 Waste from Aquaculture

Aquaculture production requires the use of inputs, especially feed per unit area of land
(Henriksson et al., 2018) leading to an increase in waste generation from the production systems.
These wastes have little or no economic value and are often a nuisance to the environment. The
waste generation from aquaculture has made its sustainability a public concern (Martins et al.,
2010). Reports indicated that metabolic wastes discharged by 63,000 tons of fish produced in
Japan in 1999 were equivalent to the waste generated by 5 million people (Suzuki et al., 2003).
This underscores the need for proper methods to ensure the sustainable intensification of
aquaculture.

3.2 Uses of agricultural wastes

There are a number of applications to which agricultural wastes can be used. These include:
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3.2.1 As source of fertilizer

The use of animal manures as a source of fertilizer has impact on input energy requirements at
the farm level (Timber and Downing, 1977). Animal manure could supply 19% N, 38% P and
61% K (Council for Agricultural Science and Technology, 1975). However, fertilizer use of
manures from large confinement is associated with high costs for transport, distribution, storage
facility requirements, odor problems and possibility of groundwater contamination. Mokwunye
(2000) reported that poultry manure contain high phosphorus which has positive effect on the
growth and productivity of crops. It is also effective when combined with mineral phosphorus
fertilizer for farm use. Adding manure to soil increases its fertility because it increases the
nutrient retention capacity (or cation exchange capacity), improves the physical condition, the
water- holding capacity and the structural stability of soil.

3.2.2 As source of biogas

Agricultural waste, particularly the manures, can be used to produced methane gas. The gas can
be used for heating purposes as in broiler operation, water heating, grain drying, etc. The acid-
forming bacteria break down the volatile solids from organic waste to organic acids, which are
then utilized by methanogenic organisms to yield methane-rich gas (Figurel). The composition
of the typical gas produced is: methane, 50-70%; CO2, 25-45%; N, 0.5-3%; H», 1-10% with
traces of H,S; and the heating value of the gas is in the range of 18-25 M J m=3. Anaerobic
digestion makes the treatment and disposal of large poultry, swine and diary waste feasible,
minimizing the odor problem. It stabilizes the waste and the digestion sludge is relatively odor-
free and yet retains the fertilizer value of the original waste.

ACID FORMING

METHANE FORMING
ORGANISMS

ORGANISMS

ORGANIC Y VOLATILE v ME‘I:[A;NE
WasIE ACIDS CARBON DIOXIDE
PHASE 1 PHASE 2
ACID ME THANE
FERMENTATION FERMENTATION

Figure 1: Methane production by microbial fermentation (Adapted from Obi et al. (2016)).
3.2.3 As heavy metal adsorbent

The release of excessive heavy metals to environment as a result of industrialization is of great
concern world wild. Heavy metal ions such as copper, cadmium, mercury, zinc, chromium and
lead ions do not degrade into harmless end products easily and therefore pose danger to
environment as a result of their toxicity to many life forms. Studies on the treatment of effluent
having heavy metal revealed that adsorption is highly effective technique for the removal of
heavy metal from waste stream and activated carbon has been widely used (Ghand et al., 1994).
Recently, agricultural wastes have been proven to be a low cost alternative for the treatment of
effluents containing heavy metals through the adsorption process. The low cost agricultural
waste such as sugarcane bagasse (Mohan et al., 2002), rice husk (Ayub et al., 2002), sawdust
(Ajmal et al., 1996), coconut husk (Tan et al., 1993), oil palm shell (Khan et al., 2003), neem
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bark (Ayub et al., 2001), etc., have been investigated for elimination of heavy metals from
wastewater.

3.2.4. As source of animal feeds

Agricultural wastes from both crop residues and animal waste can be used as animal feed. The
use of broiler litter in cattle feeding is a widely applied practice. Animals, especially ruminants
are useful in converting crop residues into food, hence contributing substantially to reducing
potential pollutants. The rumen contains the microbial enzyme cellulase, which is the only
enzyme to digest the most abundant plant product, cellulose (CAST, 1975). With ruminants,
nutrients in by-products are utilized and do not become a waste-disposal problem (Oltjen and
Beckett, 1996).

4.0 CONCLUSION

Agricultural wastes are valuable resource and can be useful of raw material for fertilizer
production, animal feeds, biogas as well as sources for improving food security. However, if not
treated, kept or disposed of properly, agricultural wastes are likely to cause pollution to the
environment or even harm to human health. This calls for increased public awareness on the
benefits and potential hazards of agricultural wastes, especially in developing countries.

5.0 SUMMARY
At the of this unit, we learnt that:

— The by-products of agricultural activities are usually referred to as “agricultural waste”.

— Agricultural wastes take the form of crop residues and animal manures.

— Quantities of agricultural wastes increased as a result of expansion of agricultural
production, which include agro-allied industries.

— Agricultural wastes are usually generated from farming activities.

— Importance of agricultural wastes includes: sources of fertilizer, biogas, heavy metal
adsorbent and animal feeds.

6.0 TUTOR MARKED ASSESSMENT
Explain the various uses of Agricultural wastes.
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1.0 INTRODUCTION

Municipal solid waste (MSW) can be defined as non-air and sewer emission created within and
disposed of by a municipality including household garbage, commercial refuse, construction and
demolition debris, dead animals and abandoned vehicles. Municipal solid waste, also called
garbage or trash, is non-hazardous refuse generated by households, institutions, industries,
agriculture, and sewage. It is made up of waste, both compostable and recyclable materials, with
the municipality overseeing its disposal. Typically, this refuse is collected, separated and sent to
either a landfill or a municipal recycling center for processing. The united State Environmental
Protection Agency (USEPA) observed that the majority of substances that are MSW include:
paper, vegetable matter, plastics, metals, textiles, rubber and glass. It is estimated that in 2006
the total amount of municipal waste generated globally reached 2.02 billion tones, representing a
7% annual increase since 2003. It is further estimated that between 2007 and 2011, global
generation of MSW raised by 37.3%, equivalent to roughly 8% increase per year. It is estimated
that an average Nigerian generates about 0.49kg of solid waste per day with household and
commercial center contributing almost 90% of total.

Municipal Solid Waste has changed alongside with society and time. In the past, refuse from
community was mostly made up of ash, wood, bone, and vegetable Waste. Dumps were mainly
filled with pottery or tools that could no longer be repaired as early humans would feed most
biodegradables to their livestock or leave it to decompose. As humanity continued to develop,
the refuse created by communities became more complicated with the introduction of metals like
copper, aluminium, and steel; new materials like plastic; and the introduction of hazardous
substances. Fortunately, humanity has been able to answer to this shift for the most part with
programs that combat the various types of litter through recycling, compost and developing
landfills that will protect the environment from pollution.

2.0 OBJECTIVES

To define and identify wastes that are municipal based.

To know the composition of municipal solid wastes.

To understand the types of municipal solid waste

To know the characteristics of municipal solid waste

To understand different ways of managing municipal wastes
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3.0 MAIN CONTENT

3.1 Types of MSW
3.1.1 Residential and Commercial MSW

These are solid wastes that are organic (combustible) or inorganic (non-combustible) from
residential areas and commercial establishments. They do not include solid special or hazardous
material. Typical examples of organic fraction of residential and commercial MSW include food
waste (garbage), paper of all types, plastics, textiles, rubber, leather, wood and yard wastes. The
inorganic fraction consists of items such as glass, crockery aluminum etc. If the waste
components are not separated when discarded, they are known as commingled residential and
commercial MSW.

3.1.2 Special Wastes

These are residential and commercial MSW that are bulky items, consumer electronics, white
goods, yard wastes that are collected separately, batteries, oil and tyres- all handled separately.

e Bulky items can be large worn out or broken household, commercial and industrial items
such as furniture, lamps, bookcases, filing carbonates etc.

e Consumer electronics include worn out, broken and other no longer wanted items such
radios, stereos and television sets.

e White goods are large worn out or broken household, commercial and industrial
appliances such as stove, refrigerators, dish washers and clothes washers and dryers.

e The principal sources of batteries are households, automobiles and other vehicle
servicing facilities. Household batteries com from varying sources such as alkaline,
mercury, silver, zinc, nickel and cadmium. Household battery can cause contamination of
groundwater when found in leachate. Land filling of household should be discouraged as
each automobile battery contains 8 kg of lead and 4 liters of sulphuric acids- all
HAZMATS.

e Principal sources of oil is from servicing of motor and other moving vehicles. Waste oil
discharged to the ground water or into municipal sewers often contaminate surface and
ground waters as well as soil.

e About 230 to 240 million rubber tyres are produced in landfill or stockpiles. Stockpiling
of tyers in the tropics is used in some advantage of erosion control in the shorelines-
otherwise they pose serious aesthetic and environmental problem in case of fire outbreak.

3.2 Characteristics of Municipal Solid Waste
3.2.1 Physical Characteristics
Specific weight
This is weight of waste material per unit volume (kg/cm?® or kg/m?)
Moisture content
Moisture content of MSW is expressed in two ways: wet weight method and dry weight method.
In the wet weight method, the moisture in a sample is expressed as percentage of wet weight

while in the dry weight method, the waste is expressed as the dry weight of the material. The wet
weigh is the most commonly use in field for waste management. It is expressed thus:
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M =(w-d)/w* 100

Where M= moisture content (%), w = initial waste sample as delivered (kg) and
d = weight of sample after drying at 105°C

Example: The dry weight of waste sample after drying at 105°C is 22372 g. If the moisture
content of the waste was 65%, what would be the initial weight of waste (in kg) sample as
delivered?

Solution:
m = (w-d)/w*100

Where m = moisture content; w = initial weight of waste; d = weight of waste sample after
drying

65 = (w-22.372)/w * 100
65w = 100w-2237.2
65w-100w = -2237.2
-3bw =-2237.2

w = 63.92kg

Particle size and size distribution

These are important properties for recovery of materials. The size of waste component may be
defined by the following measures:

Sc=L, Sc=(L+W)/2, Sc = (L+W+H)/3
Where Sc = size of component (mm), L= length (mm), W= width (mm), H= height (mm).
Field capacity

This is the amount of moisture that can be retained in a waste sample subject to downward pull
of gravity. FC is important in determining the formation of leachate in landfill.

Permeability of compacted waste

The hydraulic conductivity of compacted waste is an important physical property that governs
the movement of liquid and gases in a landfill.

3.2.2 Chemical Characteristics
Information on the chemical composition of MSW is important for evaluating alternative
processing and recovery options. If solid wastes are to be used as fuels, four most important
properties to be determined are:

1. Proximate analysis

2. Fusing point of ash
3. Ultimate analysis
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Proximate Analysis

This involves

e Moisture (loss of moisture when heated to 105°C)

WASTE MANAGEMENT AND SOIL

e Volatile combustible matter (additional loss of weight on ignition at 950°C in a covered

crucible).

o Fused carbon (combustible residue left after volatile matter is removed)
e Ash (weight of sample after combustion in an open crucible).

Table 1. Typical example of proximate analysis and energy data for materials found in
residential, commercial and industrial solid wastes

Types of waste | Proximate Analysis (% by weight) Energy Content (KJ)
Moisture | Volatile Fixed Non As collected | Dry Dry ash free
Matter carbon Combust.

Food waste 70 214 3.6 5 1.88 6.27 7,51
Meat waste 38.8 56.4 1.8 3.1 8.03 13.13 13.86
Cardboard paper 5.2 77.5 12.3 5 7.42 7.82 8.23
Plastic 0.2 95.8 2 2 14.98 15.18 16.82
Leather 10 68.5 12.5 9 7.91 8.48 9.42
Yard wastes 60 30 9.5 0.5 2.76 6.82 9.42
Wood 20 68.1 11.3 0.6 6.97 8.81 8.79

Source: Isirimah (2002).

Fusing point of Ash

Is defined as that temperature at which the ash resulting from the burning of waste will form a
solid (Clinker). Typical temperatures for the formation of clinker range from 110 to 1200°C.

Ultimate analysis of solid waste

This is the analysis of waste components. It involves the determination of % C, N, S, O, H and
ash. Halogens are often included because of their importance. The result of ultimate analysis is
used to characterize chemical composition of organic matter in MSW. They are also used to
define proper mix of waste material to achieve suitable C/N ratio for biological conversion

processes. An example is given in table below.

Table 2: Typical date on ultimate analysis of the combustible materials found in  residential,
commercial and industrial solid wastes
Percentage by weight (dry basis)
Type of waste

Carbon Hydrogen Oxygen Nitrogen Sulphur Ash
Food waste 48 6.4 37.6 2.6 0.4 5
Meat waste 59.6 9.4 24.7 1.2 0.2 4.9
Cardboard paper 43 5.9 44.8 0.3 0.2 5
Plastic 60 7.2 22.8 - - 10
Leather 60 8 11.6 10 0.4 10
Yard wastes 46 38 3.4 0.3 6.3
Wood 49.5 6 38 0.1 <0.1 0.9
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3.2.3 Biological characteristics
Biodegradability of organic waste components
This is a biological characteristic of organic fraction of MSW that is measured by Volatile solid
(VS) content (determined by ignition at 550°C). This method of biodegradable is misleading
because some organic fractions of MSW are highly volatile but low in biodegradability e.g.
certain plant trimmings. Alternatively, lignin content of a waste can be used to estimate the
biodegradable fraction using the following relationship:

BF =0.83-0.028 LC

Where BF = biodegradability fraction expressed on VS basis
LC = lignin content of the VS expressed as percentage dry weight.

Production of odors

Formation of odor results from the decomposition of organic compound found in MSW. When
under anaerobic condition, sulphate is reduced to sulfide. The latter combined with hydrogen to
form hydrogen sulphide.

2CH3CHOHCOOH + SO4% — 2CH3COOH + S% + H,0 + CO;
Lactate sulphate ~ Acetate  sulphide ion

S% + 2H* — H,S
S% can also combine with metal salts such as Fe to form metal sulphides

S? + Fe?* — FeS
The black color of solid waste is due to production of FeS.
The biochemical reduction of an organic compound containing sulphur radical can lead to the
formation of malodorous compound such as methyl mercaptan and amino butynic acid. The
reduction of methionine (an amino acid) is an example.

2H
CH3SCH,CH,CH(NH2)COOH  — CH3SH + CH3CH2CH2(NH2)COOH
Methionine Methyl mercaptan aminobutynic acid
Methyl mercaptan can also be hydrolyzed biochemically to methanol and hydrogen sulphide.
CH3SH + H20 — CH30H + HaS

Breeding of flies

Fly breeding is important during storage of waste. Flies develop in less than 2 weeks after the
eggs are laid. Life of common housefly from egg to adult can be described as follows:

Eggs development --------- 8-12 hours
First stage of larval -------- 20 hours
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Second stage of larval ----- 24 hours

Third stage of larval ------- 3 days
Pupa stage ------------------ 4-5 days
Total -----------mmmmmeeeee 9-11 days.

3.3 Treatment/Transformation of MSW
3.3.1 Physical Transformation

In physical transformation, no change in physical state is involved. These include: Component
separation, mechanical volume reduction and mechanical size reduction.

Component separation: - term used to describe the process of separation by manual and /or
mechanical means. It is necessary operation in the recovery of reusable and recyclable for MSW.

Mechanical volume reduction:- is the term used to describe the process whereby an initial
volume of waste is reduced using force or pressure. It is also known as densification.

Mechanical size reduction:- is the term used to describe the process whereby size of the waste is
reduced. It does not necessarily reduce the volume of the waste. Examples are shredding,
grinding and milling.

3.3.2 Chemical Transformation

These transformations that involve change of phase (e.g. solid to liquid or solid to gas) in
reducing the volume and/or recovering products. The principal processes in chemical
transformation include:

e Combustion/chemical oxidations

e Pyrolysis

e Gasification

3.3.3 Biological Transformation

This is transformation that involves the use of microorganisms in converting waste to useful
materials such as compost and to produce methane. Principal organisms involve in the
transformation are bacteria, fungus, yeast and actinomycetes. Two processes are involved during
biological transformation:

e Aerobic composting

e Anaerobic digestion

4.0 CONCLUSION

Municipal solid wastes are non-hazardous materials produced by households, commercial and
institutional activities that include paper, vegetable matter, plastics, metals, textiles, rubber and
glass. Municipal solid wastes changes with society and time as developments brings about
changes in the waste created by communities. More complicated wastes are usually introduced
into the community like heavy metals, plastic and hazardous substances. However, with
technology available, various techniques can be used to combat the different types of municipal
solid wastes produced in order to protect the environment from pollution.
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5.0 Summary
At the end of this unit, we have learnt that:

— Municipal solid waste, also called garbage or trash, is non-hazardous refuse generated by
households, institutions, industries, agriculture, and sewage.

— Municipal solid waste changes with society and time.

— Municipal solid waste can broadly be classified into Residential/ commercial and Special
wastes.

— The characteristics of municipal solid waste are physical, chemical and biological

— Municipal solid waste can be treated through physical, chemical and biological
transformations.

6.0 Tutor Marked Assessment

e What do you understand by MSW?

e Give a concise note on the different types of MSW.

e Highlight three characteristics of
— Physical MSW;
— Chemical MSW; and
— Biological MSW.

e What are the three ways through which you can transform MSW?

e The dry weight of waste sample after drying at 105°C is 332373 g. If the moisture
content of the waste were 85%, what would be the initial weight of waste (in kg) sample
as delivered?

7.0 REFERENCES/ FURTHER READING
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1.0 INTRODUCTION

These are wastes from light and heavy manufacturing, fabrication, construction sites, power and
chemical plants. They include: housekeeping wastes, packaging, food wastes, construction and
demolition materials, hazardous wastes, ashes, special wastes etc. It is the waste produced by
industrial activity, which includes any material that is rendered useless during a manufacturing
process such as that of factories, industries, mills, and mining operations. Industrial waste
include dirt and gravel, masonry and concrete, scrap metal, oil, solvents, chemicals, scrap
lumber, even vegetable matter from restaurants. Industrial waste may be solid, liquid, gaseous,
hazardous or non-hazardous waste. Hazardous waste may result from manufacturing or other
industrial processes. Certain commercial products such as cleaning fluids, paints or pesticides
discarded by commercial establishments or individuals can also be defined as hazardous waste.
Non-hazardous industrial wastes are those that do not meet the EPA's definition of hazardous
waste - and are not municipal waste.

Industrial waste, if improperly managed, can pose dangerous health and environmental
consequences. The introduction of many new products for the home and office - computers,
drugs, textiles, paints and dyes, plastics - also introduced hazardous waste, including toxic
chemicals, into the environment. The human health and environmental impacts of many of these
chemicals are largely unknown. High levels of toxic contaminants have been found in animals
and humans, particularly those, like farm workers and oil and gas workers, who are continually
exposed to such waste streams.

2.0 OBJECTIVES

e To define and identify wastes that are industrial based
e To know the sources and types of industrial wastes
e To understand the impact of industrial wastes on human and environment

3.0 MAIN CONTENT

3.1 Sources of Industrial waste

The wastes produced in industries are heterogeneous and each category of industries differs in
the amount and type of waste it produces. Industrial wastes may be solids or liquids. Industrial
solid wastes include: solid wastes generated from mining and tailings; solid wastes from

metallurgical industries which include — varies of slag from metallurgical procedure and
processing of metal and non—-metal; solid waste from power industries: coal fly ash, coal slag,
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fuel ash, gangue generated from coal excavating and coal washing; solid wastes from chemical
industries: inferior products, outgrowth, disabled catalyst, waste additives, raw materials that
have not reacted etc.; solid wastes from oil chemical industries: oil mud, tar shale slag, waste
catalyst, waste organic solvent; solid wastes from light industries: sludge, animal residue, waste
acids, waste alkali, others from food processing such as food industries, paper making and
printing industries, spinning and dye — printing industries and leather industries; other industrial
solid wastes include: metal dross from mechanical processing, plant sludge, construction and
demolition wastes and slags from other processing industries.

Industrial liquid wastes are generally divided into two: organic and inorganic industrial liquid
wastes. In organic liquid wastes, the effluents contain organic substances having various origins
and properties. Most organic industrial wastewaters are produced by the following industries and
plants: factories manufacturing pharmaceuticals, cosmetics, organic dye-stuffs, glue and
adhesives, soaps, synthetic detergents, pesticides and herbicides; tanneries and leather factories;
textile factories; cellulose and paper manufacturing plants; factories of the oil refining
industry;  brewery and fermentation factories; metal processing industry. The inorganic
industrial wastewater is produced mainly in the coal and steel industry, in the nonmetallic
minerals industry and in commercial enterprises and industries for the surface processing of
metals (iron picking works and electroplating plants). These wastewaters contain a large
proportion of suspended matter, which can be eliminated by sedimentation, often together with
chemical flocculation through the addition of iron or aluminum salts, flocculation agents and
some kinds of organic polymers.

3.2 Impact of industrial wastes on human and environment

Most factories and power plants are located near water bodies because they need large amounts
of water as input for manufacturing process. Most of these factories do not yet have the
resources or technology to dispose of waste with lesser effects on the environment. Both
untreated and partially treated wastewaters are commonly discharged into a near lying water
body. Metals, chemicals and sewage released into water bodies directly affect marine ecosystems
and the health of those who depend on the waters as food or drinking water sources. Toxins from
the wastewater can kill off marine life or cause varying degrees of illness to those who consume
these marine animals, depending on the contaminant. Wastewater containing nitrates and
phosphates often causes eutrophication, which can Kill off existing life in the water.

Another obvious effect of industrial waste is air pollution resulting from fossil fuel burning. This
affects the lives of many people because this spreads illnesses. Over time, this issue that has been
widespread. Several environmental issues have a devastating effect on third world countries
because they don't have sufficient resources to solve this particular issues. This also affects the
quality of soil because farmers have to try and deal with this massive issue (Aivalioti 2014). In
addition, nitrogen dioxide is a common air pollutant found in the air. Air pollutants have a
devastating effect on the human population because it causes sicknesses. Ammonia also causes a
lot of respiratory problems that can be contracted from the air. "llInesses that can occur from air
pollution range from irritation to eyes, skin, nose, or throat. There is also a chance to get
Pneumonia or Bronchitis both being very dangerous. Commonly, people have reported to have
gotten headaches, nausea and dizziness from air pollution (Richie and Roser, 2019). WHO stated
that air pollution is the worst risk in terms of human health.

On the other hand, one of the most devastating effects of industrial waste is water pollution.
Farmers rely on this water but if the water is polluted, then crops that are produced can become
polluted. This affects not only the society and humans but also animals. Water pollution can
have devastating effects on the human body majorly from infection of bacteria, parasites and
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chemicals. Diseases that humans can be exposed from drinking unsafe water range from cholera,
typhoid or Giardia.

4.0 CONCLUSION

Industrial wastes come from various types and forms of industries but mostly are hazardous in
nature. The industrial waste generated can cause both air and water pollution, which do not only
have devastating effect on humans but also to animals, fish, and birds. Polluted water is
unsuitable for drinking, recreation, agriculture, and industry. It diminishes the aesthetic quality
of lakes and rivers. More seriously, contaminated water destroys aquatic life and reduces its
reproductive ability. Eventually, it is a hazard to human health.

5.0 SUMMARY
This unit can be summarized thus:

— Industrial wastes are waste from Light and heavy manufacturing, fabrication, construction
sites, power and chemical plants.

— Industrial wastes can be to dangerous health and environmental consequences when not
properly managed.

— Sources of industrial wastes may be generally solids or liquids arising from different
manufacturing process.

— The major impacts of industrial wastes are water and air pollution.

6.0 Tutor Marked Assessment
Discuss impact of industrial wastes on environment and human health.
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1.0 INTRODUCTION

The simple definition of hazardous waste that “Any waste that has the potential to harm human

health or the environment is hazardous waste” is not adequate from a legal standard point.

Therefore, the Resource Conservation and Recovery Act (RCRA) legislation in the US defined

hazardous waste as a waste, or combination of waste, which because of its quantity,

concentration, or physical, chemical or infectious characteristics may:

— Cause or significantly contribute to an increase in mortality or increase in serious
irreversible illness; and

— Pose a substantial present or potential hazard to human health or environment when
improperly treated, stored, transported or disposed of.

According to EPA, waste is hazardous if it meets one or more of the following criteria.
e It exhibits the characteristic of hazardous waste

It is a non-specific source waste.

It is a specific commercial chemical product or intermediate.

It is a mixture containing a listed hazardous waste.

It is a substance that is not excluded hazardous waste RCRA.

2.0 OBJECTIVES

To have clear definition on hazardous waste

To know the characteristics of hazardous wastes
To identify the sources of hazardous wastes

To classify hazardous waste into different classes

3.0 MAIN CONTENT
3.1 Characteristic of Hazardous Waste

Available procedures are accurate enough to enable definition of the four characteristic of
hazardous waste i.e. ignitability, corrosivity, reactivity and toxicity. However, test protocol and
data interpretation for measuring carcinogenicity, mutagenicity, phytotoxicity and potential
bioaccumulation are either poorly developed or too complex and require high level of expertise.
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3.1.1 Ignitability

Ignitability is the characteristic used to define hazardous waste as those waste that could cause a
fire during transport, storage or disposal. Examples of ignitable waste include waste oils and
used solvent. It has the following properties;

1. It is a liquid, other than aqueous solution containing less than 24% alcohol by volume and has
flash point less than 60°C (140°F).

2. It is not a liquid and is capable, under standard temperature and pressure, of causing fire
through friction, absorption of moisture, or spontaneous chemical changes, and when ignited,
burns so vigorously and persistently that it creates a hazard.

3.1.2 Corrosivity

This is a characteristic of hazardous waste that is measured by pH. Waste containing materials of
very high or very low pH can produce dangerous reaction with other materials in the waste or
cause toxic contaminants to migrate from certain waste. Examples are acidic wastes from many
industrial processes. The corrosive materials have the following properties.

1. It is aqueous and has the pH of <2 or > 12.5 as determine by pH meter

2. Itis a liquid and corrodes steel at rate >6.35mm per year at a test temperature of 55°C (130°F).

3.1.3 Reactivity

Some constituents of a waste may be unstable and may have the potential to cause explosion at
any state of the waste management cycle. Used cyanide solvents and water from TNT operation
are example of reactive waste.

1. It is normally unstable and readily undergoes violent changes without detonating.

2. It reacts violently with water.

3. It forms potentially explosive mixture with water.

4. When mixed with water, it generates toxic gases, vapors or fumes sufficiently enough to
endanger human health or environment.

5. It is cyanide or sulfide bearing waste which when exposed to pH condition between <2 and
>12.5, can generate toxic gases, fumes and vapors that can endanger human health and
environment.

3.1.4 Toxicity

Is the ability of a substance to cause death, injury, or impairment to an organism that comes in
contact with it. Modes of contact are ingestion, inhalation and dermal contact. A waste will be
considered as toxic if, using the standard test method, the extract from the representative sample
of the waste contains the following at greater or equals to respective value.

Table 1

Chemical Maximum allowable concentration (mg/L)
As 5

Ba 100

Cd 1

Cr 5

Pb 5

Hg 0.2

Se 1

Ag 5}
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Concept of toxicity

Adverse effect such as carcinogenicity, mutagenicity and teratogenicity are generally linked to
contact with toxic materials and may also be used as a criteria in a listening of hazardous wastes.
However, the term ‘toxic’ and ‘hazardous’ are not interchangeable. Toxic denotes the capacity of
a substance to produce injury while hazardous denotes the probability that injury will result from
the use of (or contact with) a substance.

Acute toxicity refers to the toxic effects that have rapid onset, a short course and pronounced
symptoms. Acute toxic waste may injure human and mammals when inhaled or ingested or upon
contact with skin. Acute toxicity is typically measured in terms of lethal dose concentration
(LDso) in which 50% of the test population will die from the exposure to a particular substance
under prescribed condition.

Chronic toxicity refers to the effect that persists over a long period of time. Chronic toxicity
measurements are not nearly as standardized as acute measurements due to inability to maintain
human being or mammal under long term controlled condition.

3.2 Sources of Hazardous Waste

Petrochemical industries: phenols, acids, caustic and organic compounds

Metal industries: heavy metals, fluorides, cyanide, acids, alkali, solvents and phenols

Leather industries: heavy metals and sulfides

Others that generate partial hazardous waste: rubber, batteries, pharmaceutical, textiles, dyeing
and finishing, leather tanning and finishing, special machinery, plastics etc.

3.3 Classification of Hazardous Waste
3.3.1 EPA classifications

a). Hazardous waste from non-specific sources: - these are generic waste commonly produced
by manufacturing and industrial processes e.g. halogenated solvent used in degreasing. Examples
include tetrachloroethylene, methylene chloride, 1,1,1-trichloroethane, carbon tetrachloride,
chlorinated fluorocarbons etc.

b). Hazardous waste from specific sources: - these wastes are produced by specific industrial
processes such as wood preserving (such as creosote and pentachlorophenol), petroleum refining
(e.g. Dissolved air floatation (DAF)), and organic chemical manufacturing (distillation bottoms
from production of acetaldehyde from ethylene). Others include inorganic chemicals.

¢). Commercial chemical products: - this consists of specific commercial products like
chloroform, creosote, acids, pesticides etc.

d). Hazardous constituents: - these are hazardous constituent capable of producing toxic,

carcinogenic, mutagenic, or teratogenic effect on human and other lives e.g. tetrachloroehylene,
methylene chloride trichloroethylene, 1,1,1-trichloroethane etc.
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3.3.2 Industrial classifications

The hazardous waste management industries recognizes five categories of waste
Metal/metal finishing

Paints/solvents/coatings

Organic

Petroleum

Inorganic

s E

3.3.3 Classification based on quantity produced

a). Small quantity generators (SQG): - if the total quantity of the hazardous waste produced is
<100 kg/month of none acutely hazardous waste or < 1 kg of acutely hazardous waste.

b). Medium quantity generators (MQG): - if the total quantity of the hazardous waste
produced is between 100-1000 kg/month of none acutely hazardous waste.

c). Large quantity generators (LQG): - if the total quantity of the hazardous waste produced is
between 1000 kg/month or more of none acutely hazardous waste and > 1 kg/month of acutely
hazardous waste.

3.4 Household Hazardous Waste (HHW)

Household Hazardous Waste is a subgroup of solid waste commonly found in MSW as well as in
wastewater streams. As the name implies, these special wastes originate from households. HHW
are any household wastes, which are generated from the disposal of substances identified as
hazardous household substances including, but not limited to the following listed waste sources
and types:

(i) Repair_and Remodeling wastes including: adhesives, glues, cements, roof coatings and
sealants, epoxy resins, solvent based paints, solvents, painter removers and strippers.

(if) Cleaning Agent wastes including: oven cleaners; degreasers and spot removers; septic
cleaners; polishes, waxes, and strippers; solvent cleaning fluids.

(iii) Pesticide wastes including: insecticides, fungicides, rodenticides, molluscides, wood
preservatives, moss retardants and chemical removers, herbicides, and fertilizers containing
pesticides.

(iv) Automotive maintenance wastes including: batteries, waxes and cleaners, paints,
solvents, cleaners, additives, gasoline, flushes, auto repair materials, motor oil, diesel fuel, and
antifreeze,

(v) Hobby and recreation wastes including: paints, solvents, photo chemicals, pool chemicals,
glues, adhesives and cements, inks, dyes, chemistry sets, pressurized gas containers and
household batteries.

(vi) Other household wastes including: ammunition, asbestos, fireworks, and any other
household wastes identified as moderate-risk waste in the planning area’s local hazardous waste
plan.

4.0 CONCLUSION

The management of hazardous waste requires high degree of knowledge over very broad
technical and legal area. Hazardous wastes are diverse with compositions and properties that not
only vary significantly from one industry to another but within the industries and indeed the
househol3. Proper management therefore requires understanding the numerous and complex
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regulations governing the hazardous waste streams and knowledge of the treatment and waste
minimization technologies.

At the end of this unit, we learnt that:

— Definition of hazardous that “any waste that has the potential to harm human health or the
environment is hazardous waste” is not adequate from a legal standard point.

— Certain criteria are needed to describe waste as hazardous

— Characteristics of hazardous waste are: ignitibility, corrosivity, reactivity and toxicity

— Classification of hazardous waste is based on EPA, industrial and quantity generated.

— Household hazardous waste is generated from the disposal of substances identified as
hazardous from household.

6.0 Tutor Marked Assessment

1. Define hazardous waste based on the RCRA legislation
2. Give one feature of each of the followings:
I. Ignitability

ii. Corrosivity

iii. Reactivity

iv. Toxicity.
3. What are the three (3) classes of hazardous wastes? Explain one (1).
4. List the different household hazardous waste (HHW).
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1.0 INTRODUCTION

Many a times, organic matter is considered as the plant and animal residues incorporated into the
soil. This is actually organic material, not organic matter. Organic material is anything that was
alive and is now in or on the soil. For it to become organic matter, it must be decomposed.
Organic material is unstable in the soil, changing form and mass readily as it decomposes. As
much as 90 % of it disappears quickly because of decomposition. Organic matter is stable in the
soil. It has been decomposed until it is resistant to further decomposition.

Organic matter in soil has been described as “the most complex and least understood component
of soils” (Magdoff and Weil, 2004). According to SSSA (1987), organic matter in the soil is
defined as the organic fraction of the soil exclusive of undecayed plant and animal residue.
However, organizations and individual researchers differ in their opinion about whether
undecayed plant and animal tissues (e.g. stover, dead bugs, earthworms, etc.) should be included
in the definition of soil organic matter.

A broader definition of soil organic matter is adopted as proposed by Magdoff (1992), which
consider soil organic matter to be the diverse organic materials, such as living organisms,
slightly altered plant and animal organic residues, and well-decomposed plant and animal tissues
that vary considerably in their stability and susceptibility to further degradation. Simply put, soil
organic matter is any soil material that comes from the tissues of organisms (plants, animals, or
microorganisms) that are currently or were once living.

Soil organic matter is any material produced originally by living organisms (plant or animal) that
is returned to the soil and goes through the decomposition process. Most soil organic matter
originates from plant tissue. Plant residues contain 60-90% moisture. The remaining dry matter
consists of carbon, oxygen, hydrogen and small amounts of sulphur, nitrogen, phosphorus,
potassium, calcium and magnesium.
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2.0 OBJECTIVES

To define organic matter

To understand how organic matter is decomposed in the soil

To the components of organic matter

To know the factors that influence organic matter decomposition

3.0 MAIN CONTENT
3.1 Organic Matter Decomposition in Soil

Decomposition is a biological process that includes the physical breakdown and biochemical
transformation of complex organic molecules of dead material into simpler organic and
inorganic molecules (Juma, 1998). Its speed is determined by three major factors: soil organisms,
the physical environment and the quality of the organic matter (Brussaard, 1994). In the
decomposition process, different products are released: carbon dioxide, energy, water, plant
nutrients and re-synthesized organic carbon compounds. Successive decomposition of dead
material and modified organic matter results in the formation of a more complex organic matter
called humus (Juma, 1998). This process is called humification.

Decomposition of organic matter occurs when an organism dies (or parts of it die) and is on or in
the soil. The invertebrates, fungi, and bacteria living in and on the soil consume it. By so doing,
they assimilate many of its nutrients into themselves. This process is called "nutrient
immobilization.” As long as these nutrients are in the bodies of the decomposers, they are not
available for plant uptake, hence the term "immobilization;" they are temporarily unavailable.
When the nutrients are immobilized, they are in organic form. Decomposers can also immobilize
nutrients that are applied inorganically and tie them up temporarily in organic form. This is
particularly common with nitrogen, and particularly when the carbon: nitrogen ratio of the litter
is very high, such that nitrogen is in great demand.

The decomposers all tend to be short-lived. They die and are consumed by others, often through
a complex succession of organisms. However, gradually, the nutrients that they contained are
converted to inorganic forms either through biological action or by leaching by water. This
process is called mineralization; the conversion of organically bound forms of nutrients to
inorganic forms as result of inorganic or biological chemical reactions. At this point, the
nutrients are available for plant uptake.

Thus, in soils, death, immobilization and mineralization, coupled with plant uptake, are
constantly occurring. Nutrients gradually become available from the decay of organic inputs,
which act essentially like timed-release fertilizers. This is the nutrient cycling. By breaking down
carbon structures and rebuilding new ones or storing the C into their own biomass, soil biota
plays the most important role in nutrient cycling processes and, thus, in the ability of a soil to
provide the crop with sufficient nutrients to harvest a healthy product.

3.2 Components of Soil Organic Matter

Most soil organic matter originates from plant tissue. Plant residues contain 60-90 percent
moisture. The remaining dry matter consists of carbon (C), oxygen, hydrogen (H) and small
amounts of sulphur (S), nitrogen (N), phosphorus (P), potassium (K), calcium (Ca) and
magnesium (Mg). Although present in small amounts, these nutrients are very important from
the viewpoint of soil fertility management.
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Soil organic matter consists of a variety of components. These include, in varying proportions
and many intermediate stages, an active organic fraction including microorganisms (10-40
percent), and resistant or stable organic matter (40-60 percent), also referred to as humus.

Organic matter may be divided into aboveground and belowground fractions. Aboveground
organic matter comprises plant residues and animal residues; belowground organic matter
consists of living soil fauna and microflora, partially decomposed plant and animal residues, and
humic substances. The C:N ratio is also used to indicate the type of material and ease of
decomposition; hard woody materials with a high C:N ratio being more resilient than soft leafy
materials with a low C:N ratio.

Although soil organic matter can be partitioned conveniently into different fractions, these do not
represent static end products. Instead, the amounts present reflect a dynamic equilibrium. The
total amount and partitioning of organic matter in the soil is influenced by soil properties and by
the quantity of annual inputs of plant and animal residues to the ecosystem. For example, in a
given soil ecosystem, the rate of decomposition and accumulation of soil organic matter is
determined by such soil properties as texture, pH, temperature, moisture, aeration, clay
mineralogy and soil biological activities. A complication is that soil organic matter in turn
influences or modifies many of these same soil properties.

Soll organic matter

/

Uving organisms
Soil engine

Unaltered material
Potential food of organisms

e

Partially decomposed plant
and animal residues

7\

Transformed products

— _\

Non-humic substances
Food and energy
“Glua"

Buffer

Humic substances
Nutrient bank

Fig 1: Components of soil organic matter and their functions
3.3 Factors Affecting Organic Matter Decomposition

Climate

Climate, i.e. precipitation and temperature, influence the amount and type of vegetation as well
as the rate of decomposition. The organic matter content of a soil increases with increasing
decomposition up to the limit set by temperature. In soils, every 10°C increase in mean annual
temperature results in the organic matter content being reduced by about 1/3 to 1/2, if all other
factors are constant. Generally, cold and arid climate tends to slow down the microbial processes
within soil and thus decomposition and mineralization. Also, the warmer the climate, the higher
the rates of microbial process, i.e., the lower the organic matter content in those soils.

The soil moisture content also has a remarkable effect of soil organic matter decomposition and
accumulation. Waterlogged soils tend to accumulate organic matter because the microbial
processes, in particular decomposition and mineralization, are slowed down. In aquic moisture
regimes, the drainage and soil aeration is poor thereby creating anaerobic conditions. Anaerobic
oxidation of organic residues is less efficient than aerobic oxidation. If organic matter is
accumulated the soil development is towards organic soils (Histosols).
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Vegetation

The rate of soil organic matter accumulation depends largely on the quantity and quality of
organic matter input. Under tropical conditions, applications of readily degradable materials with
low C: N ratios, such as green manure and leguminous cover crops, favor decomposition and a
short-term increase in the labile nitrogen pool during the growing season. On the other hand,
applications of plant materials with both large C: N ratios and lignin contents such as cereal
straw and grasses generally favor nutrient immobilization, organic matter accumulation and
humus formation, with increased potential for improved soil structure development. Generally,
when the C: N ratio is > 25, net immobilization occurs, whereas at ratios < 25 net mineralization
is likely.

Soil Structure

Soil organic matter tends to increase as the clay content increases. This increase depends on two
mechanisms. First, bonds between the surface of clay particles and organic matter retard the
decomposition process. Second, soils with higher clay content increase the potential for
aggregate formation. Macro aggregates physically protect organic matter molecules from further
mineralization caused by microbial attack (Rice, 2002). For example, when earthworm casts and
the large soil particles they contain are split by the joint action of several factors (climate, plant
growth and other organisms), nutrients are released and made available to other components of
soil microorganisms.

Salinity and Acidity

Salinity, toxicity and extremes in soil pH (acid or alkaline) result in poor biomass production
and, thus reduced additions of organic matter to the soil. For example, pH affects humus
formation in two ways: decomposition and biomass production. In strongly acid or highly
alkaline soils, the growing conditions for microorganisms are poor, resulting in low levels of
biological oxidation of organic matter (Primavesi, 1984). Soil acidity also influences the
availability of plant nutrients and thus regulates indirectly biomass production and the available
food for soil biota. Fungi are less sensitive than bacteria to acid soil conditions.

Topography

Organic matter accumulation is often favored at the bottom of hills. There are two reasons for
this accumulation: conditions are wetter than at mid- or upper-slope positions, and organic
matter is transported to the lowest point in the landscape through runoff and erosion. Similarly,
soil organic matter levels are higher on north- facing slopes (in the Northern Hemisphere)
compared with south-facing slopes (and the other way around in the Southern Hemisphere)
because temperatures are lower (Quideau, 2002).

4.0 CONCLUTION

Soil organic matter plays a vital role in nutrient retention and availability in the soil. This is as a
result of decomposition of plant and animal matters brought about by soil organisms, physical
environment and the quality of the organic residue. There are several factors however, that affect
decomposition of the organic residue in soil.

5.0 SUMMARY

At the end of this unit, we learnt that:
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— Soil organic matter is any material produced originally by living organisms (plant or
animal) that is returned to the soil and goes through the decomposition process.

— Decomposition of organic matter occurs when an organism dies (or parts of it die) and is on
or in the soil. The decomposed organic matter can either be immobilized or mineralized in
soil depending on the prevailing condition

— Organic matter may be divided into aboveground and belowground fractions. Aboveground
organic matter comprises plant and animal residues; belowground organic matter consists of
living soil fauna and microflora, partially decomposed plant and animal residues, and humic
substances.

— Factors that affect organic matter decomposition are generally climatic and edaphic factors.
6.0 Tutor Marked Assessment
Explain the various factors that can influence the decomposition of organic residues in soil
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1.0 INTRODUCTION

Soil organisms represent a large fraction of global terrestrial biodiversity. They carry out a range
of processes important for soil health and fertility in soils of both natural ecosystems and
agricultural systems. Soil biodiversity is comprised of the organisms that spend all or a portion
of their life cycles within the soil or on its immediate surface including surface litter and
decaying logs (Table 1)

Table 1: Categories and characteristics of soil organisms

Category Characteristics Organisms

Permanent Whole life cycle in the soil Mites, collembola, earthworms
Temporal  Part of life cycle in the soil Insect larvae

Periodical  Frequently enter into the soil Some insect larvae

An inactive phase in the soil (e.g. eggs, pupae,

hibernation) but the active period not in the soil Some insects

Transitory

Accidental Organisms fall down or they are drawn along Insect larvae

The community of organisms living all or part of their lives in the soil constitutes the soil food
web. The activities of soil organisms interact in a complex food web with some subsisting on
living plants and animals (herbivores and predators), others on dead plant debris (detritivores),
on fungi or on bacteria, and others living off but not consuming their hosts (parasites). Plants,
mosses and some algae are autotrophs; they play the role of primary producers by using solar
energy, water and carbon (C) from atmospheric carbon dioxide (CO2) to make organic
compounds and living tissues. Other autotrophs obtain energy from the breakdown of soil
minerals, through the oxidation of nitrogen (N), sulphur (S), iron (Fe) and C from carbonate
minerals. Soil fauna and most fungi, bacteria and actinomycetes are heterotrophs, they rely on
organic materials either directly (primary consumers) or through intermediaries (secondary or
tertiary consumers) for C and energy needs.

A food web is a series of conversions of energy and nutrients as one organism eats another. In a
healthy soil, there are a large number of bacteria and bacterial feeding organisms. Where the soil
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has received heavy treatments of pesticides, chemical fertilizers, soil fungicides or fumigants that
kill these organisms, the beneficial soil organisms may die (impeding the performance of their
activities), or the balance between the pathogens and beneficial organisms may be upset,
allowing those called opportunists (disease-causing organisms) to become problems.

2.0 OBJECTIVES

e To know the various types of soil organism and their function in ecosystem.
e To classify soil organisms based on their sizes.
e To identify the organisms that are beneficial and harmful to agriculture.

3.0 MAIN CONTENT
3.1 CLASSIFICATION OF SOIL ORGANISMS

The easiest and most widely used system for classifying soil organisms is by using body size and
dividing them into three main groups: macrobiota, mesobiota and microbiota (Swift et al., 1979).
The ranges that determine each size group are not exact for all members of each group.

3.1.1 MICROORGANISMS

These are the smallest organisms (<0.1 mm in diameter) and are extremely abundant and diverse.
They include algae, bacteria, cyanobacteria, fungi, yeasts, myxomycetes and 